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Technical Field
[0002] The invention relates generally to thermoplastics and articles formed therefrom.
More particularly, the invention relates to processes for isolating, formulating, and shaping
macrocyclic oligoesters such as macrocyclic oligoesters of 1,4-butylene terephthalate.

Background Information

[0603] Linear polyesters such as poly(alkylene terephthalate) are generally known and
commercially available where the alkylene typically has 2 to 8 carbon atoms. Linear polyesters
have many valuable characteristics including sirength, 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 mairices 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 6ccm: 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 g-dichlorobenzene or

xylene. Some prior techniques that have been used to recover macrocyclic oligoesters dissolved
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601301, 399, filed on June 27, 2001, entitled "Melt Isolation,
Solidification, and Fornul ati orsufmdipeffeayerfion O i goesters,” which i s

i ncor por ajeeh mﬁer’é% EMEALRr oMREVR! Erididht, i dhd IRNEdst Fbdksses for isolating, formulating,
and shaping macrocyclic oligoesters. There is also a need for processes that enable continuous
production of macrocyclic oligoesters. in one aspect, the invention generally relatesto processes
for producing macrocyclic oligoesters (e. g., macrocyclic 1.4-butylene terephthalate oligomers),
including processes for isolating macrocyclic oligoesters from solvents so the resulting
magcrocyclic oligoesters are substantially free from solvent. The invention also includes processes
for formulating and shaping the substantially solvent free macrocyclic oligoesters. In some
embodiments, the described processes are performed continuously, io enable continuous
production in a manufacturing plant. Further, the described processes can be beneficially -
combined for greater efficiencies and production benefits.

[0008] In & first aspect, the invention features a process for isolating a macrocyclic cligoester,

| the process comprising the steps ofs
(a)  providing a solution comprising a macrocylic oligoester and a solvent, the

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

-—o—ua—-é'—'—,i——é—y:— . @

wherein R is an alkylené, a cycloalkylene, ot a monos or bolyoxyalkylene group
and A is a divalent aromatic or alicyclic group; )
(b)  removing the solvent at an elevated temperature, or at a reduced pressure,
or botﬁ; and

(c) collecting the macrocylic oligoester substantially free from the solvent

A solution including a macrocyclic oligoester and a solvent is provided. The macrocyclic
oligoester typically has a structural repeat unit of formula(l) :




Technical Field [0002] The invention relates generally to thernoplastics
and articles forned therefrom Mre particularly, the 37essmben20@s ates to
processes for isolating, formulating, and shaping nacrocyclic 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 ate)
are generally known and comercially avail able where the al kyl ene
typically has 2 to 8 carbon atons. Linear polyesters have nany val uabl e
characteristics including strength, toughness, high gloss, and sol vent

resi stance. Linear polyesters are conventionally prepared by the reaction
of a diol wwth a dicarboxylie acid or its functional derivative, typically
a diacid halide or ester. Linear polyesters nay be fabricated into
articles of nmanufacture by a nunber of,known techniques including
extrusi on, conpression nolding, and injection nolding. [0004] Recently,
macrocyclic oligoesters were devel oped that have uni que properties that
make t hemvdeterRioey bead gkylenevaeiclalylene, apphénvati mlysxyakrierleigiupgarlsA mat ri ces
for engi naerd diglent BemERDIrasitycle FOBPTE sddent DARHOSHSEY Gittdut Bleast ef antiexhi bi t

| ow mel t \d,56RSh g:?l];]gl%c(t)iﬁ?lf mgﬁ%uy al bWk BhvehBMRARASL. | M dn@ BRGNS 2

dense fibrous pre 0 olynmerization t | ymers, FEurthernore,
cortain maaPaLPEite a8 st pevaied Brifgkis forfite, & abhel TpbSuptidle et
bel ow t he sakent May by Mevedginderiedupedspipaspiggopstiiopsrdt ancthgormbedimentnthe &PIent n t he
presence ofayaie reappedopident ecomaihatioy Sif boihodlgvaexii zapdraiare cand redugsd aldssurat i on
can occur c¥hdidoHThY masBtydRy JEdebiér, whidR &odub&tartieitce Bl thd RRERONS tSically
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i nvol ves thé Use of one or nore sol vents such as o-di chl or obenzene or

xyl ene. Sone prior techniques that have been used to recover macrocyclic

ol i goesters dissolved 27 Decenber 2005 -2- in a solvent required the
addition of a |arge anobunt of anti-solvent to the solution to precipitate
the macrocyclic oligoester followed by collection of the product using a
filter or a centrifuge. The use of anti-solvents results in increased
processi ng conplexity, costs, and creates additional environnental storage
and di sposal concerns. [0006] Linear polyesters may be depol ynerized to
form macrocyclic oligoesters. The product solution of a depol ynerization
reaction may be dilute, nmaking recovery nore tinme consum ng.

Depol yneri zation production efforts also generally take place in stages,
with each stage including a step of the process and with internedi ate
storage between the steps. Summary of the Inverion




» [ 0007] There is a need for effective, efficient, and | ow cost- processes for
isolating, fornmulating, and shaping macrocyclic oli goextpesembEneoesis al so
a need for processes that enable continuous production of macrocyclic
ol igoesters. In one aspect, the invention generally rel atesto processes

for producing macrocyclic oligoesters (e. g., macrocyclic 1,4-butylene .
terephthal ate oligoners), including processes for isolating macrocyclic
ol igoesters fromsolvents so the resulting macrocyclic oligoesters are
substantially free fromsolvent. The [?yention al so includes processes for
formul ating and shapi ng the substantially sol vent free macrocyclic
ol i goest ero8e emwdmﬁ@ thesiyert isrroRtnsrousiamened demkasoltion: @b%‘@?eh?%bc’ﬁ@?ef“or ned
cont i nuoustemacteeydain allybestes euitstantiady Bee pmotia stiveotis conticuogeinediadedir i ng pl ant .
Further, the described processes can be beneficially conbined for greater
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i nvention es a Er a |ggpgﬁnacrocyc ic ollgoéster, the
process cORFPPEIGY9PaTiErthe BIREESHPOREYE 51°5VEdi ng a sol ution conprising a
macrocyl i ¢ ()| | gRRsdisya sabdansialyclolventifree tolien mancocydigotigaesten thfoest er conpri si ng
a structural repgat,_unit of fornula , - x ' 1) wheriein Ris an
aIIcerne,“ﬁaﬁﬁgﬁaﬁﬁﬁ?Fﬁﬁﬁﬁnﬁwgg%ﬁgﬁ%%%efg%bt@%é@%@€§ ene group and Ais a
dival ent aromatic or alicyclig groug, (b) renoving the solvent at an

el evated tenperature, or at reducpd pressure, or both; and (c)

col l ecting the macrgcykic qli glel-—substantial]y fregpfromthe solvent A
solution including a racrocyclic oligoester #fand a solvent is provided. The

macrocyclic_ o] igoester typically has a struc unit of

formul a(l) whersin Reig an glsne Ay /02 “"\Xh°e‘rae‘“‘13°‘rr°a‘§’5 ‘é’g'g"ﬁﬁg “%he, a

cycl oal kyl gRea il divhledPABmatd orRhRtyyogradpky| ene group, and A may be a

di val ent aromatic or alicycl.i {ou . Th solggp&%j%‘ggép renoved w t hout

t he use of ﬂantishewg%ﬁvbswwﬂfvﬁveﬁ#‘“ﬁwtﬂ%, O ET ATy all of the

sol vent i s gffmmuadiy-tsiliRRd aEboslichEdligoesiéhand sol vent may be renpved under

el evated tenperature conditions. In another. enbodi nent, the solvent nmay be

renmoved und®r rshairgshe pariallyervstallizednacrasydic ofees ot her enbodi ment, t he

solvent may be renoved under a conbination of both el evated tenperature
and reduced pressure conditions. The macrocyclic oligoester, which is
substantially free fromthe solvent then typically is collected. In

In one embodiment, this process may include providing a substantially solvent-free molten
macrocyclic oligoester typically having the structural repeat unit of the formula(l) described above.
The substantially solvent-free molten macrocyclic oligoester is sheared to form a partially-
crystallized macrocyclic oligoester. The partially-crystallized macrocyclic oligoester is then
shaped. In one embodiment, a continuous flow of substantially solvent-free molten macrocyclic
cligoester may be sheared continuously. In another embodiment, the step of shaping the partially-
crystallized macrocyclic oligoester may be conducted continuously.

P
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27 Decenber 2005 -3- one enbodi nent, the solvent is continuously renoved
fromthe solution. In another enbodi nent, the macrocy@d Decmbigoeod®er
substantially free fromthe solvent is continuously collected. [0009] In a
second aspect, the invention features a process for shaping a
partially-crystallized macrocyclic oligoester; the process conprising the
steps of: (a) providing a substantially solvent4ree nolten nmacrocyclic

ol i goester, the macrocyclic oligoester conprising a structural repeat unit

of formula (I): OO . L -0-R0- ---A_wherein Ris an alkylene, a
cydoal kyl ene, or a nono- or pol yoxyalKyl'ene group and A is a dival ent
aromatic or alicyclic group; . (b) shearing the substantially solvent-free

mol t en mada0oelye b itrdrd akpegy ésst invention féxiuras a ppeess ifalraking raysenpdd of agokcrmgaiocycl i ¢
ol i goest elligoaflél ah€ ) pSitadizRtbnlchBlyRAhE pkdsY cduipisihattels@arbfimacr ocyclic

ol i goester, y: I&O‘i%}g g %F’a'_tnh:llén RLReRdic "Bigobsag! UAE providing a
subst anti é?l y 'sO Vent-free molten macr ocyclic oligoester typically having
the st r ucpolymbrizépoatalystvherein themixtuse inswhsngallp fee fromdavellove.  The

subst ant i %e'%@?@C&%‘%?ﬁo‘gtﬁ%ﬁgwgsﬁm%@‘m9“°“9‘ﬂ§W is sheared to form

a partiall'y- -Ze rocyglic oligoester. The _
partially-crystallized ma_crl cyclig oligoester is then shaped. In one
enmbodi nent, a _(A)_n(g_i_nﬂg_u_%'j_lg_\_li_gi_ ubstantial Iy sol vegf-free nolten
macrocyclic oligoester nay be sheared continuously. 1n another enbodi nent,
the step of shaping the partially- crystallized pacrocyclic-oligoester may

be conduc Bt RiM dn3UQIeas, Y% cyclodlipRE® biErhondO0pSRaxyalifldOdrodn a t hird aspect,
the invention features a procgrgf?, for _ma‘{d ng a prepreg of a macrocyclic
"ol i goest erndshis agivplentparmatis f AliSFFIE BP9 the process conprisinz the steps

of .. (a) HJ)OVHQJoBEn?tH@M@oDﬁm&dm&hﬁ&oﬁafdargys&k&@ndmhegoester and a

pol ymerization catal yst, wherein the mxture is substantially free from
sol vent, Pelreerimtion sxtalust patogfabgemetedtl conprises a structural repeat unit of
formula (1): 00 OG--R--O0 ----- A (i}

In one embodiment, a mixture of a molten macrocyclic oligoester and a polymerization catalyst,
which is substantially free from any solvent, may be provided. The macrocyclic oligoester typically
has the structural repeat unit of the formula(l) described above. The mixture is deposited onto a
fabric material, forming a prepreg. In one embodiment, the mixture is partially-crystallized prior to
being depostted onto the fabric material.

[0011} In a fourth aspect, the invention features a process for making a prepreg of a macrocyclic
oligoester and a polymerization catalyst , the process comprising the steps of:
(2}  providing continuously a mixture of a molten macroc}clic oligest& and
a polymerization catalyst, wherein the mixture is substantially free from solvent
and the macrocyclic oligoester comprises a structural repeat unit of formula (I):
o 0 0 |
_ -——0—-—-R——-—0—| A—-—'([:— i (1)-
wherein R is an alkylene, a cycloalkylene, or 2 mono- or poiyoxya!kylene group
and A is a divalent aromatic or alicyclic group;
(b}  crystallizing partially the mixture of the macrocydlic oligoester and the
polymerization: catalyst to form a partially-crystallized mixture of the macrocyclic
oligoester and the ﬁolymerization caialyst; and
(¢}  depositing the partially-crystallized mixture of the macrocyclic oligoester
and the polymerization catalyst onto a fabric material.



wherein R is an al kyl ene, a cycl oal kyl ene, or a nono-. or p6lyoxyal kyl ene.
group and Ais a divalent aromatic or alicyclic group;2@epésénttey 20eposi ting
the m xture of the nolten macrocyclic oligoester and the polynerization
catal yst onto a fabric materiaL In one enbodi nent, a m xture of a nolten
macrocyclic oligoester and a pol ynerization cat al yst, which is s
substantially free fromany solvent, may be provi ded. The nacrocyclic

ol igoester typically has the structural repeat unit of the formula(l)
descri bed above. The mxture is dep05|§ed onto a fabric material, formng
a prepreg. In one enbodinent, the m xture is partially-crystalli zed pri or
to being deposited onto the fabric material. [0011] In a fourth aspect,

t he i nventin ome dretatiintests aanixure obs swoftanr maredeyelig obigopstepand ¢ rolymarizatioy eataust. i ¢
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from sol vaRerootfitoloResraed weye'vm%f'zaﬂwsfékff‘é? °'&56?’)5P3$ gean ag‘f d5iET %3 r epeat
unit of fefemkcaateripi 0 0 0---RO A CO0) wherein Ris an alkylene, a

cycl oal kyl ene, or a nono- or pol yoxyal kyl ene group and A is a divalent

aromatic %mﬁhhgm ésgeartﬁé#nvenm)femrgé&e}dcészslfmormaﬁdgaau\aer&mc Hig¥dswrgrof the

macrocyclic oligoester and the polymerization catal'yst to forma
parti al | y-Regcpsseemarising dh ‘Fﬁt%lstﬁ‘f“e of the macrocyclic oligoester and the

pol ymeri zat i (ah C@i‘(ﬁ'lcbtﬁbsolﬁﬁdc&@md@ﬂﬂ%dﬁgoﬁgb@mpﬁfdbisabdr{yt&r ystal lized

m xt ure of thema C|IC oli oeste dt"hep yneri zat#on catal yst onto
a fabric mat BFFEF cfg‘ tE‘é‘i?ﬂ’@P ep‘T""h“‘B’i‘Fg rTg(ﬂ)mant a mxture of a
nol ten macrocyclic oligoester and a oI ymeri zation catalyst, which is
substantially free fromany sofvent, jnay be provi ded continuously. The
macrocyclic ol igoester 4 vpj call ha _the structural repeat unit of

fornul a([) described above. The mxture of the macrocyctic oligoester and
t he pol yneri zatl on .cat allyéwﬂt is crystallized partiall y and deposited onto a
fabric mater'yhgren acyclopcHensspradnator erpolyprraliylprsigrdueat ur es a process

for formul atdnag@am%hgogm,tﬁg@égﬁ the: process conprising the
steps of:
P (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 [1300 Pa], to produce a substantially solvent-free
molten macrocyclic oligoester;

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

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

".in one embodiment, a solution including a macrocyclic oligoester and a solvent may be provided.
The macrocyciic oligoester typically has a structural repeat unit of formula{l) described above.
The solvent often is continuously removed from the solution at a temperature between
about180°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



(a) providing a solution conprising a macrocyclic oligoester and a sol vent,
the P nmacrocyclic oligoester conprising a structural ZZEDpesmberi200®f
formula (1)r 0 O mwherein Ris an al kyl ene, a cycl oal kyl ene, or a notto-
or pol yoxyal kyl ene group and Ais a divalent aromatic or alicyclic group;
removi ng continuously the solvent at an el evated tenperature between about
180C and about 200C, and a pressure between about atnospheric pressure and
about 10 torr 11300 Pal, to produce a substantially solvent-free nolten
macrocyclic oligoester; (c) shearing the substantially solvent-free nolten
macrocyclic oligoester at a tenperature below the nelting point of the

nol ten macrocyclic oligoester to form a partially-crystallized macrocyclic
ol i goester; and (d) shaping the partiially-crystallized nacrocyclic

ol i goester,_ | t d b et, a
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above.  Theacsajcie Bligo&dtdr @NshapedCinm lond YO MEle)shaRRVEasl 4 et B@asind, whd/oma at a

t enper at urgggdbet ween about 180C and about 200C and at a pressure between
about at nospheric pressure a .fa[pout -1 Ftorr 1'C£P'e step of sol vent renoval
produces a_substantially sol VERt -?S?ré’fgorf Fedigs Ry ocyclic oligoester. The
subst ant i d1'Py' '%P%W?“Cfﬂ%‘éé'aﬂ‘é!“t%i‘ﬂ RROABED'I’ p eolyint igBRA BiStefhen 27 Decenber
2005 - 4- iep1gdardda athematicdiop @agtatirod atpehiminteheof aBbltdnngmpal sitsteof. t he nol t en
macrocycl ijgo16] FIG QRS b 8hemhiit BN QiagRMRAHh EREUdimehi R a SHGAL leRPvl SyIRAT at ure is
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partially-crystallized macrocyclfic o |goes{_er. he parfnl all'y-crystallized
macr ocycl i[P18 G0 f srhematisiionisiagramtl 4 sRBOBRenhBireer aRsRS ™K PelRs BPpel | et
a pastil | emagrmgyae cligoestdrake. Brief Description of Figures[0013] FIG 1l is a
schemat i c [§d1eMFIGi 8GY aRtiatniNBasHABNtn @nbadiEelt \6e Blpa&tRiiBN locssssleeqn [ 0014]
FIG 2 is a@ghRaREd forf L AUEALARRID.QEHan enbodi ment of a sol vent renoval

system
y [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 isclation, 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
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' [0015] FIG 3 is a schematic flow diagram of an enbodi ment of a sol vent

renoval system [0016] FIG 4 is a schematic flow di ag7apedeimbzn2e08odi nent
of a solvent renoval system [0017] FIG 5 is a schematic flow di agram of
an enbodi ment of a process for maeking pellets from a macrocyclic

ol i goester. %0018 FIG 6 is a schematic flow diagram of an enbodi nent of a
pasti || at i %A Y ss (e. g., making prepregs from a nd&TOBY#IBR
oligoester). [0019] FIG 7 is a schematic illustration of an enbodi nent of
a process for nmaking a prepreg from asnacrocyclic oligoester. [0020] FIG
8 is a schenatic flow diagramof an enbodi nent of a solvent renoval system
[0021] Fligglatipn; Hrogulationcand shaping| posesstsajscanaydie beneficintiobiked.reswliingdn sy st em f or

shapi ng A ' . | rs, froma.sol utign, of crocyclic.oligoester
and sol vé%#%é%%o@?@n%%%&%m?% cr fﬁ@fl}]‘%c%{&o%c&%ﬂﬁ%%o%eﬁ egﬁvoé%xgggﬁe nt of
a syst emahdencdfowhsidincuited et 1s6latidn, GRRalaa6s afd Bipite mrotdstdsare ddhducted

macrocyclic oliggester and sol vent. Description [0023] The processes of
t he i nverfEhaselyy Bonxample macropyshie oligrestersaniy be isalated Hh’fhméﬂif'?ﬂs-‘itﬂtﬁ gTheahpigques
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out conti'nuou sca I'Ty of the macrocyclic
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sol vent r al apparatu ere necessary. The 27 Decenber 2005 WO
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processes,.are, condyct e epar at . _For e | e, r | c, oll goesters
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kg/ hr us iiofieed sol ution having 20% by wei ght of macrocyclic
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[0026] As used herein, a "macrocyclic" molecule means a cyclic molecule having at least

one ring within its molecular structure that contains 8 or more atoms covalently connecied to
form the ring.

10027} 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
macrocychic 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.



solvent, may be collected at a rate of between about 80 kg/hr to about 250

kg/hr. Pellets and pastilles of fornulated and shaped rECDesysHer 2005

ol i goesters also can be produced at a simlar rate. Definitions [0025] The
foll owi ng general definitions may be hel pful in understanding the various,
terms and expressions used in this specification. [0026] As used herein, a
"macr ocyclWe9/MBISktcul e neans a cyclic nol ecul e havi ng RCTYUSAI820ne ri ng
within its nolecular structure that contains 8 or nore atons covalently
connected to formthe ring. [0027] Asgused herein, an "oligonef' neans a
nmol ecul e that contains 2 or nore identifiable structural repeat units of

t he sane [B930}i f f er Anusefl bermin) "an alkplsaagroups meswsd Chléxeiwherean> 20l i goest er" means

a nol ecul at copt aj 2. Of r i dentifiable este uncti o r epeat
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" macr ocy citiefs 0lep @SR B NunRAGHITS rdPRESPBNFEIZEAYHIONEr  containing 2 or nore

identifiable ester functional repeat units of the sanme or
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rracrocycﬁ?gz)lgl 1%2%‘[?%& ?rfé?kg%rg&?eﬁ?%ﬁégg %fstal%’?t%g%ﬁ%rf%gﬁtﬁglﬁof di fferent
formul ae [6633] ng vaAyised harvinlardivalent r8atipidipOmestistah afoptitic Blotp'Githligits r epeat
units. A n&crocyc&hc ol i goestelr may . be a co-oligoester or a higher order
ol i goest &} Other Rarts obhe Prergeyislis wplecyle Kog gxample, o divalspiarematicgrespmeag inclide ur al

repeat uRikes. Ravinag; Jes ' .phin one cyclic nolecule. 27
Decemerai%)%%ia%érg%(%%%&é%% LJ 82%%8%%%’\%8%P@030] As used herein, "an
al kyl ene [3dLip" nessesed irei, "ap akidyelioegronp? ni2ans[aG08-hfonsic hgdrocalt@ngiorp " a

cycl oal kyl ene. group. ans a cyclic al kylene group, - C'H?n x-, where X
represen¥§nei’f’ﬂ’é‘§ﬁﬁﬁ‘g’§rs furpithereith o) aced by cyclization(s). [0032] As used
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[0036] | As used herein, "a continuous process” means a process that operates on the basis

of a continuous flow of materials into and/or materials out of the process.

[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

rﬁacrocyciic 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

7[0039] Macrocyeclic 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:



containing a cyclic structure therein. [0035] As used herein,
"partially-crystallized macrocyclic oligoner" nmeans a nECDesddr@00®l i goner
at least a portion of which is in crystalline form Partially-crystallized
macrocyclic oligonmer may have various degrees of crystallinity ranging
froml%crystalline to 99% crystalline. Crystallinity inparts

handl eabl MQ 002551t he macrocyclic oligomer, enabling itPQIAISBE20882haped, for
exanpl e. [0035] As used herein, "a continuous process"” means a process that
operates on the basis of a continuous.,flowof materials into and/or
materials out of the process. [0037] Ag"used herein, "a pol yester polyner
conposite" neans a polyester polyner that 1is associated wth another
substrate such as a fibrous or part@culateQmterial. Illustrative exanples
of particulate material are chopped||fibers,|| glass mcrospheres, and
crushed stone. Certaindg.illgerspandcaddpti hus can bﬁQUSEd to prepare
pol yester polynmer conposites. A fibrous mterial neans re substrate,

e.g., fiberglass, ceramc fi ,_carbon fibers or _qrganic pqlyners such
S ant A B ooty B sl Ellense s THomor S LB RE %) B AR any
substr at %M&ﬁ{#&mhﬁbd}%@}cﬁhgﬂmpﬁacr ocyclic oligoesters during production

and formul ati on processes and 1 n preparing prepregs of macrocyclic
ol i gomer $0049),pi cal Pryferred masrocyelic eitgoetiiess arp olacndeyclic bigoesters/of Fi-betyleneb, fi ber

ini ai et 53 oropch SeriiBblsfe e himAn S et BB
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include, but are not limted.to, macrocyclic poly(al kyl ene di carboxyl ate)
ol i gomer &aciogyslie sp-oYsoestersfgmarising iwetonmere of dircabovasituetues repepbusitsy nul a© 27

Decenber WO . z - | wherein R

is an al I[@e?gne, %&%ﬁggﬁ%ﬁg érgégﬁéo(r%%%n%sn%@ 98%%%@%@%3{1@%%%?@%3; oup; and
A is a dhwdiblerfthefomuh XO-BrOith ylbistogrduehl chldé 0F thPf@fielar ed nmacrocyclic

ol i goesters are macrocyclic oligoesters of 1,4-butylene terephthalate,

1, 3-propyl ene terephthal ate, 1, 4-cycl ghexyl enedi net hyl ene t er epht hal at e,

et hyl ene terephthal ate, proéﬁl ene tﬁrepht hal ate, and 1, 2-et hyl ene

2, 6- napht hal enedi car boxyl at e,[| and
Cl——C—A

Ci (I

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., UU.S. Patent No. 5,039,783 to Brunelle er

al.

[0042] Macrocyclic oligoesters also can be prepared ﬁa 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



macrocyclic co-oligoesters conprising two or nore of the above structural
repeat units. [0041] Synthesis of the macrocyclic ol i gagshedemberRode

achi eved by contacting at least one diol of the formula HOR- OH with at

| east one diacid chloride of the formula: OO C--11G--A Cdd where R and
A are as defined above. The reaction typically is conducted in the presence
of at | eXQS3@ABShm ne that has substantially no steri PCAIUH24%Re ar ound
the basic nitrogen atom An illustrative exanple of such am nes is

| , 4-di azabi cycl o[ 2. 2. 2] oct ane (DABCO).gJThe reaction wusually is conducted
under supstantially anhydrous conditions in a substantially water |

i nmi sci bPeheaipgamixiure pf Raeat polyestrsean osganipsolvert, andiadapspsterifipadion et at ure of

t he reactj YD AN W] e ut 25C.
See, o grueds KRRl Bl e folVepds AT nh o SO AIRH b Rl BREC OV
ol i goest esusllypirs subsantidie fijpe Eparoagoeniaad whier. cSeaden JAS] Patend Noa 5di0a084kto chl ori de
with at lLeast ane bj roxyal kyl ster such as bis(4-hydroxybutyl)

t erephth m%?fﬁfﬁ?éig%@éé%égmgﬁe%? i ghly unhindered anine or a mxture
thereof woidy at | ¢ashisPREniA R0t tedhvbn t@?roc_@éé?ﬁcﬁﬁyéﬁ'é 'c@-tz{ﬁﬁg.lﬁﬁﬂ%ﬁe- The

condensation reaction is conducted in a substantially inert org
sol vent exderpligeestest usingdimemethodsof the invehtior dherefors) eplessrotlerwisx stated; ather eof .

See, e. .S, Patent No 5 231,161 to Brunelle et al..[0043] Anoth
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s the depRiwmbhaalh® RiRind HRGaGyRAY AR PRIMBESortE difesiesence of an

organotin or titanate conpound. In this method, |inear polyesters are
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Pat ent ~ NG&! doss g yeageise ¢ appliniotyeat. di oag cobpdmest, disgragees ingJudss ieieqving et al .
[ 0044} |{1dest 18 it hin & ha: R andi | ' B cyclic
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ol i goestRlafother eiPbditneRNtHe solVE ieMEYddunir cleRhe & Ble@uf conditions. In another
embodiment, the solvent is removed under a combination of both elevated temperature and
reduced pressure conditions. The macrocyclic oligoester substantially free from the solvent then
typically is collected. In one embodiment, the solvent is continuously removed from the solution-
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 bﬁgoester 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




100451 In one aspect, the invention generally features processes for
I solating a macrocyclic oligoester froma sol uti on hadnedcenbzeoad/clic

ol i goester and a solvent in a manner that does not require use of an
anti-solvent. In one enbodi nent, the process includes renoving solvent to
yield a macrocyclic oligoester substantially free fromsolvent. A solution
i ncl udi ng V80 03928bcyclic ol i goester and a sol vent is pP&FEHEH382he sol vent
is then renmoved without the use of anti-solvent. In one enbodi nent, the
sol vent is renoved under reduced tenpepature conditions. In another

enbodi nent, the solvent is renoved undér el evated pressure conditions. In
anot her aeeruodi presstre td femosothy sitent fom drrokdon MMieresalting Matoafclio bligdesthiot h

el evat ed. t epperature and .reduced pressure conditions he_ macrocyg|ic
ol i goest &S@@é@%ﬁ?f‘aﬁw Sqlyemk 4 PEFROEREC fw%t?rtls flﬁ?ganhallsp pip polyet 1f
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solution. including a macrocyclic oligoester and a sol vent.
enmbodi meMore pisirablicthe sobednt ntenl is lpsethnes0 spobet lesstthaallDypphr ee from t he sol vent

is conti ly caol,l ected. [0046] There is no |imtation to. th
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i nput or . feed solution) contains between about |% and about 50% By wei ght
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one or %ﬂgé@r more different solvents. "Solvent" used herein refers to the
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may be cgiyieseeut at an el evated tenperature,. at a reduced pressure, or
both. In one enbodinment, the feed solution is heated at an el evated

t enper at [0d9land 2 ThEgossubeat wARD S0l GRMGAPS bdndeEdd ¢80 2y ANB8Amasgtete ced
pressure_to renoyve sol yent fromthe solution. -The resulting macrocyclic
ol i goest BFssYfedo %’éb@ﬁ{ forf ?f%"lfere@é’o s> hs Pies e 1s B %E%ﬁiffqnéogpl W8ester is
subst ant foadbbit of d198rr§ 1thet YnbSiRhertd, thetﬂ?@ssﬁelis\«ﬁ in £ PRESHIm fndspiRsict han 200
ppm Preferably, the solvent content is [ess than 100 ppm Mre preferably
t he sol vERssugdaebnt 19 tord, Gos abdva h0 B8 fophow 5.0 tesSranhzhouti D0 frprto 2b@84F The

pr ocessi e_an r ure for solyent re |..are sel ected

accor di nlggf %&F@ﬁ%ﬁy tloxhrgcr %’8?&1@?‘%0 1{5?1% ﬁﬁﬂut i{i t"dlé{"rag?%@é’& ,%orf'he sol vent
renoval ?050](3 e('s) SeneftrehRl mESd 4c86nplishBI Rialnfi4f drfylaprdid) e.c20ELsEINEr
macrocyclic oligoester being isolated. In one enbodiment, "the step of
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sol vent 1S con
a wiped film evaporator, a molecular still, a short path evaporator, a centrifuge, and a filter. The

ternas 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 infroduced 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



from about 200C to about 260C, from about 230C to about 240C, or from about
180C to about 200C. [0049] The pressure at which sol vert Desmbsnl2005
conducted can vary from at nospheric pressure to about 0.001 tort. In one
enbodi ment, the pressure is within.a range fromO0.001 tort to about 0.01
torr. In other enbodi nents, the pressure is within a range from at nospheric
pressure tWOBHEEB110 ton, fromabout 10 tort to about FAIUSEHI882f r om about
5.0 torn to about 1.0 torn, fromabout 1.0 tort to about 0.1 tort, or from
about 0.1 tort to about 0.01 torn. [QQgQ] Solvent renoval may be
acconpl i shed in al nost "any apparatus, e.g., vessels or devices or a

conbi nat iEvaRoRHon phmokculer stillanad dppératusithatoidings ssenddnse ddsidetite bodyefithd
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the evapesledntir. A falling filmstripper is an evaporative device for the
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sol vent renoval apparatus used in the process renoves between about 80%
and aboutha8@anp fragion phase balest in faths 30lené MbkiowEliuid phakd. i tenadly] affindntr enoval

apparatus are enployed to achieve t desired dryness in the macrocyclic
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sol ut i onisrrmpes feonyffash device 25 into a falling film stripper 31. In one embodiment, the vapors
removed in the falling film stripper 31 also travel through the flash device 25. An output product
130, which is substantially 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



the first rising filmevaporator 11, sonme of the sol vent vaporlzes and is
separated fromthe solution. This solutlon and t he vampDédeatbdr 2ev®! s
through a flash device 15. A flash device is an apparatus that is -used to
separate the liquid and the gas phase. The |iquid phase solution then is
punped into a second rising filmevaporator 21. After traveling through
anot her fI%eM¥a%ce 25, the vapor phase sol vent that BCGI/US d from
flash devices 15 and 25 is punped through paths 20" and 20", respectively,
and is condensed in condensers 52 and _p4. The condensers 52 and 54 change
any vapor phase solvent in paths 20' and 20" into a liquid phase.
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t he sol vend/of thmé. he | nput soI ution can be renoved fromthe macrocyclic
ol i goest i‘ipédﬁ for a macrocydi ¢ ol igoester substantially free from sol vent.
[
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enbodi nent’s crocyc Ic oll goe ree from°sol vent
may cont &im cedporatorl Ohe qn}mt‘smiuudzﬁhm odvelsod & s0dnd eriglﬂim&Oagbmmmhefeass of

sol vent, and ﬁout % m or s of solvent. mount of sol vent
r emai ni n§FHYE Cf g ?Sjctg"g?qr%l@ Pressigs ¢ é‘ﬁ’g ¢ ippytselitipn BaveldP vent
may be ne@ﬁmgeﬁnt% r &0 RRER @Bil frseiedhn St collected
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chr omat ography, , or HPLC. 0055 ﬁlEeter ning an appropriate sol vent

stri ppi ngomyibe flingdileapippsr. i n a particular process, factors that need to

be consi i ncl.ude the c ation. of nacroc lic oli oeste in 27
Decenber B85 W 08 Prs S p R a7 Ryt f Ropsiiarn Sy aRRIREY { he
desired eltposiag Shedosdl sOlutihibiah ¥leRfted RADRAALLEY o rédti@éd%?éskiﬁ@ﬁl 4 BrsOiidgSIRY ed,
and the desired length of tine for solvent renoval. For exa I‘, starting

with a reYagprans. ?hwplﬁts@um@éhen @dﬂlaﬁlﬁmh(aqﬁrs flash dswicpe Tlecesolvay
/ b
necess ar ooyt niE s ilne (TR Car Ryl deHTR YN, BLEP %%\%%%83@%%5% ester .

Conver seiny tharentimieroftiiediynd sdlam teablytd Ditcdi rivig HOE ¥edpbaitdd vilgRasiser may

require fewer solvent renoval steps kB and/or tine,
exposed to an elevated temperature and a reduced pressure. The input solution then travels

through a second flash device. The solvent that is removed in the second rising film evaporator
and the second flash device travels to a second condenser. The solvent that has traveled through
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 strippeﬁ 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. Thereafier, 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 macrocyleic
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 macrocyelic 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



10054] Cenerally and in one enbodi nent, solvent is renoved from an i nput
solution by exposing the input solution to an el evat edp7Psgaisl 2065 and a
reduced pressure in a first rising filmevaporator. The input solution
then travels to a second rising filmevaporator where it is exposed to an
el evated tenperature and a reduced pressure. Finally, the input solution
travel s tovO83/42851ing filmstripper and a macrocycl i c AATGHeX%10842
substantially free fromsolvent is collected fromthe falling film
stripper. [0055] In another general en%odi ment, solvent is renoved from an
i nput solution by exposing the feed sélution to an el evated tenperature
and a r edwucedydlic eBgaester)i A linedripolytsteridspodndrizhiion reac@OsradiRe solutibh € 4.kt
solution.then tra)\(/ s through a first flash device. The solvent that is
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Thereafter, a nacr ocycfi c oligoester substantially freefrom vent is
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depol yneri zation reaction . diiute (e.g., a 1 % by wei ght” macrocyclic
ol i goest Blerds multiple) tray fligosriably fmm Baker FagkesiCorlorajion (Hanston R8s Samilarly,

enbodi ne tem-A for | vent .reno t hat j.s t.ypi cal enpl oyed
where. t nbSeBkisfEk N EMSelcH PRty B CTR e Ao Btrr B 08 ey
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| i near pol yester depol ynerization reaction product solution (i.e., the

i nput  sof*dEsuliag outpyt soditien AP exitingdteal4l manbpcems the inpuirohiionin thanext Some of

t he solv ' olution transitions into the vapor phase as it travels
up the rggeﬁ{g{éww%ﬁg@aporator 111 and it then travels though a flash

devi ce 1[0858]The sdlhebutpn solueon 190 mpayripecla matrocyalic Sigtdker cbsdenigatibh bfkbout

3%. In one embodiment, the rising film evaporator 111 is held at a temperature between about

180°C-185°C at atmospheric pressure. In another embodiment, the rising film evaporator 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
evapbrator 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 risilig film



~evaporator 121. Thereafter the solution travels through another flash

device 125. The solution that exits the flash devi ce 12bpesemitrir 2086 ong
path 135 and has a hi gher macrocyclic oligoester concentration (e.g., an
i ncrease fromabout 1% to about 3% . The vapor phase solvent that is
renoved fromflash devices 115 and 125 travels al ong paths 120' and 120",

i s condend¥H0F0255kondensers 152 and 154, and is col | ectREI/USH2/24892) qui d
receiver 127. The macrocyclic oligoester solution that exits the flash
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vaporized solvent that is removed in the third rising film evaporator 231 and the third flash
device 275. After traveling through the third flash device 275, the solution travels through the
falling film stripper 241. A macrocyclic oligoester output product 230 substantially 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



at nospheric pressure. In one enbodi nent, between about 80% and about 90% of
the solvent in the input solution is renoved by each r2BDagnhbdr@005
evaporator. \Were the input solution has a relatively | ow concentration of
macrocyclic oligoester, nultiple rising fil mevaporators nay be enployed
in multiple steps. In one enbodi nent, multiple solvent renoval apparatus
are enpl oye®/40355achi eve the desired dryness in the madr@dis8r/108820l i goest er
substantially free from solvent. [00611 FIG 3 schematically illustrates
anot her enbodi ment "of a sol vent renoval ,system 3. The system shown in FIG
3 may be used alone or in conbi nation"Wfth that of FIG 2. An I nput

sol ut i on rRlkfvdllaEiernesbratios Qufac &re&andrweﬁl?@ﬂl dtintnBsHHAD gfeééu&r typically reiv&af ter,
the solutjon travels through a first flash device 255. Condenser 252
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evaporator 311 is condensed within the short path evaporator 311 and removed from the solution.

The solvent removed within the short path evaporator 311 is transported through a path 320" to a
liquid receiver 327. A macrocyclic oligoester output product 330 substantially free from solvent
exits the short path evaporator 311. In one embodiment, the macrocyclic oligoester 330 isina
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 tﬁe 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



relatively | arge evaporation surface area and being run at atnospheric
pressure, typically renoves the bulk of solvent from t¥eDedcgmtier20b5iti on.

[ 0063] CGenerally and in one enbodi nent of the invention, solvent is 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
pat h evapdY@p¥0255A short path evaporator is used to vASAUSEE20882rt or all
of the solvent froma solution. A short path evaporator can operate at a

| ow pressure because the condenser is Jocated inside of the evaporator. The
input solution may then travel to a second short path evaporator where it
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abod lthe pr%gesses desgcﬁgg e%in are commerc? y avaglable, for example, from Artisan Industries

Ine. of Waltham, MA and from LCI of Charlbtte, NC. Suitable rising film evaporators inciude
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 Qligoesters

[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.



PCTI US02120882 -15- at a pressure of about 5 torr. The macrocyclic
ol i goester output product 330 exits the short path evapopaidmberbomt a
rate of about 181 kg/hr and at a tenperature of about 210C. The out put
product 330 contains |less than 100 ppm of solvent. A suitable falling film
stripper 341, flash device 315, and short path evaporator 311 that may be
enpl oyed iWOa¥®Weistance with this exenplary enbodi nent POTAISAY28B82abl e from
I ncon Processing Technol ogy (Batavia, IL). [0066] In one enbodinent, a
conpressor may be enployed in place ofgﬁa condenser. In another enbodi nent,
the conpressed gas or the condensed gas’exiting the conpressor or the
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thereby forming a partially-crystallized macrocyclic oligoester. Shearing may include shearing,

cooling, or shearing and cooling simultaneously.

[0073] Suitable 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 emnbodiment, the shearing

step is conducted at a temperature between about 145°C and about 155°C.,
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100C and[oﬁ%]ut 16%301{19 BI%QO%EIII;.]C% ) gdml%dm!,ll%&%bn&%&%&:ébfﬁ%&ﬂv@% are added to the

macrocyclic oligoesters. Hlustrative additives include co'lorants, pigments, magnetic materials,

anti~oxidants, UV stabilizers, plasticizers, fire-retardants, lubricants, and mold releases. In other
. embodiments, one or more cafalysts are added to the macrocyclic 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 mixiure of a molten macrocyclic oligoester and a

polymerization catalyst substantially free from solvent is provided. The mixture of the molten

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.



- step is conducted at a tenperature between about 145C and about 155C. 27
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shear mixer; alternatively, they may be processed in an extruder. The shear-mixing may be

conducted at a temperature between about 145°C and about 155°C. The fabric material(s) may

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 macrocyelic 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 thercon 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



prepreg. In one enbodi nent, the nolten macrocyclic oligoester and
pol yneri zation catal yst are partially-crystallized prizrDésersir 2005
deposited onto the fabric material. 27 Decenber 2005 WO 03/ 002551
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For example, some catalysts and/or macrocyclic oligoester and polymerization catalyst mixtures

may interact with the fibers and/or any sizing or other agents that are present on the fabric
material.

[0688] In some embodiments, the partial crystallization step occurs continiiously. In
other embodiments, the partiatly-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 onio 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.



catal yst deposited thereon may be fornmed into a desired shape, for exanple,
an aut obody panel shape. One or nore additives may be ZdDesknbserbes nol ten
macrocyclic oligoester. Exenplary 27 Decenber 2005 WD 03/ 002551

PCT/ US02/ 20882 19- additives may be selected fromthe group of colorants,
pigments, magnetic materials, anti- oxidants, UV stabilizers, plasticizers,
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conti nuouslé(_ deposited on the fabric material. In still other enbodi nments,
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from Gala Industries (Eagle Rock, VA), Incon Processing Technology (Batavia, IL), and/or
Artisan Industries Inc. (Waltham, MA). After a minimum velocity is achieved, the partially-
crystallized macrocyclic oligomer travels to the cutter 370. At the cutter 370, the partially-
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
'sluny 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, NT). 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



prepreg formati on are conbi ned, creating a continuous process fromthe feed
solution of a macrocyclic oligoester to formation of pseEPEe&IH?2005
macrocyclic oligoester substantially free fromthe sol vent. The prepregs
may contain one or nore additives and a pol ynerization catalyst. 27
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crystallized macrocyclic oligomer employed to make pastilles measures between about 500 cp.
- 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.
10095] Both prepregs and pastilles can be made from the partially-crystallized and paste-
like macrocyclic oligomer utilizing pastillation equipment. The partially-crystaflized 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.



Subsequently, the pellets 435 are dried in a dryer 385 and then transferred
to a pellet hopper 395 and a packager 550. The dryer 385pDasamie 200! uid
bed dryer avail able from Kason. Corporation (MIlburn, NJ). A suitable

pel |l et hopper 395 and a suitabl e packager 550 may be available from Gala

| ndustries (Eagle Rock, VA), Incon Processing Technol ogy (Batavia, IL),
and/ or Ar W@&e025shdustries Inc. (Waltham MA). As depi ®CEPSOA2M82wat er t hat
was separated fromthe pellets is 27 Decenber 2005 WO 03/ 002551

PCTI US02/ 20882 -21- recycled through agﬁsurrp 384 and a water circul ation
punp 388. A suitable sunp 384 and a Stfitable circulation punp 388 nay be

avai | abl ¢0696pm Gal Thd ek Helt 860 MERBE 65 ARp Wagth WA sizd A8 Miypi et Gbout
Technol O%é (Bat avi and/ or E%\rt [ sasrz [ %ust ?i es | nc.l (Wl t ham OI\/A) .
I

L), _
[00921 FPBce t%%eﬁ@@if@%m length. | The bpiare side af thermovingeatit508 fmay bp codded for6 f or
. ! _ ! _ Nt
bast i 11 ot aable, B iR SliaRBiirhdlifins a8 o3I TnPlengl Sk al ot s

subst ant iaad the chelig retiad caibeselatted toscobbtle pastillesal2s Berare (Y ohlof B8 dvitiibelt S
ture control | oop (not shovvnl tto control the
¥

connecteg _to.a tenper
t enper at %Pé' @fsopﬁgg’gﬂfg’é‘lmts’ﬁismm%%.(no‘r‘ﬁ@%list?@wl dreyemdiof themayinger wi t hi n

t he shea ) ' ' ' . tween about 80C
and about L AC TRyl fobllef s ok ¥sRcliddhef sob UL SRS E RS HRES |
certain brib8eN amarietls froth SaddeikiReocassuSyatems of Tobwh, Al emileredi ns. the shear

m xer 38&921 at erature %f .about_ 100C. 1 n other enbodiments, the shear
m xer 36 an extrREfprepreg 45 jomanifachyred, theshoniet gensratar 380 syx dropihser 360 i s
a Readcogpfierar 416¥e 5K mab&dvei i I S -y d .put | ess
neavy duty. S PO bt lus Bt Buph S b el |

macr ocy c F9&that is frdrmto themoying balti0Dy Toe lesgthlof ihz adviap delbS00omd anpewliag | | ke. The

t enper at ur n r the |l evel of she provi ded. to produce the paste-Ilike
nacr ocycfnlegmg I"% gﬁﬁeﬁecﬁg 19 &9 | e E‘&Fe&f"ﬁ Sgpjo tﬂﬁ’g%ma{ §0(9n§°6‘¥1m5ﬁ1@ prepreg
macrocychds ol igomer, including the presence of any additives. Generally,

the parti al lﬂé crystallized macrocyclic oligoner enployed to nake pastilles
measur es[1988lveen dbsune U@ dimenis, anuhdatyater palR6iger dyused fvhinaking peiletsalth For

i ndi cat i4 -1.s bet t 15% baut - 20%. talljzed, Th
ol on rater iy Gre GuRaRes elton (e Pl e Bevarfeledtigk,
bet ween Val) ey bd QSdipnmaitt Rt ARGnARED, @ﬁasﬁﬁh@or%k%@ﬁséd%ﬂt@nﬁﬂ%er s the

shapi ng process at a tenperature between about 150C and about 200C. [00951

Bot h pr ebAsEles- divbessaple » Pendvik Rotafermes (rvailablnfrany Sandwik Predess Systews él |'i zed and
past e- If&gwmgw%gg&d%to%wug&i l'izing pastillation equipnent. The
zed paste-ITKe

partial |l y-cryst
[0099] In yet another aspect of the invention, the process of solvent removal and the

process of shaping a partially-crystallized macrocyclic oligoester 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 continuons 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 continuousty removed to produce a substantially solvent-free
molten macrocyclic oligoester,

[0100} The substantially solvent-free molten macrocyelic 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




macrocyclic oligomer travels fromthe shear m xer 360 and enters a dropl et
generator 390. The droplet generator 390 is enpl oyed tzv Dedeniste200%d si zed
dropl ets of nmacrocyclic oligoester. In one enbodiment, a Sandvik

Rot of orner avail abl e from Sandvi k Process Systens of Totowa, NJ is

enpl oyed to nake droplets. Wen pastilles 425 are manufactured, the dropl et
gener at or .Y89@300%¥, drop pastilles 325 directly onto a mSIUSEY/EE2t 500. 27
Decenber 2005 WO 03/ 002551 PCTI US02/ 20882 -22- [00961 The noving belt 500
may be of any length and size and is t%(%l cally between about 50 feet to
about 100 feet in length. The bottom sftde of the noving belt 500 maybe

cool ed, foumpeXapmes abdhy 145°C\dnd btvgt 1B3EEr SubsdRemBathb phiielly@ystaigzeiel t 500.
The |l ength of the_ noving bel% 500, and_the cooling nethod can be se]ected
to cool tHEIHEiciligesstenny befogped iptoanpdrgirgdle sippesinslyding nsliets. pagtidles. andy sone
enbodi meng§es @ scraping bar (not shown) is enployed at the end of the
nmoving belt 500 to renove the pastilles 425 fromthe noving belt 500. In
one enbodfht, a Additiveg andEllers bEPbafernilattl with 4 mavBayrily bigoBtaoe sdth By st ens

O om0 o e P R ("

ol i goest efj), R ARk ' Sit j ' ;s 600 t hat
is fed ont Spqs)hhze novi ng betlht%%%dg%?yd'lﬁﬁgﬁé&gngﬁllﬂgyfétlﬁ%&%%\%o%c%g%&%ds and any

cool i ng “wepletely mplien. reother esdrodichenis, themsiditive(s) andior Hiller(s) atcSormatedt with & abr i ¢
mat eri al 60 f.or m ng, t he. epr.e 445 .. 098] In s odi, ment an

nier ot dstraeh @ oleihet BENDRE BisEctobonc bidherts s BaRitEmSRGRO FERAR 20,
type undesyallek. Bejet ehérZiboliMents| @dhditive @ andak Bllbiy) U fointfated With a Of Eagl e

Rock, VA) may be used for making pellets. Alternatively, a pastillator

may be udBAIEHIicolEestWhthe merrecycimylizassis i completely erstlinardtef or mer

(avai | ablg. fhom Sandvi ' to form
pastil |l es. [ 0099] P%xﬂfllg;tdf{gﬁ%ﬁzsrp%é%gc 0% rqr%%&%goﬁ%ﬁmﬁ%%& ocgs.s of

sol vent nemaishl and the process of shaping a partially-crystallized

macr ocycl }]c ol i goester are conbined, creati n%na conti nuous_ process_from
feedi ng dVBi ut i onPastllepirpiegsTRyIiciPEePEES Hore &bland mptesighibatipeladsemasraeycliey el i ¢

ol i goest gf; ' . ' I : vent renoval
and the. Supacsts, KB Rodkilaf M SO ERRL o ot R R A el DT &

cont i nuoukerpopestis preprogarbasapont a bisnd méteriah that incdudmet eyt oh¢ maabdygadipedster 0
pastilles @f In1acroc§le I C (%4 i %%géter substantially free from the solvent.
In one edBdeiFAEHGNC PRIYEISTIZAtiop Shyacrocyclic ol i goester is provided. During
t he [0103] Thermoplastic prepregs typically have been produced with the resin close to the

fiber. If the melt viscosity of the resin is high, the resin needs to be close to the fiber in order to
wet-out the fiber properly. This typically is the case with thermoplastic prepregs made vsing a
hot melt method with thermoplastic powder, co-mingled tows of reinforcing fiber and
thesmoplastic 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, |
10104} 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 macrocyelic 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.



180C and about 200C, and the pressure naintai ned betwegnpassmbtier@00®spheri c
pressure and about 10 torr. In these enbodi nents, the solvent is
continuously renoved to produce a substantially solvent-free nolten
macrocyclic oligoester. [0100] The substantially solvent free nolten

macr ocycl i¥O B0 Skst er may be sheared at a tenperatur LTESERBHEe el ting
poi nt of the nolten macrocyclic oligoester to forma partially-
crystallized macrocyclic oligoester. The shearing tenperature may be

mai ntai ned at, for 27 Decenber 2005 03/ 002551 PCT/ [ TS02/ 20882 - 23-
exanmpl e, [Héblheen dWbanta prdfep mmahdeivithih bikhdiateTallisa ipekides ymadkdegelic
partiallyrcrystallized macrocyclic oligoester may he forped into any

desi r abl it _ opbieaf W&Fﬁr%lc ‘fﬂ@&’géPB‘?’P%’d@’%ﬁt@“@%‘?Sﬁﬁ’ama%@_ St ofrepgly 1 |

Addi U vesmcied. il #isiRes e chBodiithbeile ihbhioh, SROEASY R h gRAREET OF
with a mxture of a macrocyclic oligoester and catalyst. Fn*one

ermbodi neAds frehe meduicydlie eligestancl/adrend iatdriek dfsnacarcgclcolipudsat with aieton nore
macrocyclic oligoester. while the |latter rocyclic oljgoester is

Corpl ot 6P FREREOT e R B RH RSt T Her2bs s ks meking A Preproger ()
are for msmhechayihl Aesired FRET éﬁﬁﬁﬁn“c%la%hﬂﬂﬁ?kesrele\éﬁﬂ diol Rc Rk cAFRCT ocyClic
oligoester is partially nolten and partially crystalline. "I yet other
enbodi mefmplifitupsiresadiredessss sipplanas prepkes. | er (s) are fornulated with a

macr ocycld{f0! 1 gO L [ he. macrocyclic oligoester.is conpl.etely
' crystallhﬁgﬂ The %%%%%ﬁﬁgFﬁﬁ“%ﬁ§F%§§%? %?%3768%% ﬁﬁ%m%waﬁg dinto a
prepreg applitd'® of einforethe RBEE 600 189is0RetIekPdbps 415588 Bich dbolediRfdipliaght | | €
prepregs may be prepared froma blend material that includes macrocydic
ol i goest BH¥Meriztigakes plsen Frameliennesin J0fjeprningd inte b shasgeliwtherbetiouef o or
el ades R b srb 45K RSB0k ol BERGHE IR T 9y i ing R neleh b7 !
pol ymer i iadiposittciat ellaysdl. If éhkQajbodirfitiDRkAink blindecT10egslabl Blosdahyvibave been
produced with the resin close to the fiber. If the nelt viscosity of the
resin i sURPGAYYEHRS e dsionantibissmplpypbindhecesy Gapecqupmb liquid dppraf resin
b epr gsi Lkl AEmBhAf s ol Smb Bl S 208 4.2, 4 850 8D2 Tk BB Rp 2t ©
co- mi ngl drdpst 418awbe areinpédin Giprgseldcted arran@.of, B paIERE) B3kt ehefainoait of @EinGo- Woven
fabrics. These materials requjre a process which often _includes three

steps: 1JREAPFIHES o Ege (g ierraty isdepired) ond i5af # desgedyalucofn e1%e i ber and
consol i datiodfnent Rk sdount of resin per unit fabric area ranges from about 3% by weight resin to

about 97% by weight resin. In another embodiment, the amount of resin per unit fabric area
ranges from about 30% by weight resin to about 80% by weight resin.
[0107] The amount, pattern, and spacing of the dropped 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.
[0103] 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



cooling down and solidifying. [0104] Macrocyclic oligoesters, as discussed
above, nelt to a low viscosity that may be nmany order s2:0bedentssr 200% | ower
than the viscosity of conventional thernoplastics. Thus, conbining and
wetting-out of macrocyclic oligoesters (when nelted) with fillers and/or
reinforcing fibers during the heating cycle of a process can be done nuch
nmore easi IWOPH¥ESI conventional thernopl astics. Hence, iBCTHSE8HIEH fabrics
made with macrocyclic oligoesters, the resin does not need to be
distributed as close to the fiber (i.e35.each and every fiber) as is needed
for conventional thernoplastics. That Is, resin can be placed at discrete

| ocat i on®rodyefiofgrstam kb ppically ewiaing abeyt 3%ihy weight enatioeyslid eligoesternba sdlttionr esi n
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ol i goest &ryielifaa obipanstodmt B0isalistaaallReeFadNivAL.t ready-to-use systemwith a
catalyst already included. FIG 7 illustrates one enbodi nent of the :

invent i of1081 pr oc 86 $isagehematic fgw diggraspelag embadimentoifia aysteactoo shapingc

ol i goest oY E ' . [ | i.e oligoester with on [ nore
ot her coﬁrr%gl(r% g%‘%g laislg%gtefagg&g{dp%}uy ?ré P@g?rl&%ﬁ% ﬁgng)t/%gl?CFsﬂiuv nbﬁ%cgg@gi?&eﬁm t he
nmeki ng oftmbodimen thy linkediSolvbra tenivval sybemsl @ ahd 2 desceibédnbans afe @it lipEHes i @l i n
a pre-sel,ected ratio. _Sugcgl %repregs can  sinplify upstream processes

enpl oyi nHCRESFERYOr melyngpellerdony 3 pkien podnctillustrated iFIEh §. Fhe wpitaplutien g. | a
one part [ d o J: t einforcing faheic 600 in

di screet lgg%}an ?3?%%@&%@%? hé%&%%@lggl agrg églg"@%"gsﬁeﬁ ng%%{sbﬁr t(ﬂrglci%césﬁllzat I on
t akes pl tough Sisemnivtotyteid 2 esiltinpHitEput solpion100. Thé Do MeMelis the piddactgt t om of
a rotatingﬁli}r%gﬁr 510 a&gl coo%es out through the holes 507 in the

cyl i nder5%& Pirallt sratams paut 3%5py weight mgcmpyclic phgoesiera Sakition 190 esitgs

enbodi ne i : i I ' | : Vi Pr o¢ Syst ens
o Tot v R BOMAI OG0B prot bR kB sl 0 ARt PSS 5
resin fsibbtagtialiyfiee Gomaoivente@hd aittput padductai30 enay banwltay (et phidlct(1809. , a
steel belt). These discrete reslin . drops_415 can be arranged in a

pre- sel et ﬁp]é?rc?sés ag 81.05‘?“, maproexeliceqligpestes S3Hathighie prasrstedthrapeh system Site

uni f or m @e penéttazkabric area (if uniformty is desired) and is of a desired

value. In one enbodinent, the anount of resin per unit fabric area ranges
from abol@18% by G gHkis 2 eshematicdlovatiegrom®7 ¢ iybairhayihof « gystem. for shagingt her

by vei grfoeeRe SRl Fomos ok e mitrodetoleo st pHzoeE: AFGUHITE B orn,
T er Al o BT e e L b Rbghout ¢ he
f abri c make pelletsfrom a molten product. According to this embodiment, the input solution 10

containing about 3% by weight macrocyclic cligoester is processed thorough system 2 to yield an

output product 130 substantially free from solvent. In one embodiment, the output product 130

is molten. Output product 136 enters system § 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. 16, the shaping process 5 can be replaced by process 6 (FIG. 6).



materi al . There_ls no limtation as to the amount and pattern of the resin

.drops as long as the desired preregs are forned. The rztDecedibdra00%
material to resin may be uniformor varied across the prepreg and can be
mani pul ated by controlling the size of each drop of resin and the space
between them [01081 FIG 8 illustrates a schematic flow di agram of an
enbodi mentW@P3/i258b| vent renpval system where the sol v@GI/USEIMER system 1
illustrated in FIG 2 is linked with the solvent renoval system 2
illustrated in FIG 1. According to thjs enbodinent, which is typically
enpl oyed where the |inear polyester depdl ynerization reaction product

sol ution [((1i12]e t Mihe aﬂimutagessﬁ thietab®n)systemsa phbedsstis @nc{ Sro@uct prepreps indIYddte Wei ght
nacrocyc oI| oester), input solutlon 110 is first processed t hough

syst em 1°R ca easgis intq # mgldothe akilityde e Vishous gackinerad gwmblinghe 196 t hat i s

the 27 Dgeg gdaﬁ\(g the \fpu&?tlﬁ‘g% g%%ég 2 system 1
typically cont al nggggout 39 ﬁéméllgﬁ{lén%}gr %‘?cﬂgﬁl goegt%gﬂ%"fgghesol ution
190 ent ep@lesmm@yasbeltﬁhegt arsﬂlmﬁloﬁ a r@ﬂforcﬂgefabdmp Uik adslition] the protéyséscan
processe ield an out roduct 130 substantially
free fr oﬂ‘? %ﬁ&ﬁ\}gﬁq tﬁ%’%‘&n& B3P CIEPLAIE ,n@;a YN QPSR CePEEFRLon

enbodi mepbidig Resgystem for shapl ng macrocyclic oligoesters froma solution

of macrocycli c ol i goester and solvent. According to this enbodi nent, the
| i nked sEL$dnt r elﬁgmﬁmtbeanlammmmastwmhclohgbeaﬂam\t@preparepﬂemegher | i nked

to the cess 5 for ts from.a | t.en il ustrated in
FIG 5. %tgl ?e‘?mﬁ’ﬂ’{b %ﬁ??ag’hengf%%“f’@’éﬂaﬁfwﬁ‘é" ﬁff”isxﬁ%ﬁ @?Bﬂt 1% by

wei ght n§8eRLctht entdh b@Rasd FrwhioMi ﬁlborbé‘afeﬂ b befddérR6 B&SiRJor xﬁdsr%gadeﬁyst eml to
yield a resultlng out ut solution 190. The solution 190 that is the product

of  systkekere of Juysing he I mﬁ@emﬂﬂ%cr@@d bﬁ}emeﬂthystﬁﬁefrmwzﬂ qmplweﬂ foest er .

Solutio t.solution 10 roce

t hor ougﬂﬂl%;i/g’?ﬁ[&;ﬁ(?%de%%% gmaaﬁe ca@?ff)l BP bga%ﬁegﬁ g?%ﬁ? gfé'l from
sol vent. ma'dm:yohumbeswrodsoﬁmka&-df&ue-ﬁepﬁwsﬁeem p@hﬁﬂhﬂ@ﬁl@dﬁ@)&h&30 enters

pr ocessgﬁ as nolten pacrocyclic oligoester 530, which I's processed through

syst em 5OHE8CSISFs, Seangswy, and organgtitanaty qqmpopmds arefthe prefopred @qﬁfé)ﬁ?e F@W%Wh@i agr am
f f

ol i onPap it e, DB H 3P PR Bk bl SR = 17O @

enbodi nmmmmanheassgmeddhs SeenabNaI09§ﬁ$,9@*mnﬁﬂe$"Maclﬂcgd1ctRulyakter (plngmmanﬂ,

d ib b K I . i t

ot i SoBE! bbb OR bp aaed gl e ©
MaCT 0CY Cl0aklyRiciSgRGAT" Dy walggmgwatm&rl@m@sw&meﬁ o} ey-t%h&:mh out put

product 130 substantl al | ree fromsolvent.” I n one e d| ment, the out put
pr oduct Qrgapo-Metal Catalysts" by Wang, the entire contents of which are incorporated by reference

herein,

[0114] Nustrative examples of classes of tin compounds that may be used in the
invention includes monoalkyltin(TV) hydroxide oxides, monoalkyltin(IV) chloride dihydroxides,
dialkyHin(IV) oxides, bistrialkyltin(TV ) oxides, monoalkyltin(IV) trisalkoxides, dialkyltin{IV)
dialkoxides, trialkyltin(TV) alkoxides, tin compounds having the formula (IE):

I
Ry Rs
T3 H,G C\s:l/
R{ / , /o——slu—o/ o/ \R3
Sn . CH, R

and tin compounds having the formula (IIT):



is nolten. Qutput product 130 enters system5 as nolten macrocyclic

ol i goester 530, which is processed through system5 t @ybedaintpebbes 435.
[0111] Just as the processes in FIG 8-10 can be linked to provide

i ncreased benefits, in other variations of such enbodi ments (not shown),
alternative sol vent renoval systen(s), for exanple, systens 1, 2, 3, and
4, descri BEYOMBBVE with reference to FIGS. 1-4, may be TGHHH%EB one

anot her and/or to processes for shaping nacrocyclic oligoesters froma

sol ution of macrocyclic oligoester and2 sol vent, such as, for exanple,
processes 5, 6, and 7, described abové” with ref erence to FIGS. 5-7. For
exanpl e, fﬂﬁferrrng again to FIG 8, FIG 9, and FIG 10 the solvent
renoval system 2 can be replaced by system3 (FIG 3) or system4 (FIG 4).
Referring still to FIG 9, G 10 the sh |ng process 5 can be

repl aced by process 6 (FIG /5# *WD 03/ 002551

PCT[ EJS02120882 -26- [0112] Th dvan ges of YWhe above systens, processes
and product prepregs include t abi /Rty to rape easily into a nold,
the ability to flex without gfac _g_/éblcr {19 the resin drops, and
the ability to use conventi onal pastr | lation equr *prent. Al so, instead of

pl aci ng the l.I et,s on a c t he re placed on a rernforcrng
fabric. Wlferﬁlﬂgfﬁ% ‘41?%%%&5’5”@%413‘;5@0 B d |sot hermal ly (i.e. at
constant 619 er at \§8difi@Behniplesdf YRTAHAL ttﬁﬂnpga A C ngFv enfB di ng

y

press. 1Cata ysts may be fornul at ol'1goesters to
prepare p:rcbm é!gEtYItmdaIXadejé,tl:ﬁ,ﬁmgra-béutha} 6-dtstanaa bﬁé’rﬂrm-tmaoaauydbdeoénepmr ocyclic

ol i goest e Pat ent 157, entjr ntents of. which
is incor g{l) ?@g) %%érf%s e’rl:%r“él?"g’mﬂg&) rfﬁ‘?‘ﬁﬂﬂeélmﬂ@srdgeé’%ﬁm&m%g t he
for mul at hfbﬁty%@&%ﬂﬁﬁcﬁn&?éﬁﬁ-bﬁgﬂn@?ﬂﬁlnfbut&?deai 9365t B@lz-swa.pe enpl oyed in
the invention include those that are capabl e of catalyzing a

transest éwrﬂrcr%@:rep@ne,ami Wbﬂtmﬂilweoﬁ&ae gt d. Getpnt e 56I48,@8fe® Pearce sl wi t h

tat e- of 31 r [ er
zr ganot i n gﬁtct)]rl%a t%lg%g m Bré'g’ﬁﬁlg%{é %O‘%ﬁéﬁﬁ% IH%EE&VQ >
al t houghhaemeymf@aﬂoawﬁsammy) mwmmﬁewﬂneﬂzﬁeﬁ%bﬁm on of

pol ymerization catal ysts can be found in__commonly assigned U S. Seri al
No. . 09/ 7HA1G43 ent rt@m%cowdrd%mazbwp%sthemvmog@m titapiel cormpayeds s es

fe g[iff{eéaegﬁégt.gﬁyuc@g dltrs\éﬁr@g}:@rgﬁt &ﬁ%tr%tn% §m§r%s fudc{!%g@’r 2o 162

enti tl edtifiwitepifeg.; ConQethydirgyl) &agﬂﬂ@eﬂbﬁbﬁbpﬁﬁta&hmm tethyutyiighate),he entire
contents, of i are i ncoragg(ga,t ed by . fl,ef erence herein. [01141

i.C )
I'l1 ust raF?W@’%?tﬁﬂ?} -diangie tety e-opther fustaviysrramales psludp i) tidrtg sed in t he
compounds having the formula (IV):
W

Ry
(}f 0 —'—Rﬁ)'n——Rs

RaO)

wherein each Ry is independently an alkyl group, or the two R, groups taken together form a
divalent aliphatic hydrocarbon group; Rs is a Cy.1p 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):



i nvention i ncl udes nDnoaIkyItlnCNO hydrOX|de “oxi des, nDnoaIkyItln(I\O

chl ori de di hydroxi des, dialkyltin(fV) oxides, b|strlalzrmé¢gm5é{poogldes,

- nonoal kylti nM tri sal koxi des, dial kyltinQV) dialkoxides, trialkyltin([V)

al koxi des, tin conmpounds having the formula (11): (11) R2/__ R3 Sn /0-S
0 0O R3 CH F R3 and tin conpounds having the formula (111): 27 Decenber
2005 WO 03VOO¥IB1PCT| US02/ 20882 - 27 W) R3 O'\ R3 IETUSEH0B82,- -/ 0' \ 3
wherein R2 is a Cl.4 primary alkyl group, and R3 is O _lo alkyl group.
[0115] Specific exanples of organotin %onpounds that may be used in this
invention include dibutyltin dioxide,

1,1,6,6-tetra-n{Hutyl -1, 6-di stanna-2, 5, 7, 10-t et raoxacycl odecane, n-
butyltin(1V) chloride dihydroxide di - n- butyktin(lV) oxide, dibutyltin

di oxi de, di-n-octyltin oxide, n butyltlg,PrT-n but oxi de, di-n-butyltin(lV)
di - n- but oxi de, 2,2-di-n-buty| [ ~3- Ai oxacycl ohept ane, and

tributyltin ethoxide. See, ) No. 5,348,985 to Pearce et al.
In addition, tin catalysts des ryt)/éd

(incorporated herein by refer '
pol ymeri zation reaction. [0116] T| temat e compounds that nmay be used in the
i nvention include titanate corrpoundsWd in comonly owned U S. S. N

09/ 754,943. Illustrative exanples inclu tetraal kyl titanates (e.qg.,
tetra(2- ahbyinRedyR,)is indepsnaéntly 2 (51 ﬁ]ﬁj{l@ﬁé@&@llé@foﬁﬂakﬁs a@)falk Sl graipriry|
titanate), _isopropyl titanate, titanate tetraal koxid &Iher Il l'ustrative

exanpl es W@ﬂf@é@ qraybtifuied phewyl Q@WEWYFMWMQZ@OIM@#%W@DQIW mifler ei n
each R4 ]fsl édaqﬁ%e_nge&hly an al kyl group, or the two R4 groups taken
toget her forma

(c) titanate ester compounds having at least one moiety of the formula (VI):

(VD

wherein each Ry is independently a C,.¢ alkylene é;roup; and q is Oorl.

[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 biades, 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



di val ent aliphatic hydrocarbon group; R5 is a C2_10 divalent or trival ent
al i phatic hydrocarbon group; R6 is a nethylene or ethydepecapibetpomnd n i s
0O or 1, (b) titanate ester conmpounds having at | east one noiety of the
formula (V): 27 Decenber 2005 WO 03/002551 PCTI LFS02/20882 -28 (V) 'L- 1V
1-11 \- X v wherein each R7 is independently a C23 al kyl ene group; Zis O
orN, R$ i V@W¥02%14al kyl group or unsubstituted or subRGIH{UHEWSHEhenyl
group; provided when Zis O, merr-0, and when Zis N, mO or! and mtn= 1,
and (c) titanate ester conpounds having at |east one noiety of the fornula
(M): (M) 0-~9"-"0 ~/ \ Ti 10 R9-"O wherein each RO is independently a
C2- 6 al kyhwpederificatiny catatysts.q Ses UK. Gaterdt Nd. 6,64 ] 36T eorpaiated hiteindiysefameaceriiet hods
of the i%%e%i o)n may be used to manufacture articles of various size and
shape fr #ous macr ocyclic oligoesters. Exenplary articles that maybe

manuf act wheslpiey Febrdddn QP MaRFoch IR\ (MABudleh b R¥dphtralid) Yot erPdiRREOt | Ve body
panel s and chassi s conponents, bunper’beans, ai rcraftg w ng skins, windmll
bl ades, 10130ld st oMdayeocydisit4-butyleas tesaphihalnigkeligoestas powder vees Redtab a ragpdf  shaft s,

w ndsur f ;0 stS, tays, rods, . t.ub oars.stock bicycle forks, -and
o e SR h A B B cxsR8k g AaRF R ORI SHS & s i EsRed HaBsof oy o
further wbduti$kg/Bd tbrodfita Gila haddrivhtt GleHetizBCnvallibibeiont afd TnBisteks (Hage RavieNt i on.

These specific exanples are intended to be illustrative of the invention.

Exanpl e XApohla die fipsze efiwasabyavede 1ok mgisaiahqut deaglyeca thendie fases Bha nsllptagredx anpl es

o e FREREGHE) Pl BB AL g S BARY RRG s g il - The
Example 2 Macrocyclic (1,4-butylene terephthalate) Oligomer Pastilles
fo121] Macrocyclic (1,4-butylene terephthalate) oligomer powder containing less than
1,000 ppm solvent was melted in a tank at about 170°C and fed at a rate of 60 kg/hr io a Sandvik
Rotoformer to form pastilles. No partial-crystallization was used. The pastilles were amorphous
and agglomerated together. The macrocyclic (1,4-butylene terephthalate) oligomer was pastilled
smoothly into pastilles.
Example 3 Formulated Macrocyclic (1,4-butylene terephthalate) Oligomer Pastilles
[0122] . Macrocyclic (1,4-butylene terephthalate) oligoester powder was melted and melt
blended at a temperature between about 120°C and about 140°C with additives including a
polymerization catalyst (0.33% by weight FASTCAT 4101 (Atofina, 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
1016) 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



a mxture of polyester |linears, organic solvents, such as o-xylene and
o-di ehl orobenzene, which are substantially free from oyoetenitsed 2008 er, and
tin or titanium conpounds as 27 Decenber 2005 WO 03/002551 PCT/ US02120882
-29- transesterification catalysts. See U. S. Patent No. 5, 668, 186
(incorporated herein by reference in its entirety). Exanple 1 Preparation
of MacrocY¥?93¢0353L 4 put yl ene terepht hal ate) O i goner PAGTERSE23088220]
Macrocyclic (1,4-butylene terephthal ate) oligoester powder was fed at a
rate of about 9 kg/hr through an extryder at about 120C to nelt into a
paste and processed at a rate of about” 9 kg/hr through a Gal a underwater

pel | et i zdsrephthalateh blignestepmsiiits a This greptep imbcaf bagired Roajstalli2dAhe mddmcghilie freeze
of f was rved. Th terial cut cleanly on.the die fac The pellets
ver ot CEebfes g iR et i il epE B AR SR DERE R ese of
wat er. Eé@l?ﬂle&ea aMPRIPEMEEd F dodut 49D 1% 'b&ﬁ?noﬁé%ﬁﬁ?%bi%ht’ plyRbt8n (alfdul IR
Pastilles [01211 Macrocyclic (1, 4-butyl ene terephthal at’'e) ol I goner powder
cont ai ni Agltbmss than 1, 000 ppzn solvent was nelted in a tank at about 170C
and fed a rate . of 60 kg/hr to a Sandvik Rotofornmer to form pastilles.
No parti%@P’%g@fvﬁtz&eﬁ%’ﬁi%g}r@gﬂﬁ The pastilles were anorphous and
aggl oner goied] t 09eFﬁbﬁﬂuﬁoﬁhﬁnﬁ%bﬁﬁi}f@,4-8@1@&&&91@&&&%@&1@?&5%Hi&la| ate)

a

ol i goner was pastilled snoothly into pastilles. npl e 3 Formul at ed

Macr ocy ¢ Hielog WBW fedhto @eﬁl@mergmoaaﬁé? s“c(rilmeg&mmﬁa@tmqlusb'@s,[lmzzll © ang
o 1 O b Gt S oo S P ik B0 S B A et B iR £ "

addi ti vesbiuntd0ad aitUatdut PXUCE AR hiZzairésoile Saping Yeivednbb3Rot0hyer wal Hbikt FASTCAT
4101 (Atofina, Philadelphia, PA)) and thermal stabilizers (0.4 % by weight
] RGANOX #igpsphetls prassursde coneiitathie 1% selstionsf pusraeychn (1.4-Paipleys towphthaedy)) . The
for mul at f te of about 45 kg/hr to the Sandvik
Rot oformgafrilg 3%%3‘?#%%3@3?(5@5‘{&5@%% ng'rrpl e 2. Exanple 4 Formul at ed

Macr ocy c Eixempgld 6 Sobveiiniteemeal wa EphloRmiontasd Selpplygner Pastilles on (3 ass Mt
[0123] N%c&glcycl ic (1,4-butylene terephthal ate) oligoester gowder was mnel t

bl ended cat amjaputcplutianollys hpwejsht m@m&v(hi@wl@aﬁ frepathylatgh g
tabilizgg <40 iﬁ: bl S EEA [\% ] - . . t
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t er epht habiag Bl olporeest aad adallihgfilnedripresavailibdanfrd GQtimpindstrivs fiic. foThe wei ght
of '
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produce an output solution with solvent levels of less than 100 ppm at a rate of about 181 kg/hr.
[0126] In one embodiment, the input solution, having a temperature of about 65°C, is fed
at a rate of about 6,045 kg/hr into a first rising film evaporator having an evaporation surface area
of about 317 %, The first rising film evaporator is held at temperature of 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.



macrocyclic (1,4-butyl ene terephthalate) oligoester deposited onto an area

of glass mat was controlled to between about 400 g/ n2 Pppaksimtter0059/ NL.
~The pastilles had a hem spherical shape and were about 7 mmin dianeter,
the pastilles were spaced about 15 mm apart from one another. The gl ass
mat prepreg was flexible, with good adhesion of the macrocyclic

(1, 4- but y VRSB Decenber 2005 WO 03/ 002551 PCT[ US0212 REFAISH9382

terepht hal ate) oligoester pastilles. This prepreg nat can be cured to
crystallize the macrocyclic (1,4-buty,ene terephthalate) oligoester to
reduce noi sture adsorption and tack. The prepreg was polynerized at a

t enper at IM@8bf abdibe sqlod® «xiss thegérondflash dbvre anditghdls oal hiedtismg flabout 80, 000

Dal t ) I Lent I ' Stri i 124 I ' f
macr ocyc FTROTR o TR Y KEE GEF Bypronat s e vrePBlLather srbuet bl B8iEn 2 ene
was fed fshefiibt Muipeffie SMBBRI19YVA afldsHHRRE breb N Pietdaft@ink Rkt ckigSthe | NC.

(Waltham MA.) A'two-stage flash evaporator was operated at a tenperature
rangi ng Béwwising filmbeaporatl@at: engeminodf aB30 DX Odnd entersprisisbiask deviceg The

bet ween gb 10 torr d about at pheric pressure, to concentrate a 10%
sol uti on%ﬁ?ﬁ%&%&?ﬁa]Iegpa(tf,t%nﬂfﬁﬁt‘wgﬁé’ok‘téﬁgﬁgﬁﬁpﬁ’@mHS?SFﬁ%n%I&’”ido | ess than
100 ppm gsfdi R%SA8ori : -%rﬁ}f ' and
Strippin 1?8%?5‘%5%%% npu?ﬂrggf:t Wgﬁmgﬁ‘I%%E@]&el g t&%glék gﬁ%@%&ﬁw

(1, 4- but {pedhind fash deyiikehal at e) ol i goester in o-dichl orobenzene sol ution was

fed at a e of out 6,045 kg/lhr. into a series of _rising film

evapor at [)d’r@&]and a SFQIF‘HB‘GI‘IW@M%%E‘%%%‘{%‘P@W F‘S?H“it”tsz?’gﬂpl ndustri es,
Inc. 10 eRpOEWE CTIR Tt fide HIEH dthpditoal By SabMEHIN duB&] Feaff abRES A AR 100
ppm at a rate of about 181g kg/ hr. [0126] In one enbodi ment, the I nput

sol ut i onis haldak isgperatrengfebatt 20¢°Coft atatpophieri6 pi€ysuies Thentafta thasalatios exits thbout

6, 045 kglhr,i.nto first rising filmevapo r havi ng_.an, evaporation.

sur f ace é}'}l@gﬂsqﬁ ﬁ&‘bﬁ‘@?"rgtf’?aff"}t .PWCP??‘W#‘I%@&@E ?qt?rﬁﬁ&%glﬁg}%?“c?-s hel d at
{ enper at gher @i ARRidA i bt  RPEARRGY 0P | 0P BmolllRiE Bl A N
solution exits the first rising fihn evaporator and enter§ a filrst flash
devi ce. bosh tondstsef dapmiresdieavaperided stledntithat is teenqved ai the foucth rigthgfilm 180C at

hat 1. PErRRBEEba urth EpudbyioS; gt Py o fouE R eas SREI Ao IRe I 8 1| ash
devi ce. {dhhanbt thEREnoRREdrsl zﬁf&'bﬁiﬁ%&@%%ﬁdeﬁs%& s&’vflﬁ B Qéﬁg&ﬁn@é}ﬁ aBJ@ pgog, At a

tenperature of about 180C to a second rising filmevaporator. e second
rising fi0lt3levapola¢ sututivmsxinthe Yaypth flagh demice and travels to a fifth rising film

evaporator. The fifth rising film evaporator has an evaporation surface area of about 10 ff* and is

W

held at temperature of about 226°C at a pressure of about I torr. Thereafter, the solution exits
the fifth rising film evaporator at a temperature of about 226°C and enters the top of a falling
film stripper. The falling film stripper is held at a temperature of about 226°C at a pressure of
about 1 torr. A vacunm 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 o 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 sinle 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



surface area of about 81 ft and is he'lﬁid at a terrper'ature of Mébétj'tﬁmlﬂééé”ét' R

at nospheric pressure. The solution exiting the second 27 Bédeghter LOD5
evaporator has a tenperature of about 193C and enters a second fl ash
device. The second flash device is held at a tenperature of about 180C at
at nospheric pressure. A second condenser captures the vaporized sol vent
that is r3bWBORSFNh the second rising filmevaporator X&dUSHEIRcond fl ash
devi ce. 27 Decenber 2005 WD 03/002551 PCT[ US02/ 20582 -31- [0128] The
solution exits the second flash devicesand travels to a third rising film
evaporator. The third rising filmevaporator has an evaporation surface
area of Husbudeviedmiy be employei & thepldcedf theessmend sthind, endfoueth flash dEOREG at
at nosphegi c.pr.essure. .Thereafter, the solution exits the.  third ri,sing film
evapor at or "4 E’dgg?vé3 Wﬁ#aéﬁg?“%?ﬁ O eﬁﬂ?ﬁ“‘é’ﬁ?‘&‘f‘?@f#?@“@“égﬂ%vi ce.
The thihg sédoﬁ&,hhﬂi?!(ﬂ&i@m‘tﬁriﬁ% GuPdvaporhtBRD SidH 4 :8h QdviRR halSffeeat

r

at nospheric pressure. A thi condenser captures the vaporized sol vent
that is ¢eadBisthatiare adjpsent b ong apothern Ihe flasmdeviepanyaalssrbegnustructed sa thatrthe f | ash

devi ce. L | ut l.on .exi the.third f]ash.device and travels to a
Fourth omato HEORBU LA, Behhd chtlg sl bbb Riethd 1o BRSPSt B '
evapor at sobutiohukitiag eheatdad déinghlvévagorbior, afdithe céndaR et td sohpish exighghhe of about
204C at ﬁ\);lﬁﬁs,p,heri c pressure. Thereafter, the solution exits the fourth

rising f i §ima evsporgior i Plasshisside the sonsluit fordha sotiomwexitag tha thirdgisingf our t h
flash deyj.e devi i t.ur .. about
180C at at rrgvsa B%%{aliecﬁgirﬂé% Is&l)#dgﬁég(e#’oaucﬁﬁ% con e(r%s‘5 gér) ﬂ?%%%lrﬁagéb%te#lgﬁo\yg({plgri zed
sol vent thhaptacé of theseoaedthird, anfh doufrthuenhdenser désadbetiiabave. evapor at or and t he

fourth f devi ce. ch of the four condensers enploy cooling water to
condens eﬂoﬁﬁ vapo %?%‘E%Wh@gé’ﬁ@nﬁp%ﬁﬁ%@%@ﬁ‘% fisglosed gFf\‘f‘@ﬁ‘?DVf’ 8%
ten‘pel’atM&&F%te@EQigferéﬂ%@%r?in[hpﬁéﬂknﬂ;g? solution exits the fourth flash

device and travels to a th rising film evaporator. The fifth rising
filmevafdddt or h¥srigivngaplificationsnarsloifeainelemamtiofs aflwhat is 86scfibeddiretin s hel d
at tenperature of abqut.226C. at ressure of ahout 1 tqrn _ Thereafter, the
sol ution cf‘gt?#gsq“%fqﬁnw ' &@FE%W&@%}S@?W the spiriand e seapedt about
226C andheitveitontabelain, Of a falling filmstripper. The falling film
stripper_is held at a tenperature of about 226C at a pressure of about 1
torr. A Vhsselimeshisicaptures the vaporized solvent that is-renmoved in the
falling film stripper and the fifth rising filmevaporator. The vacuum
punp is held at about 0.5 tors. The vaporized solvent travels fromthe
vacuum punp to a fifth condenser. The fifth condenser is sized at 75 ft

and enpl oys cooling water to condense the vaporized sol vent and bring the
condensed solvent to a tenperature of about 176C.




- [0131] Nitrogen froma nitrogen sparger is introduced to the solution

traveling through the falling filmstripper at a rate mf pakener20b%f hr.
After sparging, the macrocydic ol igoester product has a’'tenperature of

"about 226C and contains | ess than 100 ppm sol vent. The macrocyclic

oligoester exits the process at a rate of about 181 kg/hr. [0132] .
Al.ternatively, a single flash device or a single condenser is enployed in
pl ace of two or nore of the flash devices and two or nore of the
condensers that are described. A single 27 Decenber 2005 WO 03/002551
PCTItJS02120882 -32- flash device may be enployed in the place of the
second, third, and fourth flash d8¥%ices described above. A single flash
devi ce may house three disti nctg&?&i ts for the solutions exiting the
second, third, and fourth rising TiImevaporators. Such a flash device may
have t hr eel. conripmaess forfislating amarticalicofigoettes, themocgsssemptisingthe f| ash devi ce may
al so be -cogéésrog,ct ed so that the conduit for the solution exiting the third
rising filmevaporator is placed inside the conduit for the solution

exi ting t héa)sepovilingaselnipnicohprising a porracybe olizoaster anfa selembtithes for the sol uti on
exiting th fout t LS] ls I nside the conduit for
the soluti g‘ﬁ“g%gl%ﬁoné&?t%le&?‘ﬁ}t&r'%s?sﬁ?tﬁ%i%%%F%A'éo\fgdﬁgﬁgsgf. A single condenser
(e.g., a condenser with a 500,f.2 agea) may be enployed in the place of

t he second, third, and fourt hiconde ser described above. [01331 Each of the
pat ent and pat ent—applipcatg-oncdoguments di scl osed herepzhabove are

i ncorporated by reference herein.in their entirety. [01341 Variations,

nodi ficatiops,, gnd o roi epent ati ons o at d cribed herein wll
bocur Lo 1 HESEn B lkiele § SRIGSEROE N Saedtr iBlalPe BB P00 (P00 [he

spi rit andaddh¥eisadiplentafomatibier dliopetiagrogn as cl ai ned. What is clained is: 27
Decenber 2005 -33-. Q.&1, A process r isolatin crocylic oligoester,

t he procesg’g)comgﬁ‘@m}%&g?ne% tg%&megimﬁ‘r%eﬁagfcﬁlae 'S0 %/Jti on conprising a
macr ocyl i cordothgmeist er and a sol vent, the nmacrocyclic oli-goester conprising

a structur (%l) ' e‘z):gl?etctixlljgntké mggrogy A gﬁéo%stgrlszﬂ')sta%ﬁa“}' free from the solvent

2 A process as claimed in claim 1, wherein step (b) comprises removing the solvent af i

| temperature above 120°C.

3. A process as claimed in claim 2, wherein step (b) is conducted within a

temperature range of about 180°C to about 200°C. )

4, A process as claimed in any one of the preceding claims, wherein step (b)

is conducted within a pressure range of about 0.001 torr [0.13 Pa] to about 10

torr [1300 Pal.

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

is conducted within a pressure range of about 1 torr {130 Pa] to about 100 torr

[13,005 Pal.

6. A process as claimed in any one of the preceding claims, wherein each of : |
mstep (b)‘r and.s-tlep (c) mdependently is contmnoué o R I

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

is conducted with at least one solvent rcmovai apparatus selected from the group

consisting of a tising film evaporator, a falling film stripper, a thin film

evaporator, a wiped film evaporator, a molecular still, a centrifuge, 2 ﬁlter,-and



Q0 0---R---OC---A mwherein Ris an al kyl ene, a-cycloal kyl ene, or a nono-
or pol yoxyal kyl ene group and A is a divalent aromatic ZrDéddnthes 2005 gr oup;
- (b) renmpving the solvent at an el evated tenperature, or at a reduced :
pressur-e, or both; and (c) collecting the nmacrocylic oligoester
substantially free fromthe solvent. 2. A process as clained in claim1,
wherein step (b) conprises renoving the solvent at- tenperature above 120C
3. Aprocess as clainmed in claim2, wherein step (b) is conducted wittun a
t enmperature range of about 180C to_.,gbout 200C. 4. A process.as clained in
any one of the preceding clains, Tein step (b) is conducted within a
pressure rargborepathb@pérafdr.001 torn [0.13 Pal to about 10 torr [1300 Pa].

5. A process, as ¢lainmed in _any,ong of the precedi cl ai 8, wherein step
(b) is con?ﬂcte RIPEH # g‘“ﬁ’%é‘% %aﬁgi‘“ f2 Hﬁ%ag'ief"@f’ﬁa“’('mo Pal to about
100 torr [ kompées Dabular hebt exbhaRgefCeSS as claimed in any one of the
precedi ng cl ai ns, wherein each of,  step (b) and step (c) independently is

" conti nuous. 7. Kxﬁf‘m‘i‘éé‘é %gneél“&ic{%‘?ﬂi% 8athersinsady sofvert Breraldi ng cl ai s,
wherei n st eRpgabus rbifioR OB 8BbuBEM aif abb@ 3Dk B BR sSlvdnkent renoval appar at us
selected fromthe group consisting O‘E arising filmevaporator, a falling
filmstrippdP, o Prces P piaimed ingisoas of the gregading lafpss phesgingBe at or, a

mol ecul ar - Studabdocychc SIRBdstel foteRisesd nlaklobRlic ccPdlgoedtér, Decenber 2005 -34 a short
path evaporator. 8. A process as claimed in claim?7, wherein a rising film

evapor at or 1onyfh Pess as ¢leimed Byanyoae olthe Rrerrding clagns, mhereigthss as clained in
claim?7 or GucidbRllifbeRBGHbBRMS e FRIBY RlventRALALY fhah GBIV ES bet ween about

80% and about 90% of the solvent. 10. A process as clalinmed in any one of
t he precedi A8 epmofithe solyeets ei n the macrocyclic ol i goester conprises a

macrocycli c1£0- ¢ hQORSLelaimed in any one of the preceding claims, wherein the

macrocyclic oligoester substantially free from the solvent contains fess than about

10 ppm of the solvent.

"13. A process as claimed in any one of the preceding claims, wherein the
solution of a macrocyclic oligester and a solvent comprises between about 1%
and about 50% by weight of macrocyclic oligoester.

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

‘macrocyclic oligoester cc;mprises a structural repeat unit selected from the group
consisting of ethylene terephthalate, propylene terephthalate, 1,3-propylene
terephthalate, 1,4-butylene terephthalate, 1,4-cyclohexylenedimethylene
terephthalate, and 1,2-ethylene 2,6':;aphthalenedicarboxylat¢.

15. A process as claimed in any one of the preceding claims, wherein step (b)
comprises removing the solvent at an elevated temperature and a reduced

pressure using a first rising film evaporator; a second rising film evaporator; and

a falling film stripper.

16. A process as claimed in any one of claims 1 to 14, wherein step (b)

comprises removing the solvent at an elevated temperature and a reduced
;;ressure using a first rising film evaporator; a fivst 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.



11. A process as clained in any one of the preceding clains, wherein the
macrocyclic oligoester substantially free fromthe sol venpesepiberizngs | ess
‘than about 200 ppm of the solvent. 12. A process as clained in any one of
the preceding clains, wherein the macrocyclic oligoester substantially
free fromthe solvent contains | ess than about .10 ppm of the solvent. 13.
‘A process as clained in any one of the preceding clains, wherein the
~solution of a macrocyclic oligester and a sol vent conprises between about
1% and about 50% by wei ght of macggcyclic oligoester. 14. A process as
clainmed in any one of the preceding clains, wherein the macrocyclic
of goest er chpr iAsBcess 8y elaimed impoyrasp of elaighsi & toskd ebereid stepdh) t he gr oup
consi sting Y | at e,
13 pr opyl ey ornt PRk Ao BuEhiut ShER RLE
1, 4cycl ohexpeswregsinga firyt sherepath erppierhadecind shatphttl evapaeathey hush e
2, 6-naphth hﬁaf | ate. 15. A process as clained in any one of the
preceding'2+§p§g, t§ el'n step (b) conprises renoving the solvent at an
el evat ed t elper 4t proeesapdclamedtiuag doe pf daieslaoudi whereinfsiepgb) ri sing fil m
evapor at or ; . . S| il m evapo r. and a.falli filmstripper.
16. A process p%?e%%?%?ﬁ%%@%o%ﬁv aér‘i“é%%fv{t%*gﬁm ,“‘E‘“‘f S“dlﬁ,-w{ﬁﬁ‘gei n step (b)
conpri ses rmesave ngng Hiirstsborypath eaporator; e fisy Bdsh devienfrercandenger;and a reduced
pressure usjn irstorising filmevaporator, a first flash device; a
first conde"l’n'gseg?njszl sfhgrt?%'(]:lc?ﬁadm g %ﬁc‘fﬂ?lfﬁg% X5 LEERd creB¥ERd 1 ash device: a
second condigmnilasceivar; ahd fifallidg filacshippat ; a sparger, and a falling film
stri pper. Degenber 2005 .-35- 17 A process as.cl ained in any one of
clains 1 t(2)1-§14,gvﬁ5%°re§s’|fﬁ’ @W?thd%ﬁﬁﬁé’#‘?éwg’ﬁﬁl}m eftffetheo] vent at an
el evat ed t graessabupsisiste @epsefijuced pressure using a first short path
evaporator;,.a secqnd shqrt th evaporator; and .  a falling filmstripper.
18. A proce¥s &ogfing ﬂé‘g’sﬁa‘?fagﬁﬁph’(ﬁ?f‘ fuogpnypagrocyelicoligagstesnther oi n st ep (b)
conpri ses rneimejdlig olidoesta@bmpitingalsraiuralrepiad it of fRRRE ML Uure and a reduced
pressure using a first short path evaporator ,.a first flash device; first

condenser; a second short pa@h evanrator; a second flash device; a second

condenser; a
: ——0—-R—O——C—A——

ol M
wherein R is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group
and A is a divalent aromatic or alicyclic group;

(b}  shearing the substantially solvent-free molten macrocyclic oligoester to
form a partiatly-crystallized macrocyclic oligoester; and
(c)  shaping the partially-crystallized macrocyclic oligoester.

20. A process as claimed in claim 19, wherein each of step (b} and step (c) in
dependently is continuous.

21. A process as claimed in claim 19 or 20, wherein step {b) comprises
shearing the substantially solvent free macrocyclic oligoester at a temperature

below the melting point of the macrocyclic oligoester.

22. Apt_-ocess as claimed in claim 21, wherein step (b) is conducted in a-shear

mixer at a shear mixer temperature between about 100°C and about 165°C.

23. A process as claimed in claim 22, wherein step (b) is conducted in a shear

mixer at a temperature between about 145°C and about 155°C.



“liquid receiver, and a falling filmstripper. 19 A process for shaping a
partially-crystallized macrocyclic ol'igester, the procEsBesmMBEri2e05g t he
steps of. (a) providing a substantially solvent-free nolten macrocyclic
oligoester, the nacrocyclic oligoester conprising a structural repeat unit
of ‘formula (1); 0 (c) ORQ-Awherein Ris an alkylene, a cycl oal kyl ene,
or a nono- or pol yoxyal kyl ene group and Ais a divalent aromatic or
alicyclic group; (b) shearing the substantially solvent free nolten
macrocyclic oligoester to forma f rtially-crystallized macrocyclic

ol i goester; and (c) shaping the pa&ftially-crystallized macrocyclic

ol i goester. 280. ApBEcRGE SfimdSinGhPdrdRclins 0 B128) Wikrein¥heiRiheeach of step (b)
and step (c) .in dependently is contjnuous. 21. A process~as clainmed in

claim 19. ofubgentiallysolvent freemilisn pusrogysipnlipecsier coaygiises prgidingdhes yupst ant i al |y

sol vent fr eghimRcta0F ohehtGred hoRQEScEIey it ool 8dFRES RhnpkSturdiRlogw t he nel ting
poi nt of the macrocyclic oligoester. 22. A process as clained in claim 21,

wher ei n st efhe@siting goiptnl dheonastocyclic alisesstesr i xer at a shear ni xer _ .
~ tenperat ur ezpet w&ec@ml&aﬁﬂe@@&daamz@%%mls@ﬁ%;hk%&duégcpfn%ess as claimed in

claim 22, wherein step (b) is conducted in a shear mxer at a tenperature
bet ween abotrtruderzca temperatyen hetwpgsabouttPOlSeand sheut 16665 - 36 24. A process as

claimed in g0y QNGoals &R irl Qail252 SherdlSlep () iS PGALLADIIRE Substantial ly

sol vent free nolten macrocyclic ol igoester conprises extruding the
subst ant i al ¢xjrudesiatetempérames bapletreabontaldb Candlabant 53°Goest er at a tenperature

o aimed 1n Hra i Sai el o ey B ki 0 @ 20 PIERE bn 09, Ddor ¢ o
t enper at ur ecopwtivee empmb thetpadidlhc rpstallizechdpannecydig Hlipoe @ inth aphayeess as cl ai nmed in
betwoen abouer o o yfindl s SRR L L phebnBdnd SHIEVCFT, T 17, LOAN Gne o
clainms 19 t28. 26 A pevesses caisibdip afrone of daiprsil es235 baqprisigg theatep
partially- CJf¥§lfe91|iAgi g&omg&gt%g%j c oligoester into a shape
29. A process as claimed in any one of claims 19 to 28, comprising adding at
least one additive to the substanﬁélly solvent-free molten macrocyclic oligoester. -
30. A process as claimed in claim 29, 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,
r31. A process as claimed in claim 29, wherein the at least one additive is
selected from the group consisting oi’ fumed silicate, titanium dioxide, calcium
carbonate, chopped fibers, fly ash, glass microspheres, micro-balloons, crushed
stone, nanoclay, linear polymers, and monomers,
32, A process as claimed in any one of claims 19 to 31, comprising adding a
catalyst to the substantially solvent-free molten macrocyclic oligoester.
3lc A process for making a prepreg of a macrocyclic oligoester and a
polymerization catalyst, the process comprising the steps of:
(@) providing a mixture of a molten macrocyclic oligoester and a
polymerization catalyst, wherein the mixture is substantially free from solvent,

the macrocyclic oligoester comprises a structural repeat unit of formula (f):



“selected fromthe group consisting of a pellet, a pastille, and a flake.

28. A process as claimed in any one of claims 19 to 27, 2T DRI 2005 he step
of collecting the product of step (c). 29. A process as clained in any one
of clairms 19 to 28, conprising adding at |east one additive to the
substantially solvent-free nolten macrocyclic oligoester. 30. A process as
claimed in claim?29, wherein the at |east one additive is selected from
the group consisting of a colorant, a pignent, a nmagnetic naterial, an
anti-oxidant, a UV stabilizer, a p%@st|C|zer a fire-retardant, |ubricant,
and a nold releaser. 31. A process as clained in claim?29, mhereln t he at

| east one additive is selected fromthe group consisting of faned
silicate, titaniumdioxide, cglcium,carbonate, chopped fibers, fly ash,

gl ass microspheres, mcro-bal fjoo crushed stone, nanocl ay, |inear

pol ynmers, and nDnQﬂﬁjﬁﬁkﬁzoﬂAlpL, s claimed in any,one of clains 19 to
31, conprising adding a catalyst to the substantially “Solvent free nolten
macrocyclic oligoester. 33x A process for making a prepreg of a macrocyclic

ol i goest er awitbrein R Bah yiftHéreZ atyclostkddaleAdr i Sionoddd polfsxpslBgdne gRKIPr | Si Ng the steps

of . (a) providi,n xture of npl ten crocyclic oligoester and a
polynerizaIi%ﬁAEg?gwgéFa“mﬁ@Fﬁl %ﬁre is substantially free from

sol vent,  thg) naadpeﬁmlmer@kmgmsmeeﬁmmrw&&ﬁmc%ﬁwwcmrmk repeat unit of
formula (1) 27 .Decenber 2005 -37 0 0. D---R-- 4--C-~A--- C Mwherein Ris

an aIkerne‘mQ“EQEPﬁﬁP %W%P“@W icmiesiah- or pol yoxyal | cyl ene group and A

is a dival erg4, ar Argbdess Bf clahbCiCHiiG T, Whbreindhd nidibn GQRRSAENY the m xture
of the nolten nacroc%fllc ol i goest er and the polynerlzatlon catal yst onto
a fabric matoUpqester contain %’é’g’g“‘ £90 ppma p Se‘}tﬂ claim 33, wherein the nolten

macrocycl i c 350l lﬂ@ﬁﬁés?iscﬁﬁﬁl&*d@dHﬁm'ﬁ%?ﬁﬁ&ﬂprﬁﬁ@ﬁ&rﬂﬂ@%@%ﬂﬁ solvent.. 35. A

process as claimed in claim33 or 34, conprising partially crystaII|Z|ng
the m xt ur e thymixiee %%WCW%%M‘@W%E%WE&%% prsalysH| yneri zat i on
cat al yst to form a partially-crystallized mixture of 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.
36. A process as claimed in claim 35, comprising shear-mixing the mixture of
the molten macrocyclic oligoester and the polymerization catalyst.

37. A process as claimed in claim 36, wherein shear-mixing is conducted
within a temperature range of about 145°C and about 155°C.

38. A process as claimed in any one of claims 35 to 37, whetein step (a)
comprises extruding the mixture of macrocyclic oligoester and polymerization
catalyst.

39. A process as claimed in claim 38, wherein extruding is conducted within
a temperature range of about 145°C and about 155°C. ' .

40. A process as claimed in any one of claims 35 to 39, comprising the- s-te-:p
of shaping the fabric material.

41, A process as claimed in any one of cla:ms 35 to 40, comprising the step
of depositing the partially-crystallized mixture of the macrocyclic oligoester and
the polymerization catalyst onto the fabric matetial in a pre-selected array.

42. A process as claimed in any one of claims 35 to 41, wherein the molten



"to forma partially-crystallized mxture of the macrocyclic oligoester and
the polynerization catalyst, and depositing the parti apt pesamtsdraobs zed _
" mxture of the nmacrocyclic oligoester and the polynerization catalyst onto
~a fabrtc material. 36. A process as clained in claim35, conprising
shear-m xing the mxture of the nolten macrocyclic oligoester and the
pol yneri zation catalyst. 37. A process as clained in claim36, wherein
shear-m xing is conducted wthin a tenperature range of about 145C and’
about 155C. 38. A process as claingg.in any one of clainms 35 to 37, wherein
step (a) conprises extruding the m xture of macrocyclic oligoester and
pol yner i zat i wasrocgalic aligosster coopprisss #ilessteone additive|selpqiedfrannthe pgith 38, wher ei n
extrudi ng i SofRRdY6E LMY fmeflt, h RERREGMES AR 0QfriR3QW 145C and about
155C. 40. A process as clainmed in any one of clains 35 to 39, conprising
the stepl ofStabWaasiMwﬁﬁ@r,fw'rqﬁrdmt»e¥¢émbmda-mc\drrdms as clained in any
one of cl al 1, 35418040, o OMREL $ B bldCofSisils 33t0 U2P Ghlcki Wie L N
partially-crystallilzed mxture of the nacrocyclic oligoester and the
pol ymer i zat inghmerzatiornyentalystis en erganofiméntalyst oran orgond-titamtecatalyst. sel ect ed arr ay.
42. A proce as %H}%g I fotafils® 4 rein the nolten
27 DecenberS%OOSA% . m%‘%‘glgggﬁnggg é?étoestgﬁﬁgg’?rwb%e?e&aé%&gpgl east one
addi ti ve selnsteriabicoospoisestah keagy oneimateriad prddcet ifrogn b gwup of leatww, a pi gnent, a
magneti c materiak,ma k-0xi dant . tabi,l i zer. a. plasticizer, a
fire-retardan r,‘ﬂ%’ ?b%g?'lg{gge?\tt?Dné%’gmam&%ﬁgvmrngﬁ%has“gf"oﬂ.m&"ﬁ?ocess as claimed
in any one @&5. cl&ipreceS3for omakihg avpepeg Rf tahmacrpaklimeligesat andna cat al yst is an
organotin ca‘tlal g&%ﬁgrag‘@ é)#gano-ticga%%ethc talyst. 44. A process as
claimed in &Ry one of cel’ar meER P “AEher &y The fabric materi al
conpri ses at(a)l egstvidingconeteusinh mbadre oftaatolfen amciobrligoligeyer afid f | ber t ow,
fiber web, fiber t, felt, .non ven naterial . random .and woven nateri al .
45 A procesgpf’blegfm%"ﬁ@gift’p‘?}?b% eg‘thgeﬁﬁ@s "c}%llvi&(?eg?q‘ ¥Per and a
pol ymer i zat iafihithe ahabyyslic, olipdt@efioRp@tsn saaetirfal Rpaguidibef famalg)of : (a) providi ng
continuously a mxture of a nolten macrocyclic oligester and a
pol yneri zati on catal yst, Wner@i n thE m xture is substantially free from
solvent and the macrocyclic Pligoe§ter conprises a structural repeat unit
of formula (1); ——0—R—0—C—A—C— : ®

)

wherein R is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group
and A is a 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 polymerizaﬁon catalyst; and
{c)  depositing the partially-crystallized mixture of the macrocyclic oligoester
and the polymerization catalyst onto a fabric material.
46. A process as claimed in claim 45, wherein each of steps {b) through {c)
independently is coatinuous. |

47, A process as claimed in claim 45 or 46, wherein the fabric material
comprises at least one material selected from the group of fiber tow, fiber web,
fiber mat, felt, non w?oveﬁ material, randon;, and woven material.

48, A process for formulating a macrocyclic oligoester, the process comprising

tl-1e steps of:




"00 O-RO ---A-Cwherein Ris an alkylene, a cycloalkylene, or a nono-
or pol yoxyal kyl ene group and A is a divalent aromatic zIrDéddneber 2005 gr oup;
(b) crystallizing partially the nmixture of the macrocyclic oligoester and
‘the peolynerization catalyst to forma partially-crystallized m xture of

t he macrocyclic oligoester and the pol ynerization catalyst; and (c)
depositing the partially-crystallized m xture of the macrocyclic oligoester
and the pol ynerization catalyst onto a fabric material. 46. A process as
claimed in claima45, wherein each g steps (b) through (c) independently
is continuous. 47. A process as clained in claim45 or 46, wherein the
fabric mater®al previdips4 ssl§onomprisinga mperecynlistoligdesitr 2nd4 obedhé r om t he group of
fi ber tow, fn.'laFﬁ:E ) i Rt i af", random and
woven materi al . y-’c:ﬁgglfgoﬁgt%r oc%@g?%%ﬁ%%lﬁ%%;%é?% nacﬁ%cycl ic olig.oester,

t he process conprising the stgps ofg 27 Decenber 2005 -39- (a) providing a
solution conprising a nmacrocydlic ol | goester and a solvent, the

macrocyclic ol i goester—e i ~a-ctructural repeat it of formula (I):
00 0----R--0- A1IC (1) wherein Ris an aikylene, a cycloal kyl ene, or a

notto- or poLy kvl.ene dro nd Ais,a diyalent. aromatic or alicydie
gr?up; (b) b%ﬁW?nﬁ;ﬁémﬁp%ﬁﬁ yoé??ﬂgbfetg‘f/%?‘g’d E) enFerature
etween a ar@y or c a pressure between abou

at nospheri CPressuLe and uagsﬁ:gth 102 torr %%3??% Pal, to E)r oduce a

SUBSE ant! a: Lgo SngBV rﬁg_croj;i 0/ ﬁ%%dve%%laa 6? 2 éetfﬁ%gg@%z:t(C) tSheari ntg t he
substanti a us ABOEnindf sbear 200, eRd APREsRRY bbtiveenOiboGORRbShe a enperature
bel ow the neltin ojnt aof t |.t en crocycli¢ oligoester to form a
partially- CP%S%Q?"@Z%%"%&&?’B& 8&?&1’ ki p &ybstantiolly Eﬂ?"’“g ing the

parti al | y- cmphémahidracpdictiggeqgycl i ¢ ol i goester into a shape

{c)  shearing the substantially solvent-free molten macrocyclic oligoester 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 consiting of a pellet, a pastille, and a flake.

49.  The process as claimed in claim 48, 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 lquid receiver; a

- gpérger, and a falling film stripper.

50. A process as claimed in claim 48, 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.




selected fromthe group consiting of a pellet, a pastille, and a flake. 49.
The process as clained in claim48, wherein step (b) comhésensHad2V08 a

first rising filmevaporator; a first flash device; a first condenser, a

second rising filmevaporator; a second flash device; a second condenser;
aliquid receiver; a sparger, and_agphalling filmstripper. 50. A process
as clained-in claim48, wherein step (b) conprises 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 filmstripper. 27 Decenber 2005 - 40 SL The
process 61. cl ai nThe phessebficlainep wheyein step (b)rempriseareinoyingthe solvestrat aat a
reduced pressure. 52. The process of claimb51 wherein the“reduced pressure

1's lrefifel PpaRs@pout 100 tort.53.The process of claim51 wherein the reduced

pressure is |l ess than about 10 tort.54, The process of claim51 wherein the
reduced pressure is less than about 1 tort. 55 .The process of claimb51
wherein the reduced pressure is less than about 0.1 tort.56. The process of

claiml erein. ste b r.ses renmpving the sol vent ate ature -
u thin afange rHsrattefdoBesT Fheauibe safesd Brpsstre & laasdhad okl 00" o1 o m
1 wherein step (b) conprises renoving the solvent at a tenperature within a
r and@rf r om about 120C to about 200C. 27 Decenber 2005 - 41 58, The process
of claiml wherein step (b) conprises renoving the solvent at a tenperature
above about 180C. 59; The process of claim1l, wherein the macrocyclic
oligoester is in a nolten state when collected substantially free fromthe
sol vent.s$0: 1 TR REREESECISM §1 MhBleth thebTuBedprebsabe {shdssARAPAHcRES0 I enovi ng
the solvent at a tenperature above a nelting point of the macrocyclic

ol i ster. 61. The process of claiml wherein the macrocyclic oligoester
substantially free fromthe solvent contains | ess than about 50 ppm of the
solvent. 62 . The process of claim1l wherein step (b) conprises renoving

t he solvent wi thout using an anti-sol vent.

54, The process of claim 51 wherein the reduced pressure is less than about 1 torr.
< 55. The process of claim 51 wherein the reduced pressure is less than about 0.1
torr.

56. ~ The process of claim 1 wherein step (b) comprises removing the solvent at a

temperature within a range from about 120°C to about 280°C.

57. . The process of claim 1 wherein step (b) comprises removing the solvent at a

temperature within a range from about 120°C to about 200°C.
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58, The process of claim 1 wherein step (b) comprises removing the solventat a
temperature above about 180°C.
59, The process of claim 1, wherein the macrocyclic oligoester is in a molten state

when collected substantially free from the solvent.

60. ; The process of claim 1, wherein step (b) comprises removing the solvent at a

temperature above a melting point of the macrocyclic oligoester.

61. The process of claim 1 wherein the macrocyclic oligoester substantially free

from the solvent contains less than about 50 ppm of the solvent.

62 The process of claim 1 wherein step (b) comprises removing the solvent

without using an anti-solvent.





