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CYCLI C ESTER OLI GOMERS FIELD OF THE I NVENTION 5 M xtures of cyclic ester

ol i goners derived fromdifferent dicarboxylic acids and/or different diols
may be zed to form copol yesters. Dependi y the m xture of
cyclic es i(g)lrywc?);:?f'lr%omers chosen, the properties of th%y@ﬁﬂf?ﬁ copol yester
may be tailored for specific appl I cations. 10 TECHNI CAL BACKGRClJND Cyclic
ester oligomers e ar 0 i ee for instance
U S. Patent 2, &égﬁwfg@% OQQW ﬁmﬁgﬁ;ﬁg&:ﬁgn be pol yneri zed
to form pol yesters (LPEs), see for instance U S. Patents 5, 466, 744 and
5,661, 214 and references cited therein. The CEGCs have been of particul ar

i nterest because they 'S thensel ves, when nelted, are | ow viscosity |iquids
whi ch may be readily pol ynEmLﬁgFﬁﬁh@ﬁm&@I ecul ar wvei ght polyners, for

I nstance in a process sim ection nol ding which is
comon y used Migtures loécyuiis edterrodigomars déthfed fimadifiyrpitcidathoxglomngeaisnds of t he
formul a 4 -R.-CORZ-Oin 20 wherein RL_and are each

| ndependeiioy peRtLalE B B eorol et UL PO G CRABERBI NG m i 5 an

i nt eger Qﬁeéﬂéﬂfremﬁhc éﬁ?é’r%h@orﬁ@?@ého@éﬂ ﬁlejproﬁeﬂﬁs 6OAPRMEMENg | S @ unimer, when m
Is 2 the conpound i's a dinmer, when mis'three the corrpound is a trlmer
etc. mpmop@sqs@rmayepe@yreéi@spwﬁm@pm@m mxture of two or nore u
conpounds (1) wherein RL and/or R2 are varied is polynerized to forma CPE

which contains R and R2 groups derived fromthe conmpounds (1) which were
in thé& mxture of CEGs. HMNEMYEACKQRIQUM CPE are copol yners, sone of

their propertige fferent h 0 ies of their
"constituent" %{fﬁﬁ'p% @%’E‘F@a@%s %@?{’QWB ?‘:F rfgetfpl?‘?@ {9& nt and/or gl ass
transiti QpstdREDY. RhtehtD,@0I58), akiFids wll Knbiwh GHat @by &Qﬁeﬁb@l Hzadth! typically
be different fromthe constituent honopol yest ers om codpol yesters

derived fipenpalvasepHLRES) e fuiiastance Y-S Betgnie 8460, 7 Hvmpd 51661 214 an
references cited therein. The CEOs have been of particular interest because they

¥ themselves, when melted, are low viscosity liquids which may be readily polymerized
to higher molecular weight polymers, for instance in a process similar to reaction
injection molding which is commonly used for thermoset resins.

CEQs are typically compounds of the formula

!,I‘,'—'RL—C—-O—*RZ"—O
m

* @
wherein R! and R? are each independently hydrocarbylene or substituted
hydrocarbylene, and m is an integer of 1 or more. Herein when mi is 1, the compound
_is a unimer, when m is 2 the compound is a dimer, when m is three the compound is a
* trimer, etc. Copolyesters (CPEs) are formed when a mixture of two er more
% compounds (I) wherein R! and/or R? are varied is polymerized to form 2 CPE which
contains R' and R? groups derived from the compounds (I} which were in the mixture
of CEQs. Because the resulting CPE are copolymers, some of their pfopérties are
' typically different than the properties of their “constituent” “homopolyesters”. For
example the melting point and/or glass transition temperature and/or heat of fusion of
*  the CPE will typically be different from the constituent homopolyesters.
' Random copolyesters derived from terephthalic acid, '1,4-butanediol and
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11 January 2007 WO 2004/007589 PCTI US20031021742 di et hyl efelagpugry@00ar e
known, see for instance U S. Patent 4,419,507 and N. Lotti, et al.,

Pol ynmer, vol. 41, p. 5297-5304 (2000). Neither of these references

descri beyowﬁ@ﬂﬁﬂésters which are not random U.S. Pp¢®pésesmBes 454 and
6,420, 047 describe the polynerization of certain CEGs in which sone of the
I ndi vi dual CEO nol ecul es contain groups ("equivalent' to R2 herein)
derived f ﬂ@ﬁiﬁhﬂ?gh'ﬁdmelﬂhpwhssee@imqmmcdélrs PeEntf4,419)507 en K, LG, i 0l s are

present i | NVENTI ON 10 Thi s i nvention
concerns glp es’gﬂjgr ﬁﬁ%@ﬁ%@l ﬁegﬂftmseggf@qep@sé@p@bes ol i goners,
conpr i si nggpotyesitra edhich@rd it edndbinNg openi ng pol yneri zati on conditions a

m xt ure of t\/\ngg nore nmolten chemcally different cyclic ester oligoners
of the for 41)3@3“@565431454@11&@4@0@47@R@ethqulﬁu(matmndf @rigit al yst for

the rihg ggggmgpgom@%qg f ol i go o ,Jforma
copol yester,, wherein: &g@ugr%ﬁ%gdgkﬁmgé éf’?cﬂﬂ%? ;IE Ear byl ene or
substi t utte®? hexpity d@meéﬁrbmrhffemntﬂl@l& Grdups &mwvbdlfr@;ﬁeihe of thk diols #®r €; and

provi ded hm@@@ verg i n each nol ecule of cyclic ester oligoner is
not the sarre and/ or ry R2 in each nolecule of cyclic ester oligoner is
not the sanme, at |east two of the chemcally different cyclic ester

ol i goners present are at _east 15 m)le percent to total anount of cyclic
ester oligoners present. SWMMARY.Q IN s a process for the

copol ¥ner i zat-irgf iRk ei n. at st one of the
ol i gorrers of forwl%&)}l‘%}l&r‘i?ﬁ%eg romp?lgﬁl {Wlb?f ggfﬁﬁ%@ sel ect ed
~ from t he ofgemgss,compiising, qutanftmgatndsmg opéamgfp@lymar@aﬁﬂsﬁtadﬁ&%%) 9CH2CH or

HOQ( CH2CH nd ch i ndependent |y hydrogen or al kyl,
and q is%g)‘ WJ?IIW%E;@P% che. 'Ef‘n%die Fent cyglis egler oligomgesiofge 2 to 20,

hydr oqui fmnmla and bi sphenol - A, and

I

C—R“—C—0—R*—
n E]
I (I)
- with a catalyst for the ring opening polymerization of cyclic ester oligomers, to form a

copolyester, wherein:

R! and R? are each independently hydrocarbylene or substituted
hydrocarbylene; and |

20 o an §
m 18 an integer of 1 or more; and

provided that when every R' in each molecule of cyclic ester ohgomer 1s not
the same and/or every R? in each molecule of cyclic ester oligomer is not the same, at
B least two of the chemically different cyclic ester oligomers present are at least 15
mole percent to total amount of cyclic ester oligomers prosent.

Also disclosed herein is a process for the copolymerization of cyclic ester oligomers
wherein at least one of the oligomers of formula (1) is derived from: (a) a diol component
selected from the group consisting of idols of the formula HOCHZ(CR3R4)qCH20H or
HO(CH,CH;0)H wherein R* and R* are each independently hydrogen or alkyl, and q is 0 or

an integer of [ to 10, or t is an iriteger of 2 to 20, hydroquinone, and bisphendl-A, and

_mebina_ti_c_)n t_hereof; and (b) a__cl_icqrboxylic acid component selected from the group
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conbi nati on thereof; and (b) a dicarboxylic acid conponentliskineatyed0fr om
the group 2 11 January 2007 consisting of conpounds of the formula

HO2C( CH2) éﬂ%%@l—éﬁm{lerei nnis an integer of 1 to 10, isophthalic acid,
substi t ut tehribeundadi tisfortngs BPYERL) Coafh s yUbst it ut ed t erephthalic
‘aci ds,  angpRudi RaRhLHALENSY g@r boxy| i(zméjci (o)[zfﬁzgﬁeéelggﬁ%ﬁnﬁﬁtf’g%ﬁgf ©H&r eof .

Al so disclosed herein is a procagsac rerephshabio prid, ywistituzd térephitafic sy@l | ¢ est er
ol i gorer s34 Zveapgthalenadicedaztlicatid, i cbiibinglohg@pRss of fornmula (1) is derived
fromof an artmggisagsedgggfﬁfiacture %orrpri sing an object coated or

encapsul ated with a copol yest ePOwEt KT e gerplecrisition oaeatioress obforiks20 t 0
0.85. Al s¥hegsinay I%@Hlelqéﬂleiohgdn&rsaomﬁﬁﬁ&s@ if @Jﬁv@&‘ﬁ@rﬂ%ﬁ!n atﬂ'cﬂg?ﬁo r coating an
obj ect, lﬁﬂﬂﬁﬁu%d’&ﬂ? g}ﬁ%&f&)té p% %ﬁl d object wth a nolten° M xture of two or
nmore chemically di Feren ey e Fted g5 ensppspleied otith p sopmicbseopith y deFdeat Ng Sai d
mol t en m‘"ﬁ‘iqgf*’é“t%@%tqﬁ.&s. copol yest er whi ch encapsul ates or coats said

obj ect. Al so AISCHIRET hSeid ; ester with a degree of randomess of
about 0.20 to 0. 85. Delée(%:?ﬁ%&e%ﬁﬁ!ééréﬁo cpeapsplating or cratingan altiestei n si ngl e

repeat urfiOPHPBBIeentasting naitl obj2et wiith JMBLET thixRRO% twg\gr rr%lﬁl%%g 7021??{9 of those

PCT/ US20Qi369 : onposition are | ess than e per
units. DETA%&@%E%%E}Q%WWP%%ZWE@&ﬂmthmtc&foﬂnlaS'ed and sone of

t hem ar e CofpIBptet whiehiemapduiatedidi b&4ie d&%gd ic ester oligoners" is neant that
two or nore dgiig? rs are derived fro é’ifferent di carboxylic acids and/or
di ol s. They d6RGHCIOPds aerpobosteromitr & degbedt of intibinhies9 B Mobfp 3 Val ue of "nt,
that is Qg6 which are dinmers, trinmers, etc., but are derived fromthe
same di car box li@ﬁ(i:he%&Ld(S) and diol(s). If a first single CEOis derived
fromtwo diff prearib @ xypolRsRe iwHsre Wq"ﬂi rept 10 diols, then a
chemcally different CEO WZI{UI{% deri v%gﬂ%&;mréeat ebgtgsc 8€thatdi car boxylic
acid and/or one diol which is not present in the first single CEOQ By
hydr ocar byl ene herein is nmeant a dival ent radi cal containing only carbon
and hydrogen whose (two) free val ences are each single bonds to the same or
different carbon atons. Exanple of hydrocarbyl ene groups include

p- phenyl ene, m phenyl ene
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15 and hexanet hyl ene. By substituted hydrocarbyl ene herei AliJgnuary 2007

meant hydr ocar byl ene containing one or nore heteroatons ot her than carbon
and hydrogen, for exanple hal ogen, oxygen, and nitrogen. The heteroatom;,
whi ch bﬁl 2%@@? ves or wiwth other atons may form "functional groups”

shoul d & antially interfere with any cheni cdCISRBPHAE or 20
processes which the conposition containing the functional groups is part
of . Useful__ functjonal graoups |qcl ude e her keto, chloro, brono,

t hi oet helCEQerImROsition areyiess hap § mola pRrcenteLhessi @S- ar e pol ymeri zed herein are
made by processes which are known, see for I nstance U.S. Patents 5, 039, 783,
5,214,158, 5,231,161, and 5, 321 117 O‘tentl imes CEGs, for exanple those
derived froma single di cRERE AN VA I N single d| ol, are obtained as

m xtures of cyclic cul es var as in (1)] in"in" t he nunber of
"repeat"” unit reH‘?er?@“ﬁ%fFﬁé{ﬁué al‘ﬁ &{h i%H are pol yner i zed herei n may
be cyclics inB\yvf'fanmmaMyld&T@exﬁ b}fbgbest&\migﬁmeﬂs”ﬁméahﬁhﬁi% bﬁmare(for exanpl e)

diner, trinmer, etc., or where in is _rethan one inte i.e. the CEO
is a ni @E‘Pléeféﬁfe(dPEYedé?Pé‘hﬁ‘ﬁélje%ﬁWéﬁ’oxY{W poids-andier diolsg Theydq chem' cally

di fferent ke pot thaks they are
derived c om Pg(%ﬁ%sglrag err %ﬁ%dgnldat}lhtﬁztegggmﬁqwtdﬁgtml s adiol in

whi ch ea(tlhtneﬂam Fori' Hreglﬁ@wp ﬁom ﬂlommb dicarbioxfylie ﬂtaﬂfs) @ldldwl(Sl;eIf bérstat ons. O her

Pt o DRy ki ket e e e S SR Rl "

gCT I USZOﬂﬁﬂé}ﬂﬂeﬁ‘i&h&ﬁﬁal%ﬁé:@ntﬁﬂlmhﬁdﬁﬂeﬁfb‘drﬁdnyatfh?&étrzrﬁﬁﬁftgﬂgbxﬂicky| , a]r\d qb: S
or an inte r t or t Is_.a nt ege (6] to , hore prereraply

all R3 afefd éar@er@ﬂwgigéﬁsn%ww%the%w c1'IF1Qeger 1to4, ortis2or

3, and especi Eérlh?fdr% érﬁlﬁbﬁéﬂshﬁmg’ad}vaﬁ’erntgamcﬂrcohtahﬁl ARl specific .

preferred diol e hydr ogui none, and bi sphenol - and conbi nati ons
t her eof . afibhydPogsh avhosaXtwio)deeyaleydes ereaaaq:ldengl@bondh@rthe sheneiop difforast i ncl udi ng

hal f-aci d_.esters nd | ester re co efor HOC(CHZ)"
CoH whe FaPRE RomE, BRmil FVBSEpTe GRS sipehfifee Bt (Lt b

| sophthalhdhaemdthyleher epht hal i ¢ aci d, subst I tuted terepht hal i ¢ acids, and
2, 6- napht hal enedi car boxyl ic acid, and. 10 comhi nat i ons t hereof . Mre

preferred car By syhstimted bydrocasblenediersinismaenichydrocarbylgpe containing one

or more heteroatoms other than carbon and hydrogen, for example halogen, oxygen,
. and nitrogen. The heteroatoms, which by themselves or with other atoms may form
“functional groups” should not substantially interfere with any chemical reactions or
¥ processes which the composition containing the fimctional groups is part of. Useful
fonctional groups include ether, keto, chloro, bromo, thioether, and tertiary amino.
The CEOQs which are polymerized herein are made by processes which are
known, see for instance U.S. Patents 5,039,783, 5,214,158, 5,231,161, and 5,321,117.
Oftentimes CEOs, for exatple those derived from a single dicarboxylic acid and
%  single diol, are obtained as mixtures of cyclic molecules which vary [as in (D] in “m”,
" the pumsber of “repeat” units in the molecule. The CEOs which are polymenzed
herein may be cyclics in which m is a single number i.e. the CEQ is a (for example)
dimer, trimer, etc., or CEOs where m is more than one integer i.e. the CEQ is a
mixture of (for example) dimer, rimer, etc.
3" In the chemically different CEOs (for all purposes herein) it is preferred that
they are derived from:
_ (2) A preferred diol is an aliphatic diol, that is a diol in which each
hydroxyl group is bound to different alkyl carbon atoms. Other preferred diols
include diols of the formula HOCHZ(CR:"R“)QCHZOH or HO(CH,CH;0)H wherein R
3 _ ‘



I sopht hal ‘i c acid, and terephthalic acid is especially prefiéramaary 267

conbi nation of preferred dicarboxylic acid and preferred diols (above) my
forma preferred CEQ. (c) Specific preferred conbi nations of dicarboxylic
acids a el i nclude terephthalic acid with diethyl ene glycol

[ bi s(Z-%d%%g‘Q'{?ZSIS%yI )ether], ethylene 15 glycol, 1,@%55?9%%&% ,

1, 4-but anedi ol, 1,5-pentanediol, and 1, 6-hexanediol or a m xture thereof,

i sophthalic _acid with diethylene glycol, ethylene glycol, 1,3- propanediol,
1, 4- but an& | a9 eash anlepsrdentiy hydiogen ar abkyhered A&t o angnfogerof kto ke t her eof

and succi giG Pa] | ] 3 : he fornul a
o2 Croti) "t BTSR T8 p i Sl AR Bla Tk RUIBE AR i ot i i g |
to 4 2 carbuieget bied, artds Aor 3 afd especially preferpbly ik 011 6182, Pt is A Phleker red

conbi nat i f chem.cally di.fferent CEGs.for, the, cqpolynerization process
descri bedgl%gitrﬁg Pﬁer%%_f'eg%ﬂﬁ%e IW&“’@WBE”W%F’@P?@&'ﬁkﬁﬂg\??@gﬂﬂ‘tw“&@ descri bed
above. *A perebf.cul arly preferred conbination of chemcally different CEGCs
is: a CEO derived frgg tfr,epht halic acid with any one of ethylene glycol,
1,3 25 propanedi ¢P) Freferred dicgbexyhe andy (opibeis dertativssdegladinghativasid t er epht hal i c
or i 5opht Bl fnd slefk) Weldd izt t L0 s s 2, 3 or 4,
nor e prefgrébl y 2; ar)_]d a mg%dggﬁl%o r%ﬁﬁ?ﬁ?ﬁ%ﬁ |%&%1§Pgs‘élm§th any one
of et hyl emésget gfddb 10,isophibeligraive sibstituted dsoplithdicmeidatedplahalisiatid, a CEO deri ved

wherel o RSl RuaRE R B o Al BB 2 6 1o 10, |n anot her
pr ef er'f edednehimtions theresth MIrEhetened birBo e hidire tebephRliS#fEarddn each nol ecul e

of cyclic, ester. ol.i goger, and every RZ-is the sane in each nol ecul e of
cyclic 'e’é?riﬁth Pﬁﬁ%rg%éﬁi terqphithaki actd is espsaiglly prsferred.nApyesmbipatioa of e of CEQ,

every R Hefnbd8ica868tc 9H8 Eﬁﬁﬁéfeﬁéclf t'lﬁgfsxﬁl%xe)?gzﬂr fgﬁ& él('s:g%reﬁ s%d he same

chem cal ‘structure, but in chemca u 2004/ 007589
PCTI US2003/ 0217 4%c)$pediss praferrab@mithasions efdlicitiokglicatidsRid diol/ or R2 groups are

present (3 : . differen i1 hin those, ofher nol ecul es).
I n ot her %ﬁ%@@#ﬁ%&gﬁ@n@%ﬁﬁe@ flyctoL@“St(%IWe@é'ﬁ? er1’§h¥y§@ﬁt ical. In
anot hét  pgledodrideptopamediv!, CEGutmbdicll |6 peiBiedidHndil [b-bxhdienta R and/ or RZ
' The copol ynerization of the chemcally .

groups within the | ecul e. The
differ entm’éﬂ%’&ﬁ‘ﬁ °€§PP‘!‘€%§'°@&‘€‘ Withgasthyléne glycol, ethylene glycol, 1,3- :
- propanediol, 1,4-butanediol, 1,5pentanediol, and 1,6-hexanediol or a mixture thereof,

and succinic and/or adipic acid with one or more compounds of the formula
HOCH(CR'R*),CH,OH, wherein R® and R* are hydrogen or alkyl containing 1 to 4
»  carbon atoms and n is 0 or an integer of 1 to 10.

A preferred combination of chemically different CEOs for the
copolymerization process described herein are any two more the preferred individual
CEOs described above. A particularly preferred combination of dhemically different
CEOs is: a CEO derived from terephthalic acid with any one of ethylene glycol, 1,3-
- propanediol, or 1,4-butanediol with a CEO derived from tersphthalic or isophthalic

" acid with any one of HO(CH,CH,O):H wherein t is 2, 3 or 4, more preferably 2; and a
CEO derived from terephthalic acid with any one of ethylene glycol, 1,3-propanediol,
or 1,4-butanedio] with a CEO derived from terephthalic or isophthalic acid with any
one of HOCHz(CRle)qCHZOH wherein R' and R? are hydrogen, and q an integer of

¥ 61010,
In another preferred form, in each CEQ molecule every R! is the same in each
- molecule of cyclic ester oligomer, and every R% s the same in each molecule of cyclic
- ester oligomer. By this is meant that in each molecule of CEO, every R has the sﬁme

chemical structure, and every R has the same chemical structure, but in chemically
4



the same conditions (for instance tenperature, catalyst t\yjeanvaty@adal yst
anmount) which are useful for the honopol ynerization of CEGs. Such
processes are described in U S Patent 5,039,783, 5,466,744, 5,658,454 and
5, 661, 2%‘6 09“07&5 whi ch are hereby 10 included by reference. Before the

pol ymer T2 et TOR T8 started however the two or nore THEARHPMGAL £ er ent
CEGs present in the process should preferably be reasonably well m xed

usual 'y in_the-liquid phase ensurg that a CPE which is reasonabl
l(Jni f or myi W%ﬁﬁﬁ%t@??%ﬁ“?eéﬂﬁ%?}ﬁéﬁﬁ fﬁﬁﬁ&‘?%@ﬁ%%‘t@%%@@ﬁﬂ@d). | t ig
pr ef er r edsdniteor @HFererf? pdliCB6heiothet MBIBIIAT E BSothd WRrd, EH&H%%%%%IF‘QE nol ecul ar

wei ght of about 2000 or 15 nore, nore preferably about or nore, and
especi al | {re5EE) wplsplgisidentieal 25 000 or nore. Sone of the properties of the

CPE will be d MEr ' .pr.esent_@and, their nol ar
ratio in the %%H&ﬁ ipé‘%grlrs N ’t%ﬁﬁhleeg@h%%?f&g'ﬁmﬁﬂg e%{ 1rana’8f *io of the
vari f)ué Cﬁﬁhpr:ﬂn?ﬂmTcéeggm \il\hrreri Zﬁd to }‘or mtthe. CPE. I F?r [ Inst ﬁ'ncﬁl 20
copol yneri zing.a firs e _honopol yester is relatively highly
arystal i ne ( P coBs Rpezane e 1 cH U iRt RBOS s cREOPERSE high mel ti ng
poi nt, W thh sinS@RiHdn, ingmﬁggnﬁgﬂgﬂglcxﬁ?gﬁ?péaid%%g%tlai%wt? noncrystal line
g and/or | ow

or even am)_rghous and has a low neltin ass transition
t enper at uWick grgugefullor the hpmopplpesizptjesefdEQsh Suth progesses erealabraibed r yst al | i ne

(but I ess;t Lk fiidl St pal yest er 25 and havi ng
a nelt ngmp[md?'nr%att#lﬁ?’gggrlizgd%?g#é&?e%\%%ggri&?ﬁaﬁd Soq%tlg Eg’r@ioﬁ)gﬁ(’iﬁﬁ %’E‘%’Bnd
hormopd! ye'mcliadad bpypiewatd. yB_dfd(JjIESﬂ]!cE ml}mmh 'lzitio[ﬁis ﬂﬁrte‘dhﬁwem@ieytﬂr?bﬁmot# I bﬁ
appr oxi mat,e t he. wel e r the nolar proporiions of each in the
copol yest@Fﬁcﬂ%a@ﬁgmgegbﬁgeéiﬂgmtﬁmﬁﬁf g’é@{%&' ?raﬁiﬂfﬂﬁ rqagpnablyt j san can
control 1 elb@ifed RshaNin UkIRAICHMs 0 HEuB HAPECPEGhigNL fllkoifidpoe Wi Lh the

va

copol yester,_conposition, an advantage in _makl_gé:] 30 polyesters tailored for
speci fi c Wprm sgompesitionisobisinsd if abis wiipts desired)t dtis proferned SR y readi |y

| i t.or] _ i d en | ' tti
L T B 8 BB R
invol Ves morstmory preférgblp abdnt H6,000he neots, end adpecistty meRmbBfabaut 25000 ect, whil e

encapsul ati ng neans coating all of the external surfaces of an object. 5 11
January FBEFF® W0 2004/ 007589 PCT/ US2003/ 021742 The obj ect may be part (or a

subassenbl y oS of te@Riperidk 8he CPR kil BE ARSI il What (GDALARSELS Such as
epoxy resins are often used because they often-have F w
- present and their molar ratio in the CPE, which is in turn dependent on the molar ratio

of the various CEOs which were polymerized to form the CPE. For instance
®  copolymerizing a first CEO whose homopolyester is relatively highly crystalline (has
a high heat of fusion) and has a relatively high melting point, with a second CEO
whose homopolyester is relatively noncrystalline or even amorphous and has a low
melting and/or low glass transition temperature could result in a copolyester which
was somewhat crystalline (but less than the crystallinity of the first homopolyester),
and having a melting point intermediate between that of the first and second
" homopolyester. Typically these properties of the copolyester will be approximately
the weighted (for the molar proportions of each in the copolyester) average of the two
homopolyesters. Thus the artisan can control to some extent these and other
properties which change with the copolyester composition, an advantage in making
% polyesters tailored for specific applications.
| For example a major use for low viscosity readily polymerizable materials are
- for coatings and encapsulating (potting) materials. Herein coating differs from
er;capsulating in that coating involves coating only part of the external surfaces of an
- object, while encapsulating means coating all of the external surfaces of an object.
5



viscosities and cure to hard materials. However they have 1diJsaghral0@tes
such as high noisture absorption and/or brittleness. It has been

recogni zed that CEGCs could be 5 used as encapsul ating or coating materials,
but they too can have di sadvantages. For exanple if they are not highly
crossl i MO NRE t hey are usual Iy not) pol yesters rR&d&™2 0842y pi cal CECs
often have high nelting points and crystal linities so that the

encapsul ation, or coati eat resi ance wever high

H?éfg mat eri al ﬁ rl
cryst al | i Hetopeconiehe H"sa%“ﬁéise%h}yp ¢ leger qhise tlgﬁrbsequent cool i ng
and Cryﬂtﬁéﬂﬂo%ét‘ééu@ﬁ‘aﬂ oi?re%iﬁ?ar@%h&?ﬁée%e&aﬂé‘etHéi}&ﬁEﬁ'hax?élekr”ks consi der abl y

t hereby i ntroduci ng stresses and/or pulling away of the polymer from
t he mat ervisgosities ang cmm:am&mteadlSOHowgw&w ha&dlwémntﬁgeﬂuésa#hﬂém m xt ures of

"CECs one can nore closel trol stall and/ or melting
poi nt of I{l?}r}uﬁﬂés%tﬁoﬁeaad/ {](F:\%ﬁgﬁfls %ﬁ%bg‘? qg§}lz én%(li) l be needed nelting
poi nt ‘andied as&fn&@kﬁbﬂmgmr‘b&aﬂng‘ﬁﬁieri\adsl tut tHeg tdd @ﬁl’ﬂmf&lsaaﬁan&@és rHeage and heat

resi stance required for the coati n% or, encapsul t|on terial. Oher
pr oper t i E32PRIattharare pef highix sresslinked A theyzare Baliragy) Rodves YﬁmaélPly bal anced

by usi ”Qi'cﬁﬂi’%i%ﬁf(t%@oﬁéﬁfﬁgif@lﬁglg Coagﬁaoﬂ?%d& tﬂiﬁﬁiﬁegﬁﬁﬁaﬁﬁé Is preferred

that the CPES"which are made ngs or ncapsu ants have a nelting
poi nt  whiepbrpselatidngiy costing gtiesiol hahaeattrtts@tm thgevmiugh cry$ialtimiey CPE is not 20

exceeded | the l,tin {s ast about

80C, rmreﬁeﬂﬁ}eg% @%ﬁﬁgﬁaﬁ?g 0%(536‘ bésg%ugg °3|° aﬁ'wc%@ﬂ{%ati and very

pr ef efabliye pdlydsate palgmat shni:ﬁ@tﬁnmﬂ&lﬂblﬂtﬂétdﬁ?hﬁttdﬂ@mﬁ@mgh 8re3sed preferably

about 250C, nore preferably 200&)}{9t nd e%@%m ally preferably about 150C.
t

Any pref SP/SHPHERE TN o thewolgnep ciag FapRLRiS ‘trﬁ"%?f%r preferred
m ni mum g !élﬁﬂ% @Pﬁsnﬁmﬂ &ﬁt@e@bﬁ%@é&%ﬁﬁﬂm@l& C@%o&t?bﬂﬂfé' nt range. It is

al so preferr hat the heat of fusion of Is at | east about 2 7/g,

nor e pre&mﬁ%&velmmbmmﬁtqﬂﬂpﬁﬁﬂfm tbﬂéf)en@blclpsw | east about 10

J/g. M |on Asls t.,2 nore preferably
30 J/ g, )f) %gé?%ﬁ %Pglrna aﬁ’og{h%géilef%g‘v H%\tﬁ‘ aac eferred maxi num heat
of f udi orshﬁﬁ{ag@md mfesmmquuhem;fthpﬁ:efitmgroeehcapsmmmmnmﬁﬂ of fusion to

forma preferred heat of 30 fusion ran Any preferred rreasure of heat of

fusi on mE&YREIPEWeEes Hepasiapde PHRIEHar agpica) ?@f@yr[@é%@&ﬁ]@n‘iﬁi ¥el ting point to
further q%gggﬁprgpr%@gﬁbq@%&%@c@ma@é@m such polyners are copol yners

of terephthalic ‘acid with 1, 4-butanediol and diethylene glycol
[ bi s(2- hydroxitesmfeneéthh‘eﬂlycﬂﬁmhmhmmﬁclas m@hgmmmss%ts(}mm butyl ene

terepht haI & l@g poin vv(hgicI é ﬁ}éﬁ ggo%glglsc}lﬁgtl thé x%%ﬁ%?}ao@%@ cﬁltﬁe)(',‘}?’]g“e!. ot copolymers are 6
¥ exceeded in use. Preferably these melting points will be at least about 80°C, more
preferably at least 100°C, especially at about 120°C and very preferably at least about
150°C. ‘Maximum melting points are preferably about 250°C, more preferably 200°C,
and especially preferably about 150°C. Any preferred maximum melting point can be
* combined with any preferred minimum meliing point to form a preferred melting
¥ point range. It is also preferred that the heat of fusion of the CPE is at least about 2
" J/g, more preferably at least about 5 J/g and very preferably at least about 10 J/g.
Maximum heats of fusion are preferably about 20 J/g, more preferably 30 J/g, and
especially preferably about 50 J/g. Any preferred maximum heat of fusion can be
combined with any preferred minimum heat of fusion to form a preferred heat of
L » ﬁJsion range. Any prefetred measure of heat of fusion may also be combined with
any preferred measure of melting point to further define a preferred CPE. Examples
- of such polymers are copolymers of terephthalic acid with 1,4-butanediol and
diethylene glycol [bis(2-hydroxyethyl) ether] made from cyclic oligomers of (1,4- |
butylene terephthalate) and (diethylene glycol terephthalate). Such copolymers are
' 6




11 Januai'r’y 2007 WD 2004/ 007589 PCTI US2003/ 021742 made andidesgaryBear i n t he
Exanples, and it wll be seen that they have the desirable properties of
the CPEs desired herein. Al of these copolynmers can be nade directly in a

nol d byvsf@ioﬁ«ixd%%s?”d mxing the CEGs to be copolywﬁ@?oﬁ}[}%@% bef ore

I ntroduction in the nold or in the nold itself, merization
catalyst and allowi ng the polynerization to take place. |If encapsulation

i s bei ' fool be desi t th | d d
(part1 oy aiecn gt i e el S5 1 VAR bF oceh bt AR bty itentit  The cpes
pr oduced pirbpeitive opthe $PAE deired Basinar e usual |y and preferably |inear

copol yesters. However branched (but nqQt crosslinked) copolyesters can be
made by to i nétlrdithrge papobmer e&?&?ﬁﬁ%ﬁﬁmﬁm@hbwmltmﬁmﬁwg functi onal

MONONer s {Hakos #hebholyAsizel ik beekmﬁo&&ﬁénqp@ﬂe%aﬂspﬁ%é%ﬁﬁ- In sone

instances the CPEs ptoduced by the above copolynerization process have
uni quée’ niitselfgriringtupdpneridation ¢agalysh endsallpwinpibe pdlymejretion foriikes in the CPE is
different_froms equences. found,i.n copo] yvesters, wth the same nom nal
cheni cal Pi%ec?r%gag’w?stgﬂ Iﬁged’ég Wﬂeﬁ]%éﬂpwo%&{?ér }f’otP p@ﬁ%hﬁn@l‘gr obably the
nmost  conmuder (pEtislpthetim Wedote e PBOY artigkslub& intd teshedl fi cation and/ or

transesterification reaction in which one or nore diacids or their
diesters are raabtEypadvced {n the prepent piogess areppyadly gndpisterablplingar eact i on, whi ch

at {11t dopsipiclinhahelaRhed (1 A CRRRAIND Lol alod Raslhol s  present,

then forms ol igoners an y hig r wer ght polyners, is 20
usual Yy dadwdingiindle CE®s whadlemondt efdriperiégher faactamel méroerrsihalean saicuum  Thi s

- type of ' Lop r ' typically results in a random copol yner,
wherein t E%%Q@tgégﬁﬂgr&u&r%gtg@ge di carboxylic acid(s) (if there is nore
t han one) andimsonsiigdtoés the CRBS grodiced bP e abfi@rtopsltheridation prockes y :
~distributed al.on%lit he pol yrrg}r6 chain, see for instance N, Lotti, et al.,
Pol ymer , 2] Smidpe tugrostisgyess tabs neerff sepeatdwiis wdhe CBE 15 copol yest er s

have al sQifhe&H feRCGeh &Hﬁenﬁ:&%‘o&hﬂﬁ‘éégdﬁéﬁ%}s' Witthe sdnf ; OEl?énﬂceﬂXt ent

random zed in _block | ength because the reactions use ormthe
- i ndi vPdusbmptsificugnadg b othexmetheds. Fpr etanplerotehly thempsicemméssuni ng no

R Y N e T R
her ei n cavhich@neat ingrefdids or thelrVidsRrstir®fkGeddiresBy with Bnd /MErH 10120 For
exanple, if twg chemcally different CEO dinef are represented by the
f or mul ‘as Thigreacton which at ﬁrs¥forms (di)esters of the dicarboxylic acid and the diols
present, then forms oligomers and finally higher molecular weight polymers, is
*  usually carried ouf at elevated temperatures and often under vacuum. This type of a
polymerization reaction typically results in a random copolymer, wherein the units
derived from the dicarboxylic acid(s) (if there is more than one) and/or diols (if there
is more than one) are randomily distributed along the polymer chain, see for instance
N. Lotti, ¢t al., Polymer, vol. 41, p. 5297-5304 (2000). Block polymers of
#  copolyesters have also been made, but the blocks usually are fo a certain extent
~randomized in block length because the reactions used to form. the individual blocks
are governed by statistical factors. Assuming no randomization of the CPE chains (as
by transesterification reactions) once they are formed, ring opening polymerization of
the CEOs as described herein can normally result only in blocks of ceriain lengths.

o

For example, if iwo chemically different CEQ dimer are represented by the formulas

B i

® @




2 and 2 (I111) 7 11 January 2007 WD 2004/ 007589 PCT/ US2003/Jeausd20@her ei n
A and D represent noieties derived froma dicarboxylic acid and B and E
represent noieties derived fromdiols, and A and D and/or B and B are
different, then i gnoring end groups, the resulting CPE will have the

f or mul a“fd%ﬂgﬂ'?"%?gz 5 (1V) whereiny and z are int 280178 nmore. Thus
y and z are neasures of the consecutive nunbers of nolecules of (lI1) and
(1), respectiyel y-which are . polynerjzed_ info the CPE at any given point
during for“ﬁ’&e 2t D repsesepsgmoigiigsideiaved fom a digarpewydic prid enthB eodEocks of A-B
and C D eaghosBhsioiden Bdived #oufHss, 08 M&H i B A Phre Gl AR iR, .
respectively, a consequence of the ring opening copolynerizatioh mechanism
of the copBoyngeidLaeuPsihpreselting CBB »ill hdvethefermiln. \Wien uniners are not
present in at |east ong of the chem y different . CEGs to be

copol yneri zed a CPE h a str ferent jroma random CPE i s nmade,
‘since if uninmers of a rfarnB ) rngl e repeat unit

bl ocks"” of that CEO coppositio 5 preseht2iin_t he pol yner (by "are
not present' 'means |ess than | nole percent of the fotal bl ocks (bl ocks
of all 'repeat units) are present as(¥)ngle repeat unit blocks). By a

"single r | Ock" i .S 1 Astance i s neant r exanple for (1V)]
a single %pgl%tgﬁ ﬂ%ﬁ%&']ﬁ%ﬁ?&s QP%{)%IB. PP P EPEBTYS Lé@g than 2 nol e

per cent otoxseuuigiWanmﬂpmaifmumiuIesbf@nhﬁd(lﬂ}gmﬁéoﬁlvély“@ﬁ@ﬁe@é ably less than 5
nol e perc ocks i s present. O her

e(at of &h? %g&%&é;&gem unit 20 b | .
anal ogousPPgHEe ' geen foigt dumusstogpatipg of e ’BE Npticsi zes (di mer,
Ariners, @bonkhinibtnde®lRls SERIB 4 ¢-Dad b BhtainaR S n‘ixEIBF‘P%fA‘!ﬁ” bl ocks

can be determned by NVR or if they are present in sna uantitites, by

cal cul at i ¥rC-Dapairsfespectively, 2 congequpinaiof thepink ppenitgepblymetfatihe CEQs ar e
random suring the mcrostr ure.of such CPBs is the
so-cal | eﬁﬂ&%g !élggg{rhggg%o?{mrla"lz 3%%%‘3, Eeg%rggefcli)‘f;reinns FRErsedfloy et al .,
J. Appl. lﬁcslteym aSeast onoveflthe chéiically difRFeat GB6T bk Iymadd Nephot ti, et if.,
Pol yrer, %Rhastt{lu]éturé) diftgr%xglgf_roSn:l)’ g?an grg%o is made, since if unimers of a certain

CEOQ are not present, “single repeat unit blocks” of that CEQ composition are not

present in the polymer (by “are not present” means less than 1 mole percent of the

total blocks (blocks of all repeat units) are present as single repeat unit blocks). Bya

“single repeat unit block™ in this instance is meant [for example for (IV)] a single

repeat unit of A-B or C-D. More preferably less than 2 mole percent of single repeat '

unit blocks, especially preferably less than 5 mole percent of the single repeat unit

®  blocks is present. Other analogous unique microstructures with CEOs of various ring
sizes (dimer, trimers, etc.) will be evident to the artisan. Single repeat unit blocks can
be determined by NMR, or if they are present in small quantitites, by calculation
assuming the ring opening polymerization of the CEOs are random.

Another method of measuring the microstructure of such CPEs is the so-called

“degree of randomness”, see for instance M.S. Chen, et al., J. Appl. Polym. Sci., vol.
40, p. 1053-1057 (1990), and N. Lott, et al., Polymer, vol..41, p. 5297-5304 (2000),
both of which are hereby included by reference. These aie experimentally determined

~ by measuring by NMR the relative molar amounts (which are proportional fo their
NMR signal intensities) of nearest neighbors for each type of repeat unit. For

% instance in a copolyester coxitaining a single diacid “A”, and two different diols “B”

~ and “C”, one can measure the NMR signal intensities (Tixx) due to the sequences

- BAB, CAC and BAC. In this, Ipac must equal Icap. One can then calculate:

8



both of which are hereby included by reference. These are 1dxgerary@fdal | y
determ ned by neasuring by NVR the rel ative nolar anounts (which are
proportional to their NWR signal intensities) of nearest neighbors for
each ty r at unit. For 3 instance in a copol ester containing a .
si ngl e g’i%a@ﬁ%m?%g, and two different diols "B" CTEUS20030472an  measur e

t he NWVR signal intensifies (I'xxx) due to the sequences BAD, CAC and BAC.
In this, |BAC ggg IcAB One can then calculate: s 11 January 2007
VO 2004/ 00758 qﬁcﬂc kadv42 PCA = 1cAB/ (1 cAS + I cAC); PAC =

| BAC/ (1 BAC + I1BAR); t DEREATPAC In this calculation "b" is the
degree of rand@@ne’g}sgﬁgﬂ)rﬂﬁﬁ]gt t%ﬁiare found in the above nentioned
references. Ofe=fan+&atcul ate that t he random copol yneri zati on of equi nol ar
armounts o hem cal. | i fferent, CEO dieters | eads to an CPE have a
degree of }nrtgjﬁ 3%%“3% % g rog g rpndomness i Maye detsifs prodesridimibeon with t wo
trimers ghtRe mRnliGRl 88l cegandonness of 0.57, two tetraners 0.44, two
pentaners 0.36, etc., all assum ng no random zation 10 of the CPE by | ater
transesterifi démei@ncaledeﬂerﬂmﬂﬂmrmdomsoprﬂymmiahai ofSdqiintoddr adlitiest can be

cal cul ate r r.ent es | he sa ol ymeri zat i on. Thus
t he preseﬁ’t0 ct %8#%9?&%?@%&@ S EP&%Y??&E‘?WEI %iel d CPEs
with degr&eﬁ,mﬁiearsam@@mﬁn@tzamthﬁ ARmbR oBrebR d cﬁ‘ﬁﬁ@:‘hﬁ bl'y about

0.30 to abput 0.80, depending on the ((.)ZE@ cgogen ?g&ther starting mat eri al .

As descri b b?”‘t‘i‘i@%‘éefﬁ%4nlt5’°mélﬂtem@ﬁ§é§ dc-t At asiinging amchodomiegivy est er has a
degr eev of tﬁé’@PE"B | ass transition

t enper at u(r)ires are as‘r ﬁﬁ%st%g#ﬁﬁ&ﬂg&%ﬁ%}'{t %%3 %%ﬂﬁ%ﬁi@ieﬁﬁ%@i nts are

t aken as Qalkmlati@fmrmmsof dliﬂiamntmas lmtye saeckobblgmerizaionl Dhadte présamsi tign
tenperatu as.t ransition. Melting points
and gl ass(g ?)31 S%ai ?QY&’E nﬁi@ﬁ‘éﬂé@ﬁ&&@’i’@ﬂw degiees9fcond heat, usi ng
a heati ngaﬁdﬂnﬂaﬁsfofhﬁéﬂtmzn,to @lslrﬁ’oréﬁﬂt‘dri‘!ﬂyﬁb%h@(} $ORBEM.do, r st and second

heats) of 10% n. If _nore than one nel tingl point Is preSent the nelting
poi nt of 9eRe™ n the CEQs fhogen astbe futingmetona #sdesenibed ifhgsoitwe s, but t he

heat s 1of efisdnod ateﬂcally?‘talnd&ﬂ%oﬁs?%gﬂep&sB%Eﬁ%éoﬂﬁﬁdo%gssdoftlcb obtain the heat of

fusion of the

Herem meliing points and glass transition temperatures are measured using
ASTM Method D3418. Melting points are taken as the maxirum of the melting
endotherm, and glass transition temperatures are taken as the midpoint of the
transition. Melting points and glass transition temperatures are measured on the
*  second heat, using a heating rate of 10°C/min, and a cooling rate (between first and -
second beats) of 10°C/min, If more than one melting point is present the melting
point of the CPE is taken as the highest of the melting points, but the heats of fusion
of all the melting poinis are added to obtain the heat of fusion of the CPE.,
In the Examples, CPEOT was obtained as described in A. Lavalette, et al.,
% Biomaeromoleculcs, vol. 3, p. 225-228(2002), and CPBT was obtained from Cyclics
- Corp,, Schenectady, NY, U.S.A., and was purified. CPEOT is the cyclic ester dimer
- of terephthalic acid and diethylene glycol (2 molecules of terephthalic acid and
ethylene glycol per molecule), and CPBT is a mixture of the cyclic ester dimer and
trimer of terephthalic acid and 1,4-butanediol. The systematic name for CPEOT is
¥ 3,6,9,16,19,22-hexaoxatricyclo[22.2.2.211,14}riaconta-1 1,13,24,26,27,29-hexaene-~
2,10,15,23-tetrane, and the systematic name for CPBT is 3,8,15,20-
tetraoxatricyclo[20.2.2.210,13]octacosa-10,12,22,24,25,27-hexaene-2,9,14,21 tetrone-
3,8,15,20,27,32—hexaoxate_tracyc_lo[32.2.2.210,13.2_22,25]dotetraconta-



In the Exanpl es, CPEOT was obtained as described in A Lavidlenuary2807at, 25
Bi omacr onol ecul es, vol. 3, p. 225-228(2002), and CPBT was obtai ned from
Cyclics Corp , Schenectady, NY, U S A, and was purified. CPECT is the
cyclic %ﬁ% gggr of terephthalic aci d and di et hyI ene 9 %col (2 nol ecul es
of terepnt PRIT'@%3cid and ethylene glycol per mol ectF¥YSPWEHRAEPRT is a

m xture of the cyclic ester di rrer and trirrer of terephthallc acid and

1, 4- but anﬁg g? The s st enat i 30
3,6,9, 16 TRV E 7E$9I%‘y’&q116f322'392142212%6133ﬂaqu aconta- 11, 13, 24, 26, 27, 29- he

xaene- 2,10, 15, 23-t et ri298n181% ahfl € omy ShENHE for CPBT is 3,8, 15, 20-
tetraoxatrl cycl o[ 20. Zﬂ%m&m% 25, 27- hexaene- 2, 9, 14, 21

-tetrone- A typical procedure was:

i, T RS e R R BeR0R g e ©

10, 12, 22, QQng%@Eﬁgﬂéﬁrdlﬁ)@ﬂEﬁ\ﬁnﬂlrﬁaéﬂm@&H%@ Bie gonefeFer flafixam Jul es 1-3
and Conpar ative Exanp A typi ca@@ﬁroce ure was: A 125 m Erl ennmeyer

flask wasWesRlpegdan %\mtwﬂ%a@ é“h #oil Bath waﬁmmnmdg?%ﬁsc of CPBT
0. 03 nol t k | aced
h o not ingimBefi CondRCARG. Hldrhie B0 i E VESHOIAR | 15 Po300

in a hot oil" bat tenperature o
using a tmnb)amfd;ttudmﬁm&emiﬁﬂwroxidé\f(cas#3335569‘6-9 FASCAT® 4i9d fival t ed, 0.045 ¢

0. 00018 I f . buty]ti hl de_di hyd d CAS# 13355-96-9,
I(:ASCAT( r )Elg%é@’%‘?‘l%wgﬁlﬂ‘*d ‘i\?%ﬁﬁ@%ﬂléﬁ%?féﬂé’g% e %’ﬁ@’%ﬁy Padred nelt. After 17
mn the vinseasd Edth@?&nt@hdr@m QRERthal Qtob P& PRk bﬁﬁggﬁ%&duhe%h rring had

st opped. The oil erature was i ntaine 30C for an additional
30 min. THENEDEEAASPG formagcldmml J0amnipy dtie Ederdneyeeflaskaes reowved xt ure al | owed

t |t I, d. b

DT Z?em@aﬁ%@m ARt e o 8 Bod P R e T Pl S

-150 16C etehtid] SaarmipalajoristettydDSOP el Had faresttin b t f
CE Eﬁz&é‘uh m?nt sc05| ltgé ) éH u;’;l e (r?hl or|gr emttrf]fGI tTo;(og(r:gt ?c
aci d sol gﬁ EF?OPB éﬁﬂﬁ‘i ngﬁ‘f‘ %"W@Eﬂfé’d}‘“ﬁ? fGH(es. CPE was 0. 447
dL/ gms Conitihepés vegasslegqml (r@thend aﬂ&ra/gp%ﬁﬁa};,&%u@a&d S, ' n Table 1. AHf

is heat of fusion tg
_ Goodyear R-103B Eguivalent IV Method) of the CPE was 0.447 dL/gm.

- Conditions and results of these examples are given in Table 1. AH¢is heat of
fusion.

Table 1
Ex. CPEUT, g CPBl, g - IV Tm,oC | AH f, J]g

A 1500 B0 U768

T T35 —73 )0 X M ) V] O 7

7 750 5 R .+ 18 R R v 5
7 775 £ X B 7 g R -

B 000 13500 T8 [ 2138 1067

20
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'nunlts wi thin each nol ecule of cyclic ester oligoner are id

20 10 11 January 2007 US0321742. CLAIMS 1. A process forlleaoapgdb@ii ng or
coating an object, conprising, contacting said object wth a nolten

m xture of two or nore chemcally different cyclic ester oligoners and
copol yneri zing said nolten mxture to forma copol yester whi ch encapsul at es

or coats said object. 2. The process as recited in claim| repeat
e%@f% The

process ‘as recited in claiml or 2 at |east one of said chemcally
different cyclic ester oligonmers are derived from (a) a diol conponent
selected fromthe group consisting of diols of the fornula
HOCH2( CR3R4) gCH2OH . or HO( CH2CH20O), H wherein R3 and R are each

i ndep€pdavis | y hydrogen or alkyl, and g is O or an integer of 1 to 10, or t
s an int ggg r%Fto 20 hydroqw none and bi sphenol - A, and conbi nati on

t her eof ; p(“ﬁﬁ’ss I BRcapSuIsting AT ipating mnpDlefomHETRE, sufastinesad phiseh t he group .
conslmmmmmmmmkcham@mmcm@qtgaa%@@ 2gwherein n T's an

i nt eger I .to 10, isophthalic acid, substitut I sopht hal i ¢ aci ds,

t cr epFAPRMERZingSpid) mOEWEW9 Eagma&oRolyRtes hich crpapsiliates onedatosagl

napht higdcgnedi car boxyl i ¢ acid, and combinations thereof. 4. The process as
recited inclaiml or 2 V\/nerel n_at | east one of said chemcally different
cyclic estethe@regsaardted insleim 1 whegin repentinits sithipiesshmadesulobf  t er epht hal i ¢ aci d
W th d}u@té@ﬁ@@@mglab@qgﬁmc@t hyl ene gl ycol, 1, 3-propanediol, 1,4- butanediol,
1, 5- pent anedi ol , and 6- hexanedj ol or a m xture t her eof ; |sopht halic acid
with diet Mhéﬂ@cﬁﬁﬁdﬂfe" il & ae2 2§ lepit one, of saidwhemispllydifirest cyclia- but anedi ol ,

1, 5- Reniiphast at defRBdfdm6- hexanediol or a mxture thereof; or one or bot h
of succinic and _adi pic acids with one or nore conpounds of the formila

HOCH?2 ( CR3R4)(Exaiigdicorpppant pelectrd framdherzaoup censisting o diels obthe fokrioglh. containing 1 to

4. c Q{d@ﬂ{@i’ﬁﬁ%ﬁﬂﬁ &Hb?cﬁzc@ﬁoﬂiil wﬁggl@ﬁ%d Qb %r[]_. edel m%igpem?eh The process as

In clalm wherein t erent I C est'er |goners ar e

reci
pr eséﬁ‘f“’ga&t‘fﬁﬁlb’lafaﬂilﬂts 0@641“@8@'@!3%0 18 qrgtaﬁ%mtegg of210120ed f rom terephthalic

‘aci dppdiblguitioRs, de@@genoghyﬁggom@ﬁuéoﬁm@&%g cyclic ester oligoner is derived .

fromterephthalic acid
(b} a dicarboxylic acld component selected from the group consisting of

compounds of the formula HO,C(CH,),COH wherein n is an integer of 1 to 10, isophthalic
acid, substituted isophthalic acids, terephthalic acid, substituted terephﬁmhc acids, and 2,6-
naphthalenedicarboxylic acid, and combinations thereof,

4. The process as recited in claim 1 or 2 wherein at least one of said chemically

different cyclic ester oligomers are derived from a combination of
terephthalic acid with diethylene glycol, ethylene glycol, 1,3-propanediol, 1,4-
busanedio}, 1,5-pentanediol, and 1,6-hexanediol or a mixture thereof;
isophthalic acid with diethylene glycol, ethylene glycol, 1,3-propanediol, 1,4-
butanediol, 1,5- pentanediol, and 1,6-hexanediol or a mixture thereof: or
one or both of succinic and adipic acids with one or more compounds of thc
. formula HOCH,(CR*RY),CH,0H, wherein R® and R are hydrogen or alkyl containing 1 to 4 . .
- carbon atoms and n is 0 or an integer of 1 to 10.

5. The process as recited in claim 3 wherein two different cyclic ester oligomers are
present, and a first cyclic ester oligomer is derived from terephthalic acid and diethylene
glycol, and a- second cyclic ester oligomer is derived from terephthaﬁc acid and 1,4-
butanediol. ‘

6. The process as recited in any one of claim | to 5 wherein said copolyester hasa
‘melting point of about 109°C to about 200°C and & heat of fusion of about 5 J/g to abont 50
Vg
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but anediol . 6. The process as recited in any one of clai ml JepuEY&RB? ei n
sai d copol yester has a nelting point of about 100C to about 200C and a
heat of fusion of about 5 Ug to about 50 J/g. Replacenent Page 11 11
January 2007 rinl:ed 25-03-2004 PFUS0321742 7. The process as recited in
—-amy-ofne of-clainms 1-7 wherein said object is encapsul ated. ~-S-—-Ar-article
rinfefl: A%RG1280¢ur e conprising an object encapsul ated using t h&YSeR2d€42 of any
onesof €laims | to 7. 9. An article of manufacture conprising an object
coated by using any one of the processes of clainms 1-6. 10. An article of
manuf acture conprising an object coated or encapsulated wth a copol yester
with a degree of randoness of 0.20 to 0.85. 11. The article of manufacture
are recited in claim1l0 wherein said degree of randomess is 0.30 to 0. 80.
12. The article of manufacture as recited in claim10 or 11 wherein single

repeat uni t7sThe pro€ess &8 EeSitddi iy Dnd BB LigimP &7 GBakin Sdd dBjekt if @RBAJrdiNI t bl OCcks. 13.
“An article o&%ﬂuf actuyre con'gr,i,si ng.an object coated or encapsulated with
éFHH g

‘a copol yedt ¥ orEpRG R AOmPHSINg 40, 90j95t qypaplated usiggshe ppcassofit . 14, The
-articl gnyohe orelmigb a¢dure as recited in any one of clains 10-13 wherein said
The artjcle of mapufacture as recited in any

| object is -.%%ﬁsl’él gﬁ}ed 15.D rt [ _ 1T
one of cla f5te phmpfifertse fomnsising a0 oblses Sealed by wingrRmyona offBt t i ng poi nt of about
100C tmocessesefcldMOCG6and a heat of fusion of about 5 Jig to about 50 Jig.
Re pI acere ”So. Er? %ﬁclg gf manufacture comprising an object coated or encapsulated with a
copolyester with & degree of randomess of 0,20 to 0.85.
11. The article of manufacture are recited in claim 10 wherein said degree of
randomuess is 0.30 to 0.80. ‘
12. The atticle of manufacture as recited in claim 10 or 11 wherein single repeat ugits
are less than 5 mole percent of all repeat unit blocks.
13, An article of manufacture comprising an object coated or encapsulated witha
copolyester wherein single repeat biocks are not present.
14, The article of manufacture as recited in any one of claims 10-13 wherein said
object is encapsulated,
15, The article of manufacture as recited in any one of claims 10-14 wherein said
copolyester has a melting point of about 100°C to about 200°C and & heat of fusion of about 5
J/g to about 50 /g, '
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