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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



Solidification, and Fornul ati on of Macrocyclic O igoesters,” which is
incorporated by reference herein in its entirety. Techav DedenthieeR00§ 0002]
The invention relates generally to thernoplastics and articles forned
therefrom More particularly, the invention relates to processes for

i solating, fornulating, and shaping macrocyclic oligoesters such as R
macrocyclic oligoesters of 1,4-butyl ene terephthal ate. Background

I nformati on [ 0003] Linear polyesters such as poly(al kyl ene terephthal at e)
are generally known and commercially gvailable where the al kyl ene
typically has 2 to 8 carbon atons. Linéar polyesters have nany val uable
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a diacid gajgoggen?arlSttg%bgg%hﬂggga@é%ggwesters may be fabricated into

articles nanu er of known techni ques including
extrusi on, conpression nDIdlng, and injection nolding. [0004] Recently,
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certain macr ocycl ic oligoesters nelt and polynerize at tenperatures : well
bel ow the nelting point of the Suaswdntofige Ipadfomer . Upon nelting and in the
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[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) :




Depol ynmeri zation production efforts also generally take place in stages,
with each stage including a step of the process and wia7Decemdran@tiat e
storage between the steps. Summary of the Inverion [0007] There is a need
for effective, efficient, and | ow cost processes for isolating,

formul ating, 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 terephthal ate

ol igoners), including processes for isolating nmacrocyclic oligoesters from
solvents so the resulting nmacrocyclic oligoesters are substantially free
fromsolvent. The invention also includes processes for formulating and
shaping the substantially solvent free,macrocyclic oligoesters. In sone
enbodi nents, the described processes are perforned continuously, to enable
continuous production in a manufacturing plant. Further, the described

pr ocesses vdare Bmahbhed plkylere] 3 cycoalktnaeet o rmnOgpremyexyaéwriecgr@mc#@ﬁ aad

product i onebemnedfidnt SromkRO&Slicykit glodpl TS sAABPEE thentrBifovied vitiut 0B Jseat ates a
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st eeps of: r cr ester and
a sol vent ® &ﬂé"gﬁgffﬂﬁ?%?uea% e&ﬂggFﬁwggé ?mg ﬂﬁng ‘@%%FWP%*m%gt at unit
of fornul éow)t maypbe repogyd ypder(rqducgihrspsspig cRqitigng in @OF"@W'@?é'me&t %@P‘WF kyl ene,
Or a NDNo-mayrbep@Mpasdy arldel b edombigation of batdelévates tampratere emtl radusadpiessuos
alicyclic cghddRs. Tﬁ@)naar%wane dGocsiRe whh ¥edlbstaitiafTreR lneMmakLebiveRITRGT Ghickie, or at
a reduced. [ESSUr e, both: and (c) collecting the nacrocylic oligoester
substanti al Ty 11ee fron1the sol vent A sol ution including a racrocyclic

ol i goester and a solvent is provided. The macrocyclic oligoester typically
has a structural repeat unit of formula(l) : 27 Decenber 2005 -2a where R
may be an al kyl ene, a cycl oal kyl ene, or a nono- or pol yoxyal kyl ene group,
and A may be a divalent aromatic or alicyclic group. The solvent is then
renmoved without the use of anti- solvent. In typical practice,
substantially all of the solvent is renoved. In one enbodi nent, the

sol vent may be renoved under el evated tenperature conditions. |In another
enbodi nent, the




» sol vent may be renpved under reduced pressure conditions. |n .another
enbodi nent, the solvent nmay be renoved under a conbi nat7 Decenibdd @D
el evat ed tenperature and reduced pressure conditions. The macrocyclic
ol i goester, which is substantially free fromthe solvent then typically is
.collected. In 27 Decenber 2005 -3- one enbodi nent, the solvent is
continuously renoved fromthe solution. In another enbodi nent, the
macrocyclic oligoester substantially free fromthe solvent is continuously
collected. [0009] In a second aspect, %he i nvention features a process for

shaping a partially-crystallized macrocyclic oli oester t he lﬁ)fdocess
conpri si ng"t ABbasimgsk thgrsolventys ‘-‘ﬁFWP‘dﬁ'Vrfﬁma"egdB‘é‘tt uin). Jn &SGR ERBAYREM D | t en

&

macr ocycl itie: roderagpatis bligpester nebstantedy fneg/f(ﬁm the edivegUe stngnuoggnpatiestédag a struct ural )

repeat unit of formula (1): OO . -0-R-0- ---A- wherein Ris an
akylene, | gf;aﬁ%aée%e/r!dea[aﬁem e 7 @wémapfeames X&éé’ﬂ:’r Kot riPerdlifled 1S 2
he su

di val ent tic or stantrally

gr ou hear i ng
sol vent - fr"@ér"%l"i@'ﬁ"%&’r%?’(‘?f‘?‘é oTH ‘6‘&?{3 o forma partially-crystallized

macr ocycl i ga)ol I@ﬁﬁﬁﬁﬁmbﬂﬂﬁalb&)ﬂv&héptnglttmqb@ﬂllca’ ligopstens (et al | i zed
macrocyclic oli i L@GESS may i ncl ude
provi di ng &2 %ﬁ??‘ﬁfefw'ép&s\%ﬁfmfn?‘é%%uﬁom;crﬁ%?oglgcI i c ol j goester
typically having the struct ur@l repgat unit of the formula(l) described
above. The substantially solent ee nol ten macrocyclic oligoester is

sheared to form a_pgrtgallg/-— ﬁl_a Lized macrocyclic qhigoester. The
partially-crystallized macrocyclic oligoester .is then shaped. In one

enbodi nment , a contl n ous flo subst anti al | e nolten
macr ocycl i #hergimiRys g@%‘ﬂ T EF TR ﬁXl(gg’éj'{deﬁngM ot her embodi nent,
the step ogﬁﬁmam&bﬁoﬁaﬁddtal&yyhcgeﬁmt alli zed macrocyclic oligoester may

be conducted conti huously. er 2005 3a 0 (@ third aspect,
the invent fn fshearige g sy ﬁ’%w Ay BF Iproéiﬁ‘le(s) a macrocyclic

ol i goest er f&&da;ﬁrd%ﬂ},&%ﬂhz%ahia&@q@ﬁ&ﬁigy&te:.m&e process conprisinz the steps
of .
{c) shaping the partially-crystallized macrocyclic oligoester.

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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(a) providing a mxture of a nolten macrocyclic oligoester and a

pol ynmeri zation catal yst, wherein the mxture is substamibédemtfer @005 r om
solvent, the nmacrocyclic oligoester conprises a structural repeat unit of
formula (1): 00 O--R--O ----- A_ (i} wherein Ris an al kylene, a

cycl oal kyl ene, or a nono- or p6lyoxyal kylene group and Ais a divalent
aromatic or alicyclic group; acid (b) depositing the m xture of the nolten
macrocyclic oligoester and the polynerization catalyst onto a fabric
materiaL In one enbodi nent, a m xtur e_faf_ a nolten macrocyclic oligoester
and a polynerization catalyst, which s substantially free from any

sol vent, may be provided. The macrocyclic oligoester typically has the

St ruct ur alfoon@jpreathird Rgect fthet itnesnficprfeatireg & prodess dorinpakihg alrospesg Fhenaviocydic e i s
deposi t ed oﬁaabaer%ndéaafm&:zgﬁ.%@ dt, thE Plobds§\ebnibriftheMe@@ps df1 One enbodi ment ,
the mxturg | SeRAlild 4 bzt of & ldi@dl Rl Qicll OctigtédadiPRosi L ed ont o the
fabric materiadl . ‘E 1 n a tourth aspect, the 1 nventjon features a
process f golymedetion @talyste pherginghe mixtme is sebyeptially frge frgmselvent and a

pol yneri zatj on. _catal th L Sl heuls s of: (a) providing
conti nuougllt‘eymaémrﬁ'%?ﬁﬁr{%&&rcogﬁﬁﬁ%%%%gﬁoi ges?giro and a

pol yneri zati on catal yst, ] rein Ehe m xture is substantially free from

sol vent. and the gmcgocyeliE ohiggester conprises a ructural repeat unit
of formula (1): 088 irzo---R-O J}A C 0) wherein Ris anﬁ)tal kyl ene, a

cycl oal kyl ene, or a nono- or pol yoxyal kylene group and A is a dival ent
aromat i ¢ Qherdh Ryl alk§led, Q¥RIoaliflend; bysihédtlol opflygxyalkilehagrbyp t he mi xture of the
macrocyclic oliqgoester and the _polynerjzation catalyst to forma

‘partial | y2Rd4 Ep WW@&%“EP&Q&Y‘(I}FW%IRAI"%N ocyclic oligoester and the

pol yner i z?;)i OQefoittiad MRl mixfid of G oSHRPO Siabrodyflid Sligogtdt tandithy - cryst al | i zed

m xture of the nmacrocyclic oligoester and the polynerization catalyst onto
a fabric Reltmesdzgpn caalyspentepidbric g2l 3p | n one enbodinent, a mixture of a
nol ten macrocyclic oligoester and a pol ynerization catalyst,

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.



which is substantially free fromany solvent, nmay be provided continuously.
The macrocyclic oligoester typically has the structur a7 pegaaer 2005 of
formul a([) described above. The mi xture of the macrocyclic oligoester and
the polynerization catalyst is crystallized partially and deposited onto a
fabric material. [0012] In a fifth aspect, the invention features a process
for formulating a macrocyclic oligoester; the: process conprising the
steps of: (a) providing a solution conprising a macrocyclic oligoester and
a solvent, the P macrocyclic oligoe§§§g conprising a structural repeat
unit of 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; r ermunengniedintentyaaniging of i exolien mandicyaic okigvesitreand tagelyimerigatieratatalyst, bet ween
about 180GhRRds alRkntA0 Gee Mg BRERSMEE bd tdted cattitutusiat TRRSHA®Idydic

pressure af) e?t%%?;%iceaﬁy l%%sgﬁ% Sct@%tﬁﬁg%e‘(%%} unitto?fon'ﬁl?ﬂ g c e%llégweaﬂjie' kil of the

solvent-fre )T e ( ,goestet, 'S eatungwihe sugsﬂantially
sol vent - f FEETREHIE FIFOFRIE PBL e IPPYMYIZRYpD SR itV siPzpR RYETIR AT €PPBRPDRMP he

nmel ting peifafiricofateriBle nol t en macrocyclic oligoester to form a
partially-crystallized macrocyclic oligoester; and (d) shaping the

partiiall yoRs ML el ;séga, tﬁ@weqw%a‘t&e@gipgﬁss%tf&&orinmm}gaa rﬁata?aefcnc SiRb&ErGH. T rom
g o | ake.

the group consiting a pellet, a pastille, and a F An one
enbodi mentProces; cergrising ghe §¥7E°fidi ng a nmacrocyclic ol i goester and a sol vent

may be provi (d. probtagaeshitda Yethirsin®d mgeRedlie blishst Slalsylvdagshea Struct ural
repeat unit of forpula(l) described above. #The solvent ofiten is
conti nuousl ym?mygc?h??%%ﬁ@ﬁﬁng?ﬂwwpﬁt%?ﬂgwh *between about 180C

and about 200C and at a pressupe between about atnospheric pressure and
about 10 torr. The step of sofjvent genoval produces a substantially

sol vent-free nolten ppcrpcyglip qligoester. The substantially solvent free
nol ten macrocyclic ollgoester then 27 Decenber 2005 -4-%s sheared at a

t enperature bel ow_ the neltinchoint of the nolten macrocyclic oligoester.
In one whetein R is an alkylene, a cycloalkylene, or a moro- or polyoxyalkylene group

and A is a divalent aromatic or alicyclic group;

(b)  removing continuously the solvent at an elevated temperature between
about 180°C and about 200°C, and a pressure between about atmospheric
pressure and about 10 torr [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



enbodi nent, the shearing tenperature is maintai ned between about 145C and
about 155C, thereby formng a partially-crystallized rnbhesmbdr2005

ol igoester. The partially-crystallized mnacrocyclic oligoester is shaped
into one or nore shapes such as a pellet, a pastille, and/or a fl ake.
Brief Description of Figures[0013] FIG 1 is a schematic flow diagram of an
enbodi nent of a solvent renoval system [0014] FIG 2 is a schematic flow
di agram of an enbodi nrent of a solvent renoval system [0015] FIG 3 is a
schematic flow di agram of an enbodi mrent of a solvent renoval system

[0016] FIG 4 is a schematic flow diagram of an enbodi nent of a sol vent
renoval system [0017] FIG 5 is a schematic flow diagram of an enbodi nent
of a process for making pellets from .a.macrocyclic oligoester. [0018] FIG

6 is a schegpblgafl %Wg&’nja{f} "R Qe ﬁ&ir@?&@ﬂ)fgﬁ%olf% rRerBaRHd i;%%%% .'\Elﬁigcess
&P

(e. 9., makin repregs rroma nmacrocyc I goester) . G 7is a
schemati c %"]bf)ﬂjg‘ﬁ’ﬁaﬁgﬁh‘%&flg PRI r??ﬁ‘l%(a"ifp lﬁ“’ﬁ’ﬁ%@@% 1?%? 185 epr eg
from a ndtgreRyyddriningoki gardaly-erystallipg20faceeyClic Sligassigr. s Thee nrartialy-grystalizelf agr am
of an enbaskcrpdic olgoestsad shapdd IMOITAY af mBieSheses sL@0A1d pdittGa pstills aad/schemat i ¢
fl ow di agrsgga of an enbodi ment of a system for shaping macrocyclic

oligoesters froma solution qf. macrocyclic oli 'ster and sol vent. [0022]
FIG 10 is a schematic flow |r'5{$e§ﬁrfp§¥ncgﬁ'ggﬁﬁ@%%ﬁent of a systemfor

shapi ng ré@r'dey eremats fioydegemrosar srehedinesin aselvint GmoyeEsEycl i ¢ ol i goest er
and sol verjeQ14PES 2 i pbérematid 00 28pramive aperoiainsetof afsoltdneremavat siisteon ar e nor e
ef ficient [@ne; MEANSFLGRMakd R dRYlamids BehiRRMELIM 8 SovddBeRbRRs)lslte | sol ati on,
for mul at | 9BioPIg. SOBBLARLRIBE ERIER TBYeioaRBRL I B L0l chBN biYALS] Y and  on
a large scale. The purity of tt macrocycﬁ I C ollgoester may be effectively
cont r ol | ed®YY! HFe is 2 3e5PBEs owi dagragy of R FRPstireens o 4 REpress fenBRkNe PaYRYSFR us
wher e neceaegsarogyclidpigogsrDecenber 2005 WO 03/ 002551 PCT/ U502/ 20882 - 5-
i sol at i on,jod1er G| atid @RcheriAtt ARAMbGEM OF @6 REBOHEME D0 a HaYIIRRN DesReds @i @l | Y
l'inked, resihnlbRErebdronel hhGLERE oﬂ%ﬁ&erﬁ’.r oduction and | owered manufacturing
costs. Suc@) wﬂéeﬁﬁgr&éesse‘? avol 0 rﬁgu t agd energy ste | neur red when
the i sol at?df F'¢or A FALMaYF! “é‘r‘ﬂi"’%ﬁzfgie °‘§’F‘8’1§8 LRULCeHY @8@&%‘%’%‘5‘39 rom

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




|

 separately. For exanple, macrocyclic oligoesters may be isolated in a

nolten state. The shaping process typically requires tdreDemaitee2005
oligoesters to be provided in a nolten state. Accordingly, linking these
processes reduces energy uses and increases production efficiency. 00241
For exanple of. the benefits of continuous production, a macrocyclic

ol i goest erWORHURIY bet ween about 80 ppm and about 400 PSHESYH may be
produced at a rate of between about 40 kg/ hr and about 300 kg/hr using a
feed sol ution having 20% by wei ght of _gacrocyclic oligoester, which can
be. fed at a rate of between about 200 kg/hr and about 1,500 kg/hr. For
exanpl e, idfation, Senulaion, and gippiig prqchisemlmmmmmﬁgmhgb@@ﬂeﬁsulm| Bh is

about - 80 L7t DSl 88 e matBlERE e SR TnRtq Bl fief i B anc
shaped nemd egergd wasmhme@ﬁrh@rtae Rblatior; &RmbRtieY, AdlBgn@Hrotestdsiitd dahductld €.

Definitions [0025] The foll ow ng ?eneral definitions may be helpful in
under st arféRage Vhﬁorwéﬁm%snacmﬁhﬁﬁ iggveters sy bs isplated %@el‘r@ﬂrﬁtattw Ehe shaping

speci fic 6c9£l; tgﬁ ﬁ%l\?/r ch&%lﬁi Qligodsterd BBE ﬁx%ﬁlﬁ!lec% xﬂﬁﬂ{eﬁ%‘fé't ¢ eans a

cyclic I ecul east onering wt ecu structure
t hat contAxicodinglyp hnlungthesapmmsa:saethﬂcesm&gy oen aeldheehstgproduetion ¢ffieiendyng.

0027 d he neans a Iecul e that .contai ns 2 or
Lmr e ].Qiﬂ@% [ abl eFarEk ;ﬁl H%a%a?f R T e e TR f
formul a. phRR2Blwbsh sus@ﬁ%o?ﬁﬁ%@aboam kar]gﬁﬁéﬁﬁﬁ b BAECR AR LR Rt

contains 2 or nore identifiable est nctlo repeat units o the sane
or di f f erbeut 40 bgfhubmsl ab@l@GQ(BI}gﬂASISmS@deddesobhm hamng ﬁ%rbwo?mhlt of mhdrepydlat er "

Fnot i onaneragbanidhes bR SameSE ke ool el e s L ONREhE dBhcyc i o

ol i goest ekahple)iabied doWefit@érdval, HR matkdchAllcDHBRIRE Whﬁﬁ 1§3sfub§i£kﬁlaﬂ ﬁ’éé fbg fornul a
having varying ring-sizes. However, a macrocyclic ol |goe P%ll may al so
.a

i ncl ude KeIVenLge besioliestpd aka wate of getween @bwt §0dsefho feerbora350 elgndunbers of
th | i t
my bo a P} ¢t i Phedibh b B SRECIG Tt PEBRAIAA L £ dBEY, oY

havi ng t \Defigition®pr e di fferent structural repeat units having an ester

functionaljty within one_ cyclic no]ecule. 27 Decenber 2005 WO 03/ 002551
PCTI LJSO ﬂﬂzéé g2 - glhe following general definitions may be helpful in understanding the various.

terms and expressions used in this specification.

[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.



[0030] As used herein, "an alkylene group’ means -C'H2'-, where n 2 2.

[ 0031] As used herein, "a cycl oal kyl ene group" neans a ZpDédembakr Rgdbene
group, - C'H?n x-, where x represents the nunber of H s replaced by
cyclization(s). [0032] As used herein, "a nmono- or polyoxyal kyl ene group”
means [-(CH2)m O ]" (CH2)m, wherein mis an integer greater than 1 and n
is-an int YePIYEBht er than 0. [0033] As used herein, "FPATUBVEF aromatic
group” nmeans an aromatic group with links to other parts of the
macrocyclic nol ecule. For exanple, a digvalent aromatic group may include a
meta- or para- |inked nonocyclic aromatic group (e.g., benzene). [0034] As
used her dP#30} " an aff Bsed hereinglap alkylenegroup” memon Calamattiers hydr ocar bon gr oup

cont ai ni cyclig structure therein. [0035] As used herein,

"parti al Irtgq‘ﬁqyst al ‘IﬁilS %Séﬁﬁ?ﬁ?& 5‘3?‘%1??@1?%' BPre‘?l‘l’anﬁ@%Ecglkﬂgﬁer%B%rq“@ﬂ%l i goner
at | east vheRof feprefentftheviinter 613 1% Peplcabiyyblizago(9r m Partial ly-crystal lized
macrocyclic oligonmer may have various degrees of crystallinity ranging

from 1% d#433] al | i nds vsed beein, emyepoaen rolvexyaliylese eoupmaaps [-(GFB)4-6-1r

handl eablgpdint y he . | i | i r...enabling.t.to be shaped, for
exanpl e. _(Fggﬁ’S]%%géﬁuglelg&%%?eg%&%&?%%gt%ﬁ%ﬁitﬂig"%?%{:gg%m tﬁ%"g?‘ls a process that
oper at es [@033] he bais ised bércia, "a@iivaldit@oiBaticl gipOmestiR i blodaSc ot wah dhier

material s out of 'éth procesg. [0037] . As used herein, "a polyester polyner
conposi t & OHerYs %6@9@9% < walege rFor pepmple, 8 divalspieromatie sygup may instuder

substrat g psdach a—%xﬁch?ﬁﬁhb%y&ﬁ Mﬁbwggge?’%gﬁgé al. Illustrative exanples

of particulate terial are”choppe S m crospheres, and
crushed $003dp.  Cehs usedihdrein) "en slicylit grolgh" triewas dohusonestio hipdrosasted gtoappr epar e

pol yest er pal yner ong}(])ésit s. A fibrous nmaterial neans nore substrate,
e.g., fi B%‘B‘Bpégg,cy 1S °#*B&*+s, carbon fibers or organic polyners such

as aramn spers. J003 " —%&%&il' " -1, Gy rial.. y
substr at g]_(%sgful in re%ié?rélﬁ’ng%fgr%%rocy%efigﬁ 8{0?%322%%5?%&&3%%5{%% lﬁ'g i on
and f or noliganiesat lpasbe pesion ofwidel i iperpstalinerfornp rRagi-diy srystafiizadmaaogyclid ¢
oligonerg, Typically fabrjic materials.include fiber taw fibher web, fiber
mat, andﬁ?gqr%egpay fl'%/e'vapo grpgsd]ficgﬁm{ag@gg ll%‘é%% tBPBZ’on-wovgn,

uni di r ectiyetanibe. @fystamﬁﬂpﬁ%partmla&ﬁmﬂw@tﬁgxhzgﬂf‘c?élﬁro‘ﬁg.{nﬁél?&iabﬁ@gﬁf R@¥clic

ol i goesters that may be processed according to processes of this invention
i ncl ude, Shiswed Sprexproplel i mited. to, nacrocyclic pol y(al kyl ene di car boxyl at e)

0l | GOITer fgaky P1 Cal A sk, 8 cSilod6il rcbbos* SRER" pHitbds i opdifed O ibblis 27
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:



WD 03/ 002551 PCT/ US02/20882 -7 0 0 CA-A-ICL AIC mwherein Ris an
all cylene, a cycloallcylene, or a nono- or pol yoxyal kyl Zmpedntbgp200,1d A i s
a divalent aromatic or alicyclic group. [0040] Preferred nmacrocyclic

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

1, 3-propyl ene terephthal ate, 1, 4- cycl ohexyl enedi net hyl ene terephthal ate,

et hyl ene W@@rshal at e, propyl ene terephthal ate, and RCIABSIHPBRNe

2, 6- napht hal enedi car boxyl ate, and macrocyclic co-oligoesters conprising
two or nore of the above structural repeat units. [0041] Synthesis of the
macrocyclic oligoesters may be achieved by contacting at |east one diol of
the formula HOR-OH with at | east one diacid chloride of the formula: OO
Cl--11CG--A Cd where R and A are Qs definkd above. The reaction typically
is conducted in the presence of at |/ east e amine that has substantially
no steric hindrance .arognd _he pasig-nik. tom An iJJustrative

exanpl e of such amnes is |, 4-diazabicyclo[2.2.2]octane (‘BABCO . The

reaction_.usually i onduct nder substanti all nhydr ous ,conditions in

Lt bst At i A Sea oot Soras oy Pk P gne

chlori de.djvﬁféﬁtir&gw(ﬁtaﬁéﬁﬁgkmgﬂe reaction typically is wthin the range of
ee, e.g

from about 25C to about 25C. e, .0., U S Patent No. 5,039,783 to
Brunel | e [M90] al . [Defkppd Macreslicoligpoestits go sutroryslia bigoesten obbd-briysas ed vi a

h d ' f, a diiaci.d .chlori it h I i.s{ hyd | kyl
eoter sudheiaii T2 Rebh ey LG bich ot idting Wephlrabit b V1)
hi ghly umdtéphdaraag p@Eﬂa@e Rfephthalht¥ taif € 2LdRg1eR0 D oMabhhabnddRAGbxyRAE aftt her

tertiary amne such as triethylamne. The condensation reaction is
conduct edarigexelis agreligaesters copprifieg twosr guer of thesahovesituckirat repess unitst hy| ene

chl ori de orob ] I 8. f el nt No.
5, 231, 1610({:4? Br unarracsp obfhe ﬂ’[a%%w %r%?ﬁ%g 81%%??51%%1%"%? ‘%’p"r"%"?‘é@ﬁﬁg@&

macr ocy c bhediol dfglechimatia HIY-RroiE mith widkdstoreahiachl dhoRB behs farsutahe

depol yneri zation of linear polyester polynmers in the presence of an

organotin or titanate conpound. In this nethod, |inear polyesters are
converted to macrocyclic oli %%estersu: 7 Decenber 2005

Ci (I

where R and A are as defined above. The reaction typically is conducted in the presence of at

Cl——C—A

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



WO 03/ 002551 PCTI US02/ 20882 -8- by heating a m xture of |inear polyesters,
an organic solvent, and a transesterification catal yst 27Dedenster2003 n or
titani um conmpound. The sol vents used, such as o-xyl ene and

o-di chl orobenzene, usually are substantially free from oxygen and water.
See, e.g., U S Patent Nos. 5,407,984 to Brunelle et al, and 5,668,186 to
Brunel | e 0002560044} It is also within the scope of PGE/USERAFRI on to
process macrocyclic co- and higher order oligoesters using the nethods of
the invention. Therefore, unless othergise stated, an enbodi nent of a
conpositjon, article, or process that refers to nacrocyclic oligoesters

al so i nBY Ieaisg embdEr pelincar nolyesters; anpreamiorobypel and adungsiegBestionpdalgsid hi gher
order ol : ol ' o} i ' r Sy one
aspoct . TRASFLEA S vl SLARbAR P ARRAE 1S kbl o Mo bl bRkl

macr ocy chsuallpir: gubstattilly fice from oxpdentandwaten \Beng:.@, B Ry Dlos. 6,407 o8west er and

a solveng, in a nn t hat does not require use of an anti-solvent. In one
enbodi nehf“,ng]l]%ggﬁ'bcgég@’&%é? gﬂ’é‘&”"r@%vi ng solvent to yield a macrocyclic
ol i goest goagubst amtik Akd ¥ithih @R sbERBE BR!i¥RRon 10 pRIksd laBfbcldhic 'c&.danamg? r
macrocyclic oligoester and a solvent is prOV|ged. The sblvent 1s ﬁen
renoved widetmdigpestensusingdhennethedstof thedhventign. Tharefime uelnisodharwise stateh@nsol vent i s

renoved . redpced tenperature conditions. . In anofher enbodi nent, the
Solvent PRbEmETEHS GinnoRtBE sl fr HRes b8 umPreBREhe SleoSat At

enbodi nemkiudéseenbdaiméas ntilifing MRG0 g0t O Mkt S ighatels. el evat ed
tenperature _and_ reduced pressure conditions. The macrocyclic oligoester

subst ant5@R08en gipviaeraeyeiieQligecstess vent then typically is collected. In one
enbodi ng the s i L AUoUs| \/ f t he .sol ution.
I ncl udi n@b%tsirracr O%&éq%{%%pegﬁ Plégtg%{l@éh %ﬁ%%%%\?gﬁﬁoés?%f%rﬁ%@% 4embodi nent

t he nmacrmaeyocdyckic oliphéstd &Sined sofitios haviid @inktodytkeolfgbeser h@®a Sclveneitita thaner
conti nuotg\sl collected. [0046] There is no limtation to the concentration
of macro 9':4%?%11% FeagBeseer 2 wtitakvent dp grg @phodingenh Hie REpRSSHIRFHIHRS TCRVENEs ol Ut i on

of a macL ULl | E&t% ' - Lt j on)
cont ai ns 0bet ﬁ/g(gﬁ? ldgi%%?%ﬁﬂ%gg%%lﬁ t %yé&mﬁﬁg)fﬁa%n%tc ?A([)?:O%tﬁﬁgn%ﬁill odest er.

| n ot hemawadyolii olignester andesdeatlis podvidetl 0 Thesivead in theh ednvved withont the3&e aind
about 50%. bet n_abouyt .. 5% and about 40%. bet ween about 5% ang .about 20%
bot veen HHAUHo AT SBHeEh O soP et HEH SRR OB CCOHBY wei gh
Macr ocy Chhiafiothér e8t®8&ihRh:, thtREIvaR iitein8ed R ercRivhnd Pre@OR coBditib¥0 [P hnofRE €
different solvents. "Solvent" used herein refers to the solvent or solvents

cont ai nednhodingans thegelyerids wemoerd wideocmbiuiiow of botheeieratad teragerdfercend ri ed out
at an el gyate gregs%fgjc%ﬁ(%{lgrgse The %tacr%cfcﬁg Hﬁg%%ster substaniially 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




pressure, or both. In one enbodinent, the feed solution is heated at an

el evated tenperature and 27 Decenber 2005 WD 03/ 002551 R@éddnthaf 20882 a
reduced pressure to renove the solvent fromthe solution. The resulting
macrocyclic oligoester is substantially free fromsolvent. A macrocyclic
oligoester is substantially free fromsolvent if the solvent content is

| ess t han WOO/WEHH Preferably, the solvent content is PETASPHEEE2100 ppm
More preferably the solvent content is | ess than 50 ppmor |ess than 10
ppm [0048] The processing tenperaturegand pressure for solvent renoval are
sel ected according to factors includi%g the solvent to be renoved, the

sol vent reeriuoal prefowmi texempvaibeshivetihfrom dessolution. t Theresafing tiatcdotylit bligoestand. t he

macrocyclic,qlignester being isolated,  In one enbodi ngent, _the step, of
removi ng’® 6‘]’%@5’%&' ﬁ'eq:%% 6‘3‘(‘%{1 éfﬂa‘é“’ﬂ@%@ﬂ%ﬁ?fés %tmt\%ﬁ&'%%fﬁ% splvepifanbi ent
t enper at HeRokenidBmtht i$R8Ghan! 200 Bk S PrefF ! B vent [ i ng
sol vent is conducted ' from abog}% 206C to ’abou%vg%G %&t?slrlg'% a oll?tgg%bc to
about 24Bre preferablrithebrveant @BBE it tess ol pBO0Cdess[i@B40ppiihe pressure at whi ch
sol vent i@gﬁval I s,conducted can vary. from ?.t nospheri c Egre sure to about

. g 0

0.001 to n one BSRFETSTHE fmPetatre prdaressirs fqrsolyprt Fmppval r om 0. 001
tort toactbflig B fblork BkKiding the 951961 (PR RS solbdAEreRio SR Ahibe(b)Rusi, iR N a

range from at mospheric preéssure to about 10 ton, from about 10 tort to
about 5. Besitgd time pf prrifieniing 2 e masworyelis oligoester being iselated, Infono mmbisbmentl. O tort
t o about 4Q. r t. Q. rt. 1o ut 0.0l torn. [0050]
Sol vent trheﬁoytgf{&n%)y é'&é"g’%:%asaﬁg?@é’ eg(?&?{r?&g oS %agﬁﬁ% %ﬁ?&%{. g., vessels
or devi tapemturétochoiiti 300, anothér eaftpdinkhissthe Mopof b lind WivexFFBbRtaced sol vent
removal &ppar at us f hat rragﬂobe enplq(;lgedoi nclude a rising filmevaporator, a
fal ling FPRRPZOB Gep abept 26°G, framp abast, 2300F s Beut 248 Gapykemehouinl 8¢'gdor at or, a
mol ecul agps 4dgee. @ short path evaporator, a centrifuge, and a filter. The
ternms evaporator and stripper nay be used interchangeably. In one

enmbodi mefi049%t he r iBieppsfurd anwhizh aploea ranovably chirlueted ehwkgrfrdieainogptelianger . A
rising filmevapora | S an apparatus ysed to . vaporize part or all of the
Sl vent PBHHELo BTGP DB R werhbodereat sy M AEtE ko ASOLBIR om of
t he evaprab&lo.01Ackak d [ .iﬂw S 5 | ' for the
renoval of vapor ?OI;rr gﬂn?tﬁgg%ngét’%ﬁ%tg’v\her%Ssﬁéﬁgﬁ?%g%ﬁ%ﬂﬁﬁﬁ%ﬁﬁed to the
top of tPressapsierbautd0 tomlfromabeit $0 tar folhbous Gt0tteum fofim ativhieS. G ppapabag 1.0A t hin

ut or 1 a1 OroRoB b E 1B RPRR St R e dR AR S ot RERRBI Bte of the | O
evapor at[@050]A W pedivehd BinoRY ARPhdSmplEhalin ARMAF Ay dppddtad, e gC PELAL gls and

exposes a thin filmof material to wiping or agifation to provid
evapor atjeyites & as¢ogrhinagon of ppapes: don-limiing cxanenicsof soleseproswyalapparams tha m of

may be employed include a rising film evaporator, a falling film stripper, a thin film evaporator,

L

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



material for evaporation and has the vapor condenser inside the evaporator.
In some enbodi ments, the short path evaporator exposes2tbecdnitien 2005 mto

W ping or agitation to provide 27 Decenber 2005 WO 031002551 PC | US02/ 20852
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collected.in the liquid receiver 27. The sol utjaon_ containing macrocyclic
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free fromsolvent. I n one enbodinent, e macrocyclic ol goester
subst ant ¢hahgeany vaer phoasaedny pryathe@ aad 20 binto alivpid piaE0 Optionallyreffleas of

solvent. In.other enpodi nents, the .crocyclic oligoester substantially
free fr o?ﬂnpaé%ﬁ‘%ﬁ?v%ﬂ’%ﬁﬁgﬁﬁ d&%&?ﬁg‘% fism ‘E?Bﬁ?né?rs Pradd ¥ Toprepdmsed ahout 50
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solvent remaining in the macrocyclic ol igoester

18 pumped from flash 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



substantially free from sol vent. may be neasured using chromat ographic
techni ques such as gas chromatography, GCMS, or HPLC. F708&s#mbden 2005
determ ning an appropriate solvent stripping systemto enploy in a-
particular process, factors that need to be considered include the
concentration of macrocyclic oligoester in 27 Decenber 2005 WO 03/ 002551
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Ther eaf t aud tharemainder of the input solution travels to a second rising film evaporator where it is
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



macrocyclic oligoester substantially free fromsolvent is collected. [00561

When preparing macrocyclic oligoesters by depol yneri zi iy bhédepiger Podyest er s,
dilute conditions may be desired to pronote cyclization and to increase the
yield of macrocycci.c oligoesters. As a result, the macrocyclic oligoester
solution (e.g., the product solution of a depolynerization reaction) may
be dil ut e W@dg0255a 1 % by wei ght macrocyclic ol i goest erPCIGISO¥30843) . [ 00571
FIG 2 schematically illustrates an enbodi nent of a system A for sol vent
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[0058}] The output solution 190 may have a macrocyclic oliogester concentration of about
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



~each rising filmevaporator 111 and 121 is held at a tenperature between
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Subsequently, the solution travels through a third flash device 275. Condenser 256 captures the
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



device 275. After traveling through the third flash device 275, the
solution travels through the. falling filmstripper 24127 Becanser@p05i C

ol i goest er out put product 230 substantially free from solvent is punped
out of the falling filmstripper 241. In one .enbodi ment, the macrocyclic
oligoester 230 is in a nolten state. The vaporized solvent that is renoved
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220"' and is condensed in condensers 252, 254 and 256, and is collected in
the liquid receiver 227. 100621 In another enbodinment, the first rising
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pressur e reducéd predsiife. Short path evaporator. A short path evaporator is used
to vaporize part or all of the solvent froma solution. A short path
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embodi ment of a solvent renpval system 4. An input solution 310 of a 3% by
wei ght mdée selyent ihat is|vappsised ia thesfalling fibsm strippqy dthand thefinst flask devieg16ftrazel$ al | i ng
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travel s LRyareq temperature and reduced pressure. The solvent that is vaporized in the short path
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



the short path evaporator 311. In the short path evaporator 311 the
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pat h evalidrRaengsienand thiowost of mpninigiaiag FrrgiRgEeqymesiare avoided when short path

evaporators are employed.

[0068] Systems, apparatus, and equipment that may be employed or adapted to perform
the processes described herein are commercially available, 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.



renoval process, a sparger may not be necessary to obtain a macrocyclic
oligoester substantially free fromsolvent. Short pathhoepaqmzEreoss can
operate effectively under |ower vacuum and at |ower tenperature
conditions, thereby potentially saving energy costs. Al so, the tine
required by the sparging step and the cost of maintaining' sparging
equi pnent W@ e3/@WesSt ded when short path evaporators are RITIS0y29682 [ 0068]
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MACT OCY ClylaeroBhdif BRse&br dth Shperature below the melting point of the macrocyelic oligoester,
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.,



absorbs water fromthe atnosphere, which can be detrinental to subsequent
processi ng. 100721 Shear-induced partial -crystallizati opy pscdisest 2005
facilitate crystallization of the macrocyclic oligoester. According to
enbodi mrents of the invention, an extruder, a scraped surface crystallizer,
and/ or a shear m xer are enployed to partially-crystallize the product to
form a pafeP®lcrystallized macrocyclic ol i goester. PATERE088% xer

i ncludes any crystallizer that facilities crystallization by shear m xing.
The extruder may be enployed to extruderthe mnmacrocyclic oligoester at a
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[0078] In some embodiments, additional components (e.g., additives) 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.



- retardant), be a substitute for a nore expensive material, facilitate
processi ng, and/or provide other desirable properties @mpecsiagHriopesd by a

skilled artisan. [0077] Illustrative exanples of fillers are, anobng others,
fumed silicate, titaniumdioxide, calciumcarbonate, chopped fibers, fly
ash, glass mcrospheres, mcro-balloons, crushed stone, nanoclay, |inear

pol ymer s, Véhep/adRsabners. One or nore fillers may be add@GTHERHE2 during, or
after the polynerization reaction between a macrocyclic oligoester and a
cyclic ester. For exanple, fillers be added to a substantially

sol vent-free nmacrocyclic oligoester. Qftionally the filler may be added
when t he[(§81st ant iAamixturs of ¥ bken R fochi@ieoligodler £ndal foljarskfibn t b@:alyéi mol ten
form AI ) fillers can be used to prepare polyester conposi tes.
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deposi t ednbodiments the molten macrocyclic oligoester and polymerization catalyst are shear mixed ina

shear mixer; alterpatively, 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



onto a fabric material. [0082) In other enbodi nents, a macrocyclic
oligoester (e.qg., pellets) is fed to a hot m xing deviZzEpésoriber 2005
extruder or a Readco m xer) with other solid or liquid additives (e.g.,
stabilizers or polynerization catalysts) with or without fillers. The

m xing device partially nelts the nmacrocyclic oligoester into a paste to
enhance MY &YPOWARY fl ow. The forrmul ated product, whi cRGARRNB2partially
crystalline, then is formed into shapes such as pellets, flakes, pastilles,
and/or applied directly to a fabric rra?g:rial to make a prepreg. This nethod
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for present on the ﬁber material, may impact the smtablhty of the fiber material for use in a prepreg,

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.



exanpl e, shear mxing. In certain enbodi nents, shear m xing is conducted
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to ensure that the partially-crystallized macrocyclic ohgoester is traveling to the upstream cutter

370 at a minimum velocity. A suitable diverter 365 and a suitable cutter 370 may be available
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



[00901 FIG S schematically illustrates one enbodi ment of a process 5 for
maki ng pellets froma nolten product with an underwat es7 petdnftidr2@bs | n
this enbodi ment, a nolten macrocyclic oligoester 530, which is
substantially free fromsolvent, is fed into a shear m xer 360. The shear

m xer 360 is connected to a tenperature control |[oop (not shown). The shear
m xer 360 WRYYS15 Readco mixer (York, PA), which is |IRGTESE082n screw
extruder, but |ess heavy duty. The nolten macrocyclic oligoester within
the shear mxer 360 is typically cooleg;to a tenperature between about 80C
and about 140C, preferably between about 130C and about 140C. By | owering
the tenp@f¥ladrterongh @ mempSité and aivatencigeation iump388.r Acyitdblesunp3§bamta i s

crystalli bl ' ast.e;]ike. ral.l

orYSLal |1 AREhIBEE LB o ey AR BB R el B vpb s s
measur es Potessiag Tedbnology3BAAvie L), ee&a AfiSinIsduseRe A BERAAAAEP- . Whi ch
typically hgﬁl cates__that about 30% of the nmacrocyclic oligoner is

crystalli® [ 009 FIG.- fisehemptieqlly illustrates amembodizsnt ofaprasessd) fmaingrither

travels f ' Qi i el v 65... The diverter

val ve 365‘5 r%é %?agilg?o%ﬂog %‘?@egi?&tuﬁtte pr og&X’W?‘B"%f’?‘{’%& %%%léeggmtcﬁc,cy r
exanpl e, dligbestde@B0,wihinh it fubstaetalle frea £om Sbledd,Is f20 intd B ehedi kel 790 tBA% t ypical ly
is used to enaﬁl re, that the g?rti ally-crystallized nmacrocycie oligoester is

travel i ng”PBPEE0 & fFEpratng copreldeop (etphawn)do pentohihatompersiird of thowshsar t abl e
di t d ' t . ' ;
iverter 3@er 70d T8e ﬁlHItéxﬂi\i/{iAcS?oc%ﬁcoﬁ ox%&%ﬁﬁﬁ’th@@ae%%ﬁ)ﬁo gg§/ gr{)]%%ﬁ)ac\%fgﬁtq 1)

I ndustries (Eagle Rock, , “I'nco rocessl ng
and/ or  Apmpereainre| bativest alioss80°0end {bvat 14020 prafdbly Bdéttvedn aboutil BO°CLamd wedwoci ty i s
achi eved, b&z}e partially- crystallized macrocyclic oligoner travels to the
cutter 37l6l At the cutter 370, the partially- crystallized paste-Ilike

macr ocycljpg3p! i gonﬁlrceiftaﬁn%Boditﬁérﬁs,rtﬁé%eﬁﬁ@ﬂ@rc%nﬁbﬂ&oﬁhﬁjﬂtﬂnﬁﬁélﬁg ix@f water.
One or nore pellets nmay be cut by the cutter 370 at once. e pellets are
t hen r ens$8d! 4 icopemive of ebat 1§0°6f hvwetherrembpdiments, Sepdheatntiker380is afilkatradepar at or

380 may creen. ..wWhi c be a,povi bel.t . | t.abl e. separator 380
may be a@g?’ ELINS E@Fﬁ’@éﬁ’&egﬁ%ﬁw&?é@)‘fé F‘@oﬁﬂt‘ﬁ%,&ﬂ’fiﬂ,"h Wgﬁ 15 1gﬁ‘i{ﬁ‘cessi ng
Technol ogyin(Baswoestrader) tat lesPltgyuty ti san I ndustries Inc. (Waltham M),
Subsequent | the pellets 435 are dried in a dryer 385 and then transferred

to a-pel I[‘éq%hopper Bhgrering e emparakuginrthesear nikes, tie peerogBlic oligondveisa 1 ui d

bed dryer ,avgai r oration M I RQurp, (NJ). sui t abl e
pel | et yhé’%‘%ﬁ@ 5@%@%{5‘ %%%?’?‘gﬁaé‘ HE%K %re“?%&%?g}éé%ﬁ\}%ﬂewﬁﬁ%‘fw@e Gal a
| ndust r i esprofiag!the fasielike Widrocyclic Olipobied 0RES hitordiRab BRlcotipositRatdviea, L),
and/or Artisan. Industries Inc. (Waltham M. As depicted, the water that
was sepaPFFRgyslicoleom. igelpding the peesenpe phany additives o Gsnepeliyothe potislsn

PCTI USO26#9682ed séerocyclic 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.



recycled through a sunp 384 and a water circulation punp 388. A suitable

sunp 384 and a suitable circulation punp 388 may be av# haddnshdrieoos Gal a

I ndustries (Eagle Rock, VA), Incon Processing Technology (Batavia, IL),
and/or Artisan industries Inc. (MWaltham MA\). [00921 FIG 6 schematically
iIlustrates an enbodi nent of a process 6 for nmaking either prepreg or
pastille W@#WE2ADIten product utilizing a pastillati oRCBUSEELE32 A nol t en
macrocyclic oligoester 630, which is substantially free fromsolvent, is
fed into a shear m xer 360 that is congnected to a tenperature control |oop
(not shown) to control the tenperaturée™of the shear mixer 360. The nolten
macr ocycl[0e96p! i gonEkie mbviky balt SHEmENBaSE aﬂ&l&%ﬁ%ﬁ@s&e%nﬁiﬁ?ﬁé&ﬂy%eﬁ&@h%u{ 0 a

t enper at %re bet ween about 80C and about 140C, preferably between about 130C
and about0 factérabopigdiet indengtly (The hotam side akthe movingeslirS9fmeny &e aealed; fort r ol

of nor " eriosar g DS R Qe Tl Eheou 3 Bbiol oLIESRS 7 i OF y R5hna RS0

enmbodi menné thetchalingheaiiodrthnder se3€0d toscoal the pabeilles s Béfole Yy dad oPhk moMiigHalti S
like. a b@n screw extruder, hut |ess heavy duty. [0094] By towering the
t enper at 8 Ofng gbplinenty,a saRPing bas (Rat shoyw) & ampliyed g dhpesndiof thepagvingal [ y

crystal |l igg gO@f&%;H@&QH%%stﬂﬁ HE5 el e r{:[(?.ﬁnegt l%mﬁaﬁ%ﬁg %rﬁlg}?%xﬁén tNGovigy el of

shear provided to produce the paste- macrocycl i ¢ ol 1 gomer VATt es
accor di nelt 502 seilddefios Seidvik RodcessBystenn of Botywh, N iotmdeysdr , i ncl udi ng the

Lti : |1y, th tially- tallized
D b o oS ot e e i 90 by dpabout 500
€. . AndnReut 415009, fherocy il Aol pfid b p¥ivhidl-fidh Bt ned § able BiMACSN abOU!

15% and about 20 crystal macr ocycl’i ¢ ol 1T gonmer nay
cont ai n §@hthatis fiddwed thembvingbel(580g The begtivefthe nmbing bel1 SO s empadliapout 10

ppm as th l.Lten resi.n enfers fhe api rocess at a_ tenperature
bet ween gﬁgﬁﬁo %gﬁ%ﬁ? dé‘b‘ﬁ’ﬁi 1%?5’8@“&][%39%93% Gﬁ%ﬁﬂﬂ@& fopng Aag prepress can
be nmade g4emthe partially-crystallized and paste- |ike macrocyclic

oligomer utilizing pastillation equipnment. The partially-crystallized
past e- | i K998hacr oglp Sorheenthodigusmtsy ant yralerstater peltetiver osshioamaking pelled6 Un Aod

enters a_dr nerat.or 390.. The, droplet generatqr 390 | | pyed to
make dejs?}?aérgﬁés’i%tz(}e eo'ﬂ’fi:%rf'vg Coyellghzey 83891@1%?%‘%%? g@ﬁi@ﬁﬂ?‘?"’ '°%%&i nent ,
a Sandvi ¥ AR@iagibe isedrfouaingaleli@s.  ARSMABVEN VA Fashll A5 95T bSUSITIBLoRhind Ot OV, N
I's enpl oyed _to _nake droplets. \Wen past|1les 425 are manufactureéd, the

dropl et Bstliesater exsgple, pRgnduikRetqfeumer (avakdebiipomy Sanduik Pyocsss Sysemsofi ng bel t
500. 27 BeGeHaNeNH nf) 92 uitPiPRH0 Bamids.

[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




PCTI US02/ 20882 -22- [00961 The noving belt 500 may be of any |ength and
size and is typically between about 50 feet to about 180D&eshbdr2ob®ngt h.
The bottom side of the noving belt 500 naybe cool ed, for exanple, by
provi di ng wat er underneath the noving belt 500. The length of the noving
belt 500 and the cooling nmethod can be selected to cool the pastilles 425
before t héV@fAl®¥1t he noving belt 500. In sone enbodiﬁﬁﬂﬂ§?”§”§craping bar
(not- shown) is enployed at the end of the noving belt 500 to renove the
pastilles 425 fromthe noving belt 500,, I n one enbodi nent, a noving belt

500 avail abl e from Sandvi k Process Sy's%3ems of Totowa, NJ is enployed.

[ 0097] Wheamaleretipiet gboid D43°6 anm toBLISEr.eSubsdgaentlyt tp patiaeaatalied 390 may
drop the materjal, 415 (e.g., macrocyclic oligoester_ plus a polymerization
cat al yst )™l Oﬂla?ﬁ%%g%fwmﬂ infg0y desigbls shapes nchyting Refies. pavilley amb| t 500.
The | engtfprpd the noving belt 500 and any cooling nethod will be selected
to cool the material 415 into the fabric material 600, form ng the prepreg
445, [0098101in sonddditiimsdindElers mapbe foidatvdwich a patiloetcliz eligoeserws eth or

maki ng pellets.. I n For . exanple, Ga e underwat er detizer

(avai | b | TBRR G acmnerpoyelin aligp an arfétﬂlyg‘f ﬁ&gp@a%@g@t%@%@%@%ed for
maki ng peti el - tolhi : } NQ
past i 1 oo epgrure Bb@RORWING oy ohE S e (I BB gkl
Process Syspietely pelienT &t other, enidllimenip, theaddiive(s) andfop fiten(s) steiformdaied vd089] | n
yet - anot aspect. of the.invention, the process of. solvent renpval and the
process 0 %%i%%ﬁgg%s%ﬁ?ﬁleaﬁe ﬁgrrri;%c{ogycﬁﬁc?ﬁ%oeﬁﬁ@rs 8@?@%{ POHD; ‘i&%ﬁﬂs’ are
conbi ned,crpfalidde] igyeBothEr@Mibotinauts, thE REARE(sf Ay HEeE) a8 Pmuidhsdwita of a
macrocyclic oligoester to shaping the macrocyclic oligoester. For exanple,
in one erfBRSEHICHBISliseeHEr Whilk:the magrpeyshiy oligaester isrpompletelnerysipiline. ghecess of
pastil | atg ' . | Ng. g [ from
gt ooP ARy oc ARGt 1SR il FRERGi A R R REATIE | [

ol i goest enat&ishst antially free from the solvent. In one enbodinent, a

sol ution macrocyclic oligoester i svgr ovi ded.. Dur] n% t.he _sol vent renoval
process, PHEI ¢ enpcfastilly Bepeasanay bs PepavH e 2blpng sajgiehhatiatiedes paerogishic about

200C, angihhsteRr %W&H@ﬁiﬂ% ' \Q@]ﬁ@ @ﬁﬁ | essure and
about 10 tgrr.e In these e glctlllﬁqn‘g‘ﬁe?g,nt esgo veorflftyﬁ:;@ﬁ ontgéé?ts}@tijesl y renoved
t o pr odudbkermopledtis peeptegabasyd sk blemt méterisd thahintlhdes atizest onymhdracydid aligessteer .

[ 0100] The bst ant i free nolten macrocyclic oligoester nay be

S | I'y. sol vent
shear ed é"f‘dﬁtlie"’is %8?@%%@%88I°6@Y¥the nel ting point of the nolten nmacrocyclic
ol i goest go108p f Oor MiRrAGHIASS bleYregs 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.



mai ntai ned at, for 27 Decenber 2005 WD 03/ 002551 PCT/ [ TE0BécEME2 2008
exanpl e, between about 145C and about 155C. Subsequently, the
partially-crystallized macrocyclic oligoester may be formed into any
desirabl e shapes including pellets, pastilles, and flakes. [0101]

Addi tives V8Pt ers may be fornulated with a nmacr ocy XGTESEHI¥Best er or
with a mxture of a macrocyclic oligoester and a catalyst. In one

enbodi ment, the additive(s) and/or f_iﬂ4l_er(s) are formulated with a
macrocyclic oligoester while the latter macrocyclic oligoester is

conpl et el8105p| t en. When aqirbyseg i mindeliwifle ablend inbierialdhlit fricieless mawnsthelic fill er (s)

SpCh TR e T S
enbodi meHehided. NEGAAHinbhM& (b eﬁESﬁiﬁEntfojf LS ﬁ{v@ﬁ}onT | ok Q% %I%ﬂﬁﬂgﬁ%{e&c ly

macr ocyclic oligoester while the nacrocyclic o oester is cC

cryst al | ffefrorlaanacfooyalip loligedtenercrbday clateciabdfingoasydic oligogstewitr @@ ok nioge a

prepreg ipn the formof. pastilles on fabrjc material, 1Q102] Pastille

prepr egso{r?%%rycoﬁjé’oﬁe?ngpsg?lb T XZRion g _ t[ed“? BIPCESH °"Ysﬁﬁﬁf‘ﬂg%‘¥4frﬁé’¥e£€eﬁdi c

ol i goest @4SthatlHas 8 Aes2idl ALir WA Bbric bRk 8 Pl QPkclef ko SultoriRileds for
en

preparing pastille thernoplastic prepregs based on a bl mat eri al that
i ncl udesSEPlifyawsireagraoseasss ovploying psplegoest er and at | east one

- Brotlucedl k" ho KiEHe wFIG T pLepR BRR Sk £ R RIS HER] el ) "of Che
resin i sappligdio 4BiRfdréfs AbAE 68intdRdclRe: redifEspd 415tAe theh Bsled URfod H&fifidaRt

wet -out the fiber properly. This typically is the case with thernoplastic
pr epr egskolyBerizatien igkps @lacpoThermeliengesi g iswpumped e aohinaeltn e potuieef a

co- m ngl ; . i | Lber..a t her. | astic fiber r, co-ywoven
Fabr1 s, ipkag s 16 4l Blridedh B B R SRR Gitcef e BG meBoref L
steps: Unchpatitnge antnete ki br@nibbeimeatsi tbtat;’;i% cyidbd 519 aallabRfrollBndviker and
consol i dgr,tﬂl ng, and 3 cool ing down_ and solidifyi ngé@{ 0104] Macrocyclic

ol i goest BHoEess Eﬁstm%éﬁ@m Hbiseaplayed in thepreces apsamenin jauddepsadyesie  many
orders I 3t LUR v ' o] Nt on .

t her rmp?fggt ﬁs .dgﬁf'@é, C(%v %ﬁ%ﬂ%ﬂ%%é I?Aegtt%t% P%‘gb%ftgég? Xlﬁiatg‘rh%géicsfr?tg S goesters
(when nedropsodlSwhi be drdnpet ia agphefadscted aeiyEQr, @ipBigerih) soeli=s thtuiong of Renheat i ng

cycle of a.proces an be dong ch nore easily than
y umfoB:n per un?t fgbrlr(]: area (% umfo%ty is desired) and is 0¥ a desired value. In one

embodiment, the amount 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



conventional thernoplastics. Hence, in prepreg fabrics nade with
macrocyclic oligoesters, the resin does not need to bembsddgmbaitrels as
close to the fiber (i.e., each and every fiber) as is needed for
conventional thernoplastics. That is, resin can be placed at discrete

| ocations, but nelt and flowto wet-out the entire fabric when the resin
is meltedWOPRWEEBtnber 2005 WO 03/ 002551 PCTI US0212088PCTAHEI2RBEY05] When a
prepreg is made with a blend nmaterial that includes a macrocyclic
oligoester, the blend material can be_gs one-part ready-to-use systemw th a
catalyst already included. FIG 7 illustrates one enbodi nent of the
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maki ng ofo yieldraapupgt prédifot 130atbsbatallyeedmt §odfbnf, €Si n and fabric material in
a pre-selected ratio. Such prepregs can sinplify upstream processes
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st eel belt%?. These.discrete resin drops 415 can be arranged in a
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f r om abowmbstasiaily fise fighntsolversi fih¢ autputipeaductABYmby bemiodt. Gremit produst 1300t her
enbodi ment, the amount of resin per unit _fahric area ranges from about 30%
by wei gh nt?t%g]foﬁestggo 25 Bolien mesaRy lc\lﬁgﬁga?ﬁerlsé%iwch[iﬁ)ﬂfeqefse#ﬁ]@%&hﬂﬁﬁm 3attern,
and spacyigd peflett43s. dropped resin deternine the "average" ratio of fabric
material to resin before the resinis nelted and distributed throughout the
fabric [931Wri al . FiGiekOds & scheroatici fivivt diagrem ofisn erobddivgenanfn systemrfar shapingr n - of

T R A R MR RN e A
SSQC 26 %ﬁ&@?,ﬁgemwv&%hbm bysteth 3 RAUnkbEZR 1A pr6RES, dERRLAH abb&S Whidnd t he
make pellets from a moiten 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).



[01081 FIG 8 illustrates a schematic flow di agram of an enbodi nent of a

.solvent renoval system where the solvent renoval syst e beddrhbest20as ed in
FIG 2 is linked with the solvent renoval system?2 illustrated in FIG 1.
According to this enbodi nent, which is typically enployed where the |inear
pol yester depol ynerization reaction product solution (i.e., the input

sol ution) WR0#0%fl ute (e.g., about 1% by wei ght nacr oc\PERTUSOHIBHoest er ),

i nput solution 110 is first processed though system1l to yield a resulting
out put solution 190. The solution 190 2t6hat is the 27 Decenber 2005 WO

03/ 002551 PCT/ 1 S02120882 -25- product®'6f system 1 typically contains about
3% by we{(J#2] macr aty edvaatagesi of dR Sb®Ve.systidss, potdtsds and prddidt ﬁz@pﬁgﬁn&ﬁ&t @ 2 as

i nput solution 10. The [nput solution 10 is processed thorough system2 t
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110 is amdjdkﬂgtﬁesgpl ution (e.g., about 1% by wei ght macrocyclic oligoester)

which is first processed though systeml1l to yield a resulting output
sol uti on[0183]. The Cotslygtsimuay bt f@mulaterd with nodeeocpelio dligaestors to prgpare mefregspi cal | y

cont ai ns out 3% Db i ght .macr.o lic oligpester. lution.190 enters
system ZC%QY#%%}' %%%alr{,ﬂwijiag’ﬂenfﬁmﬁeﬂﬂf ‘?/fgnaﬁ’f(’%c& gg%?"ﬁﬁ&%é@#é%’ﬂt ‘2 to yield
an_out pug,3¢9, Bt edidd corfiendsdfartidhas inorbéreRd by RIerefRb K&Eh, or g LeuWldat product
130 may be nolten. CQutput product 130 enters 8rocess 5 as ' nolten

- macr ocy chafere gr fygine shedprngdgiongcesses desqribed kerein dCathlysis tiat mapsheamployedin yi el d
Il et . [ Q1 | ' h ic. flaw di f hodjment  of
P oyet er¥ nveltioh Heidethosd thal e BeoBi0 BB Fore M LBHE AR b et BHOR LT ©

macr ocy chihotliQaipséstsr. A ehithalawaitithe-ACHOEeIicd GorpblytnBiising Maktesichient , the
sol vent renoval system?2 is linked to the process 5, described above; which
make pel QHSPESIeTS, GREARO e dTERP Highate componpslsdraihe prsforry eatalyiby althemsh othehe | nput

Lot talni . j . . : .
o ocessad LR BB bR o, Rl Ak RG! ARl ol BBRERL X ot al 1y
free fr owwnswinlesssignadiU. Srierieiladdfe4p43 dntidedMapricy@icdbiyesterlBiomess aml t en.
CQut put duct .130 t. t 5 | t | li 530,
D e R o e bR W R L Bl 2 0%
the processaicisPstéthGby8vady, RIURSS s dofodo,Psrrdnkifs "P'Bﬁzijﬁ-ﬁé%gtaﬁﬁfge“ ts, In

Organo-Metal Catalysts" by Wang, the entire contents of which are incorporated by reference

(0]

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{ / , /ovslu—o/ 0/ \R3
Sn . CH, R

and tin compounds having the formula (IIT):



ot her variations of such enbodi ments (not shown), alternative sol vent
renmoval systen(s), for exanple, systens 1, 2, 3, and 427 Desmibdpedombove
with reference to FIGS. 1-4, may be linked to one another and/or to
processes for shaping macrocyclic oligoesters froma solution of
macrocyclic oligoester and sol vent, such as, for exanple, processes 5, 6,
and 7, des®P¥EShbove with reference to FIGS. 5-7. FRCTESHMPPR, referring
again to FIG 8, FIG 9, and FIG 10 the solvent renoval system 2 can be
repl aced by system3 (FIG 3) or system 4 (FIG 4). Referring still to
FIG 9, and FIG 10, the shaping process 5 can be replaced by process 6
(FIG 6).0IR7 Decenber 2005 WD 03/ 002551 PCT[ EJS02120882 -26- [0112] The
advant ages of the above systens, processes and product prepregs include the

ability to "drape" easily intp a d, the y to flex w thout cracking
and crunbling the resin drop ,nAerDa.t\Qe abi T\t
pastillation equi pnent. Al so, st ead pl ac

|

;p// 0 use conventi onal

g the pellets on a conveyor
belt, they are placed on a reipkorcingyfabric 'n addition, the processes
can be conducted isothermall ('0 e. sat cons(xén\t\ tenperature) and in a
vacuum bag or in a conpression nolding press. [181131 Cat al ysts may be

formul ated w .macrocyclic oligoesters to prepare prepregs. Catalysts may
be part (‘Jg’erﬁmh{gé%ﬂ&h‘h? 'Wﬂ%gﬁﬁ’e?@%éﬁéwﬁﬁw&%@%ers, see U.S. Patent No.
6, 369, 15£g115]he e“@p&ﬁﬁ@@:&hﬁ:’[@s%f@gaﬂ@fﬁh&éhﬁ%@#&ﬁ%gr RS iR Yhid il afiGnCe

herein, or may be added béfore or durli l"at1 on processes
descr i beénchde éibwiylti@alicgides 1 3,6 0atra-rrbyiybk6-distahng 24, 7, 19-tetrdvzadyclodendriepnn | ncl ude

those th e capa .of catal.yzing. ranse ri.fi.catjiop pol ymerization
L rose By PR GBS hrtnh RS bt el B DO

pol ymer i aibagIHiRe nNdRide; di-RbigBRGV RIS bubhaRNODIn RAILQEARNPE] t anat e
conpounds_are the preferred catal ysts, although othér catal'ysts may be

used. Defligxicudohsptone.iapd frwiibin qslixidee Beer eigi UiB. Pateal yo 5348485 to @edrovietdrl. i n

commonl yIzﬁe@ﬁﬁ.' ri.al..No . 09/ 754 (i "Macrocycljc

Pol yest er I g%?n@rcé%ﬁgﬁggscﬁ%dcﬁgg%ggy%gw%mggk@q? ﬁ%@ﬂ’é’}!&?ﬁt W nckl er
et al., herGnbpefiradce Noits dffirctP)dnal®e uskdtin the pelymeftatioh YdaborSy St ens” by Wang,
and U.S. Serial No, 10/040,530 entit]led Tol ymer-Contah-dng O gano-Metal

Cat al yst B¢}y wanditangircomponnds thas mes b usedin thiinyputiondndlyrde difange aerappunds
referenc | ik I t j | of _class of tin,conpounds
t hat may Sgnﬁ‘g gid int eé&flér?v%ﬁt%i%?b)i%ﬁ?ﬁé?ﬁ%ﬁ%ﬁ%@?@?@e tﬁV‘??l%’;(l dgp

oxi des, tiamoal(ky) tetra@icylinhy) tiladse, ditlaisoliropy] dedate, Midadtielhiyl tidchid), oxi des,

bistrialk~ltin(l oxi des, nogl kyl tipM tri sal koxi des,. dial kyltin
1sopropyi]tgta1§2te, n>’§anate tetragﬂcoxﬁe. 5ther 1ﬂustrativc examples include (a) titanz%e )

compounds having the formula (IV):
vy

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):



di
(
-t

a|‘kOXI des, tri al kyltin([V) al koxi des, tin corrpounds havi ng the formila
1): (11) R2/_R3 Sn /0-S 00 R3 CH2 F R3 and ti ncpsgepbet2obsvi ng
e formula (111): 27 Decenber 2005 WD 03/ 002551 PCTI US02/ 20882 - 27 W)

1

he f

R3O'\ R3Sn CSn l\a--/0'\3 wherein R2 is a Cl1.4 primary al kyl group, and
R3 is O _lo alkyl group. [0115] Specific exanples of organotin conpounds
hat nmay DEOQ¥Y¥@SSin this invention include dibutyltin P&TAISPHR882
,1,6,6-tetra-n-butyl -1, 6-distanna- 2 5,7,10-t etraoxacycl odecane, n-

butyI tin(l1V) chloride dihydroxide, 2{@ butyltin(lV) oxide, dibutyltin

di oxi de, di-n-octyltin oxide, n- butyI in tri-n-butoxide, di-n-butyltin(lV)
di - n- but oxi de, ZyR-di-n-butyl-2-stanna-1, 3- di oxacycl oheptane, and
tributyltin ethoxide. See, e.g., US. Patent No. 5,348,985 to Pearce et al.
In addition, tin catalysts described in ¢ nly owned U.S.S.N. 09/754, 943
(incorporated herein by reference i\n it irety) may be used in the

pol ynmerization reaction. [0116] Tit ghat ounds that may be used in the
invention include titanate co d in conmonly owned U.S. S. N
09/ 754, 943. Illustrative exanpl\& ude trtraal kyl titanates (e.g.,
tetra(2-ethyl hexyl) titanate, tetraisopropyl\titanate, and tetrabutyl
titanate), isopropyl titanate, -titana e/’:(ekr%al koxi de. Ot her illustrative
exanpl es include (a) titanate conpoun aving the formula (1V): wherein
each R4 iwfereMAadERAS Rdeyendehtlph !y, alRyiierow) Z69O of WORFYE a @ PHIRS! %gﬂﬂ
together forma divalent aliphatic hy ocarbon group; Rbis a 10

di val ent U@ubqtﬁqtmréﬁbshmt(fckpmyl grom@pqyg@pi pésn Z is O, m=n=0, and when Z is N, m=0

or l and mtn=1, and

|_\'—|-

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

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



group; R6 is a nethylene or ethylene group; and nis O or 1, (b) titanate
ester conpounds having at | east one noiety of the formgapéddmbet 20DRCenber
2005 WO 03/ 002551 PCTI LFS02/20882 -28 (V) 'L- IV 1-11 \- X v wherein each
R7 is independently a C23 al kylene group; Zis 0 orN, RF is a CL.6 alkyl
group or unsubstituted or substituted phenyl group; provided when Z is O,
merr-0, anOdH@RSSZ is N, mO or! and mtn= 1, and (c) tAGTAREYW8RVst er
conpounds having at | east one noiety of the fornmula (M): (VlI) 0-~9"-"0 ~
/[ \ Ti 10 R9-O wherein each RO is i_rkge_pendently a C2-6 al kyl ene group;
and g is 0 or 1. [0117] The conpositions and net hods of the invention may
be used trensaderiffcatiinumiplystar tSeeUesh PaentNa 5,668 186 (ineorpordted herpin by refanexna@in ous
macrocyclic oligoesters. Exenplary articles that maybe manufactured by the
i nvent i off® PHi&fYde without |imitation autonotive body panels and chassis

conponenEsgmpre mépapﬁﬁ%{ MitcFdeh e (1 MpRPIenk tePephtiadd Olichmbl PARS, fluid
storage tanks, tractor fenders, tenni S rackets, golf~shafts, w ndsurfing
masts, t 63201 r ods Macseadic (barbstybane tkephthblatey oligocstey prwderaved fadmt dirateeothousi ngs.
Exanpl es The fol | owi ng. exanp| are .provided to further jllustrate
ond ot Berd Rpatitigh 1 i SRR o3 s Bl B ol A
exanpl esaigued kgfnethebash 4 Gald @nddrivatst gefittizvCavaillabld Tom Gald Bitfubidits (Faxa RBLE A
[0119] The macrocyclic_oligoesters used in the foll ow ng exanples are the

macr ocyclVife: NeHiedtsez off wasgoserved. pibe preienal quislegslandhedie facehEhangeto 898! i ¢
ol i goest gr.s WRLE LSRRG SHd BY ah&Ph cBftain 80 ppm or less of water.

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 t i vesabdubtd0ed eidatdut FRUPERBA hizadiréstite Bafing Yervednhb3RP0hYr Wi Mokt 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 amjaputsplutian oy méwaabtnra#@m&v(hi@wl@aﬁ frepathylatgh g
tabilizgg <40 iﬁ: bl S EEA [\% ] - . . t
Zt ? ai: hleég{lgg)et %em %ﬁ%ﬁr ot of J())lr nmer ef?dt]é} %%%%8%@43 I lélg@g A i G55 1T

rising film evaporators and a falling film stripper available from Artisan Industries, Inc. to

(=]

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.



(1, 4-butyl ene terephthal ate) oligoester contained | ess than 1000 ppm
sol vent. The wei ght of macrocyclic (1,4-butyl ene terephtbatahisdr 20b5 goest er
~deposited onto an area of glass mat was controlled to between about 400
g/n2 to about 800 g/ nR2. The pastilles had a hem spherical shape and were
about 7 mmin dianeter, the pastilles were spaced about 15 mm apart from
one anot héYO 03/0P¥581 gl ass mat prepreg was flexible, wth RFGHUWHESI on of the
macrocyclic (1,4-butylene 27 Decenber 2005 WO 03/ 002551 PCT[ US02120882 - 30-
terephthal ate) oligoester pastilles. This prepreg mat can be cured to
crystallize the macrocyclic (1,4-butylene terephthal ate) oligoester to
reduce miMEBlr e addesguiiwrexitsthetserokd flaFh deyicend dgvela® a thind sisimg filmed at a

t enper at yr e of . 190C hi gh ecul ar wei ght . pol yest er ut. 80, 000
Dl Cony . pafisro T st e Sl Rsbiiet s s BB RE S Eos b0 of Fofor

macr ocyc g iz1d el tefipBiahird SNBo1A0oRNA AR AbiRlic BlebARE StiRfeahd B silifhle@iORENZENE
was fed to an Artisan evaporative stripper fromArtisan Industries, Inc.
(Wal t hanthindising Al weapetadayat 4 tfeaphrapweagfebat $99°Gand epersattkich #ush devicenfihe at ur e
rangi ng hetween about 180C and about 220C and at a pressure ranging

bet ween HBG: ehﬁé?"fcﬁr“_sr e&ﬁ‘”ﬂ aSgeRetatip AbpWA) € frlaenhaiamessBhcbMiidat e a 10%
sol uti onegfdess® | : @l ss than
100 ppm oot P eyt o R o ol Bl s o Bl

St ri ppi ntheftignbBsh devidenput  sol uti on of 3% by wei ght nmacrocyclic

fod at alPERE of IR oieshths wg i Yok GPvive Buf vl A eurlnfe iy 1 O "
evapor at efaporafef PhelfGhrtH Mnd filhd @vapdrhORS M{aé@%ﬁ&f&%&rﬁhﬁﬁs fhglistri es,

Inc. to produce an output” solution with solvent |levels of less than 100
ppm at aishaldet hmperbit of bBaut R4 Y at atnjosh26} pressuren herebiiet] e siytion leits thput

sol uti on, havi.n tenperature of abouyt 65C is fed at a rate of about

6, 045 kglOHFO FifipHTikn pYapeiatof pidt tRyPefIiGO @b&ab%%étéﬁn%%a;?rﬁ@f%ﬁthé@%m-i on
surface fERuriPhiashi ; R i k&do | or, i s held at
t enper at ure of aabc’ou?‘H{:Le8lgéglgta{Méta?[1 sp eeoﬁflﬁlg':ou%?%dsg%ﬁ éﬂn{o%%}égg%%re AT he

sol ut i onfoexh tendtiser daptusds thd wiporized sdlvenethaiio reatoved antle fontthrismgfilnf i i rst f1 ash

at s phefEortgy gt @i deFion FrdE AERF houk RGP e T SO ol vent
that |'s {aABMEthelibd:HIE dicht o he obAdihso HRGH: ) lenlkd VR abluf 96Ul ash

devi ce.
[0130] The solution exits the fourth flash device and travels to a fifth rising film

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

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



[0127] The solution exits the first flash device and travels at a
tenperature of about 180C to a second rising fil m evapmpésmberleosecond
rising filmevaporator has an evaporation surface area of about 81 ft and
is held at a tenperature of about 193C at atnospheric pressure. The
solution exiting the second rising filmevaporator has a tenperature of
about 193WQ#3P0258ht ers a second flash device. The secoXRETUSEAM8Revice is
held at a tenperature of about 180C at atnospheric pressure. A second
condenser captures the vaporized solvest that is renoved in the second
rising filmevaporator and the second Tl ash device. 27 Decenber 2005 WO
03/ 00255ashd@epicsogy Bos@Royes in thé plasdf therrecand) third, and fiwith Sasthievisecond f1 ash

devi d travels to.a third rising film e tor.. The third risi
1 1 m ovaBraaohiks Ay Bish bt Shischoeretfise BCRP bR for s 1lpons HIRE |

hel d at me@m&@twéaﬁfo&@ﬁméﬁﬁ@@?orﬁbﬁpsmﬂﬁh B&ES My havd fiRkeaf ter, the
solution exits the third rising filmevaporator at a ténperature of about |

199C andcanduidy thatre afjacent tq epsianetberi dbe fashdlevicdinayrlfd beshnaimpied eo thet thel d at a
t t . . at her. A, t hi
Lonror st bor B aP R Bl SR SBE Rl e RBERRY TsPlacRunil fh BRERTE |

evapor at sulutinxitind ehetsbdondlriéih@ il eleiporar, addihd Wndhil CorIY sohition egiihd et he third
flash deyi ce ,andgingavel s to a fourth risi r&g film evaporator. The fourth
rising fioRHhEsEg§imewponries isplaced nside theicensivl fortheceluiion axiting e guind 1808t and
is held t ML f ' I I after,
t he sol u%ﬁl&%{;\\% X1 tog %ﬁ@gﬁ%’?r&?%} ?".2%{5%8@3“%1@@@%@ gfggg)gﬁﬁé ef[?: 31#16) fgﬂ{i ure of
about 20A€phnciofdht seendathfrd,unt foukthashdedey deseribed Bbkevef ourth fl ash device is

hel d at nperature of about 180C at_atnospheric pressure, A fourth
condense@1 pt ur e S2¢0Rf thengisot nd patept apaligationdqcurngnts @‘ﬁﬂ%ggﬁﬁmﬁ‘}’@f’ﬁ@urth

rising fihbdhhoraié@BPfertoe ARG ilMhed Q5. f 1 ash device. Each of the four
condensers enpl oy cooling water to condense the vaporized sol vent and

bri ng t H813dndens ity entdificatienst evdpéreaimpmenatatiaroaftwha?B Gescripdlizffin The

sol ution its the faourth flash device and travels to a.fifth rising film
evapor at ‘Or. O Hdo HPF%‘%‘% H%‘%%B?‘%gwgo%&%%ﬁm@%ﬁo face
area of BPpRtntikd akkiapd 1s held at tenperature of about 226C at a pressure
of about_1 torn Thereafter, the solution exits the fifth rising film
evapor at Whatds claimeddper at ure of about 226C and enters the top of a falling
filmstripper. The falling filmstripper is held at a tenperature of about
226C at a pressure of about 1 torr. A vacuum punp captures the vaporized
solvent that is renoved 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 cool i ng awpecenitser@oosiense
t he vaporized solvent and bring the condensed solvent td a tenperature of

“about 176C, [0131] Nitrogen froma nitrogen sparger is introduced-to the

solution traveling through the falling filmstripper at a rate of about 9
kgfhr. After sparging, the macrocydic oligoester product has a tenperature
of about 226C and contains | ess than 100 ppm solvent. The macrocyclic
oligoester exits the process at a rate of about 181 kg/hr. [0132]
Alternatively, a single flash device or a single condenser is enployed in
place of two or nore of the flasB3devices and two or nore of the
condensers that are described. @& giNpgl e 27 Decenber 2005-WO 03/ 002551

PCTI tJS02120882 -32- flash device nay be enployed in the place of the
second, thilrd, Awrdcessdenitoftifg amtrratelicioligossterdbenrpdelseomprisingéhe A single flash
devi ce may Jhouse three distinct conduits for the solutions exiting the
second, thir and fourth rising filmevaporators. Such a flash device may
have thr. ee(a)comﬂmawwonaoepr&dgamml@memnéaIsndvent:ﬁwe fl ash devi ce may

al so be copstruct e %&é(j&g‘%@%eadm%gmp%aﬁg't&%&nﬁgl II on exiting the third

rising filmev pora i'nside the con or the solution
exiting the second rising fi Imevap@,rat or, and the conduit for the sol ution
exiting the fourth rising fiffmeva orator is pl aced inside the conduit for
the sol ution exi u_ag_uke_idu_t ksiitg—Tfi | mevaporator A single condenser
(e.g., a condenser with a 500 f.2 area) nmay be errpl oyed in the place of

t he second thl ourt ndenser descr Qv [ 01331 Each of the
patent and p%?’%ht aaﬂ‘l"dh% 8“%8‘%‘““8’ %kﬂ é?dﬁlgbove are

i ncor por atﬁdﬂbyaﬂaﬁleﬁtamuhaﬁmcfchcgmumel r ent| ret y [ 01341 Vari ations,

nodi ficati ﬁ}g and. ot her rrg ege | ons or\e/l\pr Sy descri bed herein wll
occur to tWose SIS eﬁ%lvre?t RTee bary or L ATRAS ff feparting from the

spi rit andortboeh; slope of the i nventl on as clainmed. What i-s clained is: 27
Pﬁgeg? g::eggo(?orrgg]ileé’f“i‘?é%‘f ﬁlgg‘ocy 1(3% Jegtgr sugs(gan?ialiyrkgecqronatﬁé Q(ﬁ%nlt c oli goester,

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 pressﬁre range of about I torr {130 P2] to about 100 torr
{13,000 Paj.
6. A process as clalmed in any one of the precedmg claims wherein each of ' |

-step (b) and step (c) mdependently is continuous.
7. A process as claimed in any one of the preceding claims, wherein step (b)

is conducted with at least one solvent remova! 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



steps of. (a) providing a solution conprising a macrocylic oligoester and a
solvent, the nmacrocyclic oligoester conprisi ng a St r uctupédenitpeeads uni t  of
- formula (1): 00 0---R---OGC---A mwherein Ris an aIkerne a
cycl oal-kyl ene, or a nmono- or pol yoxyal kyl ene group and A is-a dival ent
aromatic or alicyclic group; (b) removing the solvent at an el evated
tenperature, or at a reduced pressure, or both; and (c) collecting the
macrocylic oligoester substantially free fromthe solvent. 2. A process as
claimed in claim1, wherein step (h) conprises renoving the.solvent at’
t enperature above 120C. 3. A proceSs as clainmed in claim2, wherein step
(b) is conduamadpmhéﬁmmmmn tenperature range of about 180C to about 200C
4. A proces | ai ned in _.any.on _o% t he precedi cl ai 8, wherein step
(b) is con cte Wcteffi?fg‘” & aﬁg‘é‘“ f2 Hﬁ%ag'beﬁ’@i'af%rn [0.13 Pal to
about 10 tabmpxﬁmbaﬁ]heamdﬁnwocess as clainmed in any one of the
precedi ng cl ai nms mhereln st g@l I s copducted within a pressure range of
“about 1 torr- (136955F5F6 ﬂ“f £ §F B whergn saeh golypot remgval A gcess as
clained in awme,aévem&wmes&ﬁs@mmcd@bﬁ@o%vm{e%bwa@.ach of step (b) and
step (c) independently is continuous._ 7. A process as clained in any one of
the precedi A§ cl Pﬁﬁ“sﬁh@PEPﬁ“§¥§ﬁmfBﬁﬁmpgmﬁ%ﬁdﬁwF% #heseinthat | east one
sol vent reﬁﬂﬁ&hq%&ﬂﬂ@&&&§mﬁ&h&ﬁ%%ﬂm&&ﬂﬂ&&ﬁﬁ@&%@yp consisting of a rising
filmevaporator, a falling filmstrip P athinfilm evaporator, a w ped
fil m evapor &tor, a%rétehwdgtwwnea e Arepading gloimss wheseinghe and 27 Decenber
2005 -34 a shablycRVitbeRUANREALMY fredironlIhPIRER o0t Rs 6 Bt N claim?7,

wherein. a rising fil mevapor at or
00 ppm of the solvent,

12. A process as claimed 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.



conprises a tubul ar heat exchanger. 9. A process as clainmed in claim?7 or
8, wherein each solvent renoval apparatus renoves betweeDesdmhdr 28090 and
‘about 90% of the solvent. 10. A process as clained in any one of the '
preceding clains, wherein the mnacrocyclic oligoester conprises a
macrocyclic co-oligoester. 11. A process as clainmed in any one of the
precedi ng clains, wherein the nacrocyclic oligoester substantially free
~fromthe solvent contains | ess than about 200 ppm of the solvent. 12. A
process as clainmed in any one of theg preceding clains, wherein the
macrocyclic oligoester substantially free fromthe sol vent contains |ess
than about 1%0 phricsess ehelaimed ropny, ong of claims loockds whereip|stprtbd i n any one of
t he precedi i > i QQIEFQI_E cr ckhic oligester and
a sol vent c%p#gegﬁggp@mgeﬁéogg%ﬂaﬁ af%b@évg% a outt‘ﬁhgg&fﬁ)of&\}/\{%laght of
macr ocycl i cPrefsingoeing efirst shert path priseaesa seondiskirtpeh évapaatyr; ek of t he
pr ecedi ng_c;mﬁﬁgﬁ[ [n the macrocyclic ofgoester conprises a structural
repeat unit seleéecte romthe group consisting of ethylene terephthal ate,
propyl ene t & eplht Pratess es cldim@d pr o1y yohe neclaite laphithebatie step, (W) but y| ene

t er epht hal g1, 4 . yl enedi, net _terephthal afe,, and 1, 2-et hyl ene
2, 6- napht ha ogiﬁgéﬁségég%%ﬁgts&w{tﬁt A ei&%%%'geénpﬁ?wﬂ%éafuﬁ@any one of the
precedi ng chressurs psingvefireti shors patlpesaisrator; a fist flak devicenfiret cogdende®s sol vent at an

el evated tenper at ur nd_a reduced ressure using a first rising film
evapor at or ;an}a%g%ngc%ﬁr p?alhselvarf’émf i ?‘rfeé?/“grpﬂﬁqh ¥ aasr"iﬁ"“gémf‘{if‘ﬁef"r‘i‘g film stripper.
16. A procdimidasceden iandbafalling filrystipper. of clains 1 to 14, wherein step (b)

oressur e usiong. A TPk of Pepiee pETYF ERpBrd Tt PHtey fifcn dovi ce: 8
first condegreesscompris@abddegiosi ng fil m evaporator, g Se?OP?- fl afs_hI device; a
arger, and a falling film

second condgnser: . liquid receiver: a,s .an

stri pper. %% De%'gﬂgigga t 8§°?Vf*7tfﬂeﬁ\“’ﬁ}t6‘£'é‘§“§°‘§%“°(9ll‘%ﬂef@d‘hen any one of
clains 1 t Gnatéheyclib oligdedlersb@ftis(igh scrac@irlirbiasuni @i (hhe sol vent at an
el evated tenperature and a re_duced

-——o-—-R——é):--u:—-A—-—&——--— o

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.



" pressure using a first short path evaporator; a second short path
evaporator; and a falling filmstripper. 18. A processpmapeddndtier®dos n any
one of claims 1 to 14, wherein step (b) conprises renoving the solvent at
‘an el evated -tenperature and a reduced pressure using a first short path
evaporator ,.a first flash device; first condenser; a second short path
evaporator; a second flash device; a second condenser; a ‘"liquid receiver,
and a falling filmstripper. 19 A process for shaping a
partially-crystallized macrocyclic_ oligester, the process conprising the
steps of. (a) providing a subst ant¥64! | y solvent-free nolten macrocyclic

ol i goester, 24,he A pro&hss Meile®inGhy R BBHRBMs DDIIRS) WHeRSh Mesinpded ural repeat unit
of formula (1); O (c OROQ-A wherein Ris an al kyl ene,s“a cycl oal kyl ene,
or a nono- #bs stispe welen greagyclicaligoestes comgrises pitruding ther onati ¢ or
alicyclic guMsthntialtPolveRtGRE dler RRrotitiie biddbdtddlal ¥ teiBbeiGRibelofvee Mol ten
macrocyclic oligoester to forma partially-crystallized macrocyclic

ol i goest er ; thamelting poiatef ghefaacroneclinealiepester y- crystal | i zed nacrocyclic

- oligoester. 220. AA,BEQCRIBIRA if LGBl whiteln! st byl cottligELinhneach of step (b)
and step (c) in dependently is continuous. 21. A process as clained Ln
clai m 19. ofxtmrder apm temperatuse bepregmboutoldBiG apdsbous R6HE} ng t he substantial |y

sol vent fregs MorQ6KG ds Ciafldi $OBSHESs, Fherlin sRIRG 8 boHifcre Rl QW t he mel ting

poi nt of the macrocyclic ollgoester. 22. A process as clainmed in claim?21,
wher ei n. st egxttaitidr at stemperetyptbetiepmabautsi4 ¥t andgbous I5HE. a shear ni xer

t enper at ur et " ' . ess as clainmed in
claim 22, \?\%}ére?ﬁﬁ'g‘f%gg%ﬁn@ggﬁﬁﬁﬁgwﬁggﬁé‘éﬁmﬁs%?&at a tenperature
bet ween abowimptisks 6ping tieepouikllytGHEHiI&VmBegrciselig?d05nt036had4. A process as
clainmed in f clains. 19 ereln aring the substantially
sol vent fre%ﬂér;to ?‘gmn ﬁgﬁﬁuﬁg‘;ﬂgS%rgogﬁpé%gg‘é%?ﬁ%gﬁ%??%& extrudi ng the

subst anti al28y sdlpr@nds af cl@medinlaheonerd claios 18 ko 27, odrygbieg tierstept a t enper at ure
bel ow

of collecting the product of step (c).
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 of 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):



“the nelting point of the macrocyclic oligoester. 25. A process as clainmed
in claim24, wherein step (b) is conducted in an extrugEepegdmisert2eoper at ur e
bet ween about 100C anal about 165C. 26. A process as clainmed in claim25,
‘wherein step (b) is conducted in an extruder at a tenperature between
about 145C and about 155C. 27. A process as clainmed in any one of clainms 19
to 26, wherein step (c) conprises shaping the partially-crystallized
macrocyclic oligoester into a shape selected fromthe group consisting of
a pellet, a pastille, and a flake. 228. A process as clained in any one of
claims 19 to 27, conprising the ste of collecting the product of step
(c). 29. A process as clainmed in any one of clains 19 to 28, conprising
adding at |east one additive,to the substantially solvent-free nolten
macrocyclic oligoester. 30. procgiss as claimed in claim?29, wherein the
2

at | east one additiwg ij. gel om t he group consiazti ng of a col orant,
a pignent, a magnetic material, an anti-oxidant, a UV stabilizer, a
pl asticizer, a fire-retardant, lubricant, and a nold releaser. 31. A

process as OblardreRl isiafl alkileena JOloalldaiefira nioh6- i@ poly@gdkyldagroagdi tive is
sel ected from,the %:g%g conai stﬁhngl, of fampd silicate, titanium dioxide,
cal ci um carBgAFad AIFERYG rRETYSIc gD 0L gl ass mi.cr ospheres,

m cro-bal | oop, @dpusingtths n@here of AROMbIEM, mAckRAAE oR@leMb®Lid, thand nononers. 32.
A process as E'Iglai,rred in_any onégf clajms 19 to 31, conprising adding a
catal yst to Roff@edghen satlystintga by ree nolten macrocyclic oligoester.

33x A process, f OA piBdelN8 @uRERRI @9mOf3, WheRES BE edliek nRlcicop@st er and a
pol ymeri zati gn cat al t he process CO&I’I sing the steps of. (a) providing

t>éist
a mxture ofoligoesey ERRInsless traabpat 208 ppryofselvent: and a  pol yneri zati on

catal yst, wual ei 8 ptdd@s Micklrhtieh HAmIBRS A bhaHsnY pitiflf fys@mkiag! vent, the
macrocyclic oligoester conprises a structural repeat unit of formula (1)
27 Decenber thisturesf thy neplign maqrecyelig oligogstec apd the golygerization catalyst

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



“wherein Ris an alkylene, a cycloal kyl ene, or a nono- or polyoxyallcyl ene
group and Ais a divalent aromatic or alicyclic group;2apgcdmberdep®siting
" the m xture of the nolten macrocyclic oligoester and the polynerization

. catal yst onto a fabric material 34. A process as clained.in claim 33,
wherein the nolten macrocyclic oligoester contains |ess than about 200 ppm
of solvent. 35. A process as clainmed in claim33 or 34, conprising
partially crystallizing the mxture of the nolten macrocyclic oligoester
and the polynerization catalyst tg@ggforma partially-crystallized m xture
of the macrocyclic oligoester and the polynerization catalyst, and

deposi ting tswqsealicioligdessercopprisss atilesstpnprpdditipe selested: fram thegrotbeycl i ¢

ol i goester angkidiie ook ZfHnieR) a hakRliYSke R B Rufo@BLk G URLEri al . 36. A
process as claimed in claim35, conprising shear-mxing the mxture of the
mol t en nacr ctabilirerca plastigienn g fise-retandant, p lubriesing and » malditdesse at al yst. 37. A
process as Gfzai Ngc r?' &sﬁ&@&ﬁh@@‘ LR & hRaRs b 42N YhisinCt@pducted within a
tenperatureqr anged% about 1458\%}3 about 15 %%)??8.%A&S'Focess as clainmed in
any one of aolindzagen ¢atehB7is ampresnetimeatalsior aa preanwtipratsatalyeit r udi ng t he

m xture of Cr O& Yfdebbs I t ang i [.OF yst:. 39. A
process as ?éi rré%’ In é?g%‘%%%g‘,ﬁ\%\ﬁerei n extr&glg’%ﬂe?%%%gaggét ed within a

t enper at ur e maggrigbcapipriatsau least 48O matenihl sdhestett fibHOBe grbOp offier weess as cl ai med in
any one of i 5.1 , . C [i.si.n hg step.. of shapjng the fabric

mat er ol - a RS, Bt b £ SR L ko R ofin s @BLES, "

conpri sing #ié sAgpocessf folopakirigt 2 ppteh of pambéradyklic- oligeséradndi zed ni xture of

t he macrocycljc ol j.goester .and the palyperization catalyst onto the fabric
material i npgfwﬁ'rﬂéz?ée c@%ﬁyé%lthﬁrpfoé:??‘coﬂ.iis'ﬂg%%%%ssosf' as claimed in any one of

cl ai ns 35 t da)41,prodidingeontibdrvashiembane afh dea iderocB0&igestd andracr ocycl i ¢

ol i goester conprises. at.|least.one addifive sel.ected fromithe group:

consi sting 8f° %f‘%ort‘acﬁ’f’],"s‘a‘aﬁfe@wgﬁf"fx eﬁﬁ'@‘ﬁg’f‘%%ﬁf ?‘T‘ééf?‘,'en'én anti - oxi dant,
a W st abi hhdthe macropilrsdlip@iter@bmprisesdd streetnal ®paaadit ofdorhular(fleant, and a nol d
rel ease. 43. A process as cl ai ned ig any one of clainms 33 to 42, wherein

t he i} “
wwf-O——R——(E)“—L——-—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:




" polynerization catalyst is an organotin catal yst or an-organo-titanate
catalyst. 44. A process as clained in any one of el ai nPBSedeinises200fer ei n
the fabric material conprises at |east one naterial selected fromthe
‘group of fiber tow, fiber web, fiber mat, felt, non woven material,
rardom and woven material. 45 A process for nmaking a prepreg of a
macrocyclic oligester and a polynerization catalyst, the process :
conprising the steps of: (a) providing continuously a m xture of a nolten
macrocyclic oligester and a pol yngpi zation catal yst, wherein the mxture
is substantially free fromsolvent and the macrocyclic oligoester
conpri ses a (@&t r uerpvidiag a solutersromprising agfactbeyelinsligoegtérjand Psolfent@he R- O -- - A-C
wherein R i Kyt : . - Qr Ppol yoxyal kyl ene
SrbbofRt Yk BAfer cBndibfik QAhIHI-2D asShie B BROG: e POLYOXVEL <Y

group and Ai1s a divalent aronatic or all Ic group; (b) crystallizing

partially the m xture of the mpacrocyglic oligoester and the polynerization

catalyst to forma parti al I_y_-q!rystal ized m xture of the macrocyclic

ol i goester and t he-pglyrerigzat -alyst; and (c) dqusi ting the
partially-crystallized m xture of the macrocyclic oligoester and the

I iizat| I t ' terial , 46 ' | ai med |
Gl moas, - wiiredt St Al L deBbd br PR Fhgrortibnbins 1y s

cont i nuous. addA isa divabene somatie of hlivydieg@rougs ¢l ai m 45 or 46, wherein the fabric
material c rises.at |eas s?l ect ed fr%mthe group of fiber

tow, fiber Web, m'f‘?‘%‘égrmﬁ%?“f’%ﬁ‘l‘&rﬂfe ?Orﬂ”%tBﬁgt:Xg i‘ilgﬁ" HdtBrerdree Br¥EFom  and woven
material . - abtie 18070 aeledsud 200°0, Qhdril éshuig barwsRCARGY KnbdHhedd 9. oester, the
B0l ut 1 on colSFE g oA RN Belof eoet apbseraly srpeb® (he o
macr ocycl i cmeltinyassicpélicoligestérsi Ng a structural repeat unit of formula (1):
00 0---- Ric-) i O.sﬁearpz\t-:gl tLeC sug)sili%nﬁally 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.




wherein R is an aikylene, a cycloal kylene, or a notto- or polyoxyal kyl ene
group and Ais a divalent aromatic or alicydie group; ApDedeniberi2o0s

.continuously the solvent at an el evated tenperature betwéen about 180C and

about 200C, and a pressure between about atnospheric pressure and about 10
torr [1300 Pal, to produce a substangpally solvent-free nolten macrocyclic
ol i goester; (c) shearing the substantially solvent-free nolten macrocyclic
oligoester at a tenperature below the nelting point of the nolten
macrocyclic oligoester to form a partially-crystallized nacrocyclic

ol i goester; and (d) shaping the partially-crystallized macrocyclic _
ol i goest 8t. i nt o Ehesirapss ofdhine 1 avhefeinstep () puseszenwiviigthe sblventzthl et , a
pastille, and a flake. 49. The process as claimed in clatrm48, wherein step.

(b) r&ﬁ{é@&_@g@,@w‘si ng a first rising filmevaporator; a first flash device;

a first condenser, a second risi.ng .filmevaporator; a second flash devi ce;
a second condenser; a liquid receiver; a sparger, and a falling film
stripper. 50. A process as clainmed in claim48, wherein step (b) conprises

using a first ort path.evaporator; fiyst,.flash device; fir '
condensegi,‘ a seiﬂ??d’rg%é’f Pf‘gﬁ’lnﬁg{ é‘&’ﬁﬁ&@%‘?‘{“ﬁdg@w&l‘% Pségﬁa‘ﬁ%ﬂ'%éﬁéa second
condenser; a liquid receiver; and a falling filmstripper. 27 Decenber
200%01t. 40 SL The process of claim| wherein step (b) conprises renoving
the sol vent at a reduced pressure. 52. The process of claimb51 wherein the
reduced pressure is | ess than about 100 tort.53. The process of claimb51
wherein the reduced pressure is Il ess than about 10 tort. 54, The process of
cl ai m 51spher ei MHehRodc8HSLAMARPS EShbieh the rddRsed pessiraiR s thar S8dut 165 . The
process of claimb51 wherein the reduced pressure is |ess than about 0.1
tor 6. The process of claiml wherein step (b) conprises renoving the
solvent at a tenperature within a range from about 120C to about 280C. 57.
. ' The process of claim1l wherein step (b) conprises renoving the sol vent
at a tenperature within a range from about 120C to about 200C. 27 Decenber
2005

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.



- 41 58, The process of claiml wherein step (b) conprises renoving the
sol vent at a tenperature above about 180C. 59, The procgspe&misdrapos 1,
.wherein the nmacrocyclic oligoester is in a nolten state when coll ected
substantially free fromthe solvent. 60: r The process of claim1l, wherein
step (b) conprises renoving the solvent at a tenperature above a nelting
poi nt of the macrocyclic oligoester. 61. The process of claiml| wherein the
macr-ocyclic oligoester substantially free fromthe sol vent contains |ess
t han about 50 ppm of the solvent. 62 . The process of claim 1l wherein step
(b) conprises renoving the solvent w thout using an anti-solvent.

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.



