WD 03/ 002551 PCT/ US02/ 20882 | SOLATI ON, FORMULATI ON, AND SHAPI NG OF
MACROCYCLI C OLI GOESTERS Rel at ed Applications [0001] This application

cl ai ms t hwolwaesfsst of the filing date of U S. Provisional PCAso2/2m82 on
Serial No. 60/301,399, filed on June 27, 2001, entitled "Melt Isolation,
Solidification, and Fornul ati on of Macrocyclic O igoesters,” which is

i ncorporated by refer Field [0002]
The invention rel at es%?gﬁwbpww&&ﬁb@%‘ggﬁg&téﬁl es fornmed
therefrom Mre particul ar MACRQCYQLEQIOBLIGOESTIERS t 0 processes for
isolating, fornulating, and shaping macrocyclic oligoesters such as
macrocyclic oligoesters of 1,4-butylene terephthal ate. Background

I nformati on [ 0003] Linear polyesters such as poly(al kyl ene terephthal at e)
are generally known and conmmercially avail able where the al kyl ene
typically has 2 to 8 carbon atons. Linear_ polyesters have nany val uabl e
characteristics including strengt ela DShi gh gl oss, and sol vent

resistance. Linear polyesters are conventionally prepared by the reaction
of a di d000]th a Taicapphboatidn adaismsitiet enefit of theifibng datalof UeS. iPvestisivmal t ypi cal |y

arti o e eif s Dot L R Ao ok Ao f coled (R e ng
ext r usi ay)idFRARSE 28H CBrmRbhGhEr Ma&acycnb Offib&er i hdidigis n{c%ﬁ%ltecﬂ%f‘e@érkﬂee

macrocyclic oligoesters were devel oped that have uni que properti‘es that
make t hdwren tritsoanitivesyf or a vari ety of applications, including as matrices

for engineering thernoplastic corrgfq‘ te crocycl ic oligoesters exhibit

|l ow nelt viscosity, for exanple MJ—% emeasily to inpregnhate a

dense fijhgeays pr efﬂfe%&eﬂhbﬂ%&te@ﬁerﬁﬁlﬂy W@ﬂfeﬁﬁ&ﬂl%cg Gnd ALY Rrfred L RGO €,

certain macrocyclic oligoesters nelt and polynerize at tenperatures well

bel ow t Rdommphtticnfrlyoiha inwhtiohelatestolprocessep tirysating jimuleting] ang shaygng n t he

presence of a ri ate catal ., polynerization and cr al l'i zation
o oco e i TEperEieis rrg o BT ce | BROIGF el B | o

ol igoesters such as macrocyclic gifrobtMd WsRStioher epht hal ate) typical ly

i nvol ves the use of one or nore Ssolvents such as o-di chl or obenzene or

xyl ene. [G3 prl oann@c pnllyqﬁes stdheds ﬂoMﬂkﬁdemﬁewhﬂlatabe)mmrallmknomymdli c

ol i goesters dV\DOB/ 51 PCT/ USO -21in a olvent required
P he aaa O TR IR YIRS WG RE Ak can PITy pasd 1 §oarhen LB 1gio pplyesicls

preci pi t@temany Valuable character1st1cs 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 functional derivative, typically a diacid halide or ester. Linear polyesters
may be fabricated into articles of manufacture by a number of known techniques including
extrusion, compression molding, and injection molding.

[0004] Recently, macrocyclic oligoesters were developed that have unique properties that
make them attractive for a variety of applications, including as matrices for engineering
thermoplastic composites. Macrocyclic oligoesters exhibit low melt viscosity, for example,
allowing them easily to impregnate a dense fibrous preform followed by polymerization to
polymers. Furthermore, certain macrocyclic oligoesters melt and polymerize at temperatures
well below the melting point of the resulting polymer. Upon melting and in the presence of an
appropriate catalyst, polymerization and crystallization can occur virtually isothermally.

[0005] Production \\of macrocyclic oligoesters such as macrocyclic (1,4-butylene
terephthalate) typically involves the use of one or more solvents such as o-dichlorobenzene or

xylene. Some prior techniques that have been used to recover macrocyclic oligoesters dissolved



the macrocyclic oligoester followed by collection of the product using a
filter or a centrifuge. The use of anti-solvents results in increased
processi rgomamsexi ty, costs, and creates additional enviPCorrsen2mB2 st or age
and di sposal concerns. [0006] Linear polyesters may be depol ynerized to
form macrocyclic oligoesters. The product solution of a depolymerization
reaction nmay be dilute, naking recovery” fore tine consum ng.

Depol y mejini 2zt vebrelgtiRed Slelaitieh bOk 18 @érﬁ(?mﬁ%@%tﬁlséwe& 3 heRb RSy 1 %Egy?ﬁt%’
with each stage including a step o% t he process ané Wi th I nterms

st or age ﬂhemmmyclmaolgoeﬁtsr fOBuwn@by calfectibue of Whe@mduomsﬁrfg)é)ﬁ]ter'ﬂmr@mrﬂ?u@ need
for eff efflcbpnt oW CO rogesses fqr isolatin

f or mul at useé’rf&“@ﬁ 1 et r?fﬁﬁ? Wc‘{}?:re?%?aé’F G eraplextiye pests, S“n‘éP@éteéa@@E@lnaflor
processaﬁnmﬁﬁﬁwﬁﬁpgbgleg&p&h&ggy§ng&ﬁguctlon of macrocyclic oligoesters. In
one aspect, the |nven§|on generally relates to processes for producing
macr ocyc[IOD%]oI i germemspo@e:stgrs mamploy dnpptyrmanz&d b fonhyhaereytie elidvichelsatte
ollgomarl) |ncu¥| ? ﬁ esses for isol atlg ’gacrocycllc ol i goesters from
sol vent sPEdvt selufige of %@F@E%Fﬁaﬁtl%’r g% Be flidite MRlANg IASQYHY s titpef 1 ee
from sol h I ry d
shapi g S he Lkt ExRPrel &fz%ﬂeﬁ%dtﬁaﬁgﬁfgﬁi%lﬁ%&%%@% RIEE S i
enbodi nettidge, in¢lhdind@sstap d:fehb mo&sesscémthmtepmdﬁaie stechge batwest dussteps. t 0 enabl e

continuous production in a nang{acturi?g %Iant, Further, the descri bed
processes can be beneficially er efficiencies and
product i g ﬁenef' U Pherb a e} R %u@esgrﬁ‘?&e&ttﬁﬁ 1@&0‘68%!56{355 §%&r‘i£oei§ua process

for isolating a macrocyclic "oligoest Ion i c,%’ocycllc

ol i goestfermalating andlskagring mcrpcywmagoesﬂame Theae fsatyocd heed Gbi m&%ﬁdﬁrthflt)éﬁhlﬂ@' ly
has a structural (ﬁ{)eat Enlt of formula ( %}: OO0 OROI A1l 11
wher e R GPE{MBRIUSIROGHCKOR @ ElaCfgC}?}@lo&gPWfén ONGASREC V@?Uoﬁ(ﬂegl@fﬁymwjﬁp%ne

group, aggfrelTy foxﬁ@ El‘lﬁﬁlﬁ%sgﬁg yclit QHE&%S é)g rﬁalrh%&&{})cﬁc 9r40[5{R¥1 etht%regﬁjthai3 s

then renoved wth anti = 1 cal

subst antaligomers) inchilitghrocesies éaimscblstmgaﬁweebzchb lohgclmtefmﬁmﬂl sﬂﬁfﬁﬁts sb fie
sol vent is renoved gcgder el evated tenperature conditions. -1n another
enbodi mgfRtUtiRHBAgHeyRsoliggestors agsubstapiady fieg ér@@bwlwxés?gm wvewfin alsoingludes

anot her &ﬁ&%%s%ﬁhmﬁﬁﬁag %y ﬁﬁg éfgsthé SR Han dps& t feé ogﬁgiw 0?1 ges(t’efr?‘ otg

el evat e tenperature an reduc ressure cC t1rons.
ol i goestseme entihoelimersts Sthé)éésaﬁlbddqirb%sﬁdseee pertorined eosluv ey, tb f&ﬁzhfblé M&i‘tﬁﬁbhsy i's

col ect ep(%oddcgloyl\% g%a%%a%%mg%ﬂn? Sl(?)uzrlthze(r) %ﬁez described processes can be beneficially
combined for greater efficiencies and production benefits.
[0008] In one aspect, the invention features a process for isolating a macrocyelic
oligoester. A solution including a macrocyclic oligoester and a solvent is provided. The

macrocyclic oligoester typically has a structural repeat unit of formula (I):

0 0
|| |
C C

A )

where R may be an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group, and A may
be a divalent aromatic or alicyclic group. The solvent is then removed without the use of anti-
solvent. In typical practice, substantially all of the solvent is removed. In one embodiment, the
solvent is removed under elevated temperature conditions. -In another embodiment, the solvent is
removed under reduced pressure conditions. In another embodiment, the solvent is removed
under a combination of both elevated temperature and reduced pressure conditions. The

macrocyclic oligoester, which is substantially free from the solvent then typically is collected. In



-3 one enbodi nent, the solvent is continuously renoved fromthe sol ution.

I n anot her enbodi nent, the macrocyclic oligoester substantially free from
t he sol vewD B®0xs6nt i nuously collected. [0009] | n anot her Pas[s02/2088he
invention features a process for shaping a partially- crystallized
macrocyclic oligoester. In one enbodi nent, this process includes providing
a substantially solvent-free nolten naérocyclic ol igoester typically

havi ng g embbdfieHt, #e JoPRER1s d(')ﬂhﬁuougl r&rﬂ@ve{dofﬁﬂi i3 dolltioie S 51111&8% above. The

substantially solvént-free nolten maérocyclic oligoester is eared to
form a pabodialeny;-the pecmbydlicedignestergulystdntiallp fieg frest the solvere is continuously
partially-crystallized macrocyclic oligoester is then shaped. In one
enbodi mgﬁ]tl %1 continuous flow of substantially sol vent free nolten

macr ocyqbq] E)ol ' 90%51%11&1%5? arh@ﬂw‘éﬂﬁﬁ'f@éiﬁfé% wgméegs Aé')fr[ggag]g@ﬁﬁw

step of ing the partiatly-crystallize ocyc

conduct edystatliviet mecuslyylic {)lﬁ)gbb@ﬂer | In opie tmdodinteat, tlas pﬁmtess 1hd51&d¢sr1#@sfiﬂing R
features a prociess for, maki hg a prepreg.of a macrocyclic oligoester and a
pol ymer PYRHANGALE atlysnfftee molihiaacionyslis pignestentypically pavieg thy skugtmrshrepeat unit

nmacrocygk {}%lf‘glln;l gﬁ %i@gcri%@&i aBoR0 l”ﬁﬁg‘gﬁﬁs%ﬂlrtlb 9&&161‘ 51)’6%5%01%'&2{&&301 C ohgoester

substanti a rom an sol'vent, Macr oc

ol i goestisshetrgpite firhya ﬂsmﬂalmaystfahnzed maerbcyoapeagoasmrt Taé paﬂmeuy-f;@@ﬂauizad( 1)
descri bed above. The mxture is dreheosmed onto a fabric material, formng a
pr epr eg MacTaeyRieoligossien irdhan shaprd. i opg erabedimenls f caispops flawof subsiamtighy or t o

bei ng depesiifd ANk ﬁcheroI: E'oﬁgoéfpr%;r ?Srs’h%xed L&lenjalnuglg Mlee#noﬁ{ép Eljﬂ%dlﬁl% f e

the invention features roces crocyc

ol i goestsep odisithpingdthk paiﬁrailyatysmhllzeétﬁdcyﬁ:ychd cﬂlgﬂeﬂeﬁﬁb&diumtcont&m@u ur e of a
nolten nacrocycl | c oligoester and _a pol ynerization catal yst, whic
subst ant¥U0l y f ee I y&natyr aspeety g ﬂnVe}l%OIbfeéW%eﬁfr@@ﬁ’iﬁ forupiking a prepeeg ofa

(1) dosarieflranRbat: Jel ooy LARyE: I bRbod BRI oyl ppfib™ °

pol ymer inzaatdcoeliccdl igaktsit andSa solymtiidatiba estalpsy Whﬁhhs/ s@i@tindﬂ[wﬁéeti%in@ﬁy 0 a
fabric material. [0012] In still another aspect, the invention features a
pr ocess SPigents i rPﬁQNlQ?q hegmagragschie heqesteniypisaly has the IS‘iiiuQiW@l ©nta aniheithe a

sol uti Ori} 284 &&gn?ecf%%%cifﬁ% }rﬁxtﬁlle 198&5%%3& 9 a3 ROLYERL ffm O%/ }Ig)rlgﬁ%ga-rhe

macrocyc I C of1goester t I ca as a - struc raI rep ea uni

(1) desdn blesniziivent, fﬁeenmiwwartﬁﬁntyamystaahmrﬁridﬂ lﬂ@uahg/ dézﬁmé/c?&lt& b€
solution at_ a tenperature between about 180C and about 200C and at a

pressur @agtaheen about at m)spher ic pressure and about 10 torr. The st ep of

el vert agPY=L PieghsaRd; R A0 Bt LRI e oA BRShSREEL

t hen WOn3fd9eRbdlli Jestelisi 2fhBerization catalyst. In one embodiment, a mixture of a molten
macrocyclic oligoester and a polymerization catalyst, which is substantially free from any
solvent, is provided continuously. The macrocyclic oligoester typically has the structural repeat
unit of formula (I) described above. The mixture of the macrocyclic oligoester and the
polymerization catalyst is crystallized partially and deposited onto a fabric material.
[0012] In still another aspect, the invention features a process for formulating a
macrocyclic oligoester. In one embodiment, a solution including a macrocyclic oligoester and a
solvent is provided. The macrocyclic oligoester typically has a structural repeat unit of formula
(I) described above. The solvent often is continuously removed from the solution at a
temperature between about 180°C and about 200°C and at a pressure between about atmospheric
pressure and about 10 torr. The step of solvent removal produces a substantially solvent-free

molten macrocyclic oligoester. The substantially solvent-free molten macrocyclic oligoester then



-4 is sheared at a tenperature below the nelting point of the nolten
macrocyclic oligoester. In one enbodinent, the shearing tenperature is
mai nt ai newolmanoEEen about 145C and about 155C, thereby foPeirripoza20882
partially-crystallized macrocyclic oligoester. The partially-crystallized
macrocyclic oligoester is shaped into one or nore shapes such as a pellet,
a pastille, and/or a flake. Brief DescT4pt| on of Figures [0013] FIG 1 is
a schengg t
L00La] Pl e e e POl B 0@ el frd S0 Moo U e
r enoval endyz;lulaﬂmt [lleeh@pnglte@mpﬁatus ia msdtiaimed bcﬂwéd:mazboﬂit hfgi*’&halﬂfabaﬂ esbodi ment
of a sol r.enova tem [00]16] F 4 is a schematjic flow diagram of
an errboot fﬁ( fogpuing %B‘?raéfﬁ'crﬁ’ étﬁlﬁ,lggqilngaggpgy@%ohg@@iey] Tpe partiglly-grystalliagd rratl c
flow di alﬁéc'ﬂ%ﬁilc dosThRed §H§1§g‘d iftfo (ﬁxemr%tﬁ§ §hai>9{]sd€ﬁl§59 1&641 hfsttlﬁefeﬁ
macrocyclic ol igoeSter. 8] FIG Is a emati c Ia ram an
enbodi metakeof a pastil |l at| on process (e.g., making prepregs from a
macrocyclic oligoester). [0019] Fl 7.0S a scherratl c illustration of an
enbodi mrent of a process for ese a macr ocycl i c
ol i goest [ 0020] TENt of a
sol vent 96 m}val sFIg grjrsl d&%ﬁléﬁp 'S ngggﬁ {n%m ﬁa &nv ?of an
enbodi nEsrsrstemn‘ a system for shaping macrocyclic oligoesters from a sol ution
of rracroggﬂdl C oI ester and solvent. [0022] FIG, 10 is a schematic flow
di agr aml n enb n%#ta S e@"%ifﬂ?é’rﬁlﬁ%@mﬂﬁ%PJﬁBOdlﬁﬁé?chﬁyfe‘ﬂl‘i’%lt wnayekst er s
froma tion of macrocyclic oligoester and solvent. Description [0023]
The proc sses of the invention are nore efficient and econonical than
exi sti nd00t3jchni qUES. Bécashematieflowaligirianf ah efbbdifichDsT 2 @Mkns haRivap
processes may be carried out continuously and on a large scale. The purity
of the r?ﬁ%tf'”@cycl ic oligoester may be effectively controlled by the
| ncor porghidn Of bt kRl £schRhOhohUIRYRh FBRARAIHRNS LlRERS W The VO
system:.

[0017] FIG. 5 is a schematic flow diagram of an embodiment of a process for making
pellets from a macrocyclic oligoester.

[0018] FIG. 6 is a schematic flow diagram of an embodiment of a pastillation process
(e.g., making prepregs from a macrocyclic oligoester).

[0019] FIG. 7 is a schematic illustration of an embodiment of a process for making a

prepreg from a macrocyclic oligoester.

[0020] FIG. 8 is a schematic flow diagram of an embodiment of a solvent removal
system,
[0021] FIG. 9 is a schematic flow diagram of an embodiment of a system for shaping

macrocyclic oligoesters from a solution of macrocyclic oligoester and solvent.
[0022] FIG. 10 is a schematic flow diagram of an embodiment of a system for shaping

macrocyclic oligoesters from a solution of macrocyclic oligoester and solvent.

Description

[0023] The processes of the invention are more efficient and economical than existing
techniques because the isolation, formulation, and shaping processes may be carried out
continuously and on a large scale. The purity of the macrocyclic oligoester may be effectively

controlled by the incorporation of multiple solvent removal apparatus where necessary. The



-5 isolation, formulation, and shapi ng processes al so may be beneficially
linked, resulting in efficient mass production and | owered nmanufacturing
costs. Suwb oBioodsed processes avoi d product and energy wa®Ce/usavessed when
the isolation, formulation, and shapi ng processes are conducted
separately. For exanple, macrocyclic olggoesters may be isolated in a
nolten state. The shaping process typically requires the macrocyclic

ol i goestigdlgtidr) fH@nuditdni SeTkhbpingd phadetses akb ala beAerGcHINInked, b fPint hese
processes _reduces enerqy uses and increases production efficiency. [0024]
For exarfjficenfmasserebigaon el lotversdmanufartigringraogiac Siignlinked paeesssy ebdid product

or oduced deE ey SRR R e is0aLORaoRYY FForar 485 PRvsRes A eI a
feed solsgharBiRIyN AvdrReaBPK BicrvSicub bligéesf@&ﬂh@? ¥& lsblatedah iagﬂﬁfeﬁl%fate.wf‘ﬁ&éhagﬁ@

be, fed at a rate of between about 200 kg/hr and about 1,500 kg/hr. For
exanpl e predesetypsaally esquinestho vagcrooypléc mmtt? bcptﬂgndgdelsamo,ltem?m is
substantjal ly free f.ro sol vent , be collected at a rate.o et ween
about - B0 Rerdipetyofih Pesfosi il s et SffioBhoed attPifuefiGielfed ana
shaped magzgcycl i cr@ldkanpslogti® RheMs ©2BoRBuBILsHYaRT Al a ﬁaaéﬂoeg(]dlfarofurgaés_%er
Definitions [0025] The follow ng general definitions may be ‘hel pful in
under st dnsinggetmeemeaboitiotdsppm anchaboané0Empn eslyemtnsayisqooduved bt srate of between

oot ¢ dopuc e ROk AP ae ot R o o e D BT e ot e detcgice
that cordigblsed whichih e HLAB %Wbﬁ%kﬂa&ﬁﬁ@@@k@ﬂrff&ia&ﬁf ﬂsé@ﬁ%&&.nﬁm

T
[ 0027] As ‘used herein, an "oligonmer" nmeans a nol ecu that contains 2 or
nmore i deaple, afitresobtenticmorall theepasadcyulic dlsgosttet, lnéhichansulptantinll§ fee fibm

f | a. [0028] As in, "ol i " | t hat
cont ai nSoBeE s SSTERF §agiof BELIeER PO S BAATO R 220 Bt <P ST same
or diff effa@tnlesfdfpfmlﬁatecﬁ DQPIhpREmHSES e roﬁ%&aste"i‘s 51@*%&6;%&@4%% g{ 4 GOERE Blte.

means a macrocyclic oligomer  contai'ning 2 or nore | e ester
f unct i orl2dfiniégrsat units of the sanme or different fornula. A nacrocyclic

ol i goest ypi cal fers to nmultiple nol ecyl qQf one specific formula
havi ng ﬁéﬁsbi ng ri’Jl:n% fé’ﬁ%‘é"é’g %%kfi@ﬁinﬁépnﬁﬁngekm 13 W%@%‘E‘g% HagyVaEPug

i ncl ude gl ddrdl & pPRLiBRUIRE irPhhis Yeéifigfigt fornul ae having varying nunmbers of
t he sane or diffgrent structural repeat units. A macrocyclic oligoester
may be d0@26]ol i goeAs esed hieredn, hi"gherocprl e modddubpaasing i cytlicemoleatie bbiigg @sleast
having two or nore.different structural repeat units hav;i%% an ester

functi orfBF g WA mplesula sEpgtare bt sepipms S\wpms aopssevaenthismaeseb

form the ring.

[0027] As used herein, an "oligomer" means a molecule that contains 2 or more
identifiable structural repeat units of the same or different formula.

[0028] As used herein, an "oligoester" means a molecule that contains 2 or more
identifiable ester functional repeat units of the same or different formula.

[0029] As used herein, a "macrocyclic oligoester" means a macrocyclic oligomer
containing 2 or more identifiable ester functional repeat units of the same or different formula. A
macrocyclic oligoester typically refers to multiple molecules of one specific formula having
varying ring sizes. However, a macrocyclic oligoester may also include multiple molecules of
different formulae having varying numbers of the same or different structural repeat units. A
macrocyclic oligoester may be a co-oligoester or a higher order oligoester, i.e., an oligoester
having two or more different structural repeat units having an ester functionality within one

cyclic molecule.



-6 [0030] As used herein, "an allcylene group"” neans -C'H211-, where n >_
2. [0031] As used herein, "a cycloal kyl ene group” neans a cyclic al kyl ene
group, -CGVB@3/002851 where x represents the nunber of H s Pepltsorzdsky
cyclization(s). [0032] As used herein, "a nmono- or polyoxyal kyl ene group”
means [-(CH2),,; O]" (CH2),,,- , wherein in is an integer greater than 1
and n is an integer greater than O. [ OO0 ] As used herein, "a dival ent
aronat i qo@3EjUP" NEASEsedherti) M AlkyBhOERUB flakd -0KE,, - L Rhakhesr2parts of the
macrocyclic nolecule. For exanple, a divalent aromatic group may include a
met a- or(0@3ka- | i nkeuseddwreiy Ch cyclealortend grogp'ougans e.cyclic dkylzmngpup,[-084)x., A
used herein, "an alicyclic, gr " ans.a non-ar tic hydrocarbon group
cont ai ni‘ﬁlbelgxé%ﬁe@ 55 ?H@PB&@?EﬁEFeﬁ%?‘iPﬁﬁ%“gﬂzatb%n?fr}ged her ei n,

"parti al{ys)r yStal AL aed HREL OF Kb Cohd HATRI 1o1B R ARG Y, 1,01 | GorTer
at | east[ a 2gorti on of which’is in c(r)l(;éstal ine f o?m Prartia y-zé’?)g)s%“al lized
macr ocy d0H)n-qIvihgosie m isay itfeges greatdr then ldaghessnafitegargsdasdrithaniy r angi ng
from1l % stallipe ta.99% ,crystalline,. Crystallinity inparts

handl eatﬂ)ﬁﬁt y to f&ﬁ&seﬁé“@ree}by% Fl?{’@}e {?IQH’REF STQUR 2 BICAIRAY dromaiggroug mahdinkss or
exanmpl e.to [LHfe3 glxrtf@f He %g}fb‘%&&icrinoléé\ﬂ& Ofgy éﬁ(‘d@#& RURGRAParoHRAD %ﬁgﬁg%ﬁéﬁdé hat

operates on the basis a continuous flow of materials in

mat er i alasmetat onpars-henkerd ovmesyclif 08T ticAsous@d. Hensing). "a pol yester pol ymer
conposi te" ans a, pol yester polyner that is associated wth another

subst rat@)% ch as %E Fseghstr o nﬂi-/ﬁyf IGHOHP eMAARSE 1R aromptiq Bydrogarken ere¥Rinpl es
of partic%H{aﬁ{iﬁgg%?rflféﬁﬂuci%f@th@ﬂﬁgpp?d fibers, glass mcrospheres, and crushed
stone. Certainh fillers and additives thus can be used to prepare pol yester
pol ymer [6@3fjosi t esAs hseflibbrein)$partiallye ciysthllived nmcrooydicsiligsine At Beane a@nacrocyclic
fibergl ai,s, ceramc fi bers,é@arb,on fibers or organic polymers such as
aram d fogamer af lgeps gporion of sdughds dn rystalling dorm. cParhiallyr¢rastallizadmacigayclic
subst r at.g: [ IV o B! | t f gduction
and 1 or e ey BN e T L b AL P S G DO

ol i gonercsystallips. c@tylsta]lifighmpartsieindtaablility ite Heunkerddyblés oligomerf dnaBlingRlo bé i ber
mat, and, fiber felt, The fabric materials my be woven or non-woven,

uni di r ecPRSafor ¥pmplendom Macrocyclic Oigoesters [0039] Macrocyclic

ol i goest t hat e . L Ogn r i l;hvention
et ude. bl are nat TS 7 SR AERERILAY heuRlARSRsFlebu e au AR
ol i gomerod a coyfimeas Ifiovhefhaterials Bitd wad/ou r@hteriglpeat oflthé proodsst he fornula: WO

03/ 002551 PCT/ US02/ 20882 .
[0037] As used herein, "a polyester polymer composite" means a polyester polymer that
is associated with another substrate such as a fibrous or particulate material. Illustrative
examples of particulate material are chopped fibers, glass microspheres, and crushed stone.
Certain fillers and additives thus can be used to prepare polyester polymer composites. A fibrous
material means more substrate, e.g., fiberglass, ceramic fibers, carbon fibers or organic polymers
such as aramid fibers.
[0038] As used herein, "a fabric material" means any substrate useful in receiving
macrocyclic oligoesters during production and formulation processes and in preparing prepregs
of macrocyclic oligomers. Typically, fabric materials include fiber tow, fiber web, fiber mat, and

fiber felt. The fabric materials may be woven or non-woven, unidirectional, or random.

Macrocyclic Oligoesters

[0039] Macrocyclic oligoesters that may be processed according to processes of this
invention include, but are not limited to, macrocyclic poly(alkylene dicarboxylate) oligomers

typically having a structural repeat unit of the formula:



-7001I Il O-RO--CG--A----- C (1) wherein Ris an alkylene, a
cycl oal kyl ene, or a nono- or pol yoxyal kyl ene group; and Ais a divalent
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( DABCO) . IY‘P'}Emraé%\‘gFtimo?Falﬁg 1 §99"F-s conduct ed under substantially anhydrous
conditio N a s [ L0 Sed [ n as
met hyl en@ﬁéﬂl ori dgﬁ% fréﬁllghtrgén%%cy g%@egdg tsﬁdgé @gggﬁ%%%ltﬁ g?siég% ?@% gﬁ\%ﬁ%}ﬁi n
t he r angerephthhlatm] SbpropyleRSErephtlmlnie) il ,425ClohSed enaligethylenSterdpathaite, Nehylene
5,039,783 tp Brunelle et al 0042], Macrocyclic oligoesters also can be
hng % 1&?@%# gard

pr epar ed®¥P . PER R Agrpifihalpteang; Sriapbthileppdicarboxyiate, a9de
bi s( hydr % . Dl 84 4s tﬁ%ﬁ&mf in the
pr esencel!i%?fé(lszjarq1 |L éﬂﬁ%&ﬁ%ﬁ?ﬁ%@}l@%ﬁfggﬂﬁ&&mgﬁ &g%ﬂ%ﬁ?}%&? ereo an@a'ltt gsf | east

one ot hej004Hr t i ar ySyanhaesis ofshemaascyctic elipydstens meay bd hehieed dgrentacting stéast | on
is conducted .in a subs ially inert organjc,.. solvent such as nethyl ene
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5,231,161 to Brunelle et al. [0043] Another nethod for preparing
macrocyclic oligoesters or magjocycligyco- oligoesters is the

depol yneri zation of |inear poljyester |l ymers in the presence of an
organotin or titanate caogpound. Ie(g t !s n&%hod, | i near pol yesters are
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where R and A are as defined above. The reaction typically is conducted in the presence of at

least one amine that has substantially no steric hindrance around the basic nitrogen atom. An
illustrative example of such amines is 1,4-diazabicyclo[2.2.2]octane (DABCO). The reaction
usually is conducted under substantially anhydrous conditions in a substantially water immiscible
organic solvent such as methylene chloride. The temperature of the reaction typically is within
the range of from about —25°C to about 25°C. See, e.g., U.S. Patent No. 5,039,783 to Brunelle ef
al.
[0042] Macrocyclic oligoesters also can be prepared via the condensation of a diacid
chloride with at least one bis(hydroxyalkyl) ester such as bis(4-hydroxybutyl) terephthalate in the
presence of a highly unhindered amine or a mixture thereof with at least one other tertiary amine
such as triethylamine. The condensation reaction is conducted in a substantially inert organic
solvent such as methylene chloride, chlorobenzene, or a mixture thereof. See, e.g., U.S. Patent
No. 5,231,161 to Brunelle ef al.
[0043] Another method for preparing macrocyclic oligoesters or macrocyclic co-
oligoesters is the depolymerization of linear polyester polymers in the presence of an organotin

or titanate compound. In this method, linear polyesters are converted to macrocyclic oligoesters



by heating a m xture of linear polyesters, an organic solvent, and a
transesterification catalyst such as a tin or titanium conpound. The
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including a macrocyclic oligoester and a solvent. In another embodiment, the macrocyclic
oligoester substantially free from the solvent is continuously collected.
[0046] There is no limitation to the concentration of macrocyclic oligoester in the
solution. In one embodiment, the solution of a macrocyclic 61igoester and a solvent (the input or
feed solution) contains between about 1% and about 50% by weight macrocyclic oligoester. In
other embodiments, the feed solution contains between about 3% and about 50%, between about
5% and about 40%, between about 5% and about 20%, between about 3% and about 10%, or
between about 1% to about 3% by weight macrocyclic oligoester. The solution may contain one
or two or more different solvents. "Solvent" used herein refers to the solvent or solvents
contained in the feed solution.

[0047] Solvent removal may be carried out at an elevated temperature, at a reduced

pressure, or both. In one embodiment, the feed solution is heated at an elevated temperature and



-9 a reduced pressure to renove the solvent fromthe solution. The
resulting macrocyclic oligoester is substantially free fromsolvent. A
macr ocyclwo oelodyoest er i s substantially free from sol vent PC/uSOhz088DI vent
content is less than 200 ppm Preferably, the solvent content is |ess than
100 ppm More preferably the solvent content is |ess than 50 ppmor |ess
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terms evaporator and stripper may be used interchangeably. In one embodiment, the rising film
evaporator may be a tubular heat exchanger. A rising film evaporator is an apparatus used to
vaporize part or all of the solvent from a solution where the solution is introduced to the bottom
of the evaporator. A falling film stripper is an evaporative device for the removal of vapors from
solution, where the solution is introduced to the top of the apparatus and travels to the bottom of
the apparatus. A thin film evaporator is an apparatus that generates and exposes a thin film of
material for evaporation and has the vapor condenser outside of the evaporator. A wiped film
evaporator is an apparatus that generates and exposes a thin film of material to wiping or
agitation to provide evaporation. A short path evaporator generates and exposes a thin film of

material for evaporation and has the vapor condenser inside the evaporator. In some

embodiments, the short path evaporator exposes the thin film to wiping or agitation to provide



-10 evaporation. A nolecular still is an apparatus that utilizes a
condenser inside the body of the still. One or nore solvent renoval device
may be ermpbDagmokssn accordance with the invention. In oneP€rtisdl/esst, each
sol vent renoval apparatus used in the process renoves between about 80%
and about 90% of the solvent. In one enpodi nent, nmultiple solvent renoval
apparatus are enployed'to achieve the dueSired dryness in the nmacrocyclic
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03/ 0025530,%6%@%%%&%y free from solvent, is pumped out of the falling film stripper 31. In
one embodiment, the output product 130 is molten.
[0052] Substantially all of the solvent in the input solution can be removed from the
macrocyclic oligoester to form a macrocyclic oligoester substantially free from solvent. In one
embodiment, the macrocyclic oligoester substantially free from solvent may contain about 200
ppm or less of solvent. In other embodiments, the macrocyclic oligoester substantially free from
solvent may contain about 100 ppm or less of solvent, about 50 ppm or less of solvent, and about
10 ppm or less of solvent. The amount of solvent remaining in the macrocyclic oligoester
substantially free from solvent may be measured using chromatographic techniques such as gas
chromatography, GCMS, or HPLC.
[0053] In determining an appropriate solvent stripping system to employ in a particular

process, factors that need to be considered include the concentration of macrocyclic oligoester in



-11 the feed solution, the desired dryness and/or purity of the product,
the solvent to be renpbved, and the desired |length of tine for sol vent
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(i.e., low percentage of macrocyclic oligoester), nore solvent renoval
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macr ocyclic oligoester. Conversely, bncentrated feed sol ution of
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the first condenser and the second condenser is transported to a liquid receiver. The remainder of

the input solution and the solvent travels to a falling film stripper. Optionally, the sparger may
operate at the same time as the falling film stripper. Alternatively, a sparger removes gasses and
vapors from the input solution after it has traveled through the stripper. Thereafter, a
macrocyclic oligoester substantially free from solvent is collected.

[0056] When preparing macrocyclic oligoesters by depolymerizing linear polyesters,
dilute conditions may be desired to promote cyclization and to increase the yield of macrocylcic
oligoesters. As a result, the macrocyclic oligoester solution (e.g., the product solution of a
depolymerization reaction) may be dilute (e.g., a 1% by weight macrocyclic oligoester solution).
[0057] FIG. 2 schematically illustrates an embodiment of a system 1 for solvent removal

that is typically employed where the solution is dilute (e.g., less than about 3% by weight



-12 macrocyclic oligoester). A linear polyester depol ynerization reaction
product solution (i.e., the input solution) 110 is punped into a rising
filmevapwpatoe2sitl. Some of the solvent in the solutionPCTArse?/2a88ns i nto
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evaporatprs (not sh .may, be .pl din series hetween the first risin
£irm evdbEFEEGE Ofﬁp“i\é\@@%i/%‘g%ﬁ%aﬁ‘? i1y 1) B 0 Follon ¥ e new,
addi ti onglvehi Rifdgaf ddgn evaporators may enploy simlar conditions as the

first rising film evaporator 11 and use steamto heat the macrocyclic
ol i goner[0@58] t he siewemputGelugon 14t mapbane a ths@Geyehidetiogester esxenatinh @lubotrt

100 Lor e GOSOL L ee erood L, et 31 ng fLmexenoraton empors |
yet anot|Reec§gpediiBAbsphbRe prebstkd In fah bl OtiA0s0 8t RHE ﬂfﬁo&/aﬁ%ﬁﬁ 121 is
held at temperature between about 180°C-185°C at atmospheric pressure. In other embodiments,
each rising film evaporator 111 and 121 is held at a temperature between about 120°C to 280°C
at a pressure ranging from about 0.001 torr to about atmospheric pressure.
[0059] Referring again to FIG. 1, when the concentration of macrocyclic oligomer input
solution 10 is about 3%, two additional rising film evaporators (not shown) may be placed in
series between the first rising film evaporator 11 and the second rising film evaporator 21. The
two additional rising film evaporators may employ similar conditions as the first rising film
evaporator 11 and use steam to heat the macrocyclic oligomer and the solvent (e.g., at about
150°C under a pressure of about 100 torr).
[0060] In one embodiment, the rising film evaporator employs steam to heat the solution

to a temperature between about 120°C to 200°C. In yet another embodiment, the rising film



- 13 evaporator enploys hot oil to heat the solution to between about 200C
to about 280C. The rising filmevaporators nay be operated at pressures
rangi ng fwormsatesst 0. 001 torr to about atnospheric presseRC&/USI220B8E
enbodi ment, between about 80% and about 90% of the solvent in the input
solution is renoved by each rising fil evapor at or . Where the input
solution has a relatively |low concenttration of macrocyclic oligoester,

mul ti pl @vapo%at&gerﬁplbya 1Rt N6 Ab&IBe SBRdAGO b@ﬂmeﬁﬁs&wmo@{& ARLE2§PEPThe | N ONE
enbodi ment, nultiple solvent renoval apparatus are enployed to achieve the

desired rumgrféwvapprams ey bo oyehied abpregsuess trmgu@fmmhouraﬁ 001 torrde abouwsm

sol vent . FI G 3 .schenati cal I i]l ust not of. a
sol vent P% g?f}c %rf?%sfléemm@ne?ﬂ’i’ g rlﬁg’f?S %éﬁéndga HHE/&? g@’@ ]&FBHB or
in CO”b'ﬂ'i@fhbﬁ’trholMtlbﬁ i$ Ratoved b le&éh résing¥ilm é\FbBHfaté‘ro |Wﬁér@ theAhBut SIuBBAREd, | NtO a

first rising filmevaporator® 211. Thereafter, the solutionh travels through
a first rélhtedy Wevionee@Gion O nuervsgelic2Bizoewpy wubiple figing éiorevgedatesimarite t hat

the, first fil t 211 d the first flash
dovi ce. P50 BHIRS Fps Ha e priapdinent RRUGYR S edBRa  PBs e -
evapor atgy, lc%%& td hfeve oMt Q%GQQM fEm A8 ey O BASNIRE s@fan‘u %b{{ £8mt he

vapori zed so vent that 1s renoved in the second r| sing fil orator 221
and t hesolvextond fl ash device 265. The solution then travel s t hrough a thi rd

r ng f evapo o) 31. . hsequent | th It'ntael thro

it raor 100D Gevt o 8578 s Bniean oo BE catiber SR AR A dor M EE TR Pt
IS r enmpge I i | ash
ool So SRR A ) e bt e RRRE oAl AR el 16, A

sol ut i ofinput avetien 21 BwyMmped énto hdirktirisingf filhmevapotatpd 12 Zrhereﬁftemldm eclytibn C

ol i goest er out put prodyct 230 substantl ally free from solv i s _punped
out of {IRECIS HPRgiy Fixst ﬁﬁ%&w&s@ﬁ 2 kpnd qnﬁer%é @R e Kpore %@w@m ic

ol i goest, ved
From 11 ache G b GRLAFELLEC BRUS 100 XRRAL AR8 £01E85, ¢1e ol SRR
220""  anmghvels tieonghenseednd fisiag filla rsaycratdib21 taaébeccﬁmlcﬂﬁﬁ@lewaa%s sCeleheg2sd i n
the liquid receiver 227. [0062] In another enbodinent, the first rising

fi | m ev&peHes the Wasrizbwlvepbthahisapmoveddn therseceiidaiangfilre gvangratarc2 1and shand
IS _maint g%onﬁqla?ﬁ deqj?é)eui65abff1% sgﬂﬁlo h S8R tl%oﬁ%lg u?‘lﬁg‘em%ﬁfﬁ Fgaggiat?razt%(im

185C. The second ' risin m evapor at or as a

evapor atSubteqaslitfya R sohitiea tarels igotgi NhadiRch aéviee PTE Md@ng& 280 04pturds tHer r
and at a tenperature rangi ng between about 185C and about 190C. The third

rising Meperizsdaplyenitthat ingesncatsd in the thiedieisieg fibnevaforaiongbl and thethidiflalice area

o0 o oo BRI agRRERRIG 4 i P75 Sl ARG BT e,

rising fehhify GUARSIBEOI41. NRWAEL G130 2Bt BEoubiSHRY 2B881tally free from
solvent is pumped out of the falling film stripper 241. In one embodiment, the macrocyclic
oligoester 230 is in a molten state. The vaporized solvent that is removed from flash device 255,
265, and 275 travels along paths 220’, 220", and 220"’ and is condensed in condensers 252, 254
and 256, and is collected in the liquid receiver 227.
[0062] In another embodiment, the first rising film evaporator has about 20 square feet of
evaporation surface area and is maintained at about atmospheric pressure and a temperature of
about 185°C. The second rising film evaporator has about 5 square feet of evaporation surface
area and is maintained at a pressure of about 1 torr and at a temperature ranging between about
185°C and about 190°C. The third rising film evaporator has about 1 square foot of evaporation
surface area and is maintained at a pressure of about 1 torr and at a temperature ranging between

about 185°C and about 190°C. In this embodiment, the first rising film evaporator, having a



-14 relatively large evaporation surface area and being run at atnospheric
pressure, typically renoves the bulk of solvent fromthe input solution.

[ 0063] Gaweroalobassand i n one enbodi nent of the invention, ®orEsnt/ 26882 renoved
froman input solution of a macrocyclic oligoester by exposing the input
solution to an elevated tenperature and a reduced pressure in a first
short path evaporator. A short path evapdrator is used to vaporize part or

al | of thes j g r can. oper at e at
1 ow prosuteh ik cHaRRnabtd Al ot e SRR B ne BB ABE S
The i nputhe alkudfi sotvenafromtthemptirwelont 0 a second short path evaporator where

it is exposed to an el eyated tenperature and a reduced pressure. [0064]
FIG 4 sOfMati cal Pensralliyandinoas emhediment einbe gvaaiinn, selventdsiemayed fionpeml

system i | O %% k> i gh rQ | ic_ ol igoester
sol uti on gﬁ&&%@ﬁaﬂﬁ%&éﬁgﬂc ?%%0 egi%r @’ %éﬁfo?%ﬁﬁgﬁ% ]{i%P ]%% Sgﬁl ﬁoﬂéé%n %%Y?ted

Ther eaf ttempetaage a0l atréduoed prassatsinta fotigidridatd @apord@y] AeshdkDath Mg YNt
that is vaporized in the falling filmstripper 341 and the first flash

devi ce 3155d ¢ ¥grarize paropaly Af the salvantipem aselution.oAdber path3maporaied cimsopesato we d

fromthe L . travel.ed t hrou t he condenser 352
is tr ansap(ﬁ;)(re\% %% 'ss‘[?Jge %J({%:E%eﬁ% X@@Tg%slte\? gsﬁlogeg%q m%ﬁlg Oﬁheﬁ v ?%Oﬁatf)ga e Ftoso(ijl’?’r?@ B%or t
pat h evather atesl 134 tecont shdiepsh evipopabihwhata iak a%dseBtblant diéyafal thb&AturS and a
exposed to an elevated tenperature and reduced pressure. The sol vent that

i s vaporitdekediMessWE- short path evaporator 311 is condensed within the

short p vapor a 3 omthe.solution. -The solvent
renoveda@/lh?ﬁi nt heﬁgaér%ﬁ%@?%agggg%‘?% %émgief GF?O&WH@%%?‘ ?%XFI’? ﬁ%ﬁ@isgtﬁg’ét h
320" to 4 Ahiifplitdoliti6R BYEST BR%. byAvelBIRIRAYSdyt e SliddBaEsIoRki UL Bithply By el 330
substantially free fromsolvent exits the short path evaporator 311. In

one enbd@pb wéatalling&lmatinpesddli Thsrdager shesolB®0 tiagels thraughhoflediiesicat3ds. A
macrocycli c ol i ggest er subst.antial,l ree.fro olvent, i s collected fro
The shor [EssRyoi BR Isciandissn I Ab i FrashE UL aiRa o Badhae et el
i NpUt S OlifigR D3P ETRESRIBHSY B82,0hl GORIToFEA | e of
about 180C1§§d pi%s punped iﬂr?t%o %Egz’%gggof tﬁ’éd?@W?ﬁg&ﬁﬁﬁmog%ﬁ@?ﬂ%ﬁ& at
a rate dfavaledithrongh thekaphtienserT3fR i abhspoged id aligdid rqepieer 27 Tise sshitivhaiadved tat

a tenperature of about 180C and at abqut atnospheric pressure. The

ol i | orfe Sheit St P BV eianT s Lh N AT RPPRRE SLT i seiion 35 gpoged to an

t enper at i I i whi ch
e el o ot efpetibure B red R AU Hhe SBIERIHI A vk Ao ARHE Briian T

sol ut i orevepdtaion @11 recdndersshd waid the sBdrb path @vapriter 3 1tdnd rshovdd Behihe solution.

evaporat,Jg,(:A3 311 is at a tenperature of about 180C. The short path
evapor at o S9venkrganaoyed vwithirythe shert aeth exprosator 311s tignsportad thepymdr apaih 32@f to a

about 2 %Qq%i@féqei\og 55;/ R ?r?a%tjoc?ccﬁlg olﬂ%%gétgroo%%ozut product 330 substantially free from solvent

exits the short path evaporator 311. In one embodiment, the macrocyclic oligoester 330 is in a
molten state. A macrocyclic oligoester substantially free from solvent is collected from the short
path evaporator 311.

[0065] In one exemplary embodiment the input solution 310 of macrocyclic oligoester is
heated to a temperature of about 180°C and is pumped into the top of the falling film stripper 341
at a rate of about 5900 kg/hr. The falling film stripper 341 is maintained at a temperature of
about 180°C and at about atmospheric pressure. The solution exits the bottom of the falling film
stripper 341 at a temperature of about 180°C. The solution enters the flash device 315, which is
held at atmospheric pressure and at a temperature of about 180°C. The solution exiting the flash
device 315 that enters the short path evaporator 311 is at a temperature of about 180°C. The

short path evaporator 311 has 2.4 m” of surface area, is held at a temperature of about 210°C and



-15 at a pressure of about 5 torr. The macrocyclic oligoester output
product 330 exits the short path evaporator 311 at a rate of about 181
kg/ hr anowato3mozsenper at ure of about 210C. The out put pro@®aTtUuS83288nNt ai NS
| ess than 100 ppm of solvent. A suitable falling filmstripper 341, flash
devi ce 315, and short path evaporator 311 that nmay be enployed in
accordance with this exenplary enbodi meht are available from Incon
Processi a . ' ssor
oy b CoaPoyahe Ph A 8 BB thE mablobyctt e BB pERBL TR R SRR

conpr es seapog@sr 3r1 atm&amfdteaﬁtelct 1dgfraxd & NPmipBRE BPAIRNS 210°0) THe®utput
condenser, res%cctlvel , ey be enployed as the heat input to one or nore

of the $redushdFhconiipslent then ARRIpem of peventaporitebledellipp G suipperdt, 8asnpl e,

i 11 ng BELAbT aLoh o R Rk RGO e b Y Ba P B R SRR B3R B s

[0067] Gragpaky éfnbd&l@éﬁt HB8V4ilaBRUTLE HRDA PASREsin RN BnBBEN (BARKLYEYH i n the
sol vent renoval process, a sparger nay not be necessary to obtain a

macr ocydfP@6edlol i godsree embpdiment, |a@bmr65$qre1@a}’fb€m1$l@:¥edentplaCShf)a tonglanger. In

evapor at or t ef1 ect ac nd at | ower

tenper atrReCaRaERGR, fefhapbisy b ot aon ) ettt B Codiesol s, ¢ ne

time r e%hd@lgerbbespédﬁeelaﬁ@w b@g o8B &Ntle hbA iR ko Qﬁe csmh&re%lfﬂie% gi ng
en

equi pnent are avol ded short path evaporators are enployed. [ 0068]
Syst ens apaqspias and/or thy ﬁdammm@ratuﬁaf oheanipde, evhsroy gutllend aldapmebbmchangel
perform,. sses descri bed. in are co iall ailahl.e, for
bcanpi o5 PGP eGP AR o eyl B PF e st
Char | ot teehager. Sui tabl e rising filmevaporators include heat exchangers
avai lable from Troy Boiler (Al bany, NY). Suitable falling filmstrippers,
condensdP@7ind f | erhélyi Wb@ershe}rt p@hqumrat@ls hipye Beeniesgriosted dutiersobsnd nc.
(wal t ncon Pr ocessin Techpol Bat avi it abl
Shor t | pAVHOL RGP B AT URSU ST PR O O APt OE0S PheHETHIbsRBLSLY
(Bat avi gyeelftaln sobbiért 8Bt ﬂ[)dtﬁl Ui/éiimfa%l@ 'céi%p%rf?fé BifEM R ya\QJd@r TobRPVRURR dnfla®

i ncluding, Artisan Industries Inc. I't ham  MA) and | ncon Processli ng
Technol dgyer(iBaperatuag CQILdlt)OHSSlhambYI gowo;aib'(symlng endigy goEst Alss, thOGBR]redquired by

anot her ect, the | entio ures a rocess for sha art| ally-
cryst al (S TaEHE FEeghd 16 or g qudteiie sritebig GoRTae peeATALE Sy SEThE
Subst antelvgédryml%%y@rﬁ ro gge nolten macrocyclic oligoester. The
substantially sol ven ree nolten nmacrocyclic oligoester is sheared to

forma [806G8]al | y- (f‘:yytstrml dppasdusyand apyhént thelt ingy ds teerployet ioc idapted tb @eftiaped.

Vo 03/ 0%%65 gr%cezg:l;/ eggrl /e%%erem arelcommermally available, for example, from Artisan Industries

Inc. of Waltham, MA and from LCI of Charlotte, NC. Suitable rising film evaporators include
heat exchangers available from Troy Boiler (Albany, NY). Suitable falling film strippers,
condensers and flash devices may be supplied by Artisan Industries Inc. (Waltham, MA) and
Incon Processing Technology (Batavia, IL). Suitable short path evaporators are available from
Incon Processing Technology (Batavia, IL). Suitable liquid receivers are available from suppliers
including, Artisan Industries Inc. (Waltham, MA)and Incon Processing Technology (Batavia, IL.)

Shaping Macrocyclic Oligoesters

[0069] In another aspect, the invention features a process for shaping a partially-
crystallized macrocyclic oligoester. This process includes providing a substantially solvent-free
molten macrocyclic oligoester. The substantially solvent-free molten macrocyclic oligoester is

sheared to form a partially-crystallized macrocyclic oligoester, which can be shaped.



[0070] In one enbodi nent, the substantially solvent-free nolten macrocyclic
oligoester is continuously sheared to forma partially-crystallized

macr ocyclwo oslodgoest er. I n anot her enbodi nent, shapi ng ofPCThES02/20882
partially-crystallized macrocyclic oligoester is continuous. In yet

anot her enbodi nent, the nolten macrocyclic oligoester is continuously
sheared and the partially- crystallized 1ﬁrslcrocycl ic oligoester is

continu shaped. : At i i, 4t h .
nacrocygpP@Moligo?gfgg?9%%§%§Q%g$§%§§%ﬁ&%%ﬁ%gnn{ﬁ%ﬁ?@ﬁ§¥%§#%§g%ﬂcOhgogﬁmﬂs

sol vent -doatipuaislyt shieed & for@,a pastiayedredaléing] madrodiclic egdeatcd. B andpateke form
When nol ten pacrocyclic oligoester (such as macrocyclic (1, 4-butylene

t er epht Hankadiygnt;, giappgioféhe Ragfiallrgrystaliizedmesrpeyehe pliseasisr prrsutinuqus. i yet
anor pho : r i I [l I "droplets”. t.end
o agql anorief ol Benl B MO hio 8 HO R Hhrek & Sblb e Worra ShEPLE b

absor bs apdtsltizéd mmerbdieliablipsphe isconiihiailyoshapdde detrinental to subsequent
pr ocessi nﬂ. [0072] Shear-induced partial-crystallization is used to
faci|itad087Hr yst al Preesubsantilydree frommselvenyche maeoryiepligpestoxcwhichinmry e
enbodi e i I r: a I ..surface crystallizer,
andr or " 2nafutho % bEYANARn0AN MR 1s BoTEER SR bR RuSiile: 1o

form a Waeh hlfey neosyelc dligeekteraEiidhCié GhdcEochtlici s bgylend\ s éi@daldt)s & cooled
includes any crystallizer that facilities crystallization by shear m xing.
The ext rH&dy.rihip tracaliysmeyplpus o Ieits amephowrstatentls megrorydicoligaestartiesticky a

t enper at yr.e ;hel | 11 I f cr clic oligaoester her eby
 erpe atiae REIAN ChPoTBEL 0 RTAL ks G, T AREL A SARTRERral®

i ncl ude #b3eds iviger froa0kiafifosphéresWRthichg ba etrigental ubsdiubitaneRyghy.. [ 0073]
Sui t abl e Br oduct forns (e.g., pellets, pastilles, flakes, and prepregs)
that arel08Ybl e i Yheanmduerd nestirhenystalliention syused thizaditaie pryytabizatbm af thed by

t hese ne . tiallys.. crystall.ize cr.ocyclic oligagester then may
be col | e%?%géyc*ggﬁ%(g%{%cgf:{:)&{ndm ﬁ%%l%% %eln%@gﬁjfl 19"%‘%8%36%%%8%?18%3?‘?98 on
t he applsuefaté ofystalliO€( 4d/dDshRbr DI aRlcPERGRA %0 PArtihINe cilySidBIVe R prEBYct B form
carried out sinultaneously. In one enbodi nent, an extruder renoves sol vent

f r om t hea Batighy-emstallizechmperegxdlic ©ligp¢sifoe £t Seanixerf wehades anybarydallizerithat

sol vent -fr. ol crocyclic. oliggester .that .the extruder, shears to form
a part iffgf]ﬁyl-e Sc‘r:r\}'ét? IQIF%?)?ebd' s\r{rlg%lr%%(;l/r%?l'i eoqxl?ra%%é?aéfrbeﬁ?aﬁo\’eg%g ﬁﬁg‘é% tgﬁt 0 a

pel | et. hAGdSclitBEGRES BCY &hiperablt IR BE n¥RIhghR it RE HeaHadboyRlit SIRRLREUN €
that is |lower than the nelting point of the macrocyclic oli'goester. I'n one

enbodi netheteby Faminrgeaparigllsewpailiced oadioeyadig oligeestert Sheraingtromeinbladeiearingout

100C and 2haut _1{:1350 I n gncgt hesg nbodi nent, the shearing step is conducted
at a t enPOrae ¥ SNEENGERT COPHE S IR aphout  155C. WO 03/ 002551

PCT/ USO2089882 - 1%uitable product forms (e.g., pellets, pastilles, flakes, and prepregs) that are stable
in the environment and easy to handle may be obtained by these methods. The partially-
crystallized macrocyclic oligoester then may be collected. The collection may be continuously
performed depending on the application.

[0074] Two or more processes of the invention may be carried out simultaneously. In
one embodiment, an extruder removes solvent from the solution of macrocyclic oligoester to
form a substantially solvent-free molten macrocyclic oligoester that the extruder shears to form a
partially-crystallized macrocyclic oligoester that is shaped into a pellet.

[0075] The macrocyclic oligoester may be sheared at a temperature that is lower than the
melting point of the macrocyclic oligoester. In one embodiment, the shearing step is conducted
at a temperature between about 100°C and about 165°C. In another embodiment, the shearing

step is conducted at a temperature between about 145°C and about 155°C.



[0076] Additionally, one or nore of various additives and fillers can be

i ncorporated into the macrocyclic oligoester, before, during or after

sol vent rwowsa@d2ssp yield a fully fornulated product. For pexarspt/z088i n t he
manuf acture of an article, various types of fillers may be incl uded.

Filler often is included to achieve a q§§ired property, and may be present
inthe resulting polyester polynmer. The'filler may be present to provide
st abi | i t[p076Juch asAddieaohalBl, ond drandrelof Oariousiadbitives @t filidry cant 8 ihb@p&latiddnto
material or the polyester polymer product, and/or to increase the strength
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anti~oxidants, UV stabilizers, plasticizers, fire-retardants, lubricants, and mold releases. In other

embodiments, one or more catalysts are added to the macrocyelic oligoester. Exemplary

catalysts that may employed in accordance with the invention are described below.

Formulating Macrocyclic Oligoesters

[0079] In another aspect, the invention features processes for formulating macrocyclic
oligoesters and processes for making prepregs from macrocyclic oligoesters and polymerization
catalysts.

[0080] In one embodiment, a mixture of a molten macrocyclic oligoester and a
polymerization catalyst substantially free from solvent is provided. The mixture of the mo_lten
macrocyclic oligoester and polymerization catalyst is deposited onto a fabric material to form a
prepreg. In one embodiment, the molten macrocyclic oligoester and polymerization catalyst are

partially-crystallized prior to being deposited onto the fabric material.



[0081] A m xture of a nolten macrocyclic oligoester and a pol ynerization
catal yst substantially free fromsolvent may be continuously provided. The
m xt ure oWotohmoasacr ocyclic ol igoester and the pol yneri zaPCoruSoaemByst may
be partially crystallized. In one enbodinent, the mxture is continuously
partially crystallized. The partially-crystallized m xture of the

macr ocyclic oligoester and the pol ynert k%ti on catalyst then may be

deposi t to a fabr| teri 201 i .

part al Uty o ar Ff By fre (TR Ao mac PR bRlecBRAREL BR0Ger kg ooty

mat er i alsubst€iiaRy fica fiotrhslventrhogibeeoithuoaslyrparvidedc IThe ngikigeesthe matRcYelic
pellets) . is fegr%qtl?l a hot _~m xing device ( an extruder or a Readco

.m, d e.g., ( S
m xer) WHEPESHE ARd thegialmegizafipy Gitalysideast hevrastially cgystallizeda i one embodiment, the

pol yrmeri.zat i : i el Ll fer vi ce

parti al Infl&trrdé?itgscgﬁ%ﬁke&ﬁ% ragt\é!y I |§(;:§Eacl) |eg'ogg% gtrulﬂlair%fgglasl[ap}kla}z%fl eIH1 %lburl]eg%ﬁtﬁﬁce m Xi ng
and f | ownacidegclicosligolestteshdathe gulyinerizathinhtatygtithien sagdetdepddited ohtosd fAb#it ne,
then is forpmed into shapes, such as pellets, flakes, pastilles, and/or

appl i ed TAtFrEet Inanoghes epmppeinentdhepardallyr @ystalligedmprtajsris gontimgpeslyidenesided

typi cal |y i ..1probl ens of handling anorphous macrocyclic
ol i goest ero.aélﬁggggﬁalfﬁlﬁl'yet ot her enbodi nents, the partially-crystallized

mi xt ur e [0682f0] t en Iireteoeybbdihens] 4 gaastRlic aigdoddth YA, pelitd)afcaad ahyst s
deposited onto a fabric material. In certain enbodi nents the nolten
macr ocy CHERESYige 6380 exEdsH Py #Brdea oY% withothes solid er kawdpdditivesdeign a
shear m : ol EVI=Y2 : d-in_ap. extr.uder .. The
Shear - Moy g Ry TR EER e o it BB BRRS, TR aBRoRR R ety

about 13&Gnadrbeycliablipeestatistiaglats Yo eryinceiaixded @l sl TRetdrhalesdmpasd, fi ber
tow, fiber web, fiber mat, felt, non-woven material, and random and woven

mat er i alWhighyspainsmartsllycsysialing fhends fpsmed inte shapemsuchise peits. dlakempassidles, i c

i ) ' . . Q sol . Pref I th
ool Don REUoERALES BB o0l R AR S A bR S Bl pigh R S Bt enc -
More pr eiablabd of hanbdBngmhbhotBshaeyelit cligddsgpest er contains | ess than

about 50 fgm of solvent or |ess than about 10 ppm of solvent. [0085] The
parti al |[9ﬂf S yst al I y&Ptharembodinggnts, fe paeiallyoyystallizeg] migdes vémokemmabmcyclic

pol ynmeri _zat | . osited.onto the fabri terial in a
pre- sel é)é?%édq’%gﬁ gcgb&k/?{%hz%% “t%?aclrﬂs?%t%gosgtg%? e Bh% BY fafer gvﬁ:cﬁﬁ?lﬁe m xture of
nacr ocy ehibediglengais hilted RehcRRyYIEsligdadtérand poBathalioleRasibRkhERahReR il RY
be formed into a desired shape, for exanple, an autobody panel shape. One

or nor e SBfEMmixerealterastively, thegarpytbs nrprssyes i an extardencYhe sheavixjog stagbe
Exems! o 00850 ETLBRRL A0 B T XS TR SELSRIGTgo
be selected from the group of fiber tow, fiber web, fiber mat, felt, non-woven material, and
random and woven material.
[0084] Prior to partial-crystallization, the molten macrocyclic oligoester may contain less
than about 200 ppm of solvent. Preferably, the molten macrocyclic oligoester contains less than
about 100 ppm of solvent. More preferably, the molten macrocyclic oligoester contains less than
about 50 ppm of solvent or less than about 10 ppm of solvent.
[0085] The partially-crystallized mixture of the macrocyclic oligoester and the
polymerization catalyst may be deposited onto the fabric material in a pre-selected array. In
addition, the fabric material having the mixture of macrocyclic oligoester and polymerization

catalyst deposited thereon may be formed into a desired shape, for example, an autobody panel

shape. One or more additives may be added to the molten macrocyclic oligoester. Exemplary



oxi dants, WV stabilizers, plasticizers, fire-retardants, |ubricants, and
nol d rel eases. [0086] In one enbodi nent, the nolten macrocyclic oligoester
and pol ynwpoiozaoisen catal yst are partially-crystallized pPCErUSHD2(382 ng
deposited onto the fabric material. The m xture of nolton macrocyclic

ol i goester and pol ynerization catal yst be partially-crystallized by,

for exanple, shear mxing. In certain ‘enbodi nents, shear mxing is

conduct eglidiiteRinthybetselEBRE ot the g'ré‘lﬁg&" RERIHRED g"h@&iﬁ 1144%51&1@&‘3’[6{‘3% 511550 I'n
ot her enbodi nents the m xture of | t on rracr ocyclic I goester an

pol yrer i 9Xeags [b‘éts’@b#lgﬁrsl BlaﬁmzemtﬁlrfymtmwaIhlthrmedtsbqndenohdushems which is

often co ed wi h| n erat ure.range between about 145C and _ about
155C. B@% The p R?%gﬁ a%?f“fozl@ﬂl WF ¥ ’fgoﬁsé?,rraé‘é)l’(‘,’fﬁn%eri?ﬁ?l%ester

and pol yeRilyaakd Isuﬂnalgaé@étmked@ﬂo&@ HERRBARpAREd BRoInd ﬂ%nfc %%ﬁérfal ”%@ﬁﬁﬁhl e n

di screte droplet's of "a Sel ected size agcor ding to a pattern
pre- sel eefmd mmagrocycm ogoestar apdipoljinveinttinn catatysirolay éa pamaﬂmmtall@zed by, for

I t ddi t d/ fill Th
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fiber magay éséttweern%uww@ BB bhE]55°¢ 2Ry BIHANRYS ggkh%%&ﬁfrﬁbf mog
fabric materla enpl oyed in a prepreg nmay vary dependi ng on the en

appl i catmeerooyclic kvégoepteepnégolyme&zatlmmtaﬂysbfsrpamaéld -crystathikael Hiy‘@mfus]bﬁ;whwh is
mat eri al , . or Sizin ents or other a t resent on the fi ber
nat eri al bﬁ%ﬁpnlﬁﬁﬁﬁi‘fm W@@W?@%ﬂ? FWGE? t"‘feﬁ’éa“?‘?%g?gh r@gqr@rquélp torCuse i n a
prepreg. [00BPf eXan?lﬁ@parﬁél[@c@?t’éﬂﬂ%&hﬁxtﬂf}q{f%acf&%lﬁﬁdiféﬁe&]pp{gﬂdq%%

pol yner i zat| on catalyst mxtures may Interact Wt ers an‘gr of any
si zi ng matﬁlyﬁmaydgehpwﬂed@ntoethe fapregeateria in dheetcaboplets vt aeleatd sizé @WBE]ing n
sone enbodl t he &grtl al crystallizatigon step occurs continugusly. In

ot her enSdd? ﬂ’t %f a prprsclgeied pIpY-y 1o periainenbodigents )@g?ﬁf’@ ligp mpgracyelirqligeester is
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prepreg goup ofnﬁbcvmmusﬁlvdwvebbfjbﬂhnamfem nnsrewofrenammtehalemndmg a@Cw6evdnGmaterial.

oli goestﬁil FB zatjon catalé%w \(\é}ﬂ}ch S s bstantially free from
sol vent , ‘%! "ﬁ’@r ?}E‘P Vit VA FERFS QSRR §’11‘yn$)919f eqnayise pRplication ofdhe

t hen CorﬁSﬂeﬁl‘égu%l% ARt L&D 8N ReFne HBRNWLE rfﬁ?t %ﬂhbeﬁs@ﬂﬁg én?k (?rrb%é?%éents
enbodi nent's, "the process of sol vent rermva roce

f or mat i opreseméon dwtﬁheeda,atemahmhaynglmctahﬂEultahﬂmysoibtJthSﬁmﬁfeﬁm foh asef 1ﬁ%qnepreg
solution_of a crocyclic ol goester)fcjo formati on of prepregs of

macr ocycl PIEXBMP o dURG At yTE FueHes %P‘FIS?C ig gliggester F%P@Eﬁllnﬁ’é?ﬁﬂon?ﬁ'@%t* Bpftegs
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03/ 002551 PCT/ US02/ 20882 -2 t I nuous” pr ocessed

advant agesteiinl. vany aspects such as in reduci ng energy
[0088] In some embodiments, the partial crystallization step occurs contintiously. In
other embodiments, the partially-crystallized mixture of macrocyclic oligoester and the
polymerization catalyst is continuously deposited on the fabric material. In still other
embodiments, the process of making the prepreg is continuous whereby the mixture of a molten
macrocyclic oligoester and a polymerization catalyst, which is substantially free from solvent, is
continuously provided, continuously partially-crystallized, then continuously deposited onto a
fabric material.
[0089] In another embodiments, the process of solvent removal and the process of
prepreg formation are combined, creating a continuous process from the feed solution of a

macrocyclic oligoester to formation of prepregs of macrocyclic oligoester substantially free from

the solvent. The prepregs may contain one or more additives and a polymerization catalyst.



cost and processing tinme and optim zi ng equi pnent usage. [0090] FIG 5
schematically illustrates one enbodi nent of a process 5 for making pellets
from a nowoaea/omseduct with an underwater pelletizer. |n tRCI/EShe@gsnent, a
nol ten macrocyclic oligoester 530, which is substantially free from
solvent, is fed into a shear m xer 360. JThe shear m xer 360 is connected
to a tenperature control |oop (not shovx?n%.'The shear m xer 360 may be a

Readco nbuercdnfatidus préfessestiagtproeidt béwnigtsiinin 680 cexducH48 In reliling &5
heavy duty. The nolten macrocyclic oligoester within the shear m Xxer ‘%?60

i s typi cest pnéporesingdinge adRpiEing eqpipmaREYsagabout 80C and about 140C,

preferab t ween né,about 140 | owering t t erature
in the sLdebg?]em xer Fgg%uStCP %lg%n%gygl&/s%ﬁféé OBt ?Ig%?i%e?ts‘ﬁfarwg%ﬁf ??%retﬂgﬁ P‘?%Lﬂtﬁl y
and i s frastembitdepro@eneiia] diyundeRRatBiadlie@ldry htthSh#dies, ABOIEEHEEoEyclic
ol i goner enployed to nmake pellets 435 nmeasures between about 3000 cp.

(cent i popPkgoestghdBlamdich is goigstansially e Stom sppieotlid fediintdiacshemramixeh30. dHeshe®0%

f th i | i talliized. [0091]. T .
par i al 1 D780 & ForSetEEr sirperiale sPrps P @hapore) Forshenumiie 260 mexer
360 10 @REAMRIThiREr (MAIN,P AP WhicHIS 1tk ¥ S inticrehAbR1d30 BulRYs RGvY ﬁﬁtg. g‘gf Fﬂo‘ﬁ%ﬁt

the product fromthe process to, for exanple, a bucket when’t et zer
starts umactppycligioligeestar vagan themhear thixer 360us Gopically cevlsditea tengterdtine between
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(Wl t hanpastealike. Afiensrally, themiartiathyweystalized macrenyblievlégbmdr kenpbayetiitakdaje pellets
crystallized macrocyclic, ol r travels to the tter 370. At the cutter
S70: ¢ ne et ey epdy DOlG Heefinisharideroibicro wislyamisaly s
nto thewanaRe: oo Rekictharblcfle libbihk idbn¥aligts, One or more pellets may be
cut by the cutter 370 at once. The pel etys are then renoved fromthe

slurry of009#k er i nTle pars@yacmttolliz88Macibogclis@higomtonadB0from thdshear 1B eE 860
which may be a m\é{é’n% bggt._A sui tab separator 380 may be available from
§PESRIAK i

Gal a | nd@tFyesery vgrsr val lmw%@géﬁmavw%éhmméw ﬁ(OBhﬂlﬁvi a,
L), oL | i . _ .
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hopper 3©@=nsardha thrawk@dbrcrgdallizdhmackoywlic 38 godsry isxeavalihg ti the hestredfy@itter

avai |l abl ¢_from Mason rporation (M lburn, NJ). A suitable pellet hopper
395 and 705%1@?3’64%“1}95?1%&5& Asztfablgyliveatendos angisi suitable sty 78 maychesrvailabie

(EaaLe, sl egsas i, Reshpalbosyy Folat by 10 g8 Lo

from t heApishh Bddusiries WWO. OWaliki2b NIARCNHGER 1128882 velodly ik aehieveddtHepaniagh- a
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crystallized paste-like macrocyclic oligomer is cut into the shape of pellets in a slurry of water.
One or more pellets may be cut by the cutter 370 at once. The pellets are then removed from the
slurry of water into a separator 380. The separator 380 may be a screen, which may be a moving
belt. A suitable separator 380 may be available from Gala Industries (Eagle Rock, VA), Incon
Processing Technology (Batavia, IL), and/or Artisan Industries Inc. (Waltham, MA).
Subsequently, the pellets 435 are dried in a dryer 385 and then transferred to a pellet hopper 395
and a packager 550. The dryer 385 may be a fluid bed dryer available from Kason Corporation
(Milburn, NJ). A suitable pellet hopper 395 and a suitable packager 550 may be available from
Gala Industries (Eagle Rock, VA), Incon Processing Technology (Batavia, IL), and/or Artisan

Industries Inc. (Waltham, MA). As depicted, the water that was separated from the pellets is



suitable circulation punp 388 may be available from Gala Industries (Eagle
Rock, VA), Incon Processing Technology (Batavia, IL), and/or Artisan

| ndust ri ewoloaoo256Wal t ham MA). [0092] FIG 6 schemati cal | pCirlusoz2e881 es an
enbodi ment of a process 6 for nmaking either prepreg or pastille froma
nmol ten product utilizing a pastillation grocess. A nolten macrocyclic

ol i goester 630, which is substantially Tre€e fromsolvent, is fed into a

shear m xeyclébhrédpata sufnp 394G Gl wated GredlatiBNPRLA BYS.C AGRRLEIR |suﬂ1g 884 GhPL
shown) to control the tenperature of the shear” mxer 360. The nolten
macr ocy chuitabls) dirgblesen pimp 3RS nisy behwaitabls fem @E0ndesttigpiEagld BockoWlAddntaon a

t t bet b 0C and 140C, . pr.ef bet bout 130C
and about ocssioe T GR8SR traak B0 rBQRbeithe feuBien By Bt J8 ) cont r o
| oop nahgrggzps t herFgh@achdthXally 30Ridtes 8n LAPREMBLITS RbcAPEYW: rﬁ%gﬁge?i'tﬁér

other e iments, the shear mXxer 360 is an extruder. [In yet

enbodi nepiepregton @asiiile Aronna xenlted @fodust wilRécpestiilation Hrd@sk , ARA)ltenwhictdeyckc
like. a twin screw.extruder, .but _.less heavy duty. [0094] By |owering the
t enper at fllrl%o SPIRT Pl P Sﬂ‘?s?é]ruﬁﬂi’ free ﬁﬁ@%@‘ﬁ?gﬁ> i‘sctleg 1ty §rigrarimaixen3qlsthafiis
crystal | igzgdcadeh PREQIRSPRSER1 b Emor: Qﬁ“hﬁafm&a%%g taxgﬁér%ré &8nd Gygl of

shear provided to produce the paste-like crocyclic I gonmer varies
accor di ngrixeo 368e Thompbsi macwcpflictdligomenwitbinythd sheaohixgo 60 is typicllidiootedtbe

presence, of an ddi tives. eral l artial]y- crystallized
macr ocy ciTPRIHg gﬁté‘f’ee’é ﬁ?ﬂ%@ggoé] ?‘HF ?H%El%gét Frﬁ_e@?mje%yﬁ?%@%ﬂ%@m@bw 500
cp. andigpeut 1000 cp., which typically indicates that it is between about

15% and about 20% crystallized. The nolten nmacrocyclic oligomer may
cont ai n HOAB] r esi dinadertsiol enenidinfentsy the foatpemane cattmlloohGfaippinsahesirbomixet 0

as e nolten resin _enters the shaping process at a_ tenperature
BEP ween %@) ati@@?’f%‘ﬁ%"%&@ﬁ 1(5)3@(3_% P@B@%}‘b(%é‘gwtbﬁ)éf‘p?l@g%mm3 & it an) qxirgderan
be nmade {.r - | 1 i . = 14 rogyel.i
o i goner e sFerlBid s nf SHAL Biter360 LAPRCRRS hitker P TAO] SRR Biep
past e- | i teein seraorexayddr outdéss Gemsrdity.avel s from t he shear m xer 360 and

enters a dr%ol et generator 390. The droplet generator 390 is enployed to
make desif02H si zedBuluprivgdhompsratge y fiesher Mivesthemacropyckmeligomasad nent

R Ly
dropl et enedmealic B8R-likeayadtooplipalgirhérearidircaidigcibvliye ethgostiomvfithg bel t
500. WD 03/ _002?,5_1 PCT/ US02/ 20882 -22 [0096] The noving belt 500 may be of
any | engBRCRYPlISioligomr inclidingihe prosgnosent ape pdditivast Geserallucthe paytialliout 100
feet in 5aafiYed GoBRIL ORbShEEerfiofddfio TR stk inealed BHRELABLES b0 {0
- and about 1000 cp., which typically indicates that it is between about 15% and about 20%
crystallized. The molten macrocyclic oligomer may contain some residual solvent (e.g., between
about 100 ppm and about 10 ppm) as the molten resin enters the shaping process at a temperature
between about 150°C and about 200°C.
[0095] Both prepregs and pastilles can be made from the partially-crystallized and paste-
like macrocyclic oligomer utilizing pastillation equipment. The partially-crystallized paste-like
macrocyclic oligomer travels from the shear mixer 360 and enters a droplet generator 390. The
droplet generator 390 is employed to make desired sized droplets of macrocyclic oligoester. In
one embodiment, a Sandvik Rotoformer available from Sandvik Process Systems of Totowa, NJ

is employed to make droplets. When pastilles 425 are manufactured, the droplet generator 390
may drop pastilles 325 directly onto a moving belt 500.



exanpl e, by providing water underneath the noving belt 500. The | ength of
the noving belt 500 and the cooling nmethod can be selected to cool the
pastil | eswo23/0msfpore the end of the noving belt 500. |n ®oraSembssi nent s,
a scraping bar (not shown) is enployed at the end of the noving belt 500 to
remove the pastilles 425 fromthe noving belt 500. In one enbodi nent, a
noving belt 500 avail able from Sandvi k 4€2rocess Systens of Totowa, NJ is
enpl oyed 97] j t ; t .gener,at or
360 may Wrod T | RECaBuBESRl Sy 8 dedrARDIH B8 U SBr ahdB HPRLtAEIIRY
pol yner i Hafeedto abatinl §sfept inidmptia Tialbotonmadess it movtHy Beh B0 insayf REOMIO I he
novi ng belt 500.. The | ength of the noving belt 500 and any cooling nethod
will be S@rEts oy Providiggvaisandenesth fie maung heloS9heThelbrath ofitheandving BEO500

form ng the; PLERLS %t‘lﬁé"(?rgﬁ l%egs%%ge 2 gc?&‘l%l}]ee @éﬁﬂésﬁr}%ﬁg?t e %)rg%e;%éving belt

pel l etizer 1's use

under wat $00. Jalsbekieztodinaentd, babbging bantnGastay wi) dishplo Rl at HkCendff t@%@ingoc K,
VA) may be used for making pellets. Alternatively, a pastillator nay be

used f orbstof tagemputbieippgiles £ fremdhpmoying Wi in Rut ohlrdiment( avaivigh| e
from Sa“@'e‘ﬂy ééO[OPeg\,%g?lﬁg asd aen%iko[jm%%g%%%@\}gﬁl{}?%%tw hlgjegtrjesei %3263 form pastilles.

[0099] 1IN er aspect of of sol vent

renoval [@og7 he PWIRASHréfre SAMNE RGmafRANE, Bhd dtopley Sdndlatdr 390 BTG Wl | C
ol i goester are conbined, creating a continuous process fromféeding a

sol ut i ormaterial Hddegeyeadrecyelid gligpsster plupa phlypierigatidnecatatmt)roméy & Fabcic material
ol i goestgr..., For .exanpl.e, in o i nt e prace sol vent renpval
andgt he ﬁfé’ (Bads de o?nqggéetrp?‘flgg Pﬁhgﬁﬁﬂﬁgg%M%H@ﬁOYl%@b@O&@@V rgoling

cont i NUGHsthBA MRS sEOSH sl thehRdistidl A5 Bifio e BEHORUEHLL0D), FOHRITRL 6 phéhreg
pastilles of macrocyclic oligoester substantially free from t solfvent”

I n one eMPodi nent, a solution of macrocyclic oligoester is provided. During
the sol renoval process, the tenperature. often is elevated to between
about 18[§§,yéxlnd aboﬁ‘tsoprf(ﬁﬁ%"%ﬁﬂﬂmt’ fre upfierwatsr gellirtizat Wivsfoppplee pegsy fn For
at mosphegiagpld, a5 &/ pBREAdARAE pdiR e GvailaBle f LRI IR RS ent
is conti nuo&jgelry remg;y\?gd to proIc)Iuce1 a %ﬂaﬁsat §nt(§}gii%3l/ soﬁ%fé%‘?mcr' %ﬂgr%?t%é%
macr ocycY g nolyibgoesd for mdkiQe]leFhAlsubtivelnt 4 pdstijlatoomue be ufadefor fopiien
macrocycli c,.ol igoest er

I nmay be. sheaped at a epperature bel ow the nelting
poi nt ofParHie éﬁafﬁﬁl&%%%}’éw %}Pfog@é"s@?ﬂ%bﬁﬁ gpﬁmrﬁaﬁdﬁlﬁﬁ“i’%ﬁﬂ Sustems of
crystal IT6da RO ALYE bed 9 fcg&%,%gtg[es' The shearing tenperature nmay be
mai nt ai ned at, for 03/ 002551 PCT/ US02/ 20882 -23 exanple, between about

145C and089?ut 15500 yeSarskagaepct of the hevepido, iiled prgesss yhiohvdnt zeathvahmer eycl i ¢

ol i goester may_.he fornmed.into any desirabl e shapes including pellets,

pastil | e@?cegﬁéf shaping a parualf| -crystaﬂﬁzede macrocyc?lc oﬁgoester are combined, creating a
continuous process from feeding a solution of a macrocyclic oligoester to shaping the
macrocyclic oligoester. For example, in one embodiment, the process of solvent removal and the
process of pastillation may be combined, thereby creating a continuous process from input
solution of a macrocyclic oligoester to pastilles of macrocyclic oligoester substantially free from
the solvent. In one embodiment, a solution of macrocyclic oligoester is provided. During the
solvent removal process, the temperature often is elevated to between about 180°C and about
200°C, and the pressure maintained between about atmospheric pressure and about 10 torr. In
these embodiments, the solvent is continuously removed to produce a substantially solvent-free
molten macrocyclic oligoester.
[0100] The substantially solvent-free molten macrocyclic oligoester may be sheared at a

temperature below the melting point of the molten macrocyclic oligoester to form a partially-

crystallized macrocyclic oligoester. The shearing temperature may be maintained at, for



flakes. [0101] Additives and fillers nmay be fornulated with a macrocyclic
oligoester or with a mxture of a macrocyclic oligoester and a catal yst.

I n one enwodBtess]y the additive(s) and/or filler(s) are fPomrasozeess2 with a
macrocyclic oligoester while the latter macrocyclic oligoester is
conpletely nolten. In other enbodinents, the additive(s) and/or filler(s)
are formulated with a macrocyclic olig@dster while the latter macrocyclic
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crystalline. The fornulated macrocyclic oligoester is prepared into a
prepreg flakeshe form of pastilles on a fabric material. [0102] Pastille
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consol i d@miRitedanstrédycli€ OREdeR@r bPrehatdddn®al préple} iM the fbﬂrl@ﬂhas\?fﬁé‘srcﬁpé’fdbh@
ol i goesters, as discussed above, nelt to a low viscosity that may be nmany
orders ofaigsighi t ude | ower than the viscosity of conventional

th I ics. T . nbi ni d tt -Qut .of li | i t
Coben oA =i | Efine B 2 M etk A nd e R B s BRSPS
cycl e of olgyopEteRE $:$ oﬁ@&np&iiﬂl@ﬂ@ tHEUBYEntBR ﬁalzﬁé‘ﬂo'lﬁethb@snfor ﬁ&ﬂ&l’ﬁ% ﬁa@h‘l@é

cyclic

t her nopl astics. Hence, in prepreg fabrics made with macro
ol i goestbewnopldstic prapsegs basgssommblendmaterial that in¢ludes 4 lragtoresmadrenyeli¢ oligdester

fiber (i.e...each and every fiher) as is needed for conventi onal
t her rropl%’g{taitéefgmﬂ?d%o%frg?n égl?ﬁgglg%t' be placed at discrete |ocations, but
TRrmPlastid fre

nel t and[010?é$w to Fﬁ%&f ichBPhdve BB PrddiBed ®ith thel rSsiTBlot&h th¥\O
03/ 002551 PCT/ US02/ 2088 -24 1010 Wien a prepreg is made with a bl end

mat er i al fipdralf theglelidascositeltthe tasul ik bighothe gessis heads to heclbketodheribarin atdec & be
a one- pa\Evtet-cgu? ?lgey ﬁ}gecr)blrjgp%ﬂ%ly %Ihlesrpypm{icetllg igth%actagel X/ﬁﬁ thaelrxgqgglggtic prepregs made using a
hot melt method with thermoplastic powder, co-mingled tows of reinforcing fiber and
thermoplastic fiber, or co-woven fabrics. These materials require a process which often includes
three steps: 1) heating and melting the resin, 2) wetting out of the fiber and consolidating, and 3)
cooling down and solidifying.

[0104] Macrocyclic oligoesters, as discussed above, melt to a low viscosity that may be
many orders of magnitude lower than the viscosity of conventional thermoplastics. Thus,
combining and wetting-out of macrocyclic oligoesters (when melted) with fillers and/or
reinforcing fibers during the heating cycle of a process can be done much more easily than
conventional thermoplastics. Hence, in prepreg fabrics made with macrocyclic oligoesters, the
resin does not need to be distributed as close to the fiber (i.e., each and every fiber) as is needed

for conventional thermoplastics. That is, resin can be placed at discrete locations, but melt and

flow to wet-out the entire fabric when the resin is melted.



included. FIG 7 illustrates one enbodi nent of the invention, a process 7
for making a prepreg 445 froma macrocyclic oligoester or a blend materi al
of macr ocyolosmoaski goester with one or nore ot her conponemC3/Gsoztnsss a

pol ymeri zation catal yst. The process allows the making of a prepreg 445
that has the desired resin and fabric material in a pre-selected ratio.
Such prepregs can sinplify upstream pr%‘éesses enpl oyi ng prepregs. [0106]

Referri ngg FI G i ' ( . . = 1.5, mel ted
and appSh to a et BeBRR Bt bih oiford meg il M BRI 57
t hen cooligaeskeef the blead gritdriat amt be poherpmt feady-toometsgiten wiklag eatalfitealendst en

resin 505.is p ed.jnto a channe] in the bottomof a rotating cylinder
510 and! %if—‘é‘ '{ﬂ@ 1 lel‘éfﬁﬂﬁs PfecTRRAdERempf theinyeitionya predess 7eaE makinge mremesol es

507 i ' ] [ ot;at | ¥l inder 510
avai | abl'sS PRt EAel D REEer o AR EBRA PR o Aol Rk ENR A Y i
pr ocess otiSons@porents sych hd gpolgmeriegonahtalys i The gratdss allows Sredeik@iddmestepreg

intervals_onto a noving belt 500 (e.g., a steel belt). These discrete resin
drops 4#85 &t hetha desiicgaepin ﬁn%fabrlénﬁgqr@étrb@prarsﬂ@yteééatgx ,Sughpsgrregsrgpnso t hat

t he ano ' [ . it fabric area (if uniformty is

desi red?ﬂﬁa%lg{'iuéagéf&aérg%essl%rgeeéﬁ{}gg}lﬁ%f)reﬁ%g(g)‘ne enbodi nent, the anount of resin
per uni fofespri c aRefriARUEBIG. 7PIbRAO watetfd g Webbart Steh)li®meRRPMA 97% by
wei ght resin. In another enbodinment, the amount of resin per unit fabric
area r anpjiss ageinftseng fHon 9 indisgreet tesinidrons@18od theg@uolsyd baksirg bignifiesitn.

[ 0107] The anpunt attern,.and aci.n f the dt ed resin, determne the
"aver ag pﬁyn%eé]tzfl%mo PahTsee Trlrlﬁtl%?’lfeﬁlre?%g?%gipﬁm@g 8q§%t°ﬁ%m’rezgi t_he gg&%l‘) &d and
di stri budtegnd %ﬂﬁd&*’ﬁmtanﬁ REmes Bt troudR RS Hodds- 50TREER dyBind@ dabiMifnd thOHb1&SS 070
the amount and pattern of the resin drops as long as the desired preregs
are for hreup Tith thachasnel Ihabe pmbadiment, alrotating exdindendlp dyeilable fronmSamdvikar i ed

h i pyl ated b | 1 he, si f each
drop or Pragrh SRR A5 PR b oo ok rsen B oty eesn
schemat itf] &l W deieAtihaMRdvaR oﬁmmg lagl@ifsg@f:ef% ¥ 881 beltf ”?P{éé‘é ﬁ%!%&ﬁ%ﬁher e

the solvent renoval system1 illustra I

2 1s I1nke
sol vent drapyehl&lcas s reangRd in & pestyedeceed drmay Fd.6, a patteAr)csorthiatrihe timotdtios resin is

nbodi nent, whi ch.is, typically. enpl ayed. the Lir | yest
om0 e Sl BEC L LS sysduhors che nest pelyester
dil ute ERbEdimeARIMY artJGYf VRION: WHREHREYELA lg?éeé:s' e shdk B bmgig%lg%tkiﬂ% on

110 is first processed though system1l to a resulting
sol ut i opba8®7%hewsightutesion I @@ thdrambiodimdne, trDBIRe? 55in REThUSIRH2A882 - 25

D oS oL Yot S URLS S SOSLPLIG SRR SRy el o eyl

i nput  s@d#7| on 10 Ting aRLARE PHRI (A SPMFL SHEL &FbPed resin determine the "average"
ratio of fabric material to resin before the resin is melted and distributed throughout the fabric
material. There is no limitation as to the amount and pattern of the resin drops as long as the
desired preregs are formed. The ratio of fabric material to resin may be uniform or varied across
the prepreg and can be manipulated by controlling the size of each drop of resin and the space
between them.
[0108] FIG. 8 illustrates a schematic flow diagram of an embodiment of a solvent
removal system where the solvent removal system 1 illustrated in FIG. 2 is linked with the
solvent removal system 2 illustrated in FIG. 1. According to this embodiment, which is typically
employed where the linear polyester depolymerization reaction product solution (i.e., the input
solution) is a dilute (e.g., about 1% by weight macrocyclic oligoester), input solution 110 is first

processed though system 1 to yield a resulting output solution 190. The solution 190 that is the



to yield an output product 130 substantially free fromsolvent. [0109] FIG
9 is a schematic flow diagram of an enbodi nent of a system for shaping
macr ocyclwo osldgeest ers from a sol ution of macrocyclic ol iPgeaSOIER08&Nd
solvent. According to this enbodinent, the |Iinked solvent renoval systens
1 and 2, described above, are further ked to the process 5 for making
pellets froma molten product |IIustratgr “in FIG 5. The input solution

110 is gréddcubesys@inul idiica(ls containdRABs 33809 Welhit &QEIOB%%EQ& %Gésiteﬁ- il g@l‘ﬁﬁ&ff r)

which is first processed though system 1 to yield a resul'ting output
sol uti or19ﬂlggtersm@te§b2 as inpnt sphgiontd: The inge sphutidud6 isgfrocesyesitthonohgh yysteaall y

t t 3% t Sol ut 190 t
yot om 3° S8 b N E it 120 EEESHE e Bemd8f®ihor ough system 2 to yi el d
an out pypieyjoduct 131399@&’%%1%9{1& ﬁl){)vﬂla{grrﬁﬁ o&“%ﬂ@hﬁ%ﬁﬁ%ﬁtt%f T%@teﬂiluttopyﬁap?r[ pduct

130 may be nolten. Qutput product 130 ~ enters process
macr ocy ¢hdceoaykligokgiesterss3@n awhiutibn o npeocpd wadighéitaugh sslysite Mctoiding titkisd

AW o LRt b el ot AR,
Macr ocyghd £roRldsaoes hﬁ[{ln%rf)gllét[@ Ef'é moﬁ&? ﬁIqu{l&QHﬁSQI‘a{?@ ift FIG! néb?gﬁegl%g% Wiumo%hl ch

sol vent renoval system rocess descr

make pelll@tsa ﬂrlmmsalulnroh (en, good ﬂM)tby \#ﬁgmrrdaditgcyﬁ:ﬁc bhgoesterhaedtiRHirst frheeshdaput
solutio 10 contaj nin aboui 3% b ht macrocyclic oligoester is

pr ocess&PUghsvagh! Oy ?qg Fhiest: t@gﬁ“é@‘ﬂ S‘élh‘ 10% 49 uthepiobdiont 19930t 43 s traeduichof y

free fr IV, t uct

Qutput B s & S’?@S“}L (s SOBP ST el bR R oy L e S0,
whi ch i Systﬁhmﬁ@ﬁ sblution 30 asy BteoddssddahyroabislsyRei 2to ﬁ@l@ anld¥ gﬂfbrohﬂﬁ 136
the processes in FIG 8-10 can be |inked tgwgrow de increased benefits, in

ot her varpsiantighy fige f@&twlmoahwﬁp t graduct 483G way be aloften.n uipré peuluvElR0
| t bed
W refDEEEILEY s tonFIRRRICE i SRl TR: o0, Smichis Mikestha MGG Srowar ' ©

pr ocesseteld pellgadpi ng macrocyclic oligoesters froma solution of
macrocyclic oligoester and solvent, such as, for exanple, processes 5, 6,
and 7, (ﬂ@s}'@ﬂl bed dB6vE0 isw qchem@theﬂ@md@gra@n o @emispdimerftod aesxsiﬁplfet; shapingr r i ng
again t FIG . 9 ent re system 2 can be
repl ace %:mc%' yﬁ‘% Qligosstets, f@m gyoly &0% 9&‘?18%09?'%%0 oggjer a%f“g?’?ri‘t cegding tothis
FIG 9, ﬂfb@diﬁh&t th solvER r&RGRI Bhtddh 2GERR e'été??ﬁé |

(FIG 6)e WO 03/ 002%%1 PéT/ US02/ 20882 -(26 ﬁ?ce'r?' g %gggbr??ééggg@o%?ﬁ&he
above syske rpsﬂetp fivoes sedempdpeto dkmbrdmgl}ortblg smbndﬂmede thdeuedoidﬂotnlet 0

L ape SR WA SR AR L L T et lw cracking end

pastill %ﬁtp‘ﬁﬂpﬁﬁiﬁb%%bstﬁhﬁﬁy fleB HoRh10Ent PLAG BT Enent, the output product 130
is molten. Output product 130 enters system 5 as molten macrocyclic oligoester 530, which is
processed through system 5 to yield pellet 435.
[0111] Just as the processes in FIG. 8-10 can be linked to provide increased benefits, in
other variations of such embodiments (not shown), alternative solvent removal system(s), for
example, systems 1, 2, 3, and 4, described above with reference to FIGS. 1-4, may be linked to
one another and/or to processes for shaping macrocyclic oligoesters from a solution of
macrocyclic oligoester and solvent, such as, for example, processes 5, 6, and 7, described above
with reference to FIGS. 5-7. For example, referring again to FIG. 8, FIG. 9, and FIG. 10 the
solvent removal system 2 can be replaced by system 3 (FIG. 3) or system 4 (FIG. 4). Referring
still to FIG. 9, and FIG. 10, the shaping process 5 can be replaced by process 6 (FIG. 6).



pellets on a conveyor belt, they are placed on a reinforcing fabric. In
addition, the processes can be conducted isothermally (i.e. at constant

t enper at We)03am3$si n a vacuum bag or in a conpression nol @écmgspr/ass2 [ 0113]
Catal ysts may be fornulated with macrocyclic oligoesters to prepare
prepregs. Catalysts may be part of a blend material of macrocyclic
oligoesters, see U.S. Patent No. 6,3692457, the entire contents of which

i's incorpghated b r.e y. f during. t he
fornulaJ?@%?proce?ggg%géggggggﬁmﬁgggﬁﬁ&mggfgﬁgﬁgggﬁﬂ§¥&ﬁ%§&%%gé%%ﬁg§%gh?n
t he i nvehilityto 'ldragleli dasilylioen hbld] thaabilicpabdxewittiout atagkiyz bidci@mbling the resin
transesterification_polynerization of a .macrocyclic oligoester. As with

st at e- oflIqngeaut the gpibitntocuss coprenhiona) pastillationycqphenty éilsq insised gbplacimgdhe
t L.y, i . ef | ysts,
o v el S8 2 AR SRR BRI B DA DTGRPt o

pol ymer ibz abhduttedldb@thysiatly¢he) abeordspuii@nipdratigo)andih ¥ vasingb&torin 8-cofpphésdionNo.

09/ 754,943 entitled "Macrocyclic Polyester Aigonmers and Processes for
Pol yner MA¢ge PSS Same” by Wnckler et al., U'S. Serial No. 10/102, 162

i " i " . S Serial Noo 10/
ont i 1 ol MDYy ot CEATATRENRe e yiRBtereri T Pra g e o

cont ent aeflysdinayi bapert oNg blepd hated] bymhabefctio oligodiigisde USOPddht No.
Illustrative exanples of classes of tin con&ounds that may be used in the
P

i nvent i 8RPAS uthe sntiasrreaterip afiviighvy inppencsatpd by estergees herpimaainmayybietadded V)

. . . . ) o et iallovl i | des.
monoal | S50 W OiHa F CaRiol BRI R Btk dmpfby oS
tri al Kyltid in¢énflondhKadd these thii de G%E%f@ét%yamgwrddﬂ@stérmcﬁ%@p& fizdtion)ofB2 /

3 H2CSn R3/ R2/0il OO0 R3 and tin conpounds having the

f or mul anacrqcyeliogbigyrsten 245 Vithetpteuistthe a0g80cesses for folymgrizRg macrogycicS \ R3 0
\- R3 oligoesters, organotin, and organotitanate compounds are the preferred catalysts, although other
catalysts may be used. Detailed description of polymerization catalysts can be found in
commonly assigned U.S. Serial No. 09/754,943 entitled "Macrocyclic Polyester Oligomers and
Processes for Polymerizing the Same" by Winckler ef al., U.S. Serial No. 10/102,162 entitled
"Catalytic Systems" by Wang, and U.S. Serial No. 10/040,530 entitled "Polymer-Containing
Organo-Metal Catalysts" by Wang, the entire contents of which are incorporated by reference
herein.

[0114] Illustrative examples of classes of tin compounds that may be used in the
invention includes monoalkyltin(IV) hydroxide oxides, monoalkyltin(IV) chloride dihydroxides,
dialkyltin(IV) oxides, bistrialkﬂtin(W) oxides, monoalkyltin(IV) trisalkoxides, dialkyltin(IV)

dialkoxides, trialkyltin(IV) alkoxides, tin compounds having the formula (II):

I
R R
2 O\ / 3
T3 H,C Sn
R R. O—=S O/ O/ \R
S S
\/ VA ’
K=l
R3

and tin compounds having the formula (III):



wherein R2 is a Cl4 primary al kyl group, and R3 is Cl-10 al kyl group.
[0115] Specific exanples of organotin conpounds that may be used in this

i nvent i orwoioambasde di butyltin di oxi de, PCT/US02/20882
1,1,6,6-tetra-n-butyl -1, 6-di stanna-2, 5, 7, 10-t et raoxacycl odecane, n-
butyltin(IV) chloride dihydroxide, di-n-butyltin(lV) oxide, dibutyltin

di oxi de, di-n-octyltin oxide, n-butylt?ﬁ'tri-n-butoxide, di -n-butyltin(lV)
di - n- but@gx de, 2, 2-di -n-butyl -2-stanna-1, 3- di oxacycl oheptane, and
tributylti'n ethoxide. See, e.g., US. Patent No. 5,6348,985 to Pearce et al.
In addition, tin catalysts described in commonly owned U. S.S.N. 09/ 754, 943
(incorporated herein by refeRenc®-+n-ts iQety§}s may be used in the

pol ymeri zation reaction. [0116}\7?ianaﬁe conpoﬁn that may be used in the
i nvention include titanate conpdbunds déscri bedSnn comonly owned U.S. S. N

09/ 754,943. Illustrative exanpy%§\incl de\ tetradlxyl titanates (e.g.,
tetra(2-ethyl hexyl) titanate, RietCa ro tan&t e, and tetrabutyl
titanate), isopropyl titanate, titanate tetraal koxide. Qher illustrative

exanpl esyldisih RYSs 4 &) .4 plitkRRALIRY DAMRSisRAV) Ayt ormula (1V): (1V) 0
Rd~ z Tr-(0 Rg?--RS)4%1n ﬂ?%%%f%@%pmheri?gaégchyﬁggﬁé i ndependent|y an
al kyl grl8US] or t Hipeeifis eRamples npergeaktimrcotpgendsahat maybeausediivtlissinterstianphat i ¢

hydr ocar.bgn, gr.oup: . RS i. 1o divalent_ or trivyal al i phat.i

v ocar BORGPEn Beids Lo Rt atenbil CORpERL Joh i s Hols e o 1

b) tit - i - - gt e f.apaula (V) :
10 031 003 B L Rl Al P idE L R ol e B b
i s i ndepebdgtinlty-nab@oxide,alikoybupleingV o dipp-batoxale02 BrdiM-biRgl-2-staanaCl 36 al Ky

%Logg, O;fjﬁ%f‘%gif ﬁqse%ltai&qg} e}e{r% tﬁhﬁ%ﬂ%sétﬁgxlil e? dg;E,hee.Q.Y{J.sg rP(e)l’che%’.c Ng.r ?,%4'159,&95 t\ghPeegrc% eit csll. 0.
In addition, tin catalysts described in commonly owned U.S.S.N. 09/754,943 (incorporated
herein by reference in its entirety) may be used in the polymerization reaction.
[0116] Titanate compounds that may be used in the invention include titanate compounds
described in commonly owned U.S.S.N. 09/754,943. Illustrative examples include tetraalkyl
titanates (e.g., tetra(2-ethylhexyl) titanate, tetraisopropyl titanate, and tetrabutyl titanate),
isopropyl titanate, titanate tetraalkoxide. Other illustrative examples include (a) titanate
compounds having the formula (IV):
av)
0)

R,
i/ﬂ—( 0 ——RG)n——R5

R40)

wherein each Ry is independently an alkyl group, or the two R4 groups taken together form a
divalent aliphatic hydrocarbon group; Rs is a Cy 19 divalent or trivalent aliphatic hydrocarbon
group; Re is a methylene or ethylene group; andnis 0 or 1,

(b) titanate ester compounds having at least one moiety of the formula (V):



or 1 and mn = 1, and (c) titanate ester conpounds having at |east one

noi ety of the formula (M): (VlI) \/9-O-/ T /Ti OR9-C wherein each RO

i s i ndepewoeabb2ssa C2_6 al kyl ene group; and g is 0 or 1. [POTARp2/A 1862
conpositions and net hods of the invention may be used to manufacture
articles of various size and shape from various macrocyclic oligoesters.
Exenplary articles that my be manuf actdur ed by the invention include

wi t hout Iinitat@ar aut onoti ve body panels and chassis conponents, bunper
beans, aircraft  wng skins, windm |l blades, fluid storage tanks, tractor
fenders, tennis rackets, golf shafts, w ndsurfifig nmasts, toys, rods, tubes,
bars stock, bicycle forks, and machi ne hgusi ngs. Exanples [0118] The
foll owi ng exanpl es are provided/to fukth ilfustrate and to facilitate the
under st andi ng of the invention. E%e§§7 i rgxanpl es are intended to be
illustrative of the invention. anpl/e A [0NL9] The macrocyclic
oligoesters used in the follow ng ex | es are the nmacrocyclic oligoesters
of 1,4-butylene terephthal ate. The crocycli cmligoesters were prepared by
heating a m xture of polyester |inears,\orgdnic solvents, such as o-xyl ene

and o-di chl orobenzene, which_ are substanfially free from oxygen and water,
and ti nvoerein eachiReis éxlepenssady a S olglnoemys:Z B /oush Rs2os82s alkykeroup or

transes e [ ! . 68, ' & ed
herein E‘@Edrbé {g?etgnogguiﬁ%tﬁ%ghe;m ?ls) g‘? %r&lgg%%zﬁpgf ggglr g’[ %I%SN%#) %&ﬁg{éﬁl ic
(1, 4- butoyl @péni+er-epjdndal ate) A igoner Pellets [0120] Macrocyclic

(1, 4-butyl ene terephthal ate) oligoester powder was fed at a rate of about
9 kg/ hr ®Hiensémesiey coppevisrhayinga iast ono proiety ofiherformygla (YDpast e and
processed at a ?e of about 9 kg/hr through a Gala underwater pelletizer
avail able from a Industries (Eagle Rock, VA). No die freeze off was
observed. The material cut cleanly n_glb he,fdce. The pellets were
strained out of the water and al (rgi e %dégi%t ain 80 ppmor |ess of water.
Exanpl e 2 Macrocyclic (1, 4-butyl gde terephthalBte) O igoner Pastilles

/ No—re—d \

wherein each Ry is independently a C,.¢ alkylene group; and q is 0' or 1.

[0117] The compositions and methods of the invention may be used to manufacture
articles of various size and shape from various macrocyclic oligoesters. Exemplary articles that
may be manufactured by the invention include without limitation automotive body panels and
chassis components, bumper beams, aircraft wing skins, windmill blades, fluid storage tanks,
tractor fenders, tennis rackets, golf shafts, windsurfing masts, toys, rods, tubes, bars stock,

bicycle forks, and machine housings.

Examples
[0118] The following examples are provided to further illustrate and to facilitate the

understanding of the invention. These specific examples are intended to be illustrative of the
invention.

Example A

[0119] The macrocyclic oligoesters used in the following examples are the macrocyclic
oligoesters of 1,4-butylene terephthalate. The macrocyclic oligoesters were prepared by heating
a mixture of polyester linears, organic solvents, such as o-xylene and o-dichlorobenzene, which

are substantially free from oxygen and water, and tin or titanium compounds as



[0121] Macrocyclic (1, 4-butyl ene terephthal ate) oligoner powder containing
| ess than 1,000 ppm solvent was nelted in a tank at about 170C and fed at
a rate ofwb®3kedshr to a Sandvi k Rotoforner to form pasti [PCEaISOMz0882
partial-crystallization was used. The pastilles were anorphous and

aggl onerated together. The macrocyclic (1,4-butyl ene terephthal ate)

ol i goner was pastilled snpothly into tilles. Exanple 3 Fornul ated

Macr ocy ¢l e Ao DUt t e e L | .
Macr ocygllla%l%s ljllﬁﬁat E&tcﬁaengs't‘gé%%{% Egﬂegttlg%' 0 qgg%;lgrstt er H%g%&eirl&év\%sb(}#e%l%%eg ®ahd
melt blitsedtirdtyat a tenperature between about 120C and about 140C with

additiv i ncluding a, po rizagi catal yst (0.33% by wei ght FASTCAT
4101 (A?E@r'f"ﬁgﬁ I &W&H&'ﬁﬂdw’p wéﬂg-b"m%@eﬁﬁfrepéﬂmtm Qég@med’eﬂe% by wei ght

| RGANOX (Gb i Vi ) rail , The
f or mul at[%%bgr oduc?‘/I a\%g(gc%% ]liéeéwl % gg@ gé;n‘é gér%él?%ﬁ%? %g#erﬁ%; ﬁa?% att %Igat)égﬁdvi Kk
Rot of or mboutOdkeflartimopgls tui Extesler alsabiont 2080 meR inthgrpicend pfaessad at £ite of

Ma [ 1, 4- buty] t ht hal at ai, Pasti] | .on G Mat
0123) et SUSpHit ok & Ce IS ReA il en A LB 10 GO BB e el

bl ended ywixt : 9 [ : t .

ot abi 11 260s Nop B FERsbiriils BB, W Hhes SICA G O e R E, Thdihets were

at t achedtrhined e oBarecwatkr dRalt 2if driedeto chethin 80Tpen Malesoefiwaterc (1, 4- but yl ene

terepht hal ate) ol i goester ntai ned | ess than 1000gopm sol vent. The wei ght
¢

. ¢ . )
of  macloeyerd TMaesrocyelin gb‘%z@’ coe dprrihelgted Vligoimgb Eestdfesdeposi t ed onto an
area of s mat ro Dot U, 800
g/ ne. Tllngizggsti | Ie\)fs@C Iﬁ%{:ggggﬁléﬁlb{é%%g% i?e(l:a %@eﬁ&gﬁﬁr éeg‘?g&/aﬁﬁn%ﬁr%gm I'n
di anet er,000 ppmpsient vas mektedispaakdt Aloaut 7016 andnfaiaatraterod 60 dpsr en®S Medvik
The gl ass mat prepreg was flexible, wth good adhesi on of the macrocyclic

(1, 4- bupiedpanapds Esppprstities. ﬁ@?@é@lﬁm@k@%my@%% phegpastitles) WeF ppeBaons
till i i 7t |
02 e putts asslbifioRleanh £ e ARy Gl 9 bRy R Sl dhiabfo) MEoABELACNEIIGY

tack. TheopthBphegpasttes. pol yneri zed at a tenperature of about 190C to high
nol ecul ar wei ght poléester (about 80,000 Dalton e 5 Sol vent

. Exanpl
Renoval Bxaapis:t FaunugtedMoanocyclicdildrhugviens tem@ﬂﬁ'z!w P?ig%?'y?ml’w{lyﬁr ene

t er epht e) ol hgp R PR Y P | e i

evapor at[‘tl?ivzgj stri pper (f? gllriﬁ: 11’4% ?gt n nF n@éﬁgltﬂ%%@ &fgﬁ%\g& ﬂ(@@eg ﬁlgﬁ]&eﬁ% % A elt

t wo- st agntiédgh temppataé bétwsas alfit 1 20°€thndtabaut RIUPE ratHAdRlitias gichglikes ween

about 180C and about 220C and at a pressure rangi ng bet ween about 10 torn

and abow®plymerization catalyst (0.33% by weight FASTCAT 4101 (gAto na, Philadelphia, PA)) and
thermal stabilizers (0.4 % by weight IRGANOX 1010 (Ciba Specialty Chemicals Corporation,

Tarrytown, NY)). The formulated product was then fed at a rate of about 45 kg/hr to the Sandvik

Rotoformer to form pastilles, as in Example 2.

Example 4 Formulated Macrocyclic (1,4-butylene terephthalate) Oligomer Pastilles on Glass
Mat

[0123] Macrocyclic (1,4-butylene terephthalate) oligoester powder was melt blended with
catalyst (0.33% by weight FASTCAT 4101 catalyst) and stabilizers (0.4 % by weight IRGANOX
1010) and pastilled onto glass mat attached to the Sandvik Rotoformer belt. The Macrocyclic
(1,4-butylene terephthalate) oligoester contained less than 1000 ppm solvent. The weight of
macrocyclic (1,4-butylene terephthalate) oligoester deposited onto an area of glass mat was
controlled to between about 400 g/m” to about 800 g/m?. The pastilles had a hemispherical shape
and were about 7 mm in diameter, the pastilles were spaced about 15 mm apart from one another.

The glass mat prepreg was flexible, with good adhesion of the macrocyclic (1,4-butylene



at nospheric pressure to concentrate a 10% sol uti on of macrocyclic

(1, 4-butylene terephthalate) oligoner to less than 100 ppm

o- di chl orwbenmpexsel Exanpl e 6 Sol vent Renoval via Evapor at iPCR/tsnzd20882 i ppi ng
[0125] An input solution of 3% by weight macrocyclic (1, 4-butyl ene
terephthal ate) oligoester in o-dichlorgbhenzene solution was fed at a rate
of about 6,0451 cg/hr into a series of -3Prsi ng filmevaporators and a

fal l'i ng thiehmsiate) eﬁgc_sesﬁey@%Altﬁﬁh.eﬁfrs%%p%gg@la&an lb@gt}:%%lrté])_ gélstah% thetlﬁacreéﬂﬂufce

an output solution wth solvent |evels ess t ppmat a rate o

about 181, 4klyitylene tefpbit]atd)rolignestarth odiunembistirh edsompinn sl tadk. Gihe praprégigas

tenperature of about 65C is fed .a rate of about 6,0451 cg/hr into a
first r il&lﬂaﬂf%eﬁm iREpRSF YISO ﬁﬁwwéb aﬁ%toelv%gwéﬁw@ﬁ vesiaht pelyestprdaboug SORBB Ut
317 & Tﬁgtoflr%r st rising filmevaporator is held at tenperature of about
180C at atnospheric pressure. Thereafter, the solution exits the first
ri sing fExampde aSohepRemovhilant Stripping first flash device. The first flash
devi ce Idi} hel d at tenperatyre of about 180C at atnospheric pressure. A

first cdi¥etser capsolubion phmagepylicsba-tabilensierephihalatey olgepsigat ¢n the fir st
rising fji: t ' - ash - [ ution
exits thdé&?%)rro g%ﬁ%ﬁ%%?’fg\a}?%g Agﬁs %vgé%rﬁé\?eas?m}g& }(%ne‘?[ét ur?alldg;’[ ng (S)Ig% 180C to
a secondWilthamgMA.) m eweptapaflash evhperate an dpérated aga tdntparavnepaigiObetiaam an
evaporation surface area of about 81 ft2 and is held at a tenperature of
about 199cuiak803¢ 984 pheii22 0y and tfrachressyieaanging betygereahauit g tarhandsabeshd ri si ng
filmev r r-.h ate 93 d ters second. fl ash
devi co. T Shs AFSr s kFOREGRIAC £18% PRRLD oL RSB PR B iPS ek o

at nosphesligemer fSI8sk than FOGEHABAICHBRBaSRAe.Capt ures the vaporized sol vent
that is renoved in the second rising filmevaporator and the second flash
devi ce. Mp@myde 6Spbzrt Beampudony Begepatiommd $inippingThe sol ution exits the

second f device and. travel s athird risi il m _.evaporato The
third r i@?%% Fi I m ek Epa RS GRS é‘(%%&g?‘&?’i"éi}’f’q@éﬁ R BRp Rk D)
ft2 and olighedt@ifl oadichIerIEiRN0Y 66uBbn FRORH 2l 9Bte 8t aRUNBIRD REILE i 8 SR
Thereafter, the solution exits the third risi ng filmevaporator at a

9

t enper atriping B exsporatars 9@l afdllie;mfibn strigperisivaidable Gem Artisa mdusthies, Inchia d 1 ash
device is_held at, a.t erat.ure of about..180C at nospher i re re.. A
thi ra- cdnetieap bt bR Rit 5GBS Ao Y St R e en 1 g
rising fighsgjevapormtopk eabddintdde thdinp doli@dh, eV LLtenlRARE of BSous 8b4t 1191
exits the third flash device and travels to a fourth'rising film

evapor atab e rat¥ o€ afam 61045 kigdir migfo fai first résiregpdlima¢ vapoitags havingaa puaataton ssrfadeaen

area of ut 8 fh2 and. is.held at tenperature of about 204C at
at rmsphé’raf? Oﬁﬁgzﬁfr ﬁe%ﬁ%rr%& me‘taﬁ%ragoammﬁ%ﬁt ‘gRpeatirpaf about 180°C at

atmospheric pressure. Thereafter, the solution exits the first rising film evaporator and enters a

first flash device. The first flash device is held at temperature of about 180°C at atmospheric
pressure. A first condenser captures the vaporized solvent that is removed in the first rising film
evaporator and the first flash device.

[0127] The solution exits the first flash device and travels at a temperature of about
180°C to a second rising film evaporator. The second rising film evaporator has an evaporation
surface area of about 81 ft* and is held at a temperature of about 193°C at atmospheric pressure.
The solution exiting the second rising film evaporator has a temperature of about 193°C and
enters a second flash device. The second flash device is held at a temperature of about 180°C at
atmospheric pressure. A second condenser captures the vaporized solvent that is removed in the

second rising film evaporator and the second flash device.



fourth rising filmevaporator at a tenperature of about 204C and enters a
fourth flash device. The fourth flash device is held at a tenperature of
about 180woaB/exsapspheric pressure. A fourth condenser ca&prarses2(sBe

vapori zed solvent that is renoved in the fourth rising film evaporator and
the fourth flash device. Each of the fo { condensers enpl oy cooling water
to condense the vaporized sol vent and bring the condensed solvent to a

t enper atjgrg8jof abawk sdif6ibn exitPthd QbcohNElagPidVideURAMNLIS t4 Q%ﬁf&&hﬂﬁ%ﬁﬁﬁ ash
device and travels to a fifth rising film evaporator. The fifth rising

fil m evapepaator. Rasthird risingfmetvaperatu hisweevaperatiof swfoe rea®fabauit &h dtiasd

hel d at .t erature of out at a pressure of_aboyt 1 tort, .
Ther eaf t‘%ﬁﬁ,[’mlah@mé’ﬁaﬂ{rf’ Bﬁg%?it tlé&it%ﬁ@ AIRPSPREG RILHRYTS: i TW@%@&GP%%‘%W%CX&S the

t enper a : f i . f4 L m.st.r i pper .
Ther 1 ar I KerPng R e mEats RAARLALT: SARAORSR g el P dhofhslid AR
pressur ehied flaghidnice s hédd bt a ANMREAMEIOP HHFuL th%&nbébﬁeﬂ@?@'séu?@ dA sty ent
that is renoved in the falling film_ stripper and the fifth rising film
evapor atcepdermsicaptrasihe panepzed stluend thet isgpmavedoinghe thind risigfilnyeyappiaterdnd
solventtﬁr %%hﬁwfron1the vacuum punp to a fifth condenser. The fifth

condenséer: 19 S|1%ge &t 75 ft2 and enpl oys cooling water to condense the

vapor i zgolmql vent TaB@oRkibAgxitd e (ERNEIRAYIBHS hd/RiMeld 8 AohRRBSIhalHhe of
about 176C. [0131] Nitrogen froma nitrogen sparger is introduced tq the
sol ut i ovapaagter.i Heg forrtb uiging filmeevapgtaion jas dnl evapereiipipariage araofteows filoadt 9
kg/ hr. After ar gi ng, e acyclic oligoester roduct. has a )

 Sher arthgd af RabUTs bR A0k S PRS- (HB- SRt iiion orffs the
macr ocygl -' i t b ar..
[0132] " ALHE: RabPRERRingkih) & S i RAREETAA Ra"€ld BhioPihuyk Boal B

enpl oy ed’hefoiptlafigshalevict idhadd at@tegpefatirh 6f dHoas N3APEVAt @gBospherid Wesffe, NI € of

t he condensers that are described. A single W 03/002551 PCT/ USQ2/ 20882

-32 {1 adpugecandansengapbacs ts|vepeizeadsolvert thatitemsved frthsdewtlyrising film,  and
fourth f [ [ b . S4 flash vi ce .may house

thr e ars BB rUORE 8RR BRoE PR o B P R R B SRR ® anc
fourth rcbaddi@e fiielvapOYRARORERN shd behgRhAcdniasbd S8Rt FasmpaNrel dFa86ut 176°C.
conduits that are adjacent to one another. The flash device may al so be
const ruddEd]so t hdthetshimtion exidiuihe fowth fldsh dsukeitndmavels toianfftlt heng flmd ri si ng
fil mevaporator is placed inside the conduit for the. solutign exiting. Ihe
secona. Evggor T EVERSRaIBR < ShuOR AR S ot e St ot FoHE L RS e
fourth micRf Neerhpd MRVARBERIDEC 5t RLRSSR: bikbbe] %d?f; FRAGH hOLoih &AL uti on
exiting the third rising filmevaporator. A single condenser 8e.g., a
condenselie fifth hisiag 5l evhoratoeal)a wapetnure 0PALYERG°C andleatdgpd the @opodf 4 faltingecond,

third, and fourth condenser described above. [0133] Each of the patent and
pat ent dPWI stierRer-o AhersdlingsHs steipRe | inBdd atveiemiparbE? 61 apaut 226°C at a pressure of

about 1 torr. A vacuum pump captures the vaporized solvent that is removed in the falling film

stripper and the fifth rising film evaporator. The vacuum pump is held at about 0.5 torr. The
vaporized solvent travels from the vacuum pump to a fifth condenser. The fifth condenser is
sized at 75 ft* and employs cooling water to condense the vaporized solvent and bring the
condensed solvent to a temperature of about 176°C.

[0131] Nitrogen from a nitrogen sparger is introduced to the solution traveling through
the falling film stripper at a rate of about 9 kg/hr. After sparging, the macrocyclic oligoester
product has a temperature of about 226°C and contains less than 100 ppm solvent. The
macrocyclic oligoester exits the process at a rate of about 181 kg/hr.

[0132] Alternatively, a single flash device or a single condenser is employed in place of

two or more of the flash devices and two or more of the condensers that are described. A single



i ncorporated by reference herein in their entirety. [0134] Variations,

nodi fi cations, and other inplenentations of what is described herein wll
occur to wbm@smoxshl ordinary skill in the art w thout depar ®PCmgiSh2/20881 he
spirit and the scope of the invention as clained. Wat is clainmed is: W
03/002551 PCT/ US02/ 20882 -33 CLAIM5S 1, A process for isolating a

macr ocyclic oligoester, the process coﬁ%grsing the steps of: (a) providing
a sol ut ifaBh AeVIBE inkly BE eRMPIHEA REME bidce BF 1HIQ6HINA! thBAhrA f5@Y AL c%etvp:%s
macrocyclic_oligoester conprising a structural repeat unit o ormula (I):
0 0 |1 dasqribed abpR. @ gingle floile deviee Ray bowns thet distinriepnduitsyiot thalsblojibenexiting  a

or oun: (S SR B s B tprotaycta., P iy R martseg tiveC  ©
ol i goestcerdtELan hdhdert fore ahé@E. 'R BR-h H@\lﬂEe maPalko blgg?%ett%ggé i ol @i m

1 wherein step (b) conprises removing the solvent” at an el eva
t enper atcandyit for the sobdivoeditinggbesnind, rispng filot évapBratof eplpeaddaside tfe cohdminta? the

wh [ b). i ducted withi t t . about  anbi ent
Fermper attBOP S LG i SH0t toyne Hire oRuaS abt e i oRGsB oS B e | &
conduct gghirv £ihp fﬁnte@%%?v\ﬁ[:‘c&t d ﬁo@acé@ﬂﬁﬁiegﬁe et fcgjtﬁe %%Qt\%x}[ ﬁii i %Hlts #0&sing-

The process of claim erein step (b) 1's conduct ressure
range offilayapora®rOdisinghe cortdensh(rg., 4 Gortdenser with aH0O fifraped ssmydfe exddysdin

wher ei n st b).is conducted wi thin ressur.e range of about 1 torr to
about l(lef ﬁgﬁ’eﬁ91)@6Seff’“‘%ﬁﬁ“‘érlaaég%gﬁb‘fongFlgﬁeﬁ&%CWF@ragP%e-each of step (b) and
step (c)oizgependanich ¥rins ﬁ%&ﬂ% ?ﬂﬂ%ﬁ a%ﬁicaﬁ&?d&hﬂféﬁ&%iﬁ%flosghﬁéfa bmezir?' n
step (b) is conducted wth at |east one solvent renoval —apparatus sel ected

f r om t henayprparpted by sefstenergharéinan thesi emgjrdty.] m evaporator, a falling film
stri pper thin fi] mevaporataqr, i ped. fil mevaporator, a nol ecul ar
GE ol

a
still, rif uged 1agjoRs, mogh 1catiois, g g% implementations of what is described herein
will occur to those of ordinary skill in the art without departing from the spirit and the scope of
the invention as claimed.

What is claimed is:



path evaporator. 25 9. The process of claim8 wherein a rising film
evaporat or conprises a tubular heat exchanger. 10. The process of claim38
wher ei n esoh3madsyent renoval apparatus renoves between abea/us8n2essnd about
90% of the solvent. 11. The process of claim1l wherein the macrocyclic

ol i goester conprises a macrocyclic co- %(% ol i goester. WD 03/002551

PCT/ US02/ 20882 -34 12. The process of cl"aim 1 wherein the macrocyclic

ol i goester substantially free fromghsgmvsol vent contains | ess than about
200 ppm of the solvent. 13. The process of claim 1l wherein the macrocyclic
ol i goestler subgregess frfisplatinga nacseayeheolignssion the moedsatomptisisg tetstapsatfout 10
ppm of t SO L. 5 14. The process of cl.aim1 wherein the solution of a
nacr ocyc(? c oé rly’g@téﬁ aesrojhéthoél s llsglgr‘?tmacc%%ilf Qg}éoeﬁ@f G%g%s‘ﬁﬁ?fﬁttﬁi%aﬁmy%lﬂbut
50% by  vetiggbiter0donimxiCy &hicturdl lrbaeatiesf fokula (e Process of claim1 wherein
the macrocyclic oligoester conprises a structural repeat unit selected
fromthe group consisting of et@ylene tefephthalate, propylene

terepht hal ate, 1, 3- propyl ene tg@rephthal Iate, 1, 4- butyl ene terephthal at e,

1, 4- gycl ohexyl enedtt Oe+hRl-er®@—telCephitiatdi-es— 10 and 1, 2- et hyl ene (1

2, 6- napht hal enedi car boxyl ate. 16. The process of claim 1l wherein gt ep (b)
conpris i 0 e and r.educed

o essur o arnat WP AP KRR o BEH 6t pol RRREAL BT 5

evapor atdivglerdratoraaticadd dlicgelfcidronpst ri pper. 17. The process of claim 1 wherein
step (b),conprises renovi n% tBe solvent at an elevated 15 tenperature and a
reduced (B} esdEPOVIRGthgsalventyae rising fil mevaporator: a first flash

devi ce; fir C ol rd &i.ng. il vaperator: a second flash
dovi co: @ e B aNgERR ety diot R A A RBERE AL 2°Fal T ng

fi 1 f0st rd. pperTheli@ocebhef dhinc esdierin sb@{BNcdmphisssabmoting Phel JO)vea@ R i®fted
r enovi nq?the sol vent at an elevated tenperature and a reduced pressure

usi ng a FRPEREHGE  reuced Bgesyes QX Beth. a second short path 20 evaporator: and
a falli fil i 19: : L m:d. wherein ste b
conpri sg% r enﬁlﬁg&#ﬁgf %lgﬁze nwiﬂ@%gﬂ’%%ﬁ @ﬁzvg néigkt%{l 29 ADE L ETPS AN r%‘ggé)é Ghey

pr essur emtsémderapdratusd togboutt30peCh evaporator; a first flash device; first

condenser; a .second short, path evaporator; a secorj‘d.flash devi ce; a second
condensér; a Theqripepss phelainy & whergiystep (halis pongueted within g fgpwerature range of about

15 180°C to about 200°C.
5. The process of claim 2 wherein step (b) is conducted within a pressure range of about
0.001 torr to about 10 torr. .
6. The process of claim 5 wherein step (b) is conducted within a pressure range of about 1
torr to about 100 torr.

20 7. The process of claim 1 wherein each of step (b) and step (c) independently is continuous.
8. The process of claim 1 wherein step (b) is conducted with at least one solvent removal
apparatus selected from the group consisting of a rising film evaporator, a falling film stripper, a

thin film evaporator, a wiped film evaporator, a molecular still, a centrifuge, a filter, and a short

path evaporator.

25 9. The process of claim 8 wherein a rising film evaporator comprises a tubular heat
exchanger.
10.  The process of claim 8 wherein each solvent removal apparatus removes between about

80% and about 90% of the solvent.

11. The process of claim 1 wherein the macrocyclic oligoester comprises a macrocyclic co-

30  oligoester.



25 20. A process for shaping a partially-crystallized macrocyclic

ol igoester, the process conprising the steps of: (a) providing a

subst ant iwblog/oexsbvent - free nolten nmacrocyclic ol i goester, PChaSrH2088TyCl i C
ol i goester conprising a structural repeat unit of formula (I): OO I I O
ROI Al (1) W 03/002551 PCT/USOZ/ZOB?% -35 wherein Ris an al kylene, a
cycl oal kyl ene, or a nono- or pol yoxyal RKyI"éne group and Ais a divalent

aromat i q20r  attieGH6ddss ofEIRHP ] vx(h'ér)eiﬁi!h@%dcf&y&lﬁ@olﬁb?;?t%@é}%ét?%ﬁaﬁyﬁf%&% 1ild ee

mol ten macrocyclic oligoester to forma partia macrocyclic
ol i goestselventagoaitaing I§s thampbavy 20hppmaf theatolwentr yst al | i zed macr ocyclic

ol i goest.er. .. The prpcess.of clajm20 wherein each of st b) and step
(c) i ndégendéﬁ}elwo?eﬁgog‘gﬁw hadgem Té‘ﬁ mafF%ygﬂ‘b?:lé%%’StB‘f S”gﬁtﬁ'iltﬂﬁ?g'd{'w&néfdﬁ step
(b) comppiveRSconhea leBOthhRebaK DS bamtdrahd oIk vent free macrocyclic

ol igoester at a tenperature below the nelting point of the macrocyclic

ol i gdestldr. Iltheadocerhef grior &sderin the aplutigR ofil eraeionydicapigbdsteriand agnbeat ed in
a shear mxer at a shear njxer .te rature bet ween ahout 100C and about
Tosc o pompisesesRediti Hobiianht T & o mhyonehohssRbd [ n a shear
m xer atjsa t erpReraddds 6f clRigd VaRBreARH nabiR i ess
of claim20 Wne?%i n she%ri ngﬁﬁhgﬁgﬁbst ant %mlgs%gﬁﬁ%cnt rggseggr[trﬁcﬁgﬁl %9&&
macr ocy ehitseletied dwm the groumpeonsissngod athydénegetepbthslates papylead teyerhlalat] 3+ ee
nol ten macrocyclic .oljg ter at a nperature bel Qqw the nelting point of
The macrouyaeccsabyBlaled S0 EHe o n@rhiaREs L o tioprlimsd Mg i ereiopbpapes. i
condgct %ﬂdh@_aﬁy@ﬁéQl@@%?hﬁ{raleﬂe&imygté{re bet ween about 100C and about
165C. 27. The process of claim26 wierein step (b) is conducted in an

ext ruderl6at dheempesavlclaim Phbeinwen(babompridetFénavidg decotvehbiiGn eBfatelihe

R NIRRT RN O 2T T .
the group.soRnskshiAGa0he FiRGtdgpE:, @ pastille, and a flake.
17. The process of claim 1 wherein step (b) comprises removing the solvent at an elevated
15 temperature and a reduced pressure using a first rising film evaporator; a first flash device; a first
condenser; a second rising film evaporator; a second flash device; a second condenser; a liquid
receiver; a sparger, and a falling film stripper.
18. The process of claim 1 wherein step (b) comprises removing the solvent at an elevated
temperature and a reduced pressure using a first short path evaporator; a second short path
20  evaporator; and a falling film stripper.
19. The process of claim 1 wherein step (b) comprises removing the solvent at an elevated
temperature and a reduced pressure using a first short path evaporator; a first flash device; first
condenser; a second short path evaporator; a second flash device; a second condenser; a liquid
receiver; and a falling film stripper.
25 20. A process for shaping a partially-crystallized macrocyclic oligoester, the process
comprising the steps of:
(a) providing a substantially solvent-free molten macrocyclic oligoester, the macrocyclic

oligoester comprising a structural repeat unit of formula (I):

0 0
| |
C C

R—-0O A
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29. The process of claim 20 conprising the step of collecting the product

of step (c). 25 30. The process of claim 20 conprising adding at | east one
addi ti ve wo oBloe2ssubstantially solvent-free nolten nmacrocPcriusoplisgnest er .
31. The process of claim 30 wherein the at |east one additive is selected

fromthe group consisting of a col oran%l a pignment, a magnetic naterial,

an anti-oxidant, a UV stabilizer, a pl i’éfi cizer, a fire-retardant,

| ubri camheretB 1§aﬂﬁllc§}ldhe|ae@fb‘:ﬂfalkyléﬁ)e 52/aGR5 br B@bkﬁ@%ﬂéﬁ@%@@l mﬁ@&% The
process of claim 30 wherein the at | east one additive is sel ected fromthe

group @bkt eromptisfor pligsedic grqupeat e, titani um di oxi de, cal ci um carbonate,
chopped .\ ber 0S es, nmcro-ball oons,. crus
st oﬁg r@nocFlz%/%rmlg?flﬁegiir%mag{lﬁﬁémh{yngﬁ En@ﬁ%nn%l e oc}félc 0%[% ?6%];05@ ao?mﬁ‘%gf m 20

conpri S|cﬂgtaa;géumceoc§,aﬁ@by§1es&p ahdne substantially solvent-free 5 nolten
iacrocyclic oligoester. 34. A process for malting a prepreg of a

macr dcy ¢di @ha@@&@martmﬂd Céys}tﬁéﬂll}ﬁmﬁcmpléﬂwom&wst the process

cormr | 2089 4151 bt BhNRE G R TRL !

subst antch@tdupué.r ee from sol vent, the macrocyclic oligoester corrprl ses a 10
structural repeat unit of forrrulq (1): OO I'I OROI Al I wherein Ris
an al | cyPene Tha pegreboed Qk@lme%wh@mnate@dhbcomrlq@@Bmyathewubaﬁ@tigﬂme@vamtcfm is
a divalent aromtic or alc C b S t.he m xture of
Che ot CERasSORORyRoErE ik ekl GV i ARlint Bbin SRR e ud i oS bt ot o
a fabri g3mat ghk@locesPof cTzﬂﬁl T WE&SIH skh (B) BicBhdtada aShsar tiQer MR kisBhr mixer
macrocyclic oligoester contains |ess than about 200 ppm of solvent. 36.

The pr oé@sz@r&liﬁre&@éwmr@bou’bh&ﬂpflsamgbcgilérlﬁﬁ"éif ly crystallizing the mxture of

t he nol C cI| al i ter rization catalyst to forin
a parti 2 y- AR et G 2 TReSheR e ¢ ReR T pefvt St aat BPeriee | ne
pol ynerrbg@ebﬂab@lﬁtlagy@and gt deposi ti ng the partially crystallized m xture
of the macrocyclic oligoester and the p merization catalyst onto a fabric

mat eri al2s. 37 Tllﬂveoq@ss)@feé@rmzo thacmnSB@rmg subistagtiahyesmitvent fteamoliere ni xture

of tl? € %Dallc;[ 0%901%80 Eg%%gter comprises extruding the substantially solvent free molten macrocyclic

oligoester at a temperature below the melting point of the macrocyclic oligoester.
26.  The process of claim 25 wherein step (b) is conducted in an extruder at a temperature
between about 100°C and about 165°C.
27.  The process of claim 26 wherein step (b) is conducted in an extruder at a temperature
20 between about 145°C and about 155°C.
28.  The process of claim 20 wherein step (c) comprises shaping the partially-crystallized
macrocyclic oligoester into a shape selected from the group consisting of a pellet, a pastille, and a
flake.
29.  The process of claim 20 comprising the step of collecting the product of step (c).
25 30.  The process of claim 20 comprising adding at least one additive to the substantially
solvent-free molten macrocyclic oligoester.
31.  The process of claim 30 wherein the at least one additive is selected from the group
consisting of a colorant, a pigment, a magnetic material, an anti-oxidant, a UV stabilizer, a

plasticizer, a fire-retardant, lubricant, and a mold releaser.



ol i goester and the pol ynerization catalyst. 25 38. The process of claim 37
wherein shear-m xing is conducted within a tenperature range of about 145C
and aboutw033@02580. The process of claim 36 wherein step PaX/USONmMs8seES
extruding the m xture of macrocyclic i goester and pol yneri zation

catal yst. 40. The process of claim39 wWhérein extruding is conducted wthin
ate ”Def%at OO 8f claRP3 @ MaBleinl i 6 1Bad oabadiitildE GeleWEd B3MABR BFolip

PCT/ US02/ 208 -37 41. The process of claim 36 conprising the step. of
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macrocyclic oli‘goester conprises at |east one” additive selected fromthe

group caokdmshhdageyxlicaligodstarant, a pi gnent, a nmagnetic material, an anti-

2ol el caberouss forfkiobBeaceP! § Fape e/ lP e A Bebr Sre b PRl =

catal ysj i i st or an organo-titanate catalyst. 10 45.
hebed QPR B papeln

The proce ein the fabric material conprises at |east one
materi afa) sepreeidét 4 moxutehe agnolig roderdayblie olignestet fiskd pelEmerizatina caidlist fel t,

non woven naterial, random and ven terjal. 46, .A . Ki
ot agwbreR RS FEO I GIE Geb rom et e mar e ol SRS FobpliseR "9 @

gr ?Tgfssstﬁ;%ﬂﬂglir%%gum%f?&ﬁﬁﬁ@fi' ‘15 (a) providing continuously a m xture of

ten macrocyclic oli1goester and a ol ynerization catal yst, wherein the
m xture is substantially free f om sol M@nt and the macrocyclic oligoester
conprises a structural repeat LHnit of fl rmula (1): OO Il (l OROCAC
(1) wherein Ris gn -aRl-tylene,C-a—cAcloakad ene, or a nono- or (I)
pol yoxyal kyl ene group and Ais a 20 divalent aromatic or alicyclic group;
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(b)  depositing the mixture of the molten macrocyclic oligoester and the polymerization

15 catalyst onto a fabric material.
35.  The process of claim 34 wherein the molten macrocyclic oligoester contains less than
about 200 ppm of solvent.
36.  The process of claim 34 comprising partially crystallizing the mixture of the molten
macrocyclic oligoester and the polymerization catalyst to form a partially-crystallized mixture of
20  the macrocyclic oligoester and the polymerization catalyst, and depositing the partially-
crystallized mixture of the macrocyclic oligoester and the polymerization catalyst onto a fabric
material.
37.  The process of claim 36 comprising shear-mixing the mixture of the molten macrocyclic
oligoester and the polymerization catalyst.
25 38,  The process of claim 37 wherein shear-mixing is conducted within a temperature range of
about 145°C and about 155°C.
39.  The process of claim 36 wherein step (a) comprises extruding the mixture of macrocyclic
oligoester and polymerization catalyst.
40.  The process of claim 39 wherein extruding is conducted within a temperature range of

30 about 145°C and about 155°C.



pol ymeri zation catalyst; and (c) , depositing the partially-crystallized

m xture of the nmacrocyclic oligoester and the 25 polynerization catal yst
onto a fawoios/omsserial. 47. The process of claim46 wher elPRTAB0N20882 St eps
(b) through (c) independently is continuous. 48. The process of claim46
wherein the fabric material conprises “3¢ 7l east one material selected from
the grogp ofyid REEesk @Wclalth BECoMBRsing tRGke sh%giﬁ the fAISHY WANAR. Materi al
random and 30 woven material. W 03/002551 US02/ 20882 -38 49. A
process4i.or Tlor probes iofiglazm Bacompyising thestdpyfalspesiting the pprtiolrsystadlinsei si ng

the steps of: _ (a) providi a_ solution, conpri.sing .a nmacrocyel.ic ol i.goester
and a sglll’@%‘i’?to,f ﬂier]%‘a‘%ﬁ%y%‘ﬁ)?@gf’%“er8??3168@9{3596@8%9 F?g"iﬂ}ﬁj ° gosr?‘? %‘Pg)flﬁ F%E(f%erll 6§§t
unit of xfe%fél:‘ﬂeéaﬁja}f OOOROII AllI I 5 wherein Ris an al kylene, a
cycl oal Eyl ene, or a nono- or polyoxyal kyl ene group and A is a_ divalent

ar onfit i ¢3.or Fhé prpctisof glapuP4 viligrein teonoltey amedyielio aigaesteh eomprisge At leagt oan

el evated_tenperature between about. 180C gnd . about 200C, and a.pressure

bet waen BB ICHOLPNE (S B CORRNG AP Ses 20 BeE, * el gatng g -
subst angially, é{%lfizér[ £B1SMiLE Y ARGERRMEL, aGuithdaB0asd 8iold R1dagd. shearing

t he substantially solvent-free nolten macrocyclic oligoester at a

t enper atiir e Thepmaedshuf chaintIdnghquai tie pilymérization tatalystds o oigehotn eitalytes per

to forma partially- r)t/stal lized macrocyclic oligoester; and (d) shaping

t he par Preane-taale@lYSzed nacrocyclic oligoester into a shape sel ected
fromthgs gr ?H@ &%8§:/a‘2ftd£& 2 wier88 il eShbri@mBRsibl &difprisdHek 18ast bRda@atedial 50. The
process of c ai m erein step (b) conprises using a first rising film
evapor akééctedafromiths prolpas fibeetoing Bberavebi, fiber manfdinser worersmatorid, randpmgand | m
evaporator; a second flash device; a second condenser; a liquid receiver;
a spar gé‘fo;"efa’f‘i‘éteéla¥-al ling filmstripper. 51. The process of claim49 wherein

step (b)gcompri ' i ' I BLGYRRRLRE Md a folyhbhisltiohcaglyst,
devi ce; )48 frgsé g%ﬁgéln@%%lﬁggbgeﬁ:e n %snlglaoc?(?&ypétg evaporata:)?(?ylg1 éeclgng fltyassh
devi ce; tlg pocesecanprisiontentpsofia |iquid receiver; and a falling film

stri E)per : L . _ L
1 (a) providing continuously a mixture of a molten macrocyclic oligoester and a

polymerization catalyst, wherein the mixture is substantially free from solvent and the

macrocyclic oligoester comprises a structural repeat unit of formula (I):
I
C C

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

A

)

20 divalent aromatic or alicyclic group;
(b)  crystallizing partially the mixture of the macrocyclic oligoester and the polymerization
catalyst to form a partially-crystallized mixture of the macrocyclic oligoester and the
polymerization catalyst; and
(c) + depositing the partially-crystallized mixture of the macrocyclic oligoester and the

25  polymerization catalyst onto a fabric material.
47.  The process of claim 46 wherein each of steps (b) through (c) independently is
continuous.
48.  The process of claim 46 wherein the fabric material comprises at least one material
selected from the group of fiber tow, fiber web, fiber mat, felt, non woven material, random, and

30 woven material.
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49. A process for formulating a macrocyclic oligoester, the process comprising the steps of:
(a)  providing a solution comprising a macrocyclic oligoester and a solvent, the macrocyclic

oligoester comprising a structural repeat unit of formula (I):
I
C C 0

wherein R is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group and Aisa

R A

divalent aromatic or alicyclic group;

(b)  removing continuously the solvent at an elevated temperature between about 180°C and
about 200°C, and a pressure between about atmospheric pressure and about 10 torr, to produce a
substantially solvent-free molten macrocyclic oligoester;

(©) shearing the substantially solvent-free molten macrocyclic bligoester at a temperature
below the melting point of the molten macrocyclic oligoester to form a partially-crystallized
macrocyclic oligoester; and

(d)  shaping the partially-crystallized macrocyclic oligoester into a shape selected from the
group consisting of a pellet, a pastille, and a flake.

50.  The process of claim 49 wherein step (b) comprises using a first rising film evaporator; a
first flash device; a first condenser; a second rising film evaporator; a second flash device; a
second condenser; a liquid receiver; a sparger; and a falling film stripper.

51.  The process of claim 49 wherein step (b) comprises using a first short path evaporator; a
first flash device; a first condenser; a second short path evaporator; a second flash device; a

second condenser; a liquid receiver; and a falling film stripper.



