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This disclosure relates to polyester blends and methods of 30édtatgr 2002
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1, 4: 3, 6-di anhydro-D-sorbitol, referred to hereinafter as 10 isosorbide, the
structure of which is illustrated bel ow, is readily made fromrenewabl e
resources, such as sugars and starches. For exanple, isosorbj de
from D gl ucose by hydrogenation foll owed by acid catal yzed dmmmmmmmm mmllrl
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BLENDED WITH OTHER THERMOPLASTIC POLYMERS

Field of the Disclosure
This disclosure relates to polyester blends and methods of making
5 polyester blends, and more specifically to polyesters containing an
isosorbide moiety, blended with other thermoplastic polymers, and methods

of making them.

Background of the Disclosure
The diol 1,4:3,6-dianhydro-D-sorbitol, referred to hereinafter as

10 isosorbide, the structure of which is illustrated below, is readily made from
renewable resources, such as sugars and starches. For example,
isosorbide can be made from D-glucose by hydrogenation followed by acid-

catalyzed dehydration.

15 Isosorbide has been incorporated as a monomer into polyesters that
also include terephthaloyl moieties. See, for example, R. Storbeck et al,
Makromol.Chem., Vol. 194, pp. 53-64 (1983); R. Storbeck et al, Polymer,
Vol. 34, p. 5003 (1993). However, it is generally believed that secondary



30 Qct ober 2002 WO 99/ 54399 PCTI US99/ 07013 -2 al cohol s such as isosor bi de
have poor reactivity and are sensitive to acidcatal yzed reactions. See, for
»exanple, D. Braun et al., J. Prakt.Chem, Vol. 334,:pp. 29830338oketr2082. As
a result of the poor reactivity, polyesters made with an i sosorbi de nonomner
and esters of terephthalic acid are expected to 5 have a relatively |ow
nmol ecul ar Wee99H4899 Bal | auff et al, Polyesters (Derived fronPQENENAIPE
Sources), Polyneric Materials Encyclopedia, Vol. 8) p. 5892 (1996).

Copol yners cont ai ni ng i sosorbi de noi eties, ethylene glycol noieties, and

t erepht hal oyl noi eties have been reported only rarely. A copolynmer 9 0O
containing these three noieties, in which the nole ratio of ethylene glycol
to i sosorbi de was about 90:10) was re@erted in published Gernman Patent
Application No. 1,263,981 (1968). The polynmer was used as a m nor conponent
(about 10% of a blend with polypropylene to inprove the dyeability of

pol ypr opy ladtthdls beth as tisosasbidedhavepove réaqtivity randiaratsensitioé to’ acidi- met hy|
terepht hal ate, ethylene glycol, and isosorbide, but the conditions) which
wer e descraabdyzerhrsactinnge f@eaforiexampie Dt Reaysueh ale 4t Prakt.-Gham.¢ Vbt * have
given a p { hgh I j I se same

t hree rmngirrsépg)b\'/\grgg 33?5@? ?ggdA %a@%uﬁggéﬁ?ggrﬁﬁ%r %‘%gteg{)gt%ed t hat

t he gl ass wittaas iddsorbite npaaher and gsiets 3Dtdrbphthalimasidaire ierpectedds Wit h

i sosor bi de nonomer content up to about 200C for the isosorbide

t er epfht hal@ve shisiapEly lay mogrilarovgight Baligibst slePalypai@ss (emveskt i ng

t er epht hal | i | Q0. W ; - g1 Thi s met hod
yi el ged a f%(ﬁg yrfr\?g‘}raq{\}\% tg E’ug&r%'lodé%‘B@E'Cm%t%ﬁt%g?ﬁg%ﬂ!ogég%a@é"ﬁ%’Ipy hi gher than
was obt ai i892i(M198Be Ger man Pat ent 25 Application described above but still

relatively | ow when conpared agai nst of her pol yester palynmers and
copol yners. Furqmym?%%@tﬁﬁﬂﬂﬂﬁ%omeem%‘g@sb?ﬂ%’!ﬁﬂ?tQ'B I opioHes i zat i on

d t et by LAt | f
Dot ymer 2 arerédindny nBices Hae HlabhopBRied drfPralfy L PEGEE! |\
991 54899 RGHAISHY/tAZEd thred rhbicties, 3h Wtictkeird moldwatio ISMyle g§tortoeck, et

al., J. Appl. Polyner Science, Vol. 59) pp. 1199-1202 (1996). U. S. Patent
4, 418, 174 1IRsEbidganabed R 101 as [eRortaddipRullished Genpanateatl s useful as

raw materi -l r?&y i f kh ; . The

pol yest er ﬂﬁ'&l“g‘r”i%g w'?@ g\g%)bgﬁgli aﬁgégg’\égéﬂgga al&aéé o? rtshe many

pr ef er r ed canpuinans (atoudi $0%Y of e bderid with poypwopyene tdien@roee digee nol ecul ar
wei ght of the F_ol %esters is from 1, 000 tod%}géhgoo and no pol yester actually
cont ai ni n§Y&2BliBhRLRINRGPYIeNSHIbgE; MWasimadeRemelt pelymefizationof1 79 143
descyibes I e radd ; felel sl i ; materi al s.
Al so,1Bdes(ﬁrin%ggﬁSﬁg?Fé?’r?'éz;?éeﬂgﬁﬁgﬁédg’gbn@ais#igﬁg pdlbﬁgﬁté;?%ﬁm{i'ﬁgge hydr oxyl
cont ai ni ngvhich wesé @escrtved bnlytir deneral termsdin thelpublichtion, alostthobts, i ncl udi ng
1, 4: 3, 6-di,anhydr osor bi tol .. Agai n, .however, the highest nol ecul ar weights
reported d1R¥EIAUYeR P\PQW“?W\?‘%W é.h,'&lm?\{?‘a"ib‘,”@@@f' and no pol yester actual |y

containing the doghiyinBrebanBYE s8R thtdePmotoniBts Wefe WaScAiBitfagain

recently, where it was observed that the glass transition temperature Tg of

20 the copolymer increases with isosorbide monomer content up to about
200°C for the isosorbide terephthalate homopolymer. The polymer
samples were made by reacting terephthaloyl dichloride in solution with the
diol monomers. This method yielded a copolymer with a molecular weight
that is apparently higher than was obtained in the German Patent

25 Application described above but stiil refatively low when compared against
other polyester polymers and copolymers. Further, these polymers were
made by solution polymerization and were thus free of diethylene glycol

moieties as a product of polymerization. See R. Storbeck, Dissertation,



Publ i shed PCT Applications WO 97114739 and WD 961 25449 descri be cholestrric
and nematic liquid crystalline polyesters that include isosorbide noieties
. as nononer units. Such pol yesters have relatively | ow nol eB0iCktobeelg02 s and
are not isotropic. 20 Currently, high nolecul ar wei ght polyesters

cont ai ning an i sosorbi de noiety have not been bl ended with
thernDpIagYQBWﬁﬁwyners. Summary of the Disclosure Cbntraryp€%%5%%nggachings
and expectations that have been published in the prior art, isotropic,

i.e., sem-crystalline and anorphous or non liquid 25 crystalli ne,

copol yesters containing terephthal oyl noieties, ethylene glycol noieties,

i sosor bide noieties and, optionally, digthylene glycol noieties are readily
synt hesi zed in nol ecul ar weights that are suitable for making 30 Cct ober
2002 WO 991 54399 PCTI US99/ 07013 -4 fabricated products) such as filns,

scal ¢ “The. ol FreliAl ReEH R ey T S{erEE ek B ey L 2Bl S0l SEisiRy
desired. Thgopmoupp. Pi9®acb2pedesRer is desirably chosen so that the final 5

pol ymeric product possesses the desired property. The pol yester desirably
cont ai ns t er epht Wab dyatenb it &1Bek/4 despfibesa piogess famdhe preparatiagbebr bi de

iset ul *ni gnPhiyPRle? D8etel as Fd KGR i Riodiotioh oF RaRe AR 570 2" or ' o &
of the 4 her pepliasd i Thé pblyeBless afddptdpared withei fcolwTiapdi Areasid. O sunber of

terepht hal oyl noieties in the polyester polymer is in the range of about
25% t o abouthecmanypsefemmedealophstis isndianbydospbitphedgwevere thropvasrager pol yner

Suen‘as, 1 oFHABLRbReEleQRf lersTB e DO AL Gl Al Ber =
2, 5-f ur andi gafaMXEbhIMAY @)dié%)%réséﬂbi%@nh@wmgrml ic acid,

2, 6- napht hal ene-di carboxylic acid, 2,
U.S. Patent 5,179,143 describes a process for the preparation of

10 compression molded materials. Also, described therein are hydroxy!
containing polyesters. These hydroxyl containing polyesters are listed to
include polyhydric alcohols, including 1,4:3,6-dianhydrosorbitol. Again,
however, the highest molecular weights reported are relatively low, i.e., 400
to 10,000, and no polyester actually containing the 1,4:3,6-dianhydrosorbitol

15 moiety was made.

Published PCT Applications WO 97/14739 and WO 96/25449
describe cholesteric and nematic liquid crystalline polyesters that include
isosorbide moieties as monomer units. Such polyesters have relatively low
molecular weights and are not isotropic.

20 Currently, high molecular weight polyesters containing an isosorbide

moiety have not been blended with other thermoplastic polymers.

Summary of the Disclosure

Contrary to the teachings and expectations that have been published

in the prior art, isotropic, i.e., semi-crystalline and amorphous or non liquid

25 crystalline, copolyesters containing terephthaloyl moieties, ethylene glycol
moieties, isosorbide moieties and, optionally, diethylene glycol moieties are

readily synthesized in molecular weights that are suitable for making



ndpht hal enedi car boxyiic acid, and 4,4'-bibenzoic acid, at conbined |evels
up to about 25 nole % (nmole % of the total polyner). In a preferred

. embodi nent, ethylene glycol nonomer units are present in tl3e Qubher 2002

pol ynmer in amounts of about 5 nole %to about 20 49.75 nole % The

pol yester polyner may al so contain diethylene glycol noieties. Depending on
t he net hodyobosmoaf act ure, the anount of diethyl ene gl ycol poaesosemid n t he
pol yester polyner is in the range of about 0.0 nole %to about 25 nole %
In a preferred enbodi ment, isosorbide is present in the polyester 25

pol ymer in amounts in the range of about 0.25 nole %to about 40 nole %
One or nore other diol nonomer units may al so be included in the pol yester
polymer in anounts up to a total of ab 45 mole % 30 Cctober 2002 5 O
course, all of the percentages are dependent on the particul ar application
desired. Desirably, however, equinolar amounts of diacid nononer units and
di ol nononefabrdated pradysts sech asrilmbebeErggs bettlespmalded piddustdhal ance i s
desirabl e to,achieve_a hi gh npl ecu] ar i ght pol yester polyner. The

pol yest er péhﬁﬁ@ra’l'fggb%fﬁq F@Hﬁﬂ(ﬁ??&%i ty, which is an indicator of

nol ecul ar wei ght ¢f : a 1%

(wei ght/ vol une) Jcﬁé tﬁwbgsﬁé%%og%%glégﬁeoﬁqpﬁ%gaﬁdﬁﬂéﬁgﬁﬁé@éét enperature
of 25C. Thi desitbdr dhe amcurtwftepch pobymhér is idenirabblgrcheser sapthht that firmhs, such
as sone_opti c?l articles and coati ngg%ﬁiFor ot her applications, such as

conpact 2di s®Olymerc prdughpossessss the desiredyfoPesY-4 di/g is preferred. Hi gher
i nh t vi it ; ; f
i nherent vi scosi T‘rfespolg%ﬁ%ro %|§g|9 f’?’ﬁﬁ%‘?%ﬁ?@&aﬁ%ﬂ}’ﬁ&%&& é}ﬂﬁ%ﬂg or many

ot her applications (e. I'ng resi Furt her

processi ng glydohegieliese isosoridé yetiassandy oiptioneallye désthislepleeylydother ent
viscosities. The gol yest er i ended with one or nore other

| |
t her nopl ast i"EOIBHE ﬁﬁ?@geq'%gg’c"y gylﬁéﬁu 'ﬁf‘dEPﬁeE”EbIVWPtSPQM“P&Mh@’T or use
in the bl i - Lon i . tes: st
In the en)‘i}ﬁaypf)e hd¥EN R bné %YOﬁﬁ;ﬁ%@,{t*}é‘ﬂe‘n’ﬁﬁg%ﬁw%%E}F’ﬂogé. es, styrene

resins; alk acrylate resins; p anes; rirde pol yners;

pol yar ybet hers; d¢opqirgfirieey @abedintBmcthe prudmtyarr of tepepithaibydmoétiesy ia;
pol yaryl ates; other polyesters or m xtures thereof. The ratio of pol yester

pol ymer to &RREPivestar Rehiragris in s fange ofapouhey oot §8yeate ¥y on the

desired pro S i p i i IOV pol yrmer
bl end conpr R@ﬁ%% Of:L{h)g tgtaggpgﬁé%e?gr?ﬁo%&?gtlérﬁg%pg&ée'gﬁ?ﬁeﬁ?%%ﬁ%ﬁrjoo%eti es and,
optional | y, amdeaits af oneior enaleather aromettic efacid hivictewesydty ag) foroi et i es;

di et hyl ene gl ycol nopieties; isosorbide noieties, and, optionally, one or

more ot her @*8MAR; tBesedenvartiremiseaitialforgids e Srfurrndisarboniis asi. vi scosity
T e
anot her t hemappltiasénediparbpryic. acid, Hhd3t ¥ bbiben26i82acid, at combined fevels
up to about 25 mole % (mole % of the total polymer).
In a preferred embodiment, ethylene glycol monomer units are
present in the polyester polymer in amounts of about 5 mole % to about
20 49.75 mole %. The polyester polymer may also contain diethylene glycol
moieties. Depending on the method of manufacture, the amount of
diethylene glycol moieties in the polyester polymer is in the range of about
0.0 mole % to about 25 mole %.
In a preferred embodiment, isosorbide is present in the polyester
25 polymer in amounts in the range of about 0.25 mole % to about 40 mole %.
One or more other diol monomer units may also be included in the polyester

polymer in amounts up to a total of about 45 mole %.



58 In a second aspect, the invention provides a polyester blend conprising
( 1) a polyester conprising terephthal oyl noieties and, optionally, other
aromatic diacid noieties; ethylene glycol noieties; is@ddolokr 200Ret i es;
and optionally, one or nore other diol noieties wherein said polyester has
an inherent viscosity of at |east about 0.5 dL/g when neasured as a 1 %
(wei ght/vol une) solution of said polyeSter in o-chl orophenol at a
tenperature of 25C, and (2) another thernoplastic polyner. Detailed
Description of tbhecKiel %H%@'%e‘%ﬁ?&&kd’%@&é &Eeﬂd&ﬁt&ﬂﬁlﬁfpﬁﬁ}éhﬁrme bl ends of
the present invention are described below In terns o t he pol yesters and

ot her t her napplisstiorcdgsied nEﬁsrabbahowa\yerbmwmclaudeduww phdiacitl meorivimends . 30

[ sosor bi de WG Aol FHEhgsT Rl & FRroeie bR Bl HERREl ow, nay
be nade by {shRsifaid toRARODE AighOoREular Woilghi Py dsen @fynmanorrers contai ning an
et hyl ene gl ycol npiety) an isosorbide noiety and a terephthal oyl noiety.
Smal | 5 anpunts &he pelkesternohanerhss painhseenhyigeebitiuyvhicl is areindisatonef i zat i on or
may be prod i N preferred

enbodi nent , Hl%fe% @@Y%Py?%ﬁ%r?gb‘n@rd‘% &l?/g %Sﬁgggsplceégé)r?t lIo% amounts of about 5
mole %to abmigh%l&ﬁe)melmoﬁfqofﬂfeqfowrﬁ@m oJ&ldmblfmn% 4ta talpeifatid®ob nol e %
nor e preferabl&ﬁ about 25 nmole %to about 48 10 nole % and even nore
preferably 3P tThzsmhgte@t viseasity bowiigentfor gome apphisatyisyswsh @8 sgra¢ ymer may
manuf act ur eoPARLRSS At SoliRe, FOTaRE aph DR o g cOeE LIS M < he r ange
of about 0. Qmmhevx%dsnyab@wut 83 dIk & Pefepricaf ighby Mh&eﬁtﬁllmlsﬁleg/oshﬂl about 10
note % and nore preferably 0.25 nole 15 %to about .5 nole % Diethylene

gl ycol may b%atﬁmg%h%aoésﬂégwwéﬁﬁ@f mafy eHer pRlicadonsAggi baftles ocess, and
a1 ycol - monohat sk IniRlR BAGL FkAEY pioE BB R il B B Bler B 1Y e
enbodi nent aclﬁmmvbmﬂgheiunhémmsvmroenm esent in the 20 poI yester polynmer in
amounts in the r e of about 0.2 to about 40 ref er abl
about 0.25 ol e Thepot %%ﬂtpogxsn%?gle%edawa ﬁﬁ?%ﬂam@r%heagﬁ f $0.5 mol & %
to 20 mle SiyReRendiith? hdriiBpARR bahERRuiMRORILRLE | h%yenhs%opﬂl@sent in
any desiraberange suc asleF‘e})tOBrmeO %to 6 nole % 1
mol e % t o 8Spresdnd iXentich mchdbepolxcatboﬁzﬂeszswm@ieee%s @keyl mrymmesms her di ol
nonomner un|t e i.ncl ude nounts up.to a fotal of about
25 o e o BOREaBR VAR Enbras PRty Bl eRo e BEb B ) 1 os
than 15 nol 19’me@vgayﬁwrexm1eefr§rp%glayylbt%s)méi 1ybQ et eni%evddxdtheréen nor e
preferably less than 2 note % Qct ober 2 WD 991 54399 PCTI US99101013
-7 Exanpl es of tT‘Hb%@ah@p)tfp@wgwebmqlweﬂﬁo(sllthqxrﬁliwtrgwp}@émwémm BARVAY al kyl ene
gl ycol s hav d having the enpirical fornula

HO- CnH2nOH, %ei%%r%hﬁgég’ﬁq%?gﬂgﬁ 12, i ncl udi ng branched diols such
as 2, 2di met hyl - 1In3a firsopspeeditiod mvemtmxmrowdampalymmndmmedﬂgr(&) hanol and

5 mxtures of the cis and traﬁ i sopers; .triethylene glycol; 2,2-bis[4-(2
hydr oxyet hoR‘}}Y'ﬁ’ﬁgnﬁ?I}‘p’iﬁl%éﬁ’é’p thaloyl moieties and, optionally, “other’ aromatic

1,1-bis[4- (g &)éﬁ@% ) Q FRRCARIE I moiet] bid

9,9-bis[4-(2- Kl r oxyet hg%gy@ en OH;% uor eneﬂg’ g g3yco énow ﬁ;sldlrsgsf%nlnft ol ;

1, 4: 3, 6 di arm},aﬂuesgladdl qpitionalhd obe 4antvyel other ShtOhmo'lemiles, wherein said polyester
has an inherent viscosity of at least about 0.35 dL/g when measured as a 1%
(weight/volume) solution of said polyester in o-chlorophenol at a temperature of

25°C, and (2) another thermoplastic polymer.



10 In a preferred enbodi nent) the nunber of terephthal oyl noieties in the
pol yester polyner is in the range of about 25 nole %to about 50 nole nore
.preferably about 40 nole %to about 50 nole % even nore Qdteher28bpy about
45 mole % to about 50 nole % (nole % of the total polyner). The pol yester
pol ymer may al so i nclude amounts of one or nore 15 other aromatic diacid
noi eti es such as, for exanple, those déaived fromisophthalic acid,
2, 5-furandi carboxylic acid, 2,5-thiophenedicarboxylic acid,

2, 6- napht hal ened I I cind, I and

4, 4" - bi benzoi c agfgfggéné% (?n% 1‘§3%09qﬁ%h?%:gggﬁ%§%g ?ébﬁgﬁﬁpgferably
up to 10 no(le a%olymstee cpmefising hérgphthaloyl mbisties ndyoprordlyrother amm‘a‘ut he t ot al

20 polyner).. Of course, percen are .dependent .on

oo P cul ar diafh BakTien <iBrrealycpburay SoRE s aroic hn g oAt 5 of
di aci d nmonoggr oUibicSotBddid] Rlbidied Miefeit Mid %o%%étexpﬁé’ssd%n;hhéx@mt ﬁ@co@ﬁbye“ er
polymer. This balance is desirable to achieveé a high nol ecular weight. 25
The pol yest effatplofItS}' Iabtr)utﬂhﬁs dhrg whereneasured ssadi ‘i’y(warght/cfhlwrse) anlutindiofat or of

nol ecul ar wei. of at boyt 0.35 dL/ ure n

(wei ght/ vol )p(’%ﬁff iBn°- 8?1%’{9?2‘ I ?n‘%rte’i“ﬁ’erﬁ (gr%% &t) ij}l§ﬁper ature
of 25C. Thig, \&gﬁ%995|ty is sufficient for sone appllcations, such
as 30 Cbtober 2002 99/ 54399 PCT/ US99107013 _$_ sone optical articles
and coatings. For other applications, such as conpact discs, an inherent

vi scosity of about referre I gher i nherepnt viscosities are
needed for many I;aﬂed%kmcm.'9“9f%Egé€é3%ﬁl%ékéh¥¥¥—4ﬂgiﬁi£4§$¥%ﬁ) nol di ng

resin). The condirhé BRAICEHThO Bredélit iiileRflon Are@Rb@bRd BBRW ifidelBTIRNL S
viscosities up to at |east about 0.5 and desirably higher than 0.65 dL/g.

Furt her pr on@sgtfrrgar@d othprthpangpdastie polymeraitiat wae be mebrdedwithisthgsi ti es of

0. ﬁ%l 0, 1.5, 2.0 dL/g and even higher. The nol ecul ar weight is
nornally no? fasur ed directly. Instead, the inherent viscosity of the
polynmer in solution or the nelt viscosity is used as 10 an indicator of

nol ecul ar wei ght. For the present polyester polyners) the inherent
viscosity is nmeasured by the nethod described previously, with a nol ecul ar
wei ght corresponding to an inherent viscosity of about 0.35 or nore being
sufficient for sonme uses. Higher nolecular weights) corresponding to

i nherent viscosities of about 0.45 or nore, may be required 15 for other
applications. Generally) the inherent viscosity/ nolecul ar wei ght

rel ationship can be fitted to a linear equation: log (1.V.) = 0.5856 x |og
(Mv) - 2.9672 The inherent viscosities are a better indicator of nolecular
wei ght for conparisons of sanples and are used as the indicator of

nol ecul ar wei ght 20 herein. The nelt process conditions for naking the

pol yester pol yner,

¢




particularly the anounts of nononers used) depend on the pol yester pol yner
conposition that is desired. The anount of diol and diacid or dinethyl

. ester thereof are desirably chosen so that the final pol ym@iOctéter @o@2iuct
contains the desired anpunts of the various nmononer units, desirably with
equi nol ar anmounts of nononer units derived fromthe diols and the diacids.
Because ofwohbes4sed atility of some of the nononers, includi RGTUSEEEOH de,
and dependi ng on such vari abl es as whet her the 30 Cct ober 2002 WO

991 54399 PCT/ US99/070t3 _g_ reactor is sealed (i.e. is under pressure) and
the efficiency of the distillation colums used in synthesizing the

pol yner) sonme of the nononers may need fo be included in excess at the
begi nni ng of the polynerization reacti on and renoved by distillation as the
reaction proceeds. This is 5 particularly true of ethylene glycol and

i sosor bi de The exact anDunt of nDnoners to be charoed to a particular
reactor is readily ddielyeste t& ' foietieBut often will be

dosi rabl y char SEWMYX%SE%S@@%QG&% %ﬁ'e'% bt hAQEE AT

removed by eheSielt ctindeRsationl8f @tbmbnﬁm@n&)fwﬁome@raimanmg%d 6thylene
pol yneri zation reaction proceeds. Terephthalic acid or dinethyl

telrepht hal agb'cws?mwmlspsprblaqi@mwranéramptnihalwl awirly. S50%lk o agout 100
% 80 %
xnﬁm‘ig”ﬁhé &%éseéﬁai%@a«oq%"w%smé?Pé‘%@**%aé%"ag‘?h% opiBessafefef i aci d

MNoners. gﬁﬁiuc‘édctﬁsswakwud&d@mga@deban@ﬂ amount of about 0.25
mole %to about 150 nole % or nore conpared with the total anmpunt of diacid

mononers. The usén afprdieeneldyerah@dlmqm wene el mcm@unasr&mnts as®d is often
made in situ, If dieth ne. gl | e Lt al-5 Ch i.n unt up
to about 20 Fﬁﬁ éltdp 8?"0%69 M‘ﬁh@ﬂfﬁ‘ﬂs agjoé'kha'ﬁ 8%9? reé?ﬁ%%ﬁgogl ycol

i s charged hiblé“%*’t’é@ld&ﬁt49‘5trh<§’ler%n6\%r8?ré?ér abRpsbot zm:ln@ne/%tt@ e300 not e
% desirably 20 nole %to about 300 nole % of the diacid nononmers, and the

opti ond® ot hmie Gbcangd aven olase peeferablyabautodmmale % to dmﬂﬂolmgien%l e % of the

di aci d nono Th a iven far make. he

ol yest or paRg RS BATGeRMA D ShelroneIneeT Bt rgh SR hononer

| oss during D%-‘beaamgr@ﬁ tHeadrlefibd SERaARdiaaEireNtheemehnt stickatylend gl i | | ation
colums and other Kinds of recovery and recycle systens, and are only an

appr oxi mat i oMNAERGICENiteNis im the Eﬁngﬁmf@muéot%@p'ei‘%etocamtgaé meledospeci f ic

Cpeci 1 o CoRpeTab 2 ol spatbi ech. npeHerR apbeeely gRfe bl

15 % to about 5 mole %. Diethylene glycol may be produced as a by-product

of the polymerization process, and may also be added to help accurately
regulate the amount of diethylene glycol monomer units that are in the
polyester polymer.
In a preferred embodiment, isosorbide moieties are present in the
20 polyester polymer in amounts in the range of about 0.25 mole % to about 40
mole %, preferably about 0.25 mole % to about 30 mole %, and more
preferably about 0.5 mole % to 20 mole %. Depending on the application,
isosorbide may be present in any desirable range such as 1 mole% to 3
mole %, 1 mole % to 6 mole %, 1 mole % to 8 mole % and 1 mole % to 20
25 mole %. One or more other diol monomer units may optionally be included
in amounts up to a total of about 45 mole %, preferably less than 20 mole
%, and even more preferably less than 15 mole %, even more preferably

less than 10 mole % and even more preferably less than 2 mole %.



In the polyester polynerization process, the nononers are conbi ned, and are
heated gradually with m xing with a catalyst or catalyst 5 mxture to a

. tenperature in the range of about 260C to about 300C, desi Bal@dcyobe80602 0O
about 285C. The exact conditions and the catal ysts depend on whet her the

di aci ds ar.e. pol rized as true acids or as dinethyl ester T al yst
may be in&%g"éﬁggﬁi tially wwth the reactants, and/or may b@%’ﬁ%@ggﬁe or
nore tines to the mxture as it is heated. The catal yst 10 used nay be

nodi fied as the reaction proceeds. The heating and stirring are continued
for a sufficient tinme and to a sufficient tenperature, generally with
renmoval by distillation of excess reactzants, to yield a nolten pol yester
pol ymer having a high enough nol ecul ar weight to be suitable for making
fabricated products. 15 Catalysts that may be used include salts of Li, Ca,
My, M, Zn, , ; i ; : | Lfes,
i ncl udi ng g%ﬁ%?%géﬁ?%&gtﬁwi&ﬁrg% é‘?ﬁ“‘?ﬁ@é%@?i‘%ﬂﬁ%éﬁ??% E%’own in
the art, anthvihgfropedit2 carbehatyras and havirly theteropirioal feaqularkt@—(b,iHé;dat al ysts
used may be readil% sel ect ed b¥ a gkilln%siléﬁractitioner_. The preferred

catal yst an@H2whsrends Aadntegeaieris! 2d} NG BFAFAPA JIR SRR BSe2t he di aci d
nmononer is r4 . | -RC4 §; er. Cermani um
and anti non‘{'}mcé(g@afl'%ﬁ%a%%étd; yé{sgﬁé%er% tc‘Lg %'SO? éé?% éﬁ%‘e@ﬂ%ﬁgamnomr
conposist i onmidturieseftlod yissared trans jsveners striettodene dlpcolspRebibjde(2dses and for
specific sets, of properties. For uses where a partially 25 crystalline

pol yner is ldspxygthoxyphepvibRegpang: # dJobisn@-bever age containers, such as

hot fill or ' I fi v 8l ihr IEBJE mer Wi ||

general ly hmbglé%%émgﬁ%gﬁ%gghfggﬁéigrigt éar(g@gr%&% 0 ¥ 0.1 %to about
10% pr ef erptignyljborened 126306-dianhpdrontdinitol; d 418 6adiahiagdridithl; iasdsn4bi de

noi eti es, 30 Cctober 2002 WD 99154399 PCT/US99/07013 11 about 49.9 to
about 33 % ¥sraeviiritelasi s of ethyl ene glycol noieties) about 0.0 to 5.0%
preferably 0.25 % 9 i i I . col

noi et i@g, and no'tA éwggeggﬁﬁgﬁat@oog@eg" o%ﬁ{’g’%%&"zr‘&f%g.{@@‘ "%?ﬁté% i)té‘i ol

nmoi eti es, sthelpalgestedpalytied ieinahe dange bhabobt. 25avld Yietolxbidut 60mslesi ns, the
diacid conprises terephthal oyl noieties at a | evel of about 35%to about
50% on a noleamopBieferabhtabent 4haoleimierabaud phtmeledoa@YRN M@t i es at | evel s

of up to ab [ r hy n I tic diacid

noi eti es na'g'léttf)%égiiﬁ%/be 4 roﬁq{ez‘?’gt?)na}p umglrﬁ%léd? é’g‘?t)éo%y itggz@%g, i sophthalic

acid, 4,4 -poipeeroi Theapolyestngolyndruneay alsoaneialie aibunts obpmeé be aidrens where

it is desirable to have an anorphous pol yner, such as would be used to nake
t r ansp@ ent OlHST pEAMatig diagidepoiatigs syrb @s: fasrexpapie thesrdagyad ffomns i n t he

2r0F, oL SPRUEREA aceh o RORB R B0 25 Roch RS MLROR. sbuccl
basi s, opti®Bahaptithalenddicheboxytidaeaid, 12, A-nbphthatdradalicerbexdiiceiciiand noi eti es
are present 4,i4qb%rénggi?:uanctid,u gt tcgmgil%%lcjitleéeﬁs up to about 25 mole %, preferably
up to 10 mole %, more preferably up to about 5 mole % (mole % of the total
20 polymer).
Of course, all of the percentages are dependent on the particular
application desired. Desirably, however, equimolar amounts of diacid
monomer units and diol monomer units are present in the polyester polymer.
This balance is desirable to achieve a high molecular weight.
25 The polyester polymer has an inherent viscosity, which is an indicator
of molecular weight, of at least about 0.35 dL/g, as measured on a 1%
(weight/volume) solution of the polymer in o-chlorophenol at a temperature

of 25°C. This inherent viscosity is sufficient for some applications, such as



on a nolar basis, diethylene glycol noieties are present in an anount of
about 0.0%to about 5% preferably 0.25 %to about 5 %on a nol ar basis,
.terephthal oyl npieties are present at a | evel of abdut 25 %0t®cteler0030 %
and ot her optional diacid noieties) such as 2, 6-napht hal enedi car boxylic 20
acid, isophthalic acid) 4,4'-bibenzoic acid, and m xtures thereof, are
present inwevensms up to a total of about 25 % on a nol ar RSNV MEe of
t hese conpositions {i.e. those having isosorbide at |evels of |ess than
about 12 9% are sem-crystalline if they are cooled slowy fromthe nelt or
if they are anneal ed above their glass transition tenperatures, but 25 are
anorphous if they are cooled rapidly frgmthe nelt. In general, the
conpositions that can be sem -crystalliNe are slower to crystallize than
pol yet hyl ene terephthal ate) conpositions, so that it is easier to nake
transparent articles that remain transparent usin rystallizable

copol ymers SOt eRkcs articlesand\eraiingsy sy M@gﬁg BUCD BSLRIAPEFHough
th b ™ - oo v el Houg
ol yeotor o SEERERACAPARbILLT AHRUED A T bRAUnET Higker fhetet® 1 0¢

product conpsiokities arg aepded i@vinahy derepplicationst(8gy. Dottksd) Giths) sstbet,
particularly in the anmount of diethyl eneég,l ycol npieties that are present
in the pol yfepldingHesi)ndthgsenditinns (ae hehadiusleditp abtaip degired BhemiHoner s
with theg aci i f r j L ng: I i,dqs that may
be pr esgnt. \%?(gglrt%gc F%né}cg?éﬁeér%g%w Fal‘%a%rg%/?g%f?ac gp?%)étﬁr{]ﬁﬁlsg%s{ r bi de and
et hyl ene gl yagther procsding/ofahe pobbstartmay acliabe inhegenthdscovitisesfo.fp a 10

sol vent (e.gam}tol uene) in the presence of a base, such as pyridine, which
neutral i zes U&10-8s1i0 113 %0 gh{ecard even bighescedure is described in R

St or beck ., - I . 3Cl . 5 996) .
Cltﬁ(rare\(/:vel Ft kgown 1&%@ﬁcg}%%éé%sﬁé@%ﬁfﬂgﬁ?@%ﬁs |gh %I’clﬂ éﬁﬁ%%ggl?tgélbe Lsed

(e.g. inter fiatgdraht vietysigréfzngé ipplimerdh sbligioRNDraRe hieltEYCcabityls visb@ ast i rred 15
toget her while heating, Wen the polymer is made using the acid chlorides)
the ratlPo ofaripgisatar Qinnelscylar weights banthe presprepolyestgppalymars. thene as t he

ratio of re I ; 'S . ] f warged to the
eactor i AiERt FBBGTRLS meqtied Bl fhe Finod b Ruied BROIEER GAR4]
st oi chi onet rreleeglar wadighttconlespbrdifly @ aannheheatvidsoggrsfrabduy 089 ér be used to

obtain a high nol ecul ar wei ?ht polymer) e.g., one with an inherent
vi scosity ofmefe being suffisiant Tor spme uses. shugg hmelecylar waighs. fi | ns. The
I _ Dot . . th
Bt o componattesonpFad Tyibhefi VRtosiét o Byt B4e0sk o388y bbitellired, .%o

al so mgp i ndbudidet bpplicationaciGermralll, ed Mberaittvigcosity/anpleelifze weigistimat i ¢
diacids that may be desired in the polyester polyner , conposition. The

di aci ds or dFlAiPAghipcandasfittectonalipedr §guatiophe di ol s {et hyl ene gl ycol ,

i sosor bi de) optional diol [ h n faa |yst to a 30 Cctober
2002 WO 991 54399 PCTNSQQISQ}%'.’I‘;\/'E) 13’%%@%‘%&"@%’% g%?e??at ure that the

mononer s contligibheeert ¥istoshies a9e arskir arfieitss of Mefecaldrgasighitstbr and final |y
pol yners. The polyneric product at the end of the polynerization process is

a nol ten polGpmparispRs afisgmplgmand aee psedjas the indicater qfipeleculanweigisor bi de}
are volzﬁti I G g. distill fromthe reactor 5 as the polynerization proceeds.
Theref ore, an éxcess of these diols is desirably charged to the reaction to

obtain a pol ymer  THngheltpRocess evriiitionstfobmakitigpie gdblyster sbipget,0 t he
characteristics of the polynerization vessel, such as the efficiency of the

di stillati orPartipulasly ieamebnisiafirapremgrsossads derend PEABE RlYesiRl recycl e.
sueh modif L SV REP coMpbBfioR WAL Belired OTHR AR 0P8R bAT yd'iééfc? f accordance

with the char errstics o y nmade practitioners in
the art. dimethy! ester thereof are desirably chosen so that the final polymeric

25 product contains the desired amounts of the various monomer units,
desirably with equimolar amounts of monomer units derived from the diols
and the diacids. Because of the volatility of some of the monomers,

including isosorbide, and depending on such variables as whether the



The above-described nelt polynerization process is the preferred nethod of
maki ng the polyner and is described in detail in copending commonly
.assigned U.S. Application No. 08l (Attorney Docket 15 No. (8Z%bébedQb02. The
melt pol ynerization processes using dinmethyl terephthal ate and terephthalic
acid are al so sunmari zed bel ow. D nethyl Terephthalate Process In this
process, WRI%#H4398 carried out in two steps, terephthalic ZGTS3H % he
optional diacid nononmers, if present, are used as their dinethyl 20 ester
derivatives. In mnor anounts, e.g., 1-2 ww% free diacids may al so be
added. The diols (e.g. ethylene glycol and isosorbide) are m xed with the
di met hyl ester of the aromatic diacidde.g. dinmethyl terephthalate) in the
presence of an ester interchange catal yst, which causes exchange of the

et hyl ene glycol for the nmethyl group of the dinethyl esters through a 25

whr o ai ot 19900t balee e BlindbPpredsitd At ik ¢fiEich8) Bt BistilatR "anO!
(2- hydr oxy@bt%ﬁsemwmww@zin@ﬂ@pagn@t ddife Bt HeChoRBRITY nfdy thi s
reacti on, sonewhat nore than two 30 October 2002 WO 991 54399

PCTNS99! 070&8d ta berintiadedin exaess atéhaybggioningref the pohyamenyzaligded as reactants
for the ester .interchange reacti.on. Catalysts.that bring ghout ester

i nter changée;i‘q@ﬂﬁ%’c rsegl\qq'sed(W_s@ﬁ"l%mg@é;ttg?ég?dbqn Pr_ﬁ’geﬁﬂﬁ 0 'ﬁbs metal s: Li,
Ca, Mg Mipadibuldt) tr@e8f EPYIRNBAIYANand iddeoksige) Ti (OR)4, where Ris an

al kyl group having 2 - 12 carbon atons, and PbO The catal yst conponents
are general |y i Tbewkadt amosnt affanemers toberichargedgma pardibolar reaaadoppm

Pr ef d catalysts.for i nt erch i ncl Vh Co( QAc) 2, and
ZnOnG) 2. epdivaBarging by hiskbR arannsr. i SHEncvil BRI A SRR bns
t her eof . TB@:M'M@Q@@%@@&@%&&M ligbsofsidé Qiré Yelrdb§ichagget, the

reaction) preferably Sb(I1l1 may be added now or at the start of the
pol ycondensatitbe excagseethylengtglycpd and igasonkigde [ase memamediby dispitationcen ar | y

d i s based lts of (]l . Co(11). d at, | | s of about
007t ot ocByimgans O lhet i 8! M liacdon APSr St 115 Soct e
tetrahydr atipréfifth 5 adid oreiftheth§l tbﬁégrmhmsterdfealkejesﬂbbmhahdeamanl5 salts of

the sane netals may al so be used. i nterchange i s desirably brought
about by hemaung ohnbiogt $¢%ita @bouk10R male &, anotecpreferably 8hawle Smtd nert

at nosphere (e. itrogen) at .atnospheric pressure fromrogmtenperature to
2 Temper at PEURIGR MASUER! 16 gl cachtree B aPar SR KRyl Mhout 1500

Met hanol i $efaindRe bBhgdhBYbptiBnA REIE ImcHEEisS tisbdsrbRid isesirBBlyr eact or. The
reaction is gradually heated to about 250C until nethanol evolution stops.

The ehd of cherdeshiolaresmbuni efraboth 0129 moteoYrtiozalbubyl 58 rdplep’i or more over head

tenperatur eco%cpatrgc? writﬁqﬁé 'tSt31 amount of diacid monomers. The use of diethylene

glycol monomer is optional, and is often made in situ. If diethylene glycol is
added, it is charged in an amount up to about 20 mole % of the total amount
of diacid monomers. Ethylene glycol is charged in an amount in the range
20 of about 5 mole % to about 300 mole %, desirably 20 mole % to about 300
mole % of the diacid monomers, and the optional other diols are charged in
an amount up to about 100 mole % of the diacid monomers.
The ranges given for the monomers used to make up the polyester
polymer are very wide because of the wide variation in monomer loss during
25 polymerization, depending on the efficiency of distiliation columns and other
kinds of recovery and recycle systems, and are only an approximation.

Exact amounts of monomers that are charged to a specific reactor to



vessel . A small anobunt of an additive having a boiling point of 170-240C 25
may be added to the ester interchange to aid in the heat transfer within
the reaction nediumand_ to help retain volatile conponent s 3010dtdker 2682 el
that may sublime into the packed colum. The additive nust be inert and not
react wth alcohols or dinethyl terephthalate at tenperatures bel ow 300C.
30 Cct oberw@@§g43WD 991 54399 PCT/ US99/ 0701 3 - 15 Pref erably, pcasagietioty ve has
a boiling point greater than 170C, nore preferably within the range of 170C
to 240, and is used in an anount between about 0.05 and 10 wt % nore
preferably between about 0.25 and 1 wt% of reaction mxture. A preferred
additive is tetrahydronaphthal ene. 5 CIBer exanpl es i nclude Bi phenyl ether,
di phenyl sul f one and benzophenone. o her!'Osuch sol vents are described in U S.
Pat ent 4,294,956, the contents of which are hereby incorporated by
reference. The second stage of the reaction is conmenced by adding a

pol ycondensachieve aspgcifistcamppsitianeguecrsiadily dgterginad by a skilled10
transesterific hi on catal yst. Pol yphosphoric acid is an exanple of a
sequest eri nBrae@ AP€'and i s nornal |y added in an anount of about 10 to about
100 ppm of ph_osphﬂh@tﬁom@srtegm;g»ﬁyeﬁkmmF#ode%,e:petrh@;h@hérsaﬁr@ exanpl e of a
pol ycondensation catalyst is antinmony (I11) oxide, which may be used at a

| evel of 100ombingsoand4we heptad g@duaéy pithyoisingewitin aicatalystas iataly $ts

) hec 2 by B rC8 lebeBuBIR 306 Hidk AL 2R B aEelE i bensar i on of
the bis(2- huééieaw%b_ibgm td 8RN EBEAL Bné @xé&rdanlamohwmgng hcléayawt@duct

et hyl ene gl ycol, h is collected as a distillate. 2 .
pol ycondensdepend ppaheather thetiacide areipolymerizegrasiteuendtids onmsidimiethvi  under

whi ch li,ed while. th s bej h
! enper at ur e ST nLR% sBH FRmL Be i oL RN Y Be TBerpfo 2biRrBaber d and
Sb(111) oxi ge JiRes drRes MBFRLEmeSits BRaATMRL ¥s it VRREAEHC athdéataisl | ed after

t he pol ycondensation reaction tenperature reaches 280C - 285C° in 25 either
case, the rosed may be masifisdasithedreagtion preggsdsc dinedreatingvansugtitringleat i ng
under vacuumis continued until the nolten r reaches the desired

ol cul ar  varrRTedaPr o siBicintiuie BBy 16 SRt ERsemBArite. BBreMscosi ty
to a pre-depghTerRAlal BY distilldtiirsof SxceBS 6QENRS teldw MARA ddlyddier 30
Cct ober 2002 WO 991 54399 PCT/ US99/ 07013 -16 torque needed for” the stirring
nmot or t o naiPalymer having a high eaoughenolgnulari weighi toybessuitable forabaking0. 65 dLI g
or greater ahn bgqaachi eved by this nelt polymerization process without
further effHYEE pr&dgp_ g nol ecul ar wei ght. For certain conposition
rangesqgthe nol egiakaystéhaththag 88 JaediiREILAaSals of [ 1T /Mg, n S2h ib st at e

pol yneri zati on, described bel ow. Terephthafic Acid Process

Sb, Sn, Ge, and Ti, such as acetate salts and oxides, including glycol
adducts, and Ti alkoxides. These are generally known in the art, and the
specific catalyst or combination or sequence of catalysts used may be
readily selected by a skilled practitioner. The preferred catalyst and

20 preferred conditions differ depending on whether the diacid monomer is
polymerized as the free diacid or as a dimethyl ester. Germanium and
antimony containing catalysts are the most preferred.

The monomer composition of the polyester polymer is chosen for

specific uses and for specific sets of properties. For uses where a partially

25 crystaliline polymer is desired, as for example food and beverage containers,
such as hot fill or cold fill bottles, fibers, and films, the polymer will generally
have a monomer composition in the range of about 0.1% to about 10%,

preferably about 0.25% to about 5% on a molar basis of isosorbide moieties,



The terephthalic acid process is simlar to the dinethyl terephthal ate
process except that the initial esterification reaction that |eads to

bi s(2hydr oxyet hyl t er epht hal ate) and ot her | ow nol ecul ar weizghthctsdrensi s
carried 10 out at a slightly el evated pressure (autogenous pressure, about
25 to 50 1d)...Jnstead of a two-fold excess of diols a s SS
(about 10&?9%)/555%ut 60% of diols (ethylene glycol, isosopgécfggand gt her
diols, if any) is used. The internediate esterification product is a

m xture of oligonmers, since not enough diol is present to generate a

di ester of terephthalic acid. 15 The catal ysts are also different. No added
catalyst is necessary in the esterificagion reaction. A polycondensation
catalyst (e.g., Sb(lIll) or Ti(lIV) salts) is still desirable to achieve a

hi gh nol ecul ar wei ght polyner. The catalyst that is needed to achieve a

hi gh ol ec%@dutwemaseum 9% 90 eH maldr Dasistst etyi68 Biye ycbi mdldtigs, reaction, or
it can be conveniently charged with the reactants af the beginning of the
reaction. Gahaltyks to 610%, predenabbf QR25%to mbbut*@%ohwghotmlbeswldr wei ght

olymer directl fromtere hthali¢ acid a e di.ol s |ncI e the cetate
or ot her al Nigkwiane ayeelmg t'ea(a 9 naF o e qro 2 Bl hasss o

Ge(lV), an gr(gglsr g 5 car bon
at ons) . GSO(HF(@&& I ze %uom es ﬁbl’éﬁlgg%ﬁ%ﬂe@ ﬁgg ts’%rrrggeéﬁtst% be used.
The usé of rtelse&;ettmwdlaotdmmpased teséphthaloyhmofetiep at atlewai obbbpol §8%t ers i s
wel | -known in t } 30, Cct ober 00 . WO 991 54399 P [/ US99/.07013 s

T The 1 68Ol BPHE) N S IRIcPAStR, and CHTOEALABEL SRR GFECRITAISTS ot
necessary. AieP&iadkupaoUbgit 138080 3cAbRIr babisWheREtHeAdiioRE! Sidmdtie Steps as
the reactants and i1 nterne ate products are punped fromreactor to reactor
at i ncr easi digcidenpietias masbeIdenaedi»&thﬁmeﬁbalenbmcamylmasdand cat al yst
5 may be charged to a reagtor at .roo. eratur and then gradually heated
to about 28'5@)8'&'3' b‘b??ﬁeg ‘fcﬁ‘%ﬂzo’f‘h@c'gl %@% )étu[ess E€MR%d in the range of
about OCto a

Ester|1$)|ocat| on ?gbl';%rm ﬁgq’r@é‘?g%g?ﬁ*ﬁ'éﬁgﬁpﬁgf‘ a‘?'jk%déeste g‘r%

ol i goners tsab@sa:ptmu&i heuebd\tatmnketMnxptaaenIram:c(abmtlweemhemnmmqujerat ure 10

and about 220C 265C under autogengus pressure), ol yner is nmade at
t enper at ur e'SOPYf qfemioéﬁ%ésﬁ? theal e??QEOWZ @E’oghgégﬂfﬁhérm%{ahl gh vacuum
(1ess than gl %Eyeth@ﬁér oY o‘?ét?esté}% ésérrﬂﬁ:‘i)an aTH&Jﬁ(%‘?%B}J{ %%eeded to

renove resi dua et hylene |sosor I de and water vapor tromthe
reaction totorabcnﬂ%ﬁ’eorrm Bmlﬁuretuasmlog)lnbnalkﬂherqholswm dsaldng an i nherent

Vi scosjty of | east, 0.5 dL and general ly up to about [g can be
achi evﬁj byc anedim F’gﬂﬁég\%{'ﬁs e;b’f%%eé‘ézﬂ &naffmm UEGB@@&HE%I%T ogolid

state Dol YT baibiaP Bosi e AGhE BBl miolicR Gl BRELcEAIA B affrkBr 01 | oved by

the nelt viscosity, I'S eaS| serve e torque t is required
t o mai nt ai nalsoutrd. O%gtocébddtéi%pﬂn@&naam (bB5 Yoy abdiail& t &t atmmolBobgsisy i zat i on

Pol ymers can be de by the nelt condensatl 0 descri bed above
havi ng an |Wﬁ%P@HB|QY| goipties argrprgsental & leyel i@ “SS§§/}’&’39?|‘& ten as high

as about 0. %ﬁd GH%-QW‘R Slrﬁéi:@hl mletiB8 Wuchdd %rné;frﬁlfi‘él art V\zli{f ed by 25

t he net hod descri ove S corresponds’ to ecu Ight that is
sui t a2@® f oacidrisppbibalic @sid, dnd t(lhergzoxmtldedncprmxtunesstherd?ﬂj wnepeessant h | ower
i nherent viscosities can also pbe made,  if desi rcgﬁéas for conpact discs.

30 October BOABOURS o ia hesd FPppan amgla 18- applications, such as
bottles) may reqgphfa &tﬁé%ee 'cog'lrﬁgﬁfongo %Cgvloéé h‘%ﬁ‘/irgﬂ%os%m%' Iévé]g%f of

et hyl ene gl ycol, 1sosor terephthalic aci aving 1sosorbide in an
amount of alesstthan about t2 %))oare s‘e@ﬁ{e@ystallunellfdhbﬁa'rescotngd Iskowely frioen thenol ecul ar
wei ght increa edtf rt her bys |cl) h
melt or if they are annea ed above their glass transition temperatures, but
25 are amorphous if they are cooled rapidly from the melt. In general, the
compositions that can be semi-crystalline are slower to crystallize than
poly(ethylene terephthalate) compositions, so that it is easier to make

transparent articles that remain transparent using crystallizable copolymers



5-polyneri zation. The product nade by nelt polynerization, after extruding,
cooling, and pelletizing, is essentially non-crystalline. The material can
be made seni-crystalline by heating it to a tenperajure in30Detoban2@2of
about 115C to about 140C for an extended period of time (about 2 to about
12 hours). This induces crystallization so that the product can then be
heat ed 10 wooavsqsaeh hi gher tenperature to raise the nol ecubar/used/glats The
process works best for low | evels of isosorbide {about 0.25 nole %to about
3 nole %, because the polyester crystallizes nore easily with |ow | evels
of isosorbide. The pol yner may al so be crystallized prior to solid state 15
pol yneri zation by treatnment with a rel atively poor solvent for polyesters
such as acetone which i nduces crystal t1#ati on. Such sol vents reduce gl ass
transition tenperature (Tg) allowng for crystallization. Solvent induced
crystallization is known for polyesters and is described in U S. Patent

Nos. 5, 164, evéen thaugh, they mashe epesedioccanditinnsasmates whieh thiey dan r ef er ence.
20 The crystal Li ed polymer is subjected to solid state polynerization by
pl aci ng t he®& E’P"izﬁ'zed or pul verized polymer into a streamof an inert gas,
usual I'y nitrogeningpholftdesrsdf RS NBh@dn dard BEmadd bRAn§lopkai&a t enperature,
above about 140C but below the nelting tenperature of "the polyner for a
peri od of abwihodswoT e ptaduas gompositivhs vatyasamewhgidgpenainganitke general |y 25

carried. out at, a tenperature in the range _of out 190,to0.3bo 10C for a
pert od B - aBRNSd HEST Attty b i arsihsalieBiBne sl miftesdbat by heat i ng
the pol yner aF%%@Hf inkfa ﬁc%{rrﬂeﬁwhés%&ﬁefr%sahauae e RietiSn of Msarp! 1d 30
Cct ober 2002 991 54399 PCT/ US991 07013 -19 state pol ynerization nay raise

t he i nher enmorniaseersiwith the adid ghlotides df tergphthalic gtid andTargyr otbpr asidsc Pol yner s
The th ti I itable f in_this,i ti )
pol ycar bonaEma B afesaris ey Barien StieipnAoHaORE Bithireititidgs) vi nyi
chloride I00b)iﬂ‘“ertﬁg)lergegPWEE)V%S%B&H}%&@Q@%HYS& RBRBHISY tH RRRORRINY RES.

pol yhydr oxyet her s, yaryl ates,” and ot her” pol yesters or m xtures thereof.
The t ht® nopkalyent(gum tpivene) frotheupresence: ¢fea pass,euch spyiricing, ovhi€hir t her

i ncl ude th . kngwn to th killed in the art for blendi i th,
10 e 5., poFUIPAAGTACH &7 BiTplAGEa- hiF porGie P RERR LN RNal ar o based
pol yesters isesR ef’SP‘,CJ.i%% .l?glﬁﬁ%gScﬂe%cef vgn@ngggfﬂcbgwéz Epgamy ci al

Pol ymer Bl ends) Chemlec oronto (1 , the content's of which
are hereby Oiberwell-khewnbariatibrs asiog teraptithadoyd diahlaridedmay alsopeadiseds | . B,

|.C and |I.D,and. each .qf he ﬁatten S gﬁscr i bed in 15 ﬁg{ﬁe%di es 11.B, Il.E
and 11. F of (Bt FHSFAcH RYMMSHERIENL RIS R RSe i RRE Sl DRAiSREy . Hanser
Publ i sfgrs, slhsthél BHISHeAfihd he United States by Oxford University Press) NY
(1990), the contents of each Appendix and the |isted patents hereby being
i ncor porated by WMéien thecpolymer isdinade sipingi the@sid ghivtides; dhpoatia obnal i stings
of Appendi C?r')sorlclmeBx) unlitls' iﬁ the C;]I)rcazc?uclt Iﬁgfymer is about the same as the ratio of
reacting monomers. Therefore, the ratio of monomers charged to the
reactor is about the same as the desired ratio in the product. A
20 stoichiometric equivalent of the diol and diacids generally will be used to
obtain a high molecular weight polymer, e.g., one with an inherent viscosity
of at least about 0.35 dL/g, suitable for making films.
The polymers can also be made by a melt polymerization process, in
which the acid component is either terephthalic acid or dimethyl
25 terephthiate, and also may include the free acid or dimethyl ester of any
other aromatic diacids that may be desired in the polyester polymer .
compaosition. The diacids or dimethyl esters are heated with the diols

(ethylene glycol, isosorbide, optional diols) in the presence of a catalyst to a



Al'so specifically contenpl ated are the thernoplastic polyners which are
described in U S. Patent 4,259,458, the contents of which are hereby
.incorporated by reference. These thernoplastic polyners ar&omisper 2002
specifically described below. 25 A Pol ycarbonate 30 Cct ober 2002 WO
991 54399 PCT/ US99107013 -20 The thernopl astic aromatic po@*ﬁ?EQQHﬁﬁ?S t hat
can be enfPVet#*herein are homopol yners and copol yners an Xt Ur €s- t her eof
whi ch have an intrinsic viscosity of 0.35 to 2.0 dLlI g as neasured above.
Typi cal of sonme of the dihydric phenols that nmay be enployed in the
practice of this 5 invention are bi sphenol -A
(2, 2- bi s(4-hydroxyphenyl ) propane), bis@4
hydr oxphenyl ) net hane, 2, 2- bi s(4- hydr oxy- 3- met hyl phenyl ) propane)
4, 4bi s(4- hydr oxyphenyl ) heptane, 4,4'-(3,3,5-trinethylcycl ohexylidene)
di phenol , Rigdr torhe I nerdi o ' pane,
2,2(3,5,3 %'Sq% -érg%&r:ga tre'gﬁ%ef?iﬁﬁ-é %ﬁ@%?’é‘ﬁ’ﬂ? %‘ﬁ’enyl )u?%}t’%t)d;ﬁg?é’tb)s Bhd
(3, 3' - di chidarsters, tHenldlighintgrdy and finglyguolynerset HeenpolyBidnierprddagtdatithe phenol s
of the bisphgn?l-tépe are gl so avail. abl e ?nd @re diiﬁlgged in U S Patent
Nos. 2,999¢p9x! the polymggzalinn pgocgss ig gmolign palymer. Jo6 A MeRRERt e t o
enpl oy two LT i 3 ; di hydric
phenol i t Eg-gRefie ghofBha RapsRie HeqRRte Bhd A B (R, or or
wi t h a5di basitbe polytnhenzdtion proesddsa Taarbfonetan exqess\oféhese dioid isr  pol yner

is desired for. use in the preparation of the

rat her than a honopol r
aromatic caPBWV &%Sfﬁl‘?ﬁ@r@edﬁa?tfﬂ"stoi‘?W%'ﬁtq BAYMERANG tSRBPUMS BES sor may

be either . I ii & K . The
carbonyl  ha etk PSrOG o e A B e ROy ot NERA R o de.

car bonyl cisbon ad¢harefficendywfdke distiliatodn calymncaid thie afficieney bbnat e esters
whi ch may be enpl oyed herein are Bi phenyl .carbonate, di-(hal ophenyl)

car bonat es %’sPéGPY%WI SRUESH )ﬁ&ﬁﬂ%ﬂ%‘ﬁ%@t'ﬂs—'ﬁg?%FWSIF) car bonat e,
di - (tgichl I j ' : tc.)

i (ol oyl praa e, dncEie R GoctiahbE Wi BRIt i i et

di - (napht hykg remfilgonade by giradtitiohersoingbétartyl ) car bonate, phenyl tolyl
carbonat e) chl orophenyl chl oronapht hyl carbonate, etc., m Xt ures

. c.. or
t her eof . The halldemAhaYeLessribed melt polymesgatill Biogess i thedrrsiestaml of or mat es

of di hydri : j r; af ~Oct ober 2002 WO
991 54399 P@I‘%@‘gg’)‘ g?#iﬁtﬁﬁﬂ?@% gﬁgggég%@gﬁ)}gp%% 'ﬁc?r?g?ﬁg't" ) or glycols
(for exanplemnorshaissigneddl.Ss Apblicdtion Noe08]l ycol , néAttemiey| Dagketol |

pol yet hyl en I |, etc.. ). Wile other carbonate precursors wit( occur to
t hose13ki | I@H%ﬁggﬁé’@}bi Thednelb Rolymerization) grocesses HE _ "&’§t_ osgene) is
preferred. téegnﬁ\a?ét%%t‘ér&ﬂ{tnﬂ?ﬁéﬁd?% 4188 stinfhaliZb FbbBYENt | on may be
prepared by uSing phosgene or a hal of ormate an y enpl oyi ng a nol ecul ar

wei ght regul ator, an acid acceptor and a catal yst. The nol ecul ar wei ght

regul ators which can be enployed in carrying _out the process of this
i nvention include nonohydr i'l2IM¥ABY erephitbalale P 3 )

para-tertiarybu p . mh j : dary

am nes, etc. Pr l’ﬂ@gg’@esg' g’h%ﬁ‘é? clngr enp g@@c@ ass dtsggérégﬁ@%tlfgggn\/\ei ght
regul at or . ahdghe topitibralkdiacidanomghers, ifgyedent carehesedaas threjradimetionl an
inorgggi c aci ddgegpe ytor. A suitable organic acoi d_acceptor is a tertiary
ami ne2dnd GHETARYALYRS, IRAMEIOr AMOUNSS. 89+ drd W) %oy FP%H‘FE}I'W,E“SO be

di et hyl anij4qRA, ity | g ol bﬂ?é’)i | : or may be
one whi ch cégr(\ieg'e Té‘lrét(?{élrsnggy rég'?%gﬁﬁ‘é' %ﬁa}fﬁggg'{ e, aacr%?@g?%mtqg or a
phosphat e dimethyhkster of the adokedticrdiacid(&.lg. diphethyl terephthalate) in the

presence of an ester interchange catalyst, which causes exchange of the

0,85

ethylene glycol for the methyl group of the dimethyl esters through a
25 transesterification reaction. This results in the formation of methanol, which
distills out of the reaction flask, and bis (2-hydroxyethyiterephthalate).

Because of the stoichiometry of this reaction, somewhat more than two



The catal ysts which are enpl oyed herein can be any of the suitable
catalysts that aid the polynerization of bisphenol-A with phosgene.

. Suitable 20 catalysts include tertiary am nes such Bs, f or 3eXminbee 2002
triethylamne, tripropylamne, N Ndinethylaniline, quaternary ammonium
conpounds such as, for-exanple) tetraethylamoni um brom de, cetyl nethyl
anmoni um BY@AYH3I9 t et r a- n- hept yl anmoni um i odi de, tetra- n- pPEBHSIUNABNI um
brom de, tetranethylammoni um chloride, tetramethyl ammoni um hydroxi de,
tetra-n- ' 25 butyl ammoni um i odi de, benzyltrinmethyl ammonium chl oride and
guat er nary phosphoni um conpounds such as, for exanple, n-butyltriphenyl
phosphoni um brom de and nethyltri pheny_l14phosphoni um brom de. 30 Cctober
2002 WO 99/54399 PCT/ US99/ 07013 -22 The 'pol ycarbonates can be prepared in a
one- phase (honogeneous solution) or two-phase (interfacial) systens) when

phosgene or a, hal oformate are used.. | k reactions are possible with the
di aryl car boMa{es ?fr%EWPQSIgé){COEa§ Sﬁ'ﬁgﬁédﬁﬁgia‘ﬁ rS?QPBWefOFg!ﬁ &teEyi tabl e for
use herein jngLHgsgdRadipRe pol ymers) the nol ecul es of which consist of two

or nore polyneric parts of different conpositions that are bonded

chenical ly. The Qetajysts that bpingfahoab legtepriniesctenhgeyinglote salts aisugplly conj ugat ed
di ene such as butadiene, gr a 10 nj.ugat ed, di en i th a nonqner,,

copol yneri z%?t@yﬁek@m floﬂo‘é’mgnmﬁga?%t'wéﬁe&% “@F;ﬂwﬁ’ - gng patoNnsackbone.
After fernajy : Rak Ak : ti B

preferably {Hv?gé%f?ﬁe-'(gg?@’ner%gg?ﬁ)ﬁ thﬂfgﬁlgﬂg\gggﬁétp\g%&epo yr?qes?}iréggd
backbone t oPbbt altre tatalygt edbmppaéytseare generaibcikbladed jro by meiourdof nent i oned,

151 oy ool TSt Torrs PR Sl T RS R

but adi ene- RNk | Lke. | £ ' '

MONONEr s ng{rﬁﬁa dI%;NA ﬁ{%?’i’egbfﬁﬂgﬁnglzr?gbﬁﬁzfg’g@ 'E%’?‘(%‘Hg?é’%g‘?‘g??&ﬁol yner

portion of fdnacbtaedmdEiombingtiony thereofl &he pgbrend tipn ystaadhey t he
Eormbinationy &hereoh Herddtipnaasalystiadhd h

consi st ng SFCHKTERRAT e TEACUGR RIBLSEBY SPAY)R149.GHA RE ACSeR R 881 bon
e " Qb MaR &P R poieRliRaibn S80S A'MMly Mt ad BH 8884 Put adi ene.
with particularly good success is based on salts of Mn(ll) and Co(ll), and at
levels of about 50 to about 100 ppm, each. These were used in the form of
Mn(ll) acetate tetrahydrate and Co(ll) acetate tetrahydrate, although other
15 salts of the same metals may also be used.
Ester interchange is desirably brought about by heating and stirring
the mixture of reactants under an inert atmosphere (e.g. nitrogen) at
atmospheric pressure from room temperature to a temperature high enough
to induce the ester interchange (about 150°C). Methanol is formed as a by-
20 product and distills out of the reactor. The reaction is gradually heated to
about 250°C until methanol evolution stops. The end of methanol evolution
can be recognized by a drop in the overhead temperature of the reaction
vessel.
A small amount of an additive having a boiling point of 170-240°C
25 may be added to the ester interchange to aid in the heat transfer within the
reaction medium and to help retain volatile components in the vessel that
may sublime into the packed column. The additive must be inert and not

react with alcohols or dimethyl terephthalate at temperatures below 300°C.



30 Cctober 2002 WO 991 54399 PCTI US9910701 3 - 23 hept adi ene;

met hyl - 1, 3- pent adi ene; 2, 3-di nethyl -1, 3-but adi ene; 1, 3pent adi ene;

2-met hyl - 3-et hyl -1, 3-but adi ene; 2-ethyl -1, 3-pent adi ene; 1, I ctober 2002

2, 4- hexadi enes, chloro and brono substituted butadi enes such as

di chl or obut adi ene, bronobut adi ene, di bronobut adi ene, m xtures thereof) 5
and the tiwe99/34389 preferred conjugated diene utilized her ePRT{USIHUOE ene.
A group of nononers that may be polynerized in the presence of the

prepol yneri zed backbone are preferably nonovi nyl aromati c hydrocarbons. The
nonovi nyl -aromati c nononers utilized are generically described by the
formula: X X X X 10 wherein X may be ggégcted fromthe group consisting of
hydr ogen, al kyl groups containing frombdne to five carbon atons, chloro and
brono. Exanpl es of the nonovi nyl aromati ¢ conpounds and substituted

monovi nyl argmati ¢ conpounds t hat y be used are, st and ot her vinyl
substi t ut ed P&?@F%H'Yvéﬂg@ﬁ"ﬂﬁlf{ﬁd&asi%gg'ﬁﬂg RB"';IQR?/EI'@,' t"(ﬁ'}%{ﬁ&hwgﬁe aryl -,

al karyl-, 1 o = - n t; i

vi nyl ar omat ?Eéégér%h’%?Qhégé%? 8@% u@s(btﬁ)c%égb%{)‘gd%géegygéé-%lﬁgl styrene;
3, 5-di et hyl pewesreaboud 0105-apd oiyWiSh ymereepredenablynlyetateeneatmut & 28 ahy 1

vi nyl t ol uene, a-chl orostyrene) a-brom-st ﬁr ene, dich] orost Xrene)

di br onost yr ¥4& ofrepeuR RIAHE t 4 PEgferredaddiiiveds teteahygwonaphinalese; | ke. The

D et hyy oty g SdRBERd fad BpRKBIRgRES Ph e SRAIBAE Bl hBoRklafge 0!
group of no@iher sudhhsdiverty abe dpstriberin 8. Patdritel, 204,956 ctheadorttérats of

prepol yneri zed backbone are acrylonitrile, substituted acrylonitrile and/or

acrylic aci Which areshereBypiGorpgted bytaferenset ril e and al kyl ~acryl ates such
as net hyl nethac C Lt i rylonitrile, or
acrylic acid est Zﬁé%tgﬁgnggga% (E)féhé’g%é%lﬁh?glcﬁﬁéﬁ%ﬁﬁfgécrjmﬁ'@az%’ XX =CGY X~
wher ei n X npplyeendehstiontdtalosn dritka gequestenng agentfor tite hydr ogen, al kyl
groups containing fromone to five carbon atons, chloro and bronmo and Y is
sel ect 8 f r @nsaeteghicationceialyst i rRlYRIOSPRAAS agithis 4y XaRBleOhther ei n the

al kyl group s%%éélgriﬁ@%Bé{gMﬁﬁ’ is%?Hn%ﬂ? %pﬁé& ”@ 4 QmopHPof Soéhoty tolt wel ve 10
carbon atons. anples¥of nononers o I'S description are acrylonitrile,
et hacr yl oni abole) 00BpesH piadphbrduseper gne bf dineethyteraptthallatd. An
-chloroacrylonitrile, a-bronpacrylonitrile, and ~i-broppacrylonitrile,

met hyl acr yEXaewieat & prlysendensajioncatalystiy ntizopy 44l oxila. ywhieh mavat e,
propyl acrykat i r I i yl acrylate, m xtures thereof
and the i kg.% %?g%%glpgggéfd@%%aﬁo?lt iltgégr)gm)'rrer used herein is acrylonitrile
and t hespr ef er r edheqolydohdensaticsicactomisctyplidally cagied aiteatand net hyl

met hacrylate. In the preparation of the graft polymer, the conjugated
i ol of i ' polGmepraredByBIapeNt 289 Shia 2356 Byrind i ety eSRdene OeEl or

I (o¥aaeT M j J Y ght of th
oSl ey £ IS SHT ol HTCARRY 07018 BerehSiion & FRBKETURANAY. O 17
presence of téfephtratdth otwcfoeauhyrén @rst by-psdduat eethyderte glycyl, avhichi isl e conpri se

from about 40 to about 95% by wei ght of the total graft polynmer
conposi t i on collected as a distillate:

20 The polycondensation reaction described above is preferably carried
out under vacuum, which can be applied while the reactor is being heated to
the temperature of the polycondensation reaction after polyphosphoric acid
and Sb(lll) oxide have been added. Alternatively, vacuum can be applied
after the polycondensation reaction temperature reaches 280°C - 285°C. In

25 either case, the reaction is accelerated by the application of vacuum.
Heating under vacuum is continued until the molten polymer reaches the
desired molecular weight, usually recognized by an increase in the melt

viscosity to a pre-determined level. This is observed as an increase in the



30 Cctober 2002 WO 99154399 PCT/ US991 07013 -25 The second group of grafting
nononers) exenplified by acrylonitrile, ethyl acrylate or nethyl

met hacryl ate, of the graft pol yner conposition, preferably3e&rnbes@002 om
about 10%to about 40% by wei ght of the total graft copol ymer conposition
and the nonovi nyl aromati c hydrocarbon 5 exenplified by styrene conprise
from aboutw@09saembout 70% by wei ght of the total graft polRGHAIS9I907013
conposition. In preparing the polyner, it is normal to have a certain

per cent age of the polynerizing nononers that are grafted on the backbone
conbine with each other and occur as free copolyner. If styrene is utilized
as one of the 10 grafting nononers and rylonitrile as the second grafting
nmononmer, a certain portion of the conpdésition will copolynerize as free
styreneacrylonitrile copolyner. In the case where a-nethyl styrene (or other
nmononer) is substituted for the styrene in _the conpositions used in
preparing t ferayediaeded fprthe stirripgrpaton g maitainglisrigg. ARdnbeyepbsi ti on may be
15 an a-meth yr -acryl onhtyd e : r e casi ons
where a cop(ﬁy%fﬁ?éify8@@828aa)séog?%q%{’/lf/gt%gg’g%%@gém (L)’ﬁal%th#‘%\}lég,&i@sa@ ed to the

graft pol ymgjolyinezation process withbatfuriher gffefts apelising melegwhyweightl end i s
referred to herein, it is nmeant optionally to include at |east one
copol ymer blRsigetai eomppasitign Fpnges thensioleqylan weighheanpediagased t hi s

trec cool yiamrdiy FelirRle pBRmARaubE R bREBARY T "LC ah corylate

rubber such as one based on n-butyl acrylate, ethylacrylate,
2-ethyl hexyl acrylate) and the |ike. Additionally, mnor anounts of a diene
may be copol ynerized in the acigrephéhalieheid Peegssone to yiel d i nproved

grafting with th tri .pol viner | € | I ' d,
styrene mal efic gr&f?yat&{%}@gﬁ?Urggc%ﬁgﬁ%%@;fsn@i@ﬁ%@cﬁéggﬁrﬁﬁﬁyﬁtg th%%?%f t he
present i nvenbéat excepl tHARiABHitis08sleRa%Bh 543QRNAAAL IKSR8AOBRIS - 26C. Al kyl
Acryl ate Resin The al kyl aCI‘t/I ate resin used in the present invention

i ncl udes a Hwﬁﬂweméﬁeyr@mhthﬁ atg) anb ot igw Mmalegularsveight gatermigl carried

met hacr,yl ate) .or _a,cepol yne f t Vi i i nmonomer
(e. gl. ;’1 ryl o‘%ﬂ@i?l%‘?iﬁ{' §Ye§ﬁa:ii%%§§t£i%?i%§ﬁ%ﬁ rg%ré‘fréi %@Qfot?’yg%’ gl k§l
acrylate or [ d fvaMul@ s, 8isAdlief BXcaEs@bbuOTNR thO

car bon atorrsﬁgsﬁu)cﬁﬁéa% rarec?hyl acryl gte, et hyl agryl gte, bustrx;?l acryl ate, ethyl

met hacr yl at eabowd 68%)yaf diels Hathwigne: @lycolTisesemisimand pthesdigls, ihdaderyl ate i s

tet haory1 at A5ebs; tantErriio e iR P-EL S By T sl o 2 0 aui g
in a1l % chlgmes astersdilgh dienisairegdit to Jemerdts)d diastey bhtetephtbialic BBM. be

grafted onto_an unsaturated el astoneric backbone such as pol ybut adi ene)
pol yi sdfr enel hexgatatystsatea@ise sifferent. sip added catrlystig pecessary ifeth@ase of t he

graft copoly £ | acrylate resin conprises greater than 50
wei ght perceérﬁé%f*catﬁﬁgjrg?gé ‘copol yners. D. Pol yurethanes These

t hermopl asti ¢ pola pbRicbadgAsdtin ERaysN{eg.s Shefl) by Tifki)zauts) idistitl osed in U S.
Patent No. 3,214,411 incorporated herein by reference. A 20 particularly
usef ul pol yedasirablectoi achievriadigh molegulanyeight pelyaiers dhegatalystdhabisl astic

oatt  one. priGHes A & SO\ YRGf & O BR0ed afat i W %"

sui t abl2® gl ysqérifiatibh¥edétordford odipbe cdhvenichay ehatgddamith tHyYeaptdri®r ¥
hydroxyl group. The condensation is stopped when an acid nunber of from 25

about 0.5 t c@tdhebeginning of theasiastion. Thatalusts thatarewgetil forigaking a bigbt i on i s
removed si mylbaRGRYWelght1Saigilet Bir8Euy HORIBHPRNfic'dLid Sha ued'Gidid hat the
include the acetate or other alkanoate salts of Co(ll) and Sb(ll!), oxides of
Sb(lll) and Ge(lV), and Ti(OR),4 (where R is an alkyl group having 2 to 12
25 carbon atoms). Glycol solubilized oxides of these metal salts may also be
used. The use of these and other catalysts in the preparation of polyesters

is well-known in the art.



30 Cctober 2002 WO 99154399 PCT/ US99/ 07013 -27 final water contents is from
about 0.01 to about 0.2% preferably fromabout 0.0% to 0.05% Any suitable
glycol may be used in reaction with the adipic acid such agg d@sbervao®! €,
et hyl ene gl ycol, propylene glycol, butylene glycol, 5 hexanediol,

bi s- { hydr Qxyne | cycl ohexane), 1, 4-butanediol, diethylene

2, 2-di nmet ﬁﬁ‘g%%{%%/l ene glycol) 1, 3-proplylene glycol and tﬁgjr'?qggdéémPn
addition to the glycois, a small anount of trihydric al coholsof up to about
1 may be used along with the glycols such as, for exanple,

trimet hyl oi propane, glycerol, hexanetriol and the |like. The resulting

hydr oxyl 10 pol yester has a nol ecul ar vgi-ght of at | east about 600, a

hydr oxyl nunber of about 25 to about 190 and preferably between about 40
and about 60, and acid nunber of between about 0.5 and about 2 and a water
content of 0.01 : P hel B8 ri [ b a i sed in the
preparation of t;rgeirgﬁgt?%rg{r%&bre ?@r'gggﬁgﬁﬁgﬁ’yﬁgﬁ’%. %ﬁletm/%l ﬁg\t&hane

di i socyanat eecéssdrg. dagiractice g lafge stale,-idnphdeydaeedhaatinditegoayanat e

contain |less than 5% of 2,4 di Bt}ﬁn\{)l t hane dii sog)éanate and | ess than 2%
of the. di mein®eRHEHE ARCAIATTIROIA PR afe PUTPSR SOy feanky 19dSAIcH ¢ hat
the acidity (RS % The
acidity 20 ggﬁcﬁ%ﬁ@%ﬁﬁﬁgﬂrgﬁ 1&{»{%@@?@2@% rsnpﬁ%ﬁeégag%%%tg?% é’?he

chl ori d& fr omay be chagegdoa eadctorat toomdqopenstune ahd tien gradusllpheatedby
liberating the chloride on hydrolysis wth water and titrating the extract
Wi th 5 st andAkol P A PPMISrdBiE BHE PieSRYas e i e reageicln
concentrati oo S TRV i .eparing the

t her nopl ast %@°9E§gmé°s%§?ez5§o'?yarﬁgﬁ}§%@ suctﬁgggééﬁﬁwgﬁgng@i socyanat e,
et hyl i dene dii so@starificaliop to forhebis(Zhydroxyethglterepbtiajdtepestdis andyanat e,
cycl opentyl ene-1, 3-di i socyanate, cyclohexyl ene-1, 4-diisocyanat e,

cycl ohexyl e9@99{“@%@"@5@%Wa@'e‘?‘e!?t@dttﬁmﬁyﬂH@ﬁﬁbﬁmmﬁe@P@ﬂ‘HﬁuyI ene
30 Cct gher / - ik SOC ;
2. 2 di My P G 2 e R g B e ¥ 8 Bofmere
m phenyl ene ndhdes atteanperaturay in/ihemangde iof abgpahn27%°C tb, abvap 286/ Cauveder a

di i socyanate, 1,5-naphthyl ene dii socygnate, Biphenyl-4,4'diisocyanate,
azobenzene- $igh V@ﬁwﬁzleagm%) 1@%8%95%‘*@9? l?ﬁé-tﬁ?'lx Torg; iTé'@c‘SPé%H'}éﬂb',s

di chl or ohex I L ) :Q:gp InHS
hexamnet hyi eﬁ\g% g??é@@%ﬁ% Z?ﬁ%@égﬁ%t@lgﬁgﬁ‘ ené?%éfgg?ggggagg%%%?F {rgpyl i dene
di i socyanat ¢hanshdtiba tbirdise theynaeculabiveigbhai n ext endi ng agent havi ng active
hydr ogen contai ning groups reactjye with isocyanate groups may be used such
as, fol210 exarrpl”egowmﬂ’%ai"ml RYINRgrent Icosity 8??@8??'99)56&%9@{)@ gl ycol ,
1, 4- but anedi Q)| t i t i 0] ycol s,
1, 4- phenyl e e-n t()alréswh d?’gé(@guet% Mgfgg%ér}{, bﬁ%h%lﬁgﬁayghéggkét F_"ﬂ%‘,bﬁg@'ﬁ hyl
Ie_t Eer ) d'bi S- (ﬁngc&ssx?vitgpbym?e;dq;ubakwi@ stgatna;pxdyméiriallation. hTC'izei 'p_gjgresst) o?tmrk t he

i ke; diamnes inc¢luding e ene di am ne) propyl ene di am ne, butyl ene
di ami ne, 15 PelAGEAationGaD be foliowed Pdﬁ@&&%ﬁ%%i“&\‘ﬁ i8,€35H¥ny| ene
di am ne, tol | g j LA Rl RPC PC Jesla | 1L di ne,
3 3 i t 1 oS oaer a3} B8 fud et iR Maintirstrthg ot BipERen T TE: )
et hanok0am mpalyrasi. nopr opyl al cohol, 2, 2-di net hyl propanol am ne,
3am nocycl ohexyi al cohol) p-am nobenzyl al cohol and the |ike. The 20
di functional chain extenders nentioned in U S. Patent Nos. 2,620, 516,
2,621,166 and 2,729, 618 incor pgpai 8thil BdhmelYatidn €r ence may be used. |f
desirable, a small anount of prgq—um%l | al may be utilized. This
pol yfuncti onal cholymers earbe mddenby tire melt@ondensationeprocesedésdribedn anount
greater than about 1 % by weight. Any suitable conmpound 25

y ht pol yfuncti onal
may be used 3UOVEHIAYINg:BN nharediviscasiy &4 at fegst é?ﬁ‘ﬁ‘ﬂié,dl—&vﬁ@gm%“ as
i out’ 0! ;org T rt ; red by
trimethyl ol iigPanebo(lEy F3%1 75 %0r grRaHrARINGUR FirkiRr tRISIMERE nhddiired b
25 the method described above. This corresponds to a molecular weight that is
suitable for many applications (e.g. molded products). Polymers with lower

inherent viscosities can also be made, if desired, as for compact discs.



I n accordance with the process of this invention) the polyester, the
organi c diisocyanate and the chain extender may be individually heated 30
Cct ober 2002 WD 99/ S4399 PCTI US99/ 0701 3 -29 preferaﬁly t o 30 Osinber 30 e of
from about 60 to about 135C and then the pol yester and chain extender are
substantially sinultaneously m xed wth the diisocyanate. O course, to

i ncrease tWe /5439 of reaction, any suitable catal yst may b&CAAIHAY0I0H t he
reaction m xture such as tertiary amnes and 5 the like as set forth in
U.S. Patent Nos. 2,620,516, 2,621,166 and 2,729, 618. Although adi pate

pol yesters are preferred, polyesters may be used which are based on
succinic acid, suberic acid, sebacic agkg, oxalic acid) nmethyl adipic acid,
glutaric acid, pinelic acid, azelaic acid, phthalic acid) terephthalic
acid, isophthalic acid and the |like. Polyesters based on el0 caprolactone
are also preferred. A polyether

be used inste t he ester in the
pr epar at i on Yhet app t%’é'PHBﬁ%‘t ?%b9%'9§u?‘éy ﬁ%%"edﬂéﬁgr’@}‘éf Qlﬂ'

pol ytetrane g en about
800" and' 2000 I S SnEEStipHe S B RhHFEAIROTLER, AR 1R *&Zéé‘@

pol ypr opy! emavirigisosorbide inairyamb;ahemeammms%nd abbet 10%eomayndle used
providing their nolecul ar weight is above about 600. The above and ot her

t her nopl ast iR@sponpy have dheis malesulacwaight ingseased futthes by-gelichstakg)s .

2,621, 186, : G ent Nos.
754, 233? 733’@‘3"’%‘%@%&@?’9 ’?‘%’é%%’é‘?g@g%’%%ﬁ“’%y rerEH er)&']eng ‘may be
used to prodeeingGiidieeliciizing i esdentialhp hptHcejstalines. The nvateyial ¢ bei de

Pol ymers Vinyl chloride polynmers for the purpose of this invention are
pol yvi nyl cHDade aemaﬁwsaﬂm bybeating itje gtemperaeree therange ef phewhl | y

unsat ur at ed PRLKIEEAPk AL RUNURNALE BofaRbPIMeTpbSES o Bhosiefsent DY

oril e I ncor por erern y unsat ur at ed

conpounds V\/rho@rs)arleu§ iriduglek &rfstsliizatiorl sortivat i pdust €an freh texhsaled)
vinylidene halides such as vinylidene chloride and vrn¥lrdene fluoride,

vinyl 88t er JogumHch bighafjempersiureciodpise themologulauwsiabbo Thepresesy 07013 - 30
acetate, vi 'Wér el @?%ﬁrioglé“éﬁus@%‘clﬁc aC oM{ 63‘5 rﬁ&le%a ky%ﬂéméﬂ' Lyl

benzoat e, acry i C an acr sters, am des

and nitritesp), n@édsmrsemheq)owwbr mtburtemmeee;ilpmh lev henlelsiof yl at e,
2- et hyl - hexyl acrél ate) butyl nethacrylate, acrylam de, N-nethyl acrylam de)
acryl oni tri '80S9RRIdS. net hacryl onitrile, aromatic vinyl conpounds such as

styrene and vinyly %ﬁ@@%ﬁ‘?f‘%ﬁ?fbﬁ &%tallﬁ@é byo%s&;hw&ét%d hydr ocar bons

such as et hyl ene)

bi cycl 85( 2, Dolymédpdtianhbtreaterert wrmsaawmyboommventéoppdﬂymm sueh known
and can be prepared %the usual nethods of_ emul sion, suspension) bul k or

mass pol ynerdSaaatene (ﬂ'y'lndéﬁ‘F%F'iV&Ea“&ﬂt'Qﬁersé"ci‘('ﬁ%ﬁ"&r% dd$=cul ar
wei ghts of 40, IQRnBnfbrBRfe #f §) AoWify fsitrystallization. Solvent induced

crystallization is known for polyesters and is described in U.S. Patent
Nos. 5,164,478 and 3,684,766, which are incorporated herein by reference.
20 The crystallized polymer is subjected to solid state polymerization by
placing the pelletized or pulverized polymer into a stream of an inert gas,
usually nitrogen, or under a vacuum of 1 Torr, at an elevated temperature,
above about 140°C but below the melting temperature of the polymer for a
period of about two to 16 hours. Solid state polymerization is generally
25 carried out at a temperature in the range of about 190° to about 210°C for a
period of about two to about 16 hours. Good results are obtained by heating
the polymer to about 195° to about 198°C for about 10 hours. This solid



F. Poly(aryl ethers The poly(aryl ether) resin useful in the blend may be
described as a |linear, thernoplastic polyarylene polyether polysulfone,
.wWherein the arylene units are interspersed with ether and 3glddseri2opkages.
These resins may be 15 obtained by reaction of an al kali netal double salt
of a dihydric phenol and a di hal obenzenoid conpound, either or both of
whi ch conb 99/5#3%ul f one | i nkage - S02- between aryl ene gr ouBFHY8IY¥¥3provi de
sulfone units in the polyner chain in addition to arylene units and et her
units. The polysul fone pol yner has a basic structure conposed of recurring
units of the fornula 20 O E-OE wherein Eis the residuumof the dihydric
phenol and E' is the residuum of the bg@genoid conpound havi ng an inert
el ectron withdrawing group in at |east one of the positions ortho and para
to the val ence bonds; both of said residua are valently bonded to the ether
oxygens through aromatic carbon 25 atops. Such pol ysul fones are included
wi thin the &lalepolymesizalignymay eaise Hip '@ggE%EP"SEGg‘B’ %/W 8B gb/g or
PCT/USQQlO?R%ﬁ‘-Sl pol yet her resins described in U S. Patent No. 3,264, 536,
e

t he di scl osu e(g.f whi ch is hereby incorporated herein by reference, for the

pur pose of describing and exenplifying E and E in nore detail, including

the preferred forns of E deriverd from Bi nucl ear phenol s having the
structure: r (Al1)r, HO(Ar -Rl-—h@@@a@l'%ﬂ’b@l@ﬁ aromatic group and
preferably is a &R0 ; ; A .fferent

i nert substi tuen?ﬂgﬁgéps Aggﬁjevyégf%gﬁ%%Wrﬁgflﬁgﬁnsi tot@hc%%bon at ons,
hal ogen5 at opelycarlsonatéd, styrene resih$ calkyl acnlateresiasppolyodsthane g virgll koxy
radicals having from1l to 4 carbon atons, r and r1 are integers having a
val ue of fr&hloidepalymeise polyiapdethgry crpolysthesostes block PolMeRs. 10 a bond

bet . . . . \ . . " al ent
o cal, 1 nEPURAER RS ibagtes) M EE IR AGEN, milresTnredh ™ O
hydr ocar bon r adi Thlethstmdplastiapdlymeneforaiskin tkepeseny appiidatiphdotheror t he

hal ogen, al kyl, aryl or Iike substituted al kyfene, alkylidene and
cycl oal kyl efficlydgytioseohynmars knoyd to these skied inthearb fariblendiggivitll.s and a

LR LTt s B @Rl B AP BLSIEHS GoRNARR pashg composed of
I n the foregolyegtersauohlas desaribed\bnpagebi? ofEncatopedia df Coamaecial ner t
St uent O Binda ChemTeeh Bubiabing Sroronts 11963) the tontenta ol ™"
which are hereby incorporated by reference, and as described in
Appendices |.B, |.C and |.D and each of the patents described in
15 Appendices I1.B, II.LE and ll.F of Polymer Alloys and Blends
Thermodynamics and Rheology, Hanser Publishers, distributed in the
United States by Oxford University Press, NY (1990), the contents of each
Appendix and the listed patents hereby being incorporated by reference
including specifically the compositional listings of Appendices I1.B, {I.E and
20 ILF.
Also specifically contemplated are the thermoplastic polymers which
are described in U.S. Patent 4,259,458, the contents of which are hereby
incorporated by reference. These thermoplastic polymers are more

specifically described below.

25 A. Polycarbonate



30 Cctober 2002 WO 99154399 PCTNS99107013 -32 hal ogen atons (e.g.,
fluorine) chlorine, bromne or iodine) or al koxy radicals having from1l to
4 carbon atons, r and r~ are integers having a val ué of fr 8h(xteker2002
inclusive. Typically, R~ is representative of a bond between aromatic
carbon atons or a divalent connecting radical and R2 represents 5 sul fone,
carbonyl, wolohgigegle. Preferably, R~ represents a bond bet wegit/gde0mis C
carbon atons. Even nore preferred are the thernoplastic pol yaryl ene

pol ysul fones of the above fornula whereinr and ri are zero. R~ is a

di val ent connecting radical of the fornmula wherein R' represents a nenber
of the group consisting of alkyl, lower aryl) 10 and the hal ogen
substituted groups thereof, and R2 is a2@ul fone group. Typical exanples are
the reaction products prepared from 2, 2-bis-(4 hydroxyphenyl) propane
(source of E residue) with 4,4"-dichloro diphenyl sul fone (source of E
residue) and equi™a thermophstic arorpaticl polysarbotiatessthiab ose beremployed

4, 4' -di chl or odi phenyl sul fone wi th bi sphenol of 15 benzophenone

(4, 4' - di hydrRsig FENOMORAYHEE anQ)POPWé!"Iﬁf% pRE faiktuses tareebnBighhave

3o = M ORAAG 905 ko 91 405 U ARBSORL Aoyl THpcitonexane
4, 4' - di hydr @Wﬁe phetydihgdric Fﬁ@ntﬂs tl@étﬁhay bé@hﬁoy@d B(the practice of this
hydr oxyphenyl ) - p-di i sopropyl benzene. 20 Further useful djiscussion of the

pol ysul Bone’ ipantien amiRisphrnpHie(2.2bis(#-hydeypheavdrropane ibis(éh Pat. No.
5o 54350 poiEBMSBhBRIGEIER 8B nTBRRY Wiiethy ety HB5ané 04 YO

bis(4-hydroxyphenyl) heptane, 4,4'-(3,3,5-trimethylcyclohexylidene)

diphenol, 2,2-(3,5,3",5-tetrachloro-4,4'-dihydroxydiphenyl) propane, 2,2-
(3,5,3',5'-tetrabromo-4,4'-dihydroxydiphenyl)-propane, (3,3'-dichioro-4,4'-
10 dihydroxydiphenyl) methane. Other dihydric phenols of the bisphenol-type
are also available and are disclosed in U.S. Patent Nos. 2,999,835,
3,028,365 and 3,334,154,
Itis, of course, possible to employ two or more different dihydric
phenols or a copolymer of a dihydric phenol with a glycol or with hydroxy or
15 acid terminated polyester, or with a dibasic acid in the event a carbonate
copolymer or inter-polymer rather than a homopolymer is desired for use in
the preparation of the aromatic carbonate polymers of this invention.
The carbonate precursor may be either a carbonyl halide, a
carbonate ester or a haloformate. The carbonyl halides which can be
20 employed herein are carbonyl bromide, carbonyl chloride and mixtures
thereof. Typical of the carbonate esters which may be employed herein are
diphenyl carbonate, di-(halophenyl) carbonates such as di-
(chlorophenyl)carbonate, di-(bromophenyl) carbonate, di-(trichlorophenyl)
carbonate, di-(tribromophenyl) carbonate, etc., di-(alkylphenyl) carbonates
25 such as di(tolyl)carbonate, etc., di-(naphthyl) carbonate, di-(chloronaphthyl)
carbonate, phenyl tolyl carbonate, chlorophenyl chloronaphthyl carbonate,
etc., or mixtures thereof. The haloformates suitable for use herein include

bis-haloformates of dihydric phenols (for example, bischloroformates of



The pol yetheresters consi st essentially of a nultiplicity of recurring
intralinear | ong chain and short chain ester units connected head-to-tail
. through ester |inkages, said |long chain ester units being ngE&sIbOg by
the followng structure: p P -0G0 CR2-C 5 and said short chain ester units
bei ng represented by the followi ng structure: . -OD O-CR 2 -C wherein: G
is a di vawermossxdi cal remmining after renoval of terni nal REIERINTY? oups
froma poly(al kyl ene oxide) glycol having a nol ecul ar wei ght of about
4003500; D is a divalent radical remaining after renoval of hydroxyl groups
from 10 a | ow nol ecul ar wei ght diol having a nol ecul ar weight |ess than
about 250; and R2 is a divalent radi cab remai ni ng after renoval of carboxyl
groups from a di carboxylic acid having 5’ nol ecul ar wei ght | ess than about
300; with the provisos that the short chain ester units constitute about
yester, at |east_ about 70%..of the R2 groups

25-65% b jght of th | .

must be {,\ﬁﬁégh?fﬁTWI‘gﬁé’%?&?{'ﬁ%%,et%ﬁ or §Lc¥§?|ségﬁlﬂxamﬁv(ﬁ's'?ﬁ{%foﬂ"QF%ps must
be the 1, 4b i a0f R2

o ouns whi o hiBfieigol Hoondiid dhiol TdthyiAE RELE I RO othdl, 0

not 1, 4but y¢arbonatedreslisotswiibbcati te tibsetekilledIAhe art3baiBonhglatiodd®)2 WO

991 54399 PGI/ US99107013 -34 The term "l ong chain ester units" as applied to
units in a P8P KREWNARPROTIENS: i RISTAFRD.r eacti on product of a |ong chain
glycol ppith a di i ' T j 4 Logt ant

i nvent iégnn are pof@% g%%{é(?lgg@?ﬁ gtéa) B@V{"%ﬁ? gF@gévﬁth%&Pn}ﬁ% ggd:ﬁ étljr%%\%éllght

bet ween abopy uding phodgehedr atizidformbteyand belevistoying athokelianMeigit00.

Copol yesters prepared from pol y(al kyl ene oxide) glycols having a nol ecul ar
wei ght of alsSuiaten@nzawid ageeptef apd aretalysl alhe lasweight regylators
properties i f R'ﬂ&e t | v 1 i wat er
swel | . Copo ﬁ@ét%rn ;B%gg{ﬁgdr% 'ﬂrcom p (35/ athé%r %‘?\ée%%?@g)'%%@'ghl"g&'hggi ng a

mol ecul ar welogbhydric phercls sath ab@hiendl) patd-ertianbotyistienidlipzaand | ose their
el astoneric character and good | ow tenperature properties. Copol yester

prepar¥l f r BiomARRESOL RIBRANANGIORAERY JINGS: §ihdTélerablyud PRGOohve usef ul
properties gamb#%tgy&ﬂggpgﬁép%\ﬁ/“{?g%ﬂ;%@t"g;& range and are less suited for

i njection nol g an us a slower rate of crystallization

of the result ant Alssiablelacid apoéptormay Beceitrasn Gincdrganicanaroindrgamid ai N a maj or
proportion of tetramethyl ene oxide units. In a preferred enbodi nent of the
i nstant i nvasidiasaeptos Posijtabigproaniceed acaeptor isea teitiayeaapine and

poly(tetra i j -l | o j (- be desirable to
use r andomn'g‘ya\gleg(%%cgéﬁ%%'ﬁe%r%§§¥nq'é€rt§%l§ﬁ éégﬁgﬁeﬁ%%@ﬁ ‘ai ni ng m nor

pr opor1§ onstributylamfhes et nThalinorganie agid deceplomnanbe)ond WRicheanrtse nononer
wll constitute |less than about 40 npl e percent of the po%}/(al kyl ene oxi de)

gi ycot s andeifresrachylipyides 3carbenateoa higatbonate cota pheshhate pf anialkaliexanpl es

of the seco eIy i e 1,2- and 1, 3-propyl ene oxides, 1,2-butylene
oxi de and e?ﬁ?llf@ne oérit%g'.%tag The term "short chain ester units as applied

to units in a poThaeatatyss which aresernployed hepdif Gahdie aey ohthecuitablends or
pol ymer chain units having nol ecul ar weights | ess than about 550. They are

hade by r eagatehgisthbaidBeqalymenzationef tisphenoh) wilh RhesgenEscSulahla o
di car %‘y' i Eatgﬁ)-sgs include tertiary amines such as, for example, triethylamine,
tripropylamine, N,N-dimethylaniline, quaternary ammonium compounds
such as, for-example, tetraethylammonium bromide, cetyl triethyl ammonium
bromide, tetra-n-heptylammonium iodide, tetra-n-propyl ammonium bromide,
tetramethylammonium chloride, tetramethyl ammonium hydroxide, tetra-n- °
25 butyl ammonium iodide, benzyltrimethyl ammonium chloride and quaternary
phosphonium compounds such as, for example, n-butyltriphenyl

phosphonium bromide and methyltriphenyl phosphonium bromide.



30 Cctober 2002 WO 99154399 PCTNS99/ 07013 -35 Included anong the | ow

nol ecul ar wei ght diols (other than 1, 4butanedi ot) which react to form short
. chain ester units are acyclic, alicyclic and aromatic di hyd® &ciobeod@Rinds.
Preferred are diols with 2-15 carbon atons such as ethyl ene, propyl ene,

i sobutyl ene, tetranethylene, 5 pentanethylene, 2,2-dinethyltrinethylene,
hexanet hyl.eng, an¢ decanet hyl ene glycois, di hydroxy cycl ohexapgsodigsgizohexane
di met hanol’, “resorci nol, hydroqui none, 1,5-dihydroxy naphthal ene, etc.
Especially preferred are aliphatic diols containing 2-8 carbon atons.

I ncl uded anong t he bi sphenois which can be used are bis(p-hydroxy)di phenyl)
bi s(p 10 hydroxyphenyl ) net hane, and bi s(p-hydroxyphenyl ) propane. Equi val ent
esterform ng derivatives of diols are @so useful (e.g., ethylene oxide or
et hyl ene carbonate can be used in place of ethylene glycol). The term"| ow
nol ecul ar wei ght diols" as used herein should be construed to include such
equi val ent est er Thelpdlytarisifidteata 88 prepaedds & onepRASY (h endtus™l ecul ar
15 wei ght requirenment pertains to the diol only and not to its derivatives.
Di car boxyl i solatipa)son wohphasentinterfaciapiaystams; whaniphaggeoe aira reacted with

he f [ I hai I . I l.ar .weight_dj ol d
the coporyeDBirENGS ARk Dsfey BRN ety B o b g it M sty o7 ¢
aromati c di gpgdupaorsi ¢ acids of a | ow nol ecul ar wei ght. The term 20

"di carboxylic acids" as used herein, includes acid equival ents of
di carboxylic acids having two functional carboxyl groups which perform

substantially Iiﬁesﬂgcarﬁgxglic acids in reaction with glycols and diols in
form n?’ copol yester '(')qu PN These equi val ents include esters and
ester-form ng degGtyahé Y&sins SuitabléJorasdedhéreir neridemBIUNPE pbfAfers AR

mol ecul ar wei ght requirenment 25 pertains to the acid and nof to its
equi val ent &wlegules obwhish-domsiat oftwiz ot ere pelymerigarnsofalifferenst a

di boxyl i i d.havi I I Lgh than 3 id
cqui val ont 5PRoRitoy bidhate EouBRd Reoita epBl S REleRb ot or t han
300 are i ncgbgﬁil _ggb?\dwkﬁdeﬁiiﬁg a@&ga@e@dien@smm@a@% ofa 991 54399

PCT/ US99/ 07013 mol ecul ar wei ght Dbel ow about 300. The dicarboxylic acids
can colf ai ncanjpgstassdicoe with g manesescopolymerizabimibergwitthsueh ast

bstantial Ly jnterf i th the. t lyner f i d f
the: polyrror SHEEHHE bEkEierh bRV IRRRPYRE e RntfHion S 1AE bRy Shat ¢
di car boxyl i gt Restehe @Faftifg MctdMmérantbB-IGabRI tho dreflymész&Riniasy! i ¢ aci ds

havi ng two car boxyl groups each attached to a saturated carbon atom If the
car bon at omPresencedi theyprepplysosrzedybagikbone taobtaindie grafpelymered and is in
aring, the acids,c oal iphatic. Aliphatic or |,oal i phati c acids

havi ng conj ugat eﬁgﬁéﬁ%ﬁ’%ﬁ Pg{;("lﬁrt Bhme 'OHS?’ 'Bé"?f%gag"ﬁs cﬁ’g'&ﬂ?é%d of
honopoi sy mer igfee &il}lmé'pﬁﬁéﬂ?éé poR/BRtaHieTd PoIRlsePrery, 4 a copelynisr SRIead ¢ aci d,
can be used. Aromatic dicarboxyiic acids, "as the termis used herein) are
di car boxyi i dutadiene-atyténey butadiene-aorRjonigileywsshalikeiched to a carbon atomin
an isolated or fysed be?zene.rir%b It is not necessar%..q%%.both functi ona
15 car boxyl grouﬁ'eﬁé’eﬁ I LopLigat f’I?é‘%H%W&?%‘I’I'@ Vi ng B where nore

t han one ri bt ﬂﬁﬁ% o F Heab! iomat i

di valent r ad@ig%%?g@'rstﬁgﬁﬁggb@%ﬁgr - %g-%%ﬁﬁg?ﬁg?bgl kyllibggﬁg,f ﬂgfc.

Repr esent at iinxendiph ghegeoedeallyddascibed pydbe formsilals whi ch can be used for
this invention are sebacic acid) 1, 3-cycl ohexane dicarboxylic acid, 1,4 20
cyci ohexane di carboxylic acid, d&gic acid, glutaric acid, succinic acid,
carbonic acid, oxalic aci®) azétafyc acXd) diethylmalonic acid) allylmalonic
aci d, 4-cycl ohexane-1, 2-di b _Xg&c cid) 2-ethyl suberic acid,
2,2,3,3tetranethy|succinicigér ; % pent anedi car boxyl i ¢ aci d,
decahydr o- 1, 5napht hyl ene M car boxylic id, 4,4-bicyclohexyl dicarboxylic
acid, 25 decahydro-2, 6-napht hyl ene di carboxylic acid,

4, 4- met hyl enebi s- (cycl ohexyl) carboxylic acid, 3,4-furan dicarboxylic acid,
and 1, 1-cycl obutane di carboxylic acid. Preferred aliphatic acids are

cycl ohdRanewhesainomayi ke seleateddremakie graupaconsisting of hydrogen, alkyl

groups containing from one to five carbon atoms, chloro and bromo.

Examples of dienes that may be used are butadiene, isoprene; 1,3-
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di carboxylic acids which can be used include phthalic, terephthalic and

. isophthalic adds, substituted dicarboxy conpounds w th two3b&tsiee 200! ei
such as bi s(p-carboxyphenyl)-net hane, p-carboxyphenyl| oxybenzoic acid,

et hyl enebi s(p-oxybenzoi c acid) 1,5 5 naphthal ene di carboxyld I
2,6-napht“@#§ﬁ§” i carboxylic acid, 2,7 naphthal ene dicarb%&?ﬁ#@ggg?%,
phenant hrene di carboxylic acid, anthracene dicarboxylic acid, 4,4 -sulfonyl
di benzoic acid and C~-C~2 al kyl and ring substituted derivatives thereof,
such as hal o, al koxy, and aryl derivatives. Hydroxy acids such as

p(p- hydroxyet hoxy) benzoic acid can alsp be used 10 providing an aromatic
di carboxylic acid is also present. Aronmatic dicarboxylic acids ace a
preferred class for preparing the copol yester polymers useful for
conpositio this.i 3t gotig: r ggﬁi aclids, those with
8-16 car boﬁ%z{ﬁ %(%%ng‘r %{em;i éér ?gﬁ’)aé@r% t ?bdqu—@an’r"%tpﬁtﬁe pté?\'%ﬁghz‘edi car boxyiic
aci ds, i. e.peritatienbi bahetbyldiatiyi-d(Bbitadienen iathyl- T Bepekiadieant; pBef erred
copol yesters of this inventjon are those r@gared from

di et hyl t er@fihdahexadienes, ghigre and breyno sphsiyied buladienesiuchas oxi de)

gl ycol havi . r i : . . i
pol yet her es grr]@rc{agruéggj‘g}s'%’r ?ngé%p Fﬁgéﬁp@gwﬁb@%@%%gﬁ%% tﬁ%'lsesf’& 7%4, 520
and 3, 6, 14fd theike. e plefelrekpenjbgatediiend atilivenl lnatincispaitadigde oxyet her s

in the present invention have the general formula -f DO E*-O-" wherein D
is the radical rAgrenraf G‘P"QU‘GF%V‘@?F@Y&%%M“@ZGMT‘ the prasearecfdheiuum of

2002 W0 001 ARaBGhTRIPPRAeTR o s EB hERSRNESRARC hifrocarbbrd: o0

The monovinyl-aromatic monomers utilized are generically described by the

formula:

X X X
Lo
Yo
10 wherein X may be selected from the group consisting of hydrogen, alkyl

groups containing from one to five carbon atoms, chloro and bromo.

Examples of the monovinylaromatic compounds and substituted

monovinylaromatic com'pounds that may be used are styrene and other vinyl

substituted aromatic compounds including alkyl-, cycloalkyl-, aryl-, alkaryl-,
15 aralkyl-, alkoxy-, aryloxy-, and other substituted vinylaromatic compounds.

Examples of such compounds are 3-methyistyrene; 3,5-diethylstyrene and

4-n-propylstyrene, a-methyistyrene, a-methyl vinyltoluene, a-chiorostyrene,

a-bromo-styrene, dichlorostyrene, dibromostyrene, tetra-chlorostyrene,

mixtures thereof, and the like. The preferred monovinylaromatic

20 hydrocarbons used therein are styrene and/or a-methyistyrene.



from1l to 2 hydroxyl groups and n is an integer which represents the degree
of polynerization and is at | east 30 and preferably is above abaut 80. In
general, thernoplastic pol yhydroxyethers are prepated by c3hOstobeng0@hder
polynerlzatlon conditions a di hydric phenol and an 5 epoxi de contai ning
from1l to 2 epoxide groups in substantially equinolar amounts. The product

produced Wy doldgsopeacti on bet ween bis-phenol - A and epi chl orraityu9snrdias t he
repeating unit ~~i HHH~~GG&G-01-~-3 H~ HHand can be terned a

pol y(nonohydr oxyet her) of bis-phenol-A 10 The product produced by the
reaction between hydroqui none and but adi ene di oxi de has the repeating unit
HHHH-G-~OHOHOHH and can be termed a pol y(di hydroxyether) of

hydr oqui none. By the use of both a nonéépoxi de and a di epoxi de pol y(hydroxy
di hydr oxyet hers) can be obtained, the relative anmounts of nobno- and 15

di epoxi de determ ning the final concentration of the mono- and di hydr oxy
cont ai ni ng repeaAismondligtmpEbf monbmemdiatmmy be p&ﬁm@rtmﬂen t2®02 WO 991 54399
PCTNS99/ 07013 -39 Any di hyd ol can be use

pol yhydr oxyResepse of ilrleuE QV niﬁﬁkgenﬁﬁ’éﬁépg' ‘H}'@'%ﬁ'g]ﬁh‘gﬁ%r di hydric

phenol's suche@frmirile andfor acrylic acid esters exemplified by acrylonitrile and alkyl
acrylates such as methyl methacrylate. The acrylonitrile, substituted

5 acrylonitrile, or acrylic acid esters are described generfcally by the formula:
X
Y

wherein X may be selected from the group consisting of hydrogen, alkyl
groups containing from one to five carbon atoms, chloro and bromo and Y is
selected from the group consisting of cyano and carbalkoxy wherein the
alkyl group of the carbalkoxy group contains from one to about twelve

10 carbon atoms. Examples of monomers of this description are acrylonitrile,
ethacrylonitrile, methacrylonitrile, a-chloroacrylonitrile, 3-chloroacrylonitrile,
a-bromoacrylonitrite, and B-bromoacrylonitrile, methyl acrylate, methy!
methacrylate, ethyl acrylate, butyl acrylate, propyl acrylate, isopropyl
acrylate, isobutyl acrylate, mixtures thereof and the like. The preferred

15 acrylic monomer used herein is acrylonitrile and the preferred acrylic acid
esters are ethyl acrylate and methyl methacrylate.

In the preparation of the graft polymer, the conjugated diolefin
polymer or copolymer exempilified by 1,3-butadiene polymer or copolymer
comprises from about 50% by weight to about 5% by weight of the total graft

20 polymer composition and the mor -mers polymerized in the presence of the
backbone exemplified by styrene and acrylonitrile comprise from about 40 to

about 95% by weight of the total graft polymer composition.



10 15 hydroqui none, resorcinol) and the like as well as the pol ynucl ear
phenols (B)a, HO Ar R Ar ~OH which are preferred. The dihydric polynuclear
phenol s have the general fornula: wherein: Ar is an ar omat 3g cshtolstr @ob2

hydr ocar bon radi cal such as napht hyl ene and phenyl ene with phenyl ene being
preferred for the thernopl astic pol yhydroxyethers used in this invention; B
and B~ whVOP984399be the sane or different are al kyl radi cdATEHUAT0LY

met hyl , n-propy(, n-butyl, n-hexyf) n-octyl and the |like, preferably al kyl
radi cal s having a maxi nrum of 4 carbon atons; or hal ogen atons, i.e.)
chlorine, bromne, iodine, or fluorine; or alkoxy radicals such as nethoxy,
met hoxynet hyl, ethoxy, ethoxyethyi, nhggyl oxy, anyloxy and the like)
preferably an atkoxy radi cal haV|ng a maxi mum of 4 carbon atons, a and al
are independently integers of 0 to 4) R is alkylene) aIkylldene

G hyart o ot ynoeT Bt o Ao faer Rl by BHGRHET o) 1
- = =3 = ethythorye 6Pl rRARRCNRI9H KW REBIHIFYcATIGRkiord0 wher ein B

B~, a and a~ are as previously defined, 'S an aIkerne or al kylidene

gr O:Jp, | Er Ief erre&mplmmmﬁer from abaus 19% in @b@uta&%yuwmgn%@ﬂﬁaeé@tsl .

CyCl Oa ene .or atu obt ai ne rom
cgnpoundg sgaﬁt%fg’o\)’rﬂ'?;%?%ﬂ ﬁgdgh%%t‘ﬁ%’f{%ﬂ§%8?'°?‘é’g cé“fi?r%ﬂs by 5
reactign w ékbﬁzméa%ﬁayféndomﬁphs@%nn@b&mo foleb @MDY BY welightyref er abl y

contains from1l to 9 carbon atons. D epoxides useful for the preparation of

pofyhydroxyﬁlel‘tetaégwfhpbb’mﬁfmoﬁmtm by the formula - - ~ ~ ~ 1 wherein R4
i s represent atIVF of a. boi}g tvvee ace gar bon 10 di val ent
I norgani ¢ or or gé‘rﬁ@”?ﬁ'&‘? qu Mg |§|s o ES% ?Y%?c %P?r@en%&%%ycl ic,

het er ocycl i heQpolpREfizing réRcGMER WAL aff gRiftedton tR¥ HdtRbbRé BbrirRPMthde” is
meant a conpound containing two epoxidée

each other and occur as free copolymer. If styrene is utilized as one of the

10 grafting monomers and acrylonitrile as the second grafting monomer, a
certain portion of the composition will copolymerize as free styrene-
acrylonitrile copolymer. In the case where a-methylstyrene (or other
monomer) is substituted for the styrene in the compositions used in
preparing the graft polymer, a certain percentage of the composition may be

15 an a-methylstyrene-acrylonitrile copolymer. Also, there are occasions
where a copolymer, such as a-methylstyrene-acrylonitrile, is added to the
graft polymer copolymer blend. When the graft polymer-copolymer blend is
referred to herein, it is meant optionally to include at ieast one copolymer
blended with the graft polymer. It is contemplated in this invention that the

20 graft polymer composition may contain up to 90% of free copolymer.

Optionally, the elastomeric backbone may be an acrylate rubber such

as one based on n-butyl acrylate, ethylacrylate, 2-ethylhexylacrylate, and
the like. Additionally, minor amounts of a diene may be copolymerized in
the acrylate rubber backbone to yield improved grafting with the matrix

25 polymer.

While not previously mentioned, styrene maleic anhydride-type

polymers may be used in the biends of the present invention.



groups i.e. groups containing an oxirane oxygen atom bonded to two vicinal
al i phatic carbon atons. Saturated di epoxides in which both the oxirane 15
oxygen atons are bonded to carbon atonms of a saturated ali gpb&dtaber 2002
hydr ocarbon chain are particularly preferred. The term "saturated

di epoxi des" refers to diepoxides which are free of ethyl enic unsaturation,
i.e. -CGCyanRdspsgtyl enic unsaturation) i.e. -C=C. D epoxpgprisydlé7ais
contain solel'y carbon) hydrogen and oxygen atons are especially preferred.
The 20 oxygen atons can be (in addition to oxirane oxygen), ether oxygen,
I .e. -O oxacarbonyl oxygen, i.e. 0 -Co 30 Cct ober 2002 WD 99154399 -41
carbonyl oxygen, i.e. PGIJUS99/07013 and the like. A single diepoxide or a
m xture of at |east two di epoxi des can-28 enployed in preparing the

pol ydi hydroxyet hers of the present invention and the term "di epoxide is

i ntended to include a m xture of at |least two 5 di epoxi des. O her

di epoxi des whi ch caniRe ABRRAiedREsIni ncl ude those wherein the two oxirane
groups are finked through ‘an aromatic ether) i.e. conpounds having the
groupi ng - ~_o- v~-Tthe alkgbiatylate wgsin used Rathepresentinvantiondngjudes ar adi cal ) W

those |1 ot ed BBIRYIE" e BiR pr BeF SR G Eiraprv e aBhar 8™ s an
i nteger frorgdholfindr bfekthii Hidthacrylate with a vinyl monomer (e.g. acrylonitrile, N-
5 allylmaleimide, N-vinyl mateimide, or an alkyl acrylate 6r methacrylate in

which the alkyl group contains from 1 to 8 carbon atoms such as methy!

acrylate, ethyl acrylate, butyl acrylate, ethyl methacrylate and butyl

methacrylate). The amount of methyl methacrylate is not less than 70% by

weight of this copolymer resin. The methyl methacrylate resin may have a

10 reduced viscosity of from 0.1 to 2.0 dL/g in a 1% chloroform solution at

25°C.

The alkyl acrylate resin may be grafted onto an unsaturated
elastomeric backbone such as polybutadiene, polyisoprene, and/or
butadiene or isoprene copolymers. In the case of the graft copolymer, the

15 alkyl acrylate resin comprises greater than 50 weight percent of the graft

copolymers.

D. Polyurethanes
These thermoplastic polyurethanes may be synthesized by methods
disclosed in U.S. Patent No. 3,214,411 incorporated herein by reference. A
20 particularly useful polyester resin used as a starting material for the
thermoplastic polyurethane are those produced from adipic acid and a glycol
having at least one primary hydroxyl group. The adipic acid is condensed
with a suitable glycol or mixture of glycols which have at least one primary
hydroxyl group. The condensation is stopped when an acid number of from
25 about 0.5 to about 2.0 is reached. The water formed during the reaction is

removed simultaneously therewith or subsequently thereto such that the



Still other diepoxides include ethers wherein the oxirane groups are
connected to vicinal carbon atons at | east one pair,of which is a part of a
. cycl oafi phatic hydrocarbon. 15 These pol yhydroxy ethers ar @0 @otghas 200Dy

met hods well known in the art such as those detailed in, for exanple, U S
Pat ent Nog. 238, 087; 3,305,528; 3,294,747 and 3, 277, 059. yl at es
The ponaﬁ@FéP §of this invention are desirably derived Féﬁ%é%@%ﬁ%ihydric
phenol and an aromatic di carboxylic acid. 30 Cct ober 2002 WO 99/ 54399
PCT/ US99/ 07013 -42 A particularly desirable dihydric phenol is of the
following formula: (Y)z (Y)zi i H~~ (R~~~ ~ OH wherein Y is selected
fromal kyl groups of 1 to 4 carbon atopp, chlorine or bromne, z has a
value of fromO to 4, inclusive, and R is a divalent saturated aliphatic
hydr ocarbon radical, particularly al kyl ene and al kyli dene 5 radi cal s having

from 1 to FieAbas &ridhs iEROnT YRR bY IS BB0GAILIALRBRI SroltPabuand

I ncl uding 9 carbon atons. The preferred di hydric pheno | sphenol - A. The
di hydri c ph@&0dlte On@b%be used individually or in conbination. Additionally,

sal g dihydric Dol 30 S LS EH S U Bl Sipygirie phend
as, for example, ethylene glycol, propylene glycol, butylene glycol,

5 hexanediol, bis-(hydroxymethyicyclohexane), 1,4-butanédiol, diethylene
glycol, 2,2-dimethyl propylene glycol, 1,3-proplylene glycol and the like. In
addition to the glycols, a small amount of trihydric alcohol of up to about 1%
may be used along with the glycols such as, for example,
trimethylolpropane, glycerol, hexanetriol and the like. The resulting hydroxyi

10 polyester has a molecular weight of at least about 600, a hydroxyl number of
about 25 to about 190 and preferably between about 40 and about 60, and
acid number of between about 0.5 and about 2 and a water content of 0.01
to about 0.2%.

The organic diisocyanate to be used in the preparation of the

15 elastomer is preferably 4,4'-diphenyimethane diisocyanate. It is desired that
the 4,4'-diphenyimethane diisocyanate contain less than 5% of 2,4'-
diphenyimethane diisocyanate and less than 2% of the dimer of
diphenylmethane diisocyanate. It is further desired that the acidity
calculated as HCl is from about 0.0001 to about 0.02%. The acidity"

20 calculated as percent HCl is determined by extracting the chioride from the
isocyanate in a hot aqueous methanol solution or by liberating the chloride
on hydrolysis with water and titrating the extract with a standard silver nitrate
solution to obtain the chloride ion concentration present.

Other diisocyanates may be used in preparing the thermoplastic

25 processable polyurethanes such as ethylene diisocyanate, ethylidene
diisocyanate, propylene diisocyanate, butylene diisocyanate,
cyclopentylene-1,3-diisocyanate, cyclohexylene-1,4-diisocyanate,

cyclohexylene-1,2-diisocyanate, 2,4-toluylene diisocyanate, 2,6-toluylene



wherein Y and z are as previously defined. Suitable aromatic dicarboxylic
acids include terephthalic acid, isophthalic acid) naphthal ene dicarboxylic
acids, and nmixtures thereof, as well as al kyl substituted r3omdtoigs 2002t hese
carboxylic acids whereih the 15 al kyl groups contain from1 to about 4
carbon atons, and acids containing other inert substituents such as

hal i des) adsyds4a999 aryl ethers, and the |ike. 30 Cctober EODRsM0763J54399
PCT/ US99/ 07013 -43 The polyarylates contain from about 95 to O nol e percent
of terephthalic acid and fromabout 5 to 100 nole percent of isopthalic
acid. Mire preferably, the poiyaryfates contain a m xture of from about 25
to about 75 nole percent of terephthalic acid and from about 75 to about 25
5 nol e percent of isophthalic acid. AB8iyarylate containing a nixture of
50 nol e percent of terephthalic acid and 50 nol e percent of isophthalic
acid is nost preferred. The polyarylates of the present invention can be

pr epar ed bydisocyahateh @, 2vdiphekpipvopane-44 -diisoqyahgtes pephdnylerieng react i ons,
such as the reaction of 10 the acid ch ridE,? of .the aromatic di carboxylic
acids with E‘P@W?H?ﬁﬁvmﬁﬁﬁe%r‘?%ﬂ'ﬁ%wﬁ@a YIefe dIROCHRRRG 1dsters of the
aromatic di InCHiRG Lt het | ' ; «reaction of
t he aromti@ggwﬁggcdv:ﬁ%tsﬁeﬁ?éggigrs rhﬁﬁ%ﬁggs%wﬁpﬁgégg@ﬁmf E’Qphenol. These
processes adisabyanatd)atobenzdne-4 dkdiguoyanateSdipPenghsulfdne-4,3'-317, 464,

3,948, 856; 3, 780, 148; 3,@24 213 and 159,{@‘ 133,898. J.. O her Polyesters O her
pol yest2rs @iisqayanate. dighioighexargethylanedijsoryanate. aentanainyledsn an al i phati c

o et oy Sl Engl ooyt idcSEael 1 SRbBLALOR P 2 Lo sboul 10,
whi ch ar e ddiisooydnate; fudurybidenehdiisocyanate aaictharliker omat i ¢
Any suitable chain extending agent having active hydrogen
containing groups reactive with isocyanate groups may be used such as, for

10 example, diols including ethylene glycol, propylene glycol, 1,4-butanediol,
butenediol, butynediol, xylylene glycols, amylene glycols, 1,4-phenylene-bis-
B-hydroxy ethyl ether, 1,3-phenylene-bis-B-hydroxy ethyl ether, bis-(hydroxy-
methylcyclohexane), hexanediol, thiodiglycol and the like; diamines
including ethylene diamine, propylene diamine, butylene diamine,

15 hexamethylene diamine, cyclohexylene diamine, phenylene diamine,
toluylene diamine, xylylene diamine, 3,3'-dichlorobenzidine, 3,3'-
dinitrobenzidine and the like; alkanol amines such as, for example, ethanol
amine, aminopropyl alcohol, 2,2-dimethyl propanol amine, 3-
aminocyclohexyi alcohol, p-aminobenzy! alcohol and the like. The

20 difunctional chain extenders mentioned in U.S. Patent Nos. 2,620,516,
2,621,166 and 2,729,618 incorporated herein by reference may be used. If
desirable, a small amount of polyfunctional material may be utilized. This
polyfunctional chain extender, however, should not be present in an amount
greater than about 1% by weight. Any suitable polyfunctional compound

25 may be used in this application such as, for example, glycerol,
trimethylolpropane, hexanetriol, pentaerythritol and the like.

In accordance with the process of this invention, the polyester, the

organic diisocyanate and the chain extender may be individually heated



di carboxylic acid have repeating units of the follow ng general fornula: O
' O, -CIl -O(CHzr-- OC 30 Cctober 2002 WD 99154399 PCTI US99/ 07013 -44
wherein nis an integer of from2 to 4. Desirably these ot Bgiodasderedders do
not contain the isosorbide noiety However, blends of different polyesters
both containing an isosorbide noiety are contenpl ated. Ai so _contenpl ated
are the pd¥Y98a%$439% described in copendi ng application 091 0B4TESF R’ or ney
5 Docket No. 032358-008]. The preferred pol yester is polyethyl ene
terephthal ate). Al so contenplated herein are the above pol yesters with

m nor anounts, e.g., fromO0.5 to about 2 percent by weight, of units
derived from aliphatic acids andlor alipgatic polyols, to form

copol yesters. The aliphatic 10 polyols 1 nclude glycols such as pol yet hyl ene
gl ycol ). These can be nmade foll ow ng the teachings of, for exanple, U S.

Pat ent Nos. 2,465 9 3.047 539, n i jch n b resent
in the copof@fgg r@PS']thaea{]e?%%rgt‘ﬁglp?\?fgﬁ gB%%\ %d‘ﬁg%@p}hi@?&éﬁg@j‘%q @‘egci ds,
e.g., of up dﬁ&xéaewbné%awaaand& AeWibstdritally dimdtameelis rhiBatith st rai ght
and branched chain acids, such as adipic acid, cyclohexanedi acetic acid,
di meri zed C-ibecGhigoayanater Qfapunss, de inanpasththearate gbreastion, anyr sstablg ons) |
trimerized acid

_and .the like..In additi th _be ni. ts of
i te der | vesataRist Ay te Sdded i peeBCian bl AER e By ARiBes sMbou: 50
carbon a onsiheNeUsiCset3IBRNG oL HepstentRoB! 282098, 2l62a0166 ghacer ol ,

di ethyl ene glycol, triethylene glycol and the |i kel The pol yesters which
are derived 272618 yalthmighpadipate pilyestersdarerprafesrest polyesiess bwwhe ¢ aci d

R WRIGIAEIPRte RA) RsiarsdRrarp 3 ‘ !
her bt ) of -ugae WBIESI AR o8 ST SiadiE abide ap Rkvic AEB SARE Pt rdlon: ¢
di car boxy! T cadia] fefifl SBIHOBHOGHERICaRE] MRRIETAcRD haKidaciEeshhEiing uni ts

havi ng the follow ng fornula: 30 October 2002 WO 99/ 54399 -4
PCT/ US99I 070add ~erphthalid acid OsophtbatiCacid-andiHe libeC-HoiyBsi¢rs basiaal on €H|

wherein, the cycl phexane ring is, selected fromthe cis- and trans-isoners
t her eof1 nd @é’qrg%cg%r@n:ﬁ@ %lﬁgeﬁ’(?;fe"fegdi cal containing 6 to 20 carbon atons
and which is the fifeRiciReyinaldd J3 iHSRaaIFitNE Bolyesidr At rERbrtion
di carboxylic acid. 5 Exanples of aromatic dicarboxylic acids indicated by R
in formul a |ofthe thermoplastic polyurethane and preferably polytetramethylene glycol

having an average molecular weight between about 600 and 2000 and

preferably about 1000. Other polyethers such as polypropylene glycol,

15 polyethylene glycol and the like may be used providing their molecular

weight is above about 600. The above and other thermoplastic

polyurethanes such as disclosed in U.S. Patent Nos. 2,621,166, 2,729,618,

3,214,411, 2778,810, 3,012,992, Canadian Patent Nos. 754,233, 733,577

and 842,325 all incorporated herein by reference may be used to produce

20 the thermoplastic polyurethanes.

E. Vinyl Chloride Polymers
Vinyl chloride polymers for the purpose of this invention are polyvinyl
chloride and copolymers of vinyl chloride with olefinically unsaturated
polymerizable compounds which contain at least 80 percent by weight of
25 vinyl chloride incorporated therein. Olefinically unsaturated compounds
which are suitable for copolymerization are, for example, vinylidene halides

such as vinylidene chloride and vinylidene fluoride, vinyl esters such as vinyl



i nclude i sophthalic or terephthalic acid) 9 ,2-di(p-carboxyphenyl)ethane)

4, 4' di car boxydi phenyl ether, etc., and m xtures of these. Al of these
.acids contain at |east one aromati c nucl eus. Fused rings ca0 Gdtoiser2e02
present such as in 1,4- or 1,5- or 2,6- or 2,7-naphthal ene-dicarboxylic
acids. The 10 preferred dicarboxylic acid is terephthalic acid or m xtures
of terephtyWalgpgsymnd i sophthalic acid. A preferred pol yest erporasolrerotier i ved
fromthe reaction of either the cis- or trans-isomer (or a m xture thereof)
of 9 , 4-cycl ohexanedi net hanol with a m xture of iso- and terephthalic

aci ds. These pol yesters have repeating 15 units of the fornula: o (~11) o
~CH2 -CH Il -OCH-CH ~CH2--CH2~H - CH2- O C Anot her preferred pol yester is
a copol yester derived froma cycl ohexan80di met hanol, an al kyl ene gl ycol and
an aromatic di carboxylic 30 Cct ober 2002 WD 99154399 PCTNS99/ 07013 - 46
acid. These copolyesters are prepared by condensing either the cis- or

t rans- i soner a¢etateiviriyl pespiohateeahyldiutyfade, iy mhlotoadetdte, vinyl benzoate,

cycl ohexanedi et hanol and, an al ky] ene Ly,col with an aromatic _di carboxylic
acid so as t@%k%éﬂé@‘é"‘d’bﬁ%’b’i}%%@?q{‘&a RE atypeslern @rades andmitrilRs. f ol | owi ng

5 formula: ~ = ~ ,ﬁ:‘% 5 ~ = LA, the
cycl ohexane ﬂ%a?rg\ﬂsae 8@{“(%!‘ ro%ﬁﬁ@aﬁs@hgnag W'?%?Z%@h%%’@?%m, Ris
as previ ousl pugefrietiescryiate, acaylamides Zvsmetiiyl 2chylarmide, Berylonitilé angonpri se from

about 10 to about 90 percent by weight and the ¥1 uni-ts 10 conprise from
about 1@ t o @EHhrcreioniEles arAMafic vipylgiampounds such as styrene and vinyl

naphthalene and olefinically unsaturated hydrocarbons such as ethylene,
bicyclo-{2,2,1]-hept-2-ene and bicyclo-{2,2,1]-hepta-2,5-dienes. These vinyl
chloride polymers are known and can be prepared by the usual methods of
emulsion, suspension, bulknor mass polymerization. Vinyl chloride polymers

10 which have molecular weights of 40,000 to 60,000 are preferred.

F. Poly(aryi ether)s

The poly(ary! ether) resin useful in the blend may be described as a
linear, thermoplastic polyarylene polyether polysulfone, wherein the arylene
units are interspersed with ether and sulfone linkages. These resins may be

15 obtained by reaction of an alkali metal double salt of a dihydric phenol and a

dihalobenzenoid compound, either or both of which contain a sulfone
linkage -SO,- between arylene groupings, to provide sulfone units in the
polymer chain in addition to arylene units and ether units. The polysulfone

polymer has a basic structure composed of recurring units of the formula
20 O-E-O-E'-

wherein E is the residuum of the dihydric phenol and E’ is the residuum of
the benzenoid compound having an inert electron withdrawing group in at
least one of the positions ortho and para to the valence bonds; both of said
residua are valently bonded to the ether oxygens through aromatic carbon

25 atoms. Such polysulfones are included within the class of polyarylene



The preferred copol yester may be derived fromthe reaction of either the
cis- or traps-isoner (or mxtures thereof} of 1,4-cycl ohexanedi net hanol and
ethyl ene glycol with terephthalic acid in a nolar rdti o of 36 Otcber 0@ €
copol yesters have repeating units of the following formula: _ o p -CH CH
CHZ CH~HCH ~-C ~ ~ 1l p(CH-OC ~1 -O~CHZ-CHZ x y 15 wherein x and y are
as previ owsi 9g/sa®di ned. Pol yner Bl ends The pol yest er pol yndCTo¥S®REHr esent
invention is desirably used in amounts of fromabout 5 to about 95,
preferably from about 40 to about 60 30 Cct ober 2002 WD 99/ 54399

PCT/ US99/ 07013 -47 wei ght percent even nore desirably from about 45 to
about 55 wei ght percent. The exact conpgsition and anounts of the various
conponents are dependent nainly on the™désired product. The conpositions of
this invention are prepared by any conventional 5 m xing nethods. A
preferred nethod includes m xing the polyester and thernoplastic pol ymer or

m xt ures t heplyether fegibsdescrivedyindd . dratenl No.i 5264 58% theddisclagdressft r udi ng

the m xture_ jnto str \ i e i et nd nol di ng t he
pellets int gihf%e'szg‘f%vejﬁmgﬁh?g%g%ﬂgﬁl ?ﬂ/éefg%%%% @tr@hegg{”&osgfoe}cour se, be
appar ent t odb8&tiing khd lexEmiphifyifs Eadid Ehintmetd@staidatibbingthBRyefeerednc! uded
in the present conpositions. These additives include plasticizers;

pi gnents; ffams Qferapdﬁd%ﬁ?d fragudinuolesr phanels havingthe stustseonodi phenyl et her
and triaryl phosphates, such as triphenyl phosphate; reinforcing agents, such
as glass fibers; thermal 95 stabilizers; ultraviolet light stabilizers;
processing aids; inpact nodifiers; flow enhancing additives; nucleating

agents to increase crystahlini ty'(Az)nd the like. Other possible additives
i nclude polyneric additi ve|§ such g M onomers, liquid crystal polyners,
fl uoropoi yners, ol efi n:n(i)ml_uql;i1ngAq.y@hi c olefins, polyam des and ethyl ene

vinyl acetate copolyners. 20 This 1hvention is further illustrated by the
following non-limting exanples. EXAMPLES This section dscribes the

synt hesis of polynmers used to nake bl ends w th pol ycarbonat e,

pol ybut§| enér ég aphromatic graepTnd preferably isiaphenyiene geupi beasd Ayosan shel |
el astoners

cr et oS bk SRR e BN R B B 2501 Bl BB D from
1 to 4 carbon atoms, halogen atoms, i.e., fluorine, chloride, bromine or
iodine, or alkoxy radicals having from 1 to 4 carbon atoms, r and r4 are
integers having a value of from 0 to 4, inclusive, and R, is representative of

10 a bond between aromatic carbon atoms as in dihydroxydiphenyl, or is a

divalent radical, including, for example, CO, O, S, S-S, SO, and divalent
organic hydrocarbon radicals such as alkylene, alkylidene, cycloalkylene, or
the halogen, alkytl, aryl or like substituted alkylene, alkylidene and
cycloalkylene radicals as well as alkarylene and aromatic radicals and a ring

15 fused to both Ar groups. Typical preferred polymers are composed of

recuiring units having the formula:
(A) r (A) 1
LD om0

In the foregoing, formula A and A4 can be the same or different inert

substituent groups as alkyl groups having from 1 to 4 carbon atoms,



30 Cct ober 2002 WO 99/ 54399 PGI/ US99/ 07013 -48 The pol ymer nol ecul ar

wei ghts are estimted based on inherent viscosity (I.V.), ~nrhich is
_measured for a 1 %solution (wt.lvolune) of polyner;jin o-cBd Gctobee?2d2 at a
tenperature of 25C. The-'levels of catal yst conponents are expressed as ppm
based on a conparison of the weight 5 of the netal with the weight of

ei t her theweiﬁ%h@%( terephthal ate or terephthalic acid, depgffisdgos@is Which
nononer i s used. anple 1 The followi ng polynerization reactants are added
to a 50 gal. maxi num capacity, Hastalloy B polynerization reactor fitted
with a 6" 10 radius, Hastalloy B, water cooled reflux colum packed wth
stainless steel rings, a stainless steel helix agitator stirrer) a
wat er - cool ed condenser and by-pass: di rB2hyl terephthal ate (78.02kg))

i sosor bi de (15.42kg), and ethylene glycol (49.90kg), which corresponds to a
nole ratio of 1: 0.26: 2.00. The catalyst is also charged and consists of
M(11) acet Qieﬂ%%erh Iaﬁirﬁél(é/.gf,%grih&f?cl%@he,.tﬁ‘@fn‘irié ofieain) or bkokpRadicalse
(21.43g)) and (I'11) oxide (35.02g). This corresponds to 85 ppm nanganese
(wei ght of nieaving fromat te 4ctarben etomsg and yraredntegerschaving agabighofhal ate)) 90

balt, and 375 t] _ The stirred tar {50 i d
o ot 1 eBO 04 R BTURN i RGNk Re T PLETHSRE i b3t Bl Por 377
period of f oaonRlicheibsn aldtfis bPadivdlehtedriebfhd PAticd GrdsR: rebrbgéRg” at ur e

controlled) hot oil |oop systemas a heating nedi um- Met
cont i nudus| ysultoinee carbonyk suiexideadiretenably, Re seprasents acbenshbetwieent el y 150C.

By noting when the tenperature_drops at the t he packed refl ux colum
7t 1 poosi DREMACAA IR PRIS EVER TR RielRaoredos MR TBINETRal cat i ng ¢ he
finish of theoifaffneSt@psitfones dfitke B880E IthuldWhereih § ahBe bF@Eér%?tR{ ~cation
of the diols and dinethyl terephthalate. At this point, 77 ppm of
phosphor ous iss didalent connentingoadical obthedogmulesporic acid solution in
ethylene glycol. In this case, 153nl of the 30 Cct ober 2002 WO 991 54399
PCTI US99/ 07013 -49 sol ution, which has a concentration of 10.91 g
phosphor ous per 100g Rf-_DE' yighosphori c acid solution is used. Also at this
time, the nitrogen purge S stopped. Heating is continued. The reaction is
heated to 285C over a period of about 2 hours. Vacuumis then gradually
applied using a nulti 5 vane vacuum punp with 20 horse-power bl ower. The
attai nnent of full vacuum preferably less than 1 Torr, takes approxi mately
1 hour. Durigfefdin R"répresefisy bt oftRE gt Eddststitlyfof a‘NW 18wkPBryID! ecul ar
wei ght polyner forms. The nolten polyner i's heated under vacuum at” 285C f or
about 2Ghourand the halogée spbsijintad grolupe theresf)fanddReista selfanevgroupsi ty, as

determ ned by 10 an.increase in tgrque of the stirrer. en fficjent

Vi scosi Ly i o achi LitH PpEHes o fetiaelin poubispeared iomB Lttt or | s
enptied thro oﬁy&ﬁyﬁ%rﬁbﬁné‘(sd&@e'BPEW@Q?_duB‘@itHQ',&'QHcM&bYWEV energes as a
strand t hat en cool éd through imersion 1n a cold water trough can be

chopped i nt odipbehygsuiforiehsopate/okl’ fesldue) and equivalend reactionipgbdudta a rotating
round. The SGTs BPsF 1P dd e SoEfienProlulfone S REPRRIELPT ol i s 0. 64
dt _!'g. 1§ npgsBpheHBhé (@,Q"@Wﬁbiré%i enﬁ{hﬁ‘eteﬁé){%?ihe Qﬁbﬁét‘iﬂl'?ﬁd by proton

2 yl ene gyl col

NVR, is about 6%i sosor bi de, % et h , 2% di ethyl ene glycol, 20
and 50% t er eptetbphénoreciid)-bid(4-hydpoxypbedylathanelpbethe tisphdrol pblipykr . 1t is

t thy th th ' bi in,th I [ i mat el
nal ot the SYHRHRerAA Stevch-Bitpas b AR pReme R of
terepht hal i chagdrib)], YPuepdiBirbRRipRENI Sulidnd eygrghb,nasghs'-@lgﬁt! | Tat es,

especially in the ethylene glycol. ThHe anount I sosorbide in the polyner
by this 25 phydroxgphdnyt)-p-diisepropyibperest on the efficiency of the

distillati h .' th t hat din.th A
Skl | edhr oottt SEuRRer et A ibsis QPR SloRAWBNE reSiGs whemayRey | o
accordi ng t oys&ifisABHADURG!IR Britich Pat! N6. 1 686152%. di stillation colums) and
the |ike. T

G. Copolyetherester Block Copolymer



i 30 Cctober 2002 WO 99154399 -50 Exanple 2 PCTNS99/ 07013 The second
exanple is prepared in a way simlar to the first except that a smaller
reactor (5 gal. maxi num capacity) is used. The reagent equizdpab@ter2®@bp0Ss
are al so changed in order to prepare a polyner with a 5 greater content of
i sosorbide. Thus, dinmethyl terephthalate (10,680g), isosor 79),
and et hyl R9%1%%0l (4,881 g)) which corresponds to a ol 'Qr’g'ﬁ?"%"z?‘
1:0.72:1.43 are charged to the reactor in a sinmlar fashion as before al ong
with the catal yst consisting of Mh(ll) acetate tetrahydrate (4.76g), and
Ge(lV) oxide (4.669). This corresponds to 100 ppm 10 nanganese (wei ght of
metal as a fraction of the weight of digaethyl terephthafate) and 300 ppm
germanium The germani um oxide is added in the formof a solution in

et hyl ene glycol (0.100 N Ge02 in ethylene glycol). A solution of

| yph hori id I bef ,
n Uhis case o. onte RANCERHESEIE oBhECLseepRGEs MBITo! BloulfiNg 06 0 ©

pol yphOSphOfﬁtfhliﬂéhﬂloﬁ?Mﬁéuﬂﬁndlsﬁonﬂl%ﬁdm gdier paitsycomniectid indadateotaieded in a
simlar fashion as before, however, the resultant finished resin did not
achi eve t hethyargh ﬁﬁtﬁir"@h@gﬁ Saissiong chisimester waitybeing repiesenied binthe case a
solution I. ?éuownpgg is observed. It was al so observed that the
nononer uni r'on of t he pol yner, determ ned by proton NVR, is 20
about 13% i sosor bi de 34% et hyl ene gyl col, 3% diethyl ene glycol) and 50%
terephthalic acid, all expressed as a nole % of the polyner. The extent of
i sosorbide incorporation is sonmewhat lower in this case than previously
observed but reflects the eff|C| enc of t e differing reactors rather than
t he pol yner nmade. 25 Exanpl e Erd xarrpl e is prepared in a way
simlar to the first except t reactor (100gal) equipped with a
stai nl ess steel anchor type stirrer 30 Cct ober 2002 WO 991 54399

PCTNS99/ 07013 -51 is used. The nononers charged are such that an isosorbide

The. npot i D8 A HICTENRR oSEE R g Foe SRt By AERIRING HIORGPELE 0o,

di met hyl terephthalate (197 kg),isosorbide {5.12 kg), and ethyl ene gl ycol (
135 kg) 5 along with the catal ysts WMh(l1) acetate tetrahydrate (72.1 g),

Co(ll) acetate ” (')
|
—0ODO_CR2 —C—

wherein:
G is a divalent radical remaining after removal of terminal hydroxy groups
from a poly(alkylene oxide) glycol having a molecular weight of about 400-
3500; D is a divalent radical remaining after removal of hydroxyl groups from
10 a low molecular weight diol having a molecular weight less than about 250;
and R, is a divalent radical remaining after removal of carboxyl groups from
a dicarboxylic acid having a molecular weight less than about 300; with the
provisos that the short chain ester units constitute about 25-65% by weight
of the copolyester, at least about 70% of the R, groups must be 1,4-
15 phenylene radicals, at least about 70% of the D groups must be the 1,4-
butylene radicals, and the sum of the percentages of the R, groups which
are not 1,4-phenylene radicals and of the D groups which are not 1,4-

butylene radicals cannot exceed about 30%.



tetrahydrate (54.1 g) and Sb(l11) oxide (88.5 g) are used. This corresponds
to 82 ppm manganese, 65 ppm Co, and 375 ppm Sb cal cul ated using the sane
basis as in exanple 1. The transesterification process is gaUctioder pOoAN
anal ogous way as for exanple 1. A pol yphosphoric acid solution in ethylene
10 glycol is added such that 80 ppmof P is used to sequester the

transition pefal s after the transesterification step and bgqnRebbfis

pol ycondensation as outlined in Exanple 1. The pol ycondensation is al so
simlar to the previous exanple. Polynmer is extruded and pelletized to give
clear, colorless resin. Unlike the previous exanple) the resin produced
with | ower 15 isosorbide content can be solid-state polynerized. The
pelletized polymer is |oaded into a tumd.e dryer and under a stream of
nitrogen is heated to 115C over a period of 4 hours and then held at that
tenperature for another 6 hours. This allows the polymer to partially
crystallize. Aft iy 9| holi i nbl e dryer
ulitmately achi e\(jilz hn%@eqﬁ‘vg%ﬁéﬁ @tggté%‘\ﬁtﬂﬁaﬁg?b%&gg iI'-IlgEg ﬁrwﬁaebﬁggﬁ*ng is

conti nued arzhaire sefeesstodheasaction prodadtadd. a longi chaimglycbklwvith atdicarbexgicevat ed
tenperature for %\gt?tal of. appr oxi telgF 1 .hougs. Thi s ff«?cts a

sol i d- st at e 3¢y ABEilong chgin P ingfanhinvestien areReyalkyleng gxide)

signi ficant!ykdek j i i { of the
ol yrer _sol (1Y SIS PERRGS mRTdurIFClahtbd e IR AD0 drgEod réferatly

mat eri als i ndretevees dhoatr60antd 2D0H. dlopdlyestersupreparedifdgmaeoly(atkyldres sol i d
state pol yneri zation. Exanpl e 4 t 30 Cct ober 02. VO 991 54399

PCT/ J89910‘&?‘1%@9120%Pév'ﬁsg??@!equ?fdv%%‘r oal?qvté%gr?iqqoa?fe\/%[ﬁfﬁtffﬁq hat for
exanple 3 exg&%t” i m I to result
inaresin wt gbzgén%\%gﬁpﬁiﬁggﬁlagg@frﬁésﬁég?%\?ggd%ont eﬁ?.tbfh?%g‘?gﬁe only

al t er ati ons combinediwith lanitechivatdr swealls Cdpalgestbey gregareldrir@hg) and t he anount

of Mn(ll1) acetate 5 tetrahydrate catalyst used, 79.2 g corresponding to
90ppm M( 1 | )P‘H&QW‘%[I%‘BX'gﬁyQ'M%O'§&ﬁﬁ'“ﬂa%ﬁ@‘%@ei?hw?%t Wsééﬁgpét The

transe rifaq j rkﬁjsf‘é‘ﬁ@i e n just
descri ts)ltgg A?é((f)& h}%&eﬂgﬁﬁgﬁéﬁaéo ymegrr él?é'stgérﬁr{gtl zed&g{:?@%pgﬁv ilpcg'gd, and

sol i d- st at e teaiparature pebpenties) Cdpoliyester pfegsdred frano glytelsthiaingus exanpl e.
This results in a polynmer with 10 a%Froxi rratelui 3 nmol.e % i sosorbide
content. Exdnplesularwgights;beigyy abaukd00 pave ysefub peerartiessgrly itz acont ai ni ng

pol ymer wit . | &%dﬁf [ ed with
pol ycar bona&ﬁ%wglﬁggﬁ%u%ﬁgggﬁé{%%la 'ﬁﬁe@mﬂ]ﬁ t&"ﬁ?‘hgj"ﬁ)ﬁﬁgct opti cal
15 transpar estyusidhbegaisecairdosionee rate of letyataltizationooh theweSiitamt biddkCal i ber
302) and. bl ended with_pol yner of Exa in a Leistritz brand extruder

p nmpl e 2 )
(Mbdel ™C 18e8Ratymer. of ke [angCheis giverls cpdaig R BRITHEOPARIANSE r ews consi st's of
conveyi ng el i bl e : eyi ng
el enent s. Th%@g'ﬁeﬁ%y%?gtg ﬁ@%de}ﬁt& AH% g?é&fégrrgﬁ{e&ro ﬂgﬂélz st cggﬁé "‘%ﬁ%mbar rel 20
t enper at ur e insedfidixharidng lchainagipools allbbe entisghe pdlytetradiztylene didegxt r udat e

is pelletized, dried overnight and nolded into tensile and fl exure bars for
mechani cal t@¥Epindn SPRIE iRBlaACAS tfaay Pedesiable tauseigndem blegk (Mbdel 220

M made by I i . ; Hién i ng

condi tions Q@@&g@g@z F gﬁg‘g@%¢%&%gg%?Hﬁrém%f‘@%gé}?pgnperéyuérie 50C) screw
speed 22D r psgcond alkylena orides Sliypically, thersecond! mbnhomef wilbemstitite idswe
conposition and physical properties of the blends, are sh?mm in Table 1. The

optical hazethgn bt A0dnele nescentof the polyfrlkylene axide) alvsgls@ibpber 2002 WO
991 54399 PCTHé?@r%BR/?IQ%s”’tﬁﬁ:’QO mole percent. Representative examples of the

second monomer include 1,2- and 1,3-propylene oxides, 1,2-butylene oxide
and ethylene oxide.

25 The term “short chain ester units” as applied to units in a polymer
chain refers to low molecular weight compounds or polymer chain units
having molecuiar weights less than about 550. They are made by reacting a

low molecular weight diol (below about 250) with a dicarboxylic acid.



bar with a Macbeth Col or Eye 7000 (Kol |l norgen Instrunents) according to
ASTM D1003 (published by the Anmerican Society of Testing Mterials,

Phi | adel phi a, Pennsylvania, Vol. 8.01 ). The nol ded sanpl egplautébes20baCt
transparency. 30 Cct ober 2002 WD 99154399 -54 Table 1 5 10 15

PCT/ US99107013 om osi tion (W %xam | e SAExanpl e 5BExanpl e 5Col ycarb calibre
02( % 8050MOM97p43P3( %) 205080STM net hod638t ensi | e nodul us PCT/US99/07013

MPSI na0. 34naD638t ens. el ong @ bk(% nall8na638t en

stress@k(ksi)na7. 3naD638t ens. el on@ yt d( %9 na6naD638t ens. stress@ 1 d

ksi na9naD256~I| ot ched2z0o~(ft-1b) 3. 11. 530. 63D648HST( C) (264

psi ) 11610191D1746Total optical transm sgi on(% na80naD1003~ Haze(% -~na78na
na : not avail able Exanple 6 This exanple describes a bl end of isosorbide
cont ai ning polynmers 20 together with PBT and core shell elastomer for

t ough the bl end. The pol mple, L (PR TS bl ended with PBT
(Goanex 1600 oldrstampBh 5w Sroisaeh g%gghé«s»ﬁ(otm%r)thiﬂa-dﬁ-&i shel |
el ast orrer s 53%9\' ﬁlﬁhﬂ%ﬂ rbh '@Hﬁ‘éﬁoﬁ@%ﬁkﬁsﬁgﬁﬁ% :9(%: f:'é?i&?/e‘é)”“ on,

Texas). in a 1tz extru er as 1n €s are 1njection
nol ded and tadtaedmbtic ddtydneoheornpadings. olefenra.tacesdxo{; witle 2stBrearboacedur es

outlined in Exanple 5. The conpositions and the nmechanical results are
shown i n TaBlam®such as ethylene, propylene, isobutylene, tetramethylene,

5 pentamethylene, 2,2-dimethyltrimethylene, hexamethylene and
decamethyiene glycols, dihydroxy cyclohexane, cyclohexane dimethanol,
resorcinol, hydroquinone, 1,5-dihydroxy naphthalene, etc. Especially
preferred are aliphatic diols containing 2-8 carbon atoms. Included among
the bisphenols which can be used are bis(p-hydroxy)diphenyl, bis(p-

10 hydroxyphenyl)methane, and bis(p-hydroxyphenyl)propane. Equivalent
esterforming derivatives of diols are also useful (e.g., ethylene oxide or
ethylene carbonate can be used in place of ethylene glycol). The term “low
molecular weight diols” as used herein should be construed to include such
equivalent ester-forming derivatives: provided, however, that the molecular

15 weight requirement pertains to the diol only and not to its derivatives.

Dicarboxylic acids (other than terephthalic acid) which are reacted
with the foregoing long chain glycols or low molecular weight diols to
produce the copolyesters of this invention are aliphatic, cycloaliphatic or
aromatic dicarboxylic acids of a low molecular weight. The term

20 “dicarboxylic acids” as used herein, includes acid equivalents of dicarboxylic
acids having two functional carboxyl groups which perform substantially like
dicarboxylic acids in reaction with glycols and diols in forming copolyester
polymers. These equivalents include esters and ester-forming derivatives,
such as acid halides and anhydrides. The molecular weight requirement

25 pertains to the acid and not to its equivalent ester or ester-forming
derivative. Thus, an ester of a dicarboxylic acid having a molecular weight
greater than 300 or an acid equivalent of a dicarboxylic acid having a

molecular weight greater than 300 are included provided the acid has a



30 Cctober 2002 WO 99154399 -55 Table 2 5 10 15 20 PCT/ US99/ 0701 3
Conposition (w 9% ~Exanpl e 6BT (Cel anex 1600) (9% 6El T- 6( %2Kanake E920( % 2ASTM
. met hod638t ensi | e nodul us MPSI 0. 25638t en. el on bk %@3638t en3@ Ocber bd02

ksi 4.638ten.elon Id %3.6638ten.stress Id ksi5.3790f1 ex. nod MPSI 0. 2790f | ex
stress bk ksi 790fl ex @/ strain(ksi)9.4256Notched |Izod ft-Ib

20Cnb' 256\ solrgshel zod ft-1b -20 C2. 2256Not ched | zod(ft -1 b)pc@®ushdrofihz4648HDT
(O (264 psi)b3763nultiaxial inpact |oad(lb) @meax.load 20C743763nul ti axi al

i mpact | oad(lb) @max.load -20C1113763mul ti axi al inpact |oad(lb) @ max.| oad
-40C120 * nb: no break xamle 7 This exanpl e describes a bl end of

| sosor bi de containing polynmers 25 together with PBT and gl ass fiber. The
glass fiber stiffens and increases the38edul us of the blend. The pol yner of
exanple 1 (PEIT-6) is blended with PBT (Cel anex 1600) obtai ned from Hoechst
Ticona( Sunmt, NJ) and glass fiber OCF 183(PPG Pittsburgh, PA) in a

t_eistritz mdisslisr waight BeRwrabbst 300. Tk SeaRIR§liGaEdS BhA Cohfiin BRyded and
tested for mechani cal properties 30 using the sane procedures outlined in

exanpl e 5. Fubstiveniogroups s cambingtlionswdtichie abt seksiantallyristesieoswithn  Tabl e
3. 30 Ot %%eéoggggst\éppgl%llm%% gr?na'?ioCTn/a% L?s/eogfot%g p_o?meer in the elastomeric
compositions of this invention.

5 Aliphatic dicarboxylic acids, as the term is used herein, refers to
carboxylic acids having two carboxyl groups each attached to a saturated
carbon atom. If the carbon atom to which the carboxyl group is attached is
saturated and is in a ring, the acid is cycloaliphatic. Aliphatic or
cycloaliphatic acids having conjugated unsaturation often can not be used

10 because of homopolymerization. However, some unsaturated acids, such
as maleic acid, can be used.

Aromatic dicarboxylic acids, as the term is used herein, are
dicarboxylic acids having two carboxyl groups attached to a carbon atom in
an isolated or fused benzene ring. It is not necessary that both functional

15 carboxyl groups be attached to the same aromatic ring and where more
than one ring is present, they can be joined by aliphatic or aromatic divalent
radicals such as -O- or -SO,-, alkylene, alkylidene, etc.

Representative aliphatic and cycloaliphatic acids which can be used
for this invention are sebacic acid, 1,3-cyclohexane dicarboxylic acid, 1,4-

20 cyclohexane dicarboxylic acid, adipic acid, glutaric acid, succinic acid,
carbonic acid, oxalic acid, azelaic acid, diethylmalonic acid, allylmalonic
acid, 4-cyclohexane-1,2-dicarboxylic acid, 2-ethylsuberic acid, 2,2,3,3-
tetramethylsuccinic acid, cyclopentanedicarboxylic acid, decahydro-1,5-
naphthylene dicarboxylic acid, 4,4-bicyclohexyl dicarboxylic acid,

25 decahydro-2,6-naphthylene dicarboxylic acid, 4,4-methylenebis-(cyclohexyl)
carboxylic acid, 3,4-furan dicarboxylic acid, and 1,1-cyclobutane dicarboxylic
acid. Preferred aliphatic acids are cyclohexane-dicarboxylic acids and
adipic acid.



Table 3 5 10 15 20 Comosition w%xam | e 7aExam | e 7bBT cel anex

1600( % 604ElI T-6(% 102l ass Fi ber OCF 183) (% 33ASTM net hod638t ensi | e nodul us
. MPSI 1. 311. 3638t en. elon bk 9%2.42.638ten stress bk ksi 17. 173608tobar 2002n | d
%9638t en. stress | d ksi 0790fl ex. nod MPSI 1. 231. 1790f | ex stress bk

ksi 26. 24. 790f | ex @% strai n(ksi)256Notched |zod ft-IDb 20C1.§%_1. S%ﬁ%HDT( C
(264 si) oMYA i axi al inpact |oad(1b) @nax.ioad 202728378 P axi al

i npact | oad(lb) @nmax.|oad -20C311303763nul ti axial inmpact load(!'b) @

max. |l oad -40C2831 It is to be understood that the above descri bed

enbodi nments are illustrative only and that nodification throughout may
occur to one skilled in the art. Accor_(il,’i ngly, this invention is not to be
regarded as limted to the enbodi nents gi scl osed herein. 30 Cct ober 2002
WO 991 54399 -57 What is clainmed is: PGI/US99/07013 A pol yner bl end

conprisin 1 ol yester conpr,j si.ng. terephthal oyl noieties and,

opm)olna: I 3 (ot %e%eg’l%%%lt?kved?@g;iﬁ) gcréi?%f’%@,cp@t'q’ﬁ/wg%@ Qjﬂnly%hs%i eties:;

di et hyl ene LB 185 ~H | Let L ' , one or

tore ot nor S pfifaft, ErepHRaRA CaOAMARE bEds, QuRMleRUcRBR V: O0%, )

of at | east cahpaiundsIthiMe béezensaasisi edchasdis(ploasebaxyphenllmgthankut i on of

said pol yestp?cr:aringy(/);;hcemy%)?fb%%gggc éic;[id,aethylenebis(p—oxybenzoic acid) 1,5-

5 naphthalene dicarboxylic acid, 2,6-naphthalene dicarboxylic acid, 2,7-
naphthalene dicarboxylic acid, phenanthrene dicarboxylic acid, anthracene
dicarboxylic acid, 4,4'-sulfonyl dibenzoic acid and C4-C4, alkyl and ring
substituted derivatives thereof, such as halo, alkoxy, and aryl derivatives.
Hydroxy acids such as p(B-hydroxyethoxy) benzoic acid can also be used

10 providing an aromatic dicarboxylic acid is also present.
Aromatic dicarboxylic acids are a preferred class for preparing the
copolyester polymers useful for compositions of this invention. Among the
N aromatic acids, those with 8-16 carbon atoms are preferred, particularly the
phenylene dicarboxylic acids, i.e., terephthalic and isophthalic acids. The
15 most preferred copolyesters of this invention are those prepared from
dimethylterephthalate, 1,4-butanediol and poly(tetramethylene oxide) glycol
having a molecular weight from about 600-1500.
Desirable polyetheresters are described in, for example, U.S. Patent
Nos. 3,784,520 and 3,766,146.

20 H. Polyhydroxyether
The thermoplastic polyhydroxyethers in the present invention have

the general formula

-E D_o_.E"_o},

wherein D is the radical residuum of a dihydric phenol, E" is a radical

residuum of an epoxide selected from mono- and diepoxides and contains



tenperature of 25C, and (2) another thernoplastic polynmer. 2. The pol yner
bl end according to Claim1l, wherein said another 10 thernoplastic pol yner
is selected fromthe group consisting of polycarbonates, sByiisher260NS,
al kyl acrylate resins, polyurethane resins, vinyl chloride polyners,

pol yaryl et hers, copol yet heresters, pol yhydroxyethers, polyarylates, and
ot her pol yest 3. The polyner blend according to Claim oty sai d
15 pol yest‘gégg’éﬁﬁ%i ses about 40%to about 50%t er epht hal oy%cmg??fgisb and a
total of up to about 10 nole % of one or nore optional other aromatic
diacid noieties. 4. The polynmer blend according to Caim3) wherein said
t erepht hal oyl npoieties are derived fromterephthalic acid or dinethyl 20
terephthal ate. 5. The polynmer blend accggding to Caim3, wherein said

et hyl ene glycol npoieties are present in an amount of about 10 nole %to
about 49.5 nole % of the polyester) said diethylene glycol noieties are

Bt ober 2002100 BBt 23 B REGHtES AR TR KYeGerth robregBhe i Yeghel? |, >°
nmoi eti es ar eoppeigmetizatioraand iwatritastf 3and préferibiyrisl abdeet aband@dt 40 nole %

of the polyester, and said one or nore other diol noieties are present in
an anount of up t & gensrel. thermaplasyic polyhydroxefhars are psepared iy pol ymer bl end

according to e i i 0 . rndl Leties are
derived fr omcéﬂ“?%@a‘%%&%ﬁ@(@ﬁﬂ% yco Sd?t?)orr{%ér g'r@hﬂg p&%hg %'ﬁ)%ﬁgl ycol s
havi ng f3 om 8pd:dde abhtainiag foen dne 2hepoxite gloeipsiimsubstahtifiy eguimolp- CnH2n OH,

where n is an integer from 3-12; cis or traps-1, 4-cycl ohexanedi net hanol or
m xtures theP@®OENMS 1 et hyl ene gl ycol ; 10

2, 2- bi s[ 4- (2- hydr ] " . )

T bist 4 (o hyar DS BT RIS/ #R3REction between bis-phenol-A and

9, 9- bi s[ 4- ( 2epi¢HIoPWRIrinXas) theaapéeatingianiene; 1, 4: 3, 6di anhydr omanni t ol ;
1,4:3,6-dianhydroiditol; or 1,4-anhydroerythritol. 7. The pol yester blend
according to Claim1l, wherein said optional other aromatic diacid noieties

are derived fromisophtfhalic, aciG 1 , 5- f ugangi cgr ylic acid,

2, 5-t hi ophenedi car boxyl|i ¢ d, (13'2 \hal eped caéb lic acid,
2, 7- napht hal enedi car boxy 5 4 Eg T

i 8. The pol yester
bl end according to C ailm

oY NzZpi c; a )
, erﬁlé1'th et’epht hél Hfgimi etljies are present in
an anpunt of about 45 mole %to

and can be termed a poly(monohydroxyether) of bis-phenol-A.
10 The product produced by the reaction between hydroquinone and

butadiene dioxide has the repeating unit

H H H H
d_d ¢ ¢ o
o bndnd

and can be termed a poly(dihydroxyether) of hydroquinone.
By the use of both a monoepoxide and a diepoxide poly(hydroxy-
dihydroxyethers) can be obtained, the relative amounts of mono- and
15 diepoxide determining the final concentration of the mono- and dihydroxy

containing repeating units E" in the polymer.



20 about 50 nole % of said polyester, said optional other aromatic diacid
noi eties are present in an anmount up to about 5 nole % of said pol yester,
. said ethylene glycol noieties are present in an anmount of 3QOdiobépP2008 € to
about 49.5 nole % of said polyester) said diethylene glycol noieties are
present in an anount of about 0.25 nole %to about 5 nole Oé%‘RIS?E'IRJOE 25

0

pol yest erWO8¥s#99 sosor bi de noi eties are present in an anol about 0.25

30 Cctober 2002 WO 99154399 PGTI US99107013 -59 nole % to about 30 note % of
said polyester, and said other diol noieties are present in an amount of up
to about '10 nole % of said polyester. 9. The pol yester blend according to
G aim38, wherein said other diol noietggs are derived from

ci s-1, 4- cycl ohexanedi net hanol , traps-1,4 5 cycl ohexanedi net hanol ) or

m xtures thereof. 10. The polyester blend according to Claim$9, wherein
said optional other aromatic diacid noieties are derived fromisophthalic
aci d, 2, 6-naphthal enedi carboxylic acid, 4,4'-bibenzoic acid, or m xtures

thereof. 11. ThenRPHiNGEHEphOhERENASE B56H ROforMirlg [l oXfr&ish said 10
pol yester has an riﬂ"r)lhe?ent bvi scosity of at Ieasntg%jb&%d}o*% dL/g. 12. The

pol yest er Dilestrhtiveddihytiriegohanots atenmeoonvgieaedihydris phenply sucleeshas an

i nherent vi,scosi t.x of at Ieait?ﬂ%{)ﬁﬁéro. 65 dEJ%. 13. ﬁﬁg’l éeséer IbI end
conpri si ng Qy r?qlé{ ?J%‘F'Jgg?r@rmo' I H‘& Ve ?ﬁ%ﬁ 89 YNHBEEE PREARq,
optionally, other aromatic diacid noieties; 15 ethylene glycol noieties;
i sosorbide noieties; and optionally, one or nore other diol noieties

wherein said pol yester has an inherent viscosity of at |east about 0.5 dUg
when nmeasured as a 1 % (wei ght/vol une) solution of said polyester in

o-chl orophenol at a te ure aof 25C, 6&1%1( 2) anot her thernoplastic
pol ynmer. 20 14. Thel_g)ol mey bl end aclg,o di h? to Cpim13, wherein said
anot her thernopl ast i i A @Houp consi sting of
pol ycar bonat es) styrenelresins, alkyl acrylate repins) polyurethane resins)

vinyl chloride polyners, polyarylethers, copolyetheresters,

which are preferred. The dihydric polynuclear phenols have the general
5 formula:
wherein: Aris an aromatic divalent hydrocarbon radical such as
naphthylene and phenylene with phenylene being preferred for the
thermoplastic polyhydroxyethers used in this invention; B and B4 which can
be the same or different are alkyl radicals such as methyl, n-propyl, n-butyl,
10 n-hexyl, n-octyl and the like, preferably alkyl radicals having a maximum of 4
carbon atoms; or halogen atoms, i.e., chlorine, bromine, iodine, or fluorine;
or alkoxy radicals such as methoxy, methoxymethyl, ethoxy, ethoxyethyi, n-
butyloxy, amyloxy and the like, preferably an alkoxy radical having a
maximum of 4 carbon atoms, a and a4 are independently integers of O to 4,
15 R' is alkylene, alkylidene, cycloalkylene or a saturated divalent group.
Particularly preferred are dihydric polynuclear phenols having the general

formula:

(B) a (B 1) a1



30 Cct ober 2002 -60 pol yhydroxyethers) polyarylates, ethyl vinyl acetate
copol yners, and ot her polyesters. 15. The pol yester blend according to
Claim 14, wherein said,pol yester conprises about 40% t o absoOctbér 2002
terepht hal oy! noieties and a 5 total of up to about 10 nole % of one or
nore optional other aromatic diacid noieties. 16. The pol yester bl end
accor di ngwimdssgom 14, wherein said terephthal oyl noieti esP@r/Es®¥eréded from
terephthalic acid or dinethyl terephthalate. 10 i 7. The pol yester bl end
according to Cfaim 13, wherein said ethylene glycol noieties are present in
an armount of about 10 nole %to about 49.5 nole % of the polyester, said

| sosorbide noieties are present in an anount of about 0.25 nole %to about
40 nol e % of thE~ polyester, and said ¥fe or nore other diol noieties are
present in an anmount of up to about 15 15 nole % of the polyester. 18. The
pol yester blend according to Claim 13, wherein said one or nore other diol
nmoi et i es ar whesgin BadBf, raoamdalai, phats pradidydly defingd, @andR pis v alkgleae axl | phat i c

gl ycol s havi rom3-12 ¢ toms .and having, the e |r|cal formul a
0 o O PIRRTES 1. 27 ARy BAVING S 1163 GHTOR AHGTDE incisive of
traps-1,4-c t F£iémal ycol ;
2, 2-bi s| 4-(}2(%18%&@%9% ylis Gaﬁ%&‘ p@gﬁ%ﬁﬁ&@ﬁ%&&{ as?é bﬁéggoxyet hoxy) 30
Cct ober 20020:’0‘6096&5489@ aBETMySaENHExahae aﬁldmdmlnylé]otytsllsﬂmemrtw
9, 9- bi s(4-(2- hydr oxi/et ho}r%})l pheny uor ene; 6 di anh%dr omanni t ol ;
1, 4: 3, @ di aFAFIPBIVAIR BYO e%O&D'@énﬂlafeb ﬁf heoqoma@mdrh 3 petioedher bl end
accor ding t g Ghldrdr) 1 16 BHSbrogloths?Ne

Diepoxides useful for the preparation of polyhydroxyethers can be

represented by the formula

wherein R, is representative of a bond between adjacent carbon atoms or a
10 divalent inorganic or organic radical such as an aliphatic, aromatic,
homocyclic, heterocyclic or acyclic arrangement of atoms.

By the term “diepoxide” is meant a compound containing two epoxide
groups i.e. groups containing an oxirane oxygen atom bonded to two vicinal
aliphatic carbon atoms. Saturated diepoxides in which both the oxirane

15 oxygen atoms are bonded to carbon atoms of a saturated aliphatic
hydrocarbon chain are particularly preferred. The term “saturated
diepoxides” refers to diepoxides which are free of ethylenic unsaturation, i.e.
-C=C- and acetylénic unsaturation, i.e. -C=C-. Diepoxides which contain
solely carbon, hydrogen and oxygen atoms are especially preferred. The

20 oxygen atoms can be (in addition to oxirane oxygen), ether oxygen, i.e. -O-

oxacarbonyl oxygen, i.e.

A,



or nore optional other aromatic diacid noieties are derived from

i sophthaltc 5 acid, 2,5-furandicarboxylic acid, 2,5-thiophenedicarboxylic
aci d) 2,6 naphthal ene-di carboxylic acid, 2,7-naphthal enedt3®mObtobgt 2@02aci d,
or 4,4 bibenzoic acid. 20. The pol yester btend according to Cairn 13,
wherein said terephthal oyl noieties are present in an anmount of about 45
mole %towossbom 50 nole % of said polyester, said opti oPf@l/UstHEp3
aromatic diacid noieties are present in an anmount of up to about 5 nole %
of said polyester, said ethylene glycol noieties are present in an anount
of about 10 nole to about 49.5 nole % of said polyester, said isosorbtde
noi eties are present in an anmount of about 0.25 nole %to about 30 nole %
of said polyester, 15 and said optiona BGther diof moieties are present in
an amount of up to about 10 nole % of said polyester. 21. The pol yester

bl end according to Claim 20, wherein said other diol noieties are derived
fromcis-1, 4deuh¢n%maﬂbdﬁnethanol traps-1, 4 cycl ohexanedi net hanol, or

m xtures thereof. 20 22. The polyester bl end according to Claim 13, wherein
said optional other aromatic digfcid noieties are derived fromisophthatic
acid, 2, 6-naphthal enedi carboxyfy c acid, 4,4'-bibenzoic acid, or mxtures

t her eof . WO 991 54399 -62 3 ober 2002 PCTIUS99/07013 23. The pol yester
bl end according to C aim 13) wherein said polyester has an inherent

Var arh o e ikR: A BPAleBePRidnele iriuse &' pbleash WoisoREs S2Ran ¢ . A &,
AA@L -AAﬁ Aﬁ“.f’ er éﬁa g% in Irg&{sAa?{éw%MRf g%%&%)'&ozoﬁétﬁer@%fmg{?e%nt iMentlod_- A A@Le
. AU9. Ay9. A9.ahdahe termitidiepgxides isfinended tmmdudeae mixturssof\af leagdtao2 1Cm
5 diepoxides.
Other diepoxides which can be mentioned include those wherein the
two oxirane groups are linked through an aromatic ether, i.e. compounds

having the grouping

—-J|:—o_w—o—(R 4O)d—+—

wherein R, is a divalent organic radical, W is a divalent aromatic radical

10 residuum of a dihydric phenol such as those listed above in the description
of dihydric phenols, and d is an integer from O to 1 inclusive.

Still other diepoxides include ethers wherein the oxirane groups are

connected to vicinal carbon atoms at ieast one pair of which is a part of a
cycloaliphatic hydrocarbon.

15 These polyhydroxy ethers are prepared by methods well known in the
art such as those detailed in, for example, U.S. Patent Nos. 3,238,087;
3,305,528; 3,294,747 and 3,277,051.

I. Polyarylates
The polyarylates of this invention are desirably derived from a

20 dihydric phenot and an aromatic dicarboxylic acid.
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terephthallc cnd and from about 5 to 100 mole percent of is Ag)
More preferably, the polyarylates contain a mixture of from about 25 to
about 75 mole percent of terephthalic acid and from about 75 to about 25
mole percent of isophthalic acid. A polyarylate containfng a mixture of 50
mole percent of terephthalic acid and 50 mole percent of isophthalic acid is
most preferred.

The polyarylates of the present invention can be prepared by any of
the well-known prior art polyester forming reactions, such as the reaction of
the acid chlorides of the aromatic dicarboxylic acids with the dihydric phenol,
the reaction of the diaryl esters of the aromatic dicarboxylic acids with the
dihydric phenols, and the reaction of the aromatic diacids with diester
derivatives of the dihydric phenol. These processes are described in, for
example, U.S. Patent Nos. 3,317,464; 3,948,856, 3,780,148; 3,824,213 and

3,133,898.

J. Other Polyesters

Other polyesters which are suitable for use herein are derived from
an aliphatic or cycloaliphatic diol, or mixtures thereof, containing from 2 to
about 10 carbon atoms and at least one aromatic dicarboxylic acid. The
polyesters which are derived from an aliphatic diol and an aromatic

dicarboxylic acid have repeating units of the following general formula:

O
Il ()

O \
I \
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wherein n is an integer of from 2 to 4. Desirably these other polyesters do
not contain the isosorbide moiety However, blends of different polyesters
both containing an isosorbide moiety are contemplated. Also contemplated
are the polyesters described in copending application 09/064,720 [Attorney
5 Docket No. 032358-008].
The preferred polyester is poly(ethylene terephthalate).

Also contemplated herein are the above polyesters with minor
amounts, e.g., from 0.5 to about 2 percent by weight, of units derived from
aliphatic acids and/or aliphatic polyols, to form copolyesters. The aliphatic

10 polyols include glycols such as poly(ethylene glycol). These can be made
following the teachings of, for example, U.S. Patent Nos. 2,465,319 and
3,047,539.
Among the units which can be present in the copolyesters are those
derived from aliphatic dicarboxylic acids, e.g., of up to about 50 carbon
15 atoms, including cycloaliphatic straight and branched chain acids, such as
adipic acid, cyclohexanediacetic acid, dimerized C45-C4g unsaturated acids
(which have 32 to 36 carbon atoms), trimerized acids, and the like. In
addition, there can be minor amounts of units derived from aliphatic glycols
and polyols, e.g., of up to about 50 carbon atoms include, among others,
20 propylene glycol, glycerol, diethylene glycol, triethylene glycol and the like.

The polyesters which are derived from a cycloaliphatic diol and an
aromatic dicarboxylic acid are prepared by condensing either the cis- or
trans-isomer (or mixtures thereof) of, for example, 1,4-cyclohexanedi-
methanol with the aromatic dicarboxylic acid so as to produce a polyester

25 having recurring units having the following formula:
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wherein the cyclohexane ring is selected from the cis- and trans-isomers
thereof and R represents an aryl radical containing 6 to 20 carbon atoms
and which is the dicarboxylated residue derived from an aromatic
dicarboxylic acid.

5 Examples of aromatic dicarboxylic acids indicated by R in formuia I,
include isophthalic or terephthalic acid, 1,2-di(p-carboxyphenyl)ethane, 4,4'-
dicarboxydiphenyl ether, etc., and mixtures of these. All of these acids
contain at least one aromatic nucleus. Fused rings can also be present
such as in 1,4- or 1,5- or 2,6- or 2,7-naphthalene-dicarboxylic acids. The

10 preferred dicarboxylic acid is terephthalic acid or mixtures of terephthalic
and isophthalic acid.
A preferred polyester may be derived from the reaction of either the
cis- or trans-isomer (or a mixture thereof) of 1,4-cyclohexanedimethanol with
a mixture of iso- and terephthalic acids. These polyesters have repeating

15 units of the formula:

CH, —CHa._
—O— CHy—CH_ “CH —CH;—0
CH,; —CH; —

O=0
X
Z

Another preferred polyester is a copolyester derived from a

cyclohexane dimethanol, an alkylene glycol and an aromatic dicarboxylic
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acid so as to produce a copolyester having repeating units of the following

5 formula:

0
S et —oy:——R—— O (Clg—0C— R—-?
O, 2

wherein the cyclohexane ring is selected from the cis- and trans-isomers

(V)

thereof, R is as previously defined, n is an integer of 2 to 4, the x units
comprise from about 10 to about 90 percent by weight and the y units
10 comprise from about 10 to about 90 percent by weight.
The preferred copolyester may be derived from the reaction of either
the cis- or trans-isomer (or mixtures thereof) of 1,4-cyclohexanedimethanol
and ethylene glycol with terephthalic acid in a molar ratio of 1:2:3. These

copolyesters have repeating units of the following formula:

4]
_CH,— CHy_ ﬁ
~CHy~CH__ H—CHZ—O—C O(CH;_)Z-OC -0
“CH,—CH y

15 wherein x and y are as previously defined.

Polymer Blends
The polyester polymer of the present invention is desirably used in

amounts of from about 5 to about 95, preferably from about 40 to about 60
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w ?ght }percent vg? more es%'abf% me about 45 to about 55 weight

percent. The exact composition and amounts of the various components

are dependent mainly on the desired product.

The compositions of this invention are prepared by any conventional
5 mixing methods. A preferred method includes mixing the polyester and
thermoplastic polymer or mixtures thereof in powder or granular form in an
extruder and extruding the mixture into strands, chopping the strands into

pellets and molding the pellets into the desired article.

Additives

10 it should, of course, be apparent to those skilled in the art that other
additives may be included in the present compositions. These additives
include plasticizers; pigments; flame retardant additives, particularly,
decabromodiphenyl ether and triarylphosphates, such as
triphenylphosphate; reinforcing agents, such as glass fibers; thermal

15 stabilizers; ultraviolet light stabilizers; processing aids; impact modifiers; flow
enhancing additives; nucleating agents to increase crystallinity; and the like.
Other possible additives include polymeric additives such as ionomers,
liquid crystal polymers, fluoropolymers, olefins including cyclic olefins,
polyamides and ethylene vinyl acetate copolymers.

20 This invention is further illustrated by the following non-limiting
examples.

EXAMPLES
This section dscribes the synthesis of polymers used to make blends

with polycarbonate, polybutyleneterephthalate(PBT) , reinforcing glass

25 fibers, core shell elastomers for toughening and nucleating agents for

increasing crystallinity and heat defiection temperatures.
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The polymer molecular weights are estimated based on inherent
viscosity (I.V.), which is measured for a 1% solution (wt./volume) of polymer
in o-chlorophenol at a temperature of 25°C. The levels of catalyst
components are expressed as ppm, based on a comparison of the weight

5 of the metal with the weight of either the dimethyl terephthalate or

terephthalic acid, depending on which monomer is used.

Example 1
The following polymerization reactants are added to a 50 gal.

maximum capacity, Hastalloy B polymerization reactor fitted with a 6"

10 radius, Hastalloy B, water cooled reflux column packed with stainless steel
rings, a stainless steel helix agitator stirrer, a water-cooled condenser and
by-pass: dimethyl terephthalate (78.02kg), isosorbide (15.42kg), and
ethylene glycol (49.90kg), which corresponds to a mole ratio of 1: 0.26:
2.00. The catalyst is also charged and consists of Mn(ll) acetate

15 tetrahydrate (29.57g), Co(ll) acetate tetrahydrate (21.43g), and Sb(lll) oxide
(35.02g). This corresponds to 85 ppm manganese (weight of metal as a
fraction of the weight of dimethyl terephthalate), 90 ppm cobalt, and 375
ppm antimony. The stirred reactor (50rpm) is purged with a stream of
nitrogen while the temperature is raised to 250°C over a period of four

20 hours. The reactor is jacketted and uses a temperature controlled, hot oil
loop system as a heating medium. Methanol is continuously collected as
the reaction is heated above approximately 150°C. By noting when the
temperature drops at the top of the packed reflux column it is possible to
determine the end of methanol evolution, indicating the finish of the first step

25 of the reaction, which is the transesterification of the diols and dimethyl
terephthalate. At this point, 77 ppm of phosphorous is added in the form of

a polyphosporic acid solution in ethylene glycol. In this case, 153ml of the
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forms. The moilten polymer is heated under vacuum at 285°C for about 2
hours, until the polymer achieves sufficient melt viscosity, as determined by

10 an increase in torque of the stirrer. When sufficient viscosity is achieved,
the polymerization is stopped, and the reactor is emptied through a heated
die at the bottom. The molten polymer emerges as a strand that when
cooled through immersion in a cold water trough can be chopped into
pellets. The polymer pellets are dried overnight in a rotating drum heated to

15 120°C.

The cooled polymer is removed from the flask and ground. The
solution inherent viscosity (1.V.) of the material is 0.64 dL/g.
The monomer unit composition of the polymer, determined by proton

NMR, is about 6% isosorbide, 42% ethylene gyicol, 2% diethylene glycol,

20 and 50% terephthalic acid, all expressed as a mole % of the polymer. Itis
noteworthy that the amount of isosorbide in the polymer is approximately
half of the amount that is charged, when compared with the amount of
terephthalic acid. Unreacted isosorbide is found in the distillates, especially
in the ethylene glycol. The amount of isosorbide in the polymer by this

25 process thus is very dependent on the efficiency of the distillation or other
separation methods that are used in the process. A skilled practitioner can
readily establish specific process details according to the characteristics of

the reactor, distillation columns, and the like.
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Example 2
The second example is prepared in a way similar to the first except
that a smaller reactor (5 gal. maximum capacity) is used. The reagent
equivalent ratios are also changed in order to prepare a polymer with a
5 greater content of isosorbide. Thus, dimethyl terephthalate (10,680q),

isosorbide (5,787g), and ethylene glycol (4,881g), which corresponds to a
mole ratio of 1:0.72:1.43 are charged to the reactor in a similar fashion as
before along with the catalyst consisting of Mn(ll) acetate tetrahydrate
(4.76g), and Ge(lV) oxide (4.66g). This corresponds to 100 ppm

10 manganese (weight of metal as a fraction of the weight of dimethyl
terephthalate) and 300 ppm germanium. The germanium oxide is added in _
the form of a solution in ethylene glycol (0.100 N GeO» in ethylene glycol).
A solution of polyphosphoric acid in ethylene glycol is added in a similar way
as before, in this case 9.6ml, which has a concentration of 3.45g P per

15 100m! of polyphosphoric acid solution, is used. The polymerization
proceeded in a similar fashion as before, however, the resultant finished
resin did not achieve the same inherent viscosity within the given time. In
this case a solution 1.V. of 0.42dL/g is observed. It was also observed that
the monomer unit composition of the polymer, determined by proton NMR, is

20 about 13% isosorbide, 34% ethylene gylcol, 3% diethylene glycol, and 50%
terephthalic acid, all expressed as a mole % of the polymer. The extent of
isosorbide incorporation is somewhat lower in this case than previously
observed but reflects the efficiency of the differing reactors rather than the

polymer made.

25 Example 3
The third example is prepared in a way similar to the first except that

a larger reactor (100gal) equipped with a stainless steel anchor type stirrer
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hzl *P1 1" Lt 1038 d.) The monomers charged are such that an isosorbide content in the
finished polymer would be 1 mole %, assuming that some of the input
isosorbide would be distilled off during polymerization. As such, dimethyl
terephthalate (197 kg),isosorbide (5.12 kg), and ethylene glycol ( 135 kg)

5 along with the catalysts: Mn(l!) acetate tetrahydrate (72.1 g), Co(ll) acetate
tetrahydrate (54.1 g) and Sb{lil) oxide (88.5 g) are used. This corresponds
to 82 ppm manganese, 65 ppm Co, and 375 ppm Sb calculated using the
same basis as in example 1. The transesterification process is carried in an
analogous way as for example 1. A polyphosphoric acid solution in ethylene

10 glycol is added such that 80 ppm of P is used to sequester the transition
metals after the transesterification step and before the polycondensation as
outlined in Example 1. The polycondensation is also similar to the previous
example. Polymer is extruded and pelietized to give clear, colorless resin.

Unlike the previous example, the resin produced with lower

15 isosorbide content can be solid-state polymerized. The pelletized polymer is
loaded into a tumble dryer and under a stream of nitrogen is heated to
115°C over a period of 4 hours and then held at that temperature for another
6 hours. This aliows the polymer to partially crystallize. After this treatment,
a vacuum is applied to the tumble dryer ulitmately achieving a vacuum less

20 than 1mm of Hg. The heating is continued and reaches a maximum of
213°C. ltis then held at this elevated temperature for a total of
approximately 15 hours. This effects a solid-state polymerization and allows
the molecular weight to be significantly increased, as judged by the inherent
viscosity (1.V.) of the polymer solution in ortho-chlorophenol. The solution

25 1.V. of the material increases from about 0.5 dL/g to about 0.7 dL/g during

the solid state polymerization. .

Example 4
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This polymer is prepared in a similar way to that for example 3 except
that the amounts of diols were changed in order to result in a resin with a
somewhat increased isosorbide content. Thus, the only alterations are in
the amount of isosorbide charged, 17.8kg, and the amount of Mn(ll) acetate

5 tetrahydrate catalyst used, 79.2 g corresponding to 90ppm Mn(ll) calculated

on the same basis as in the above example. The transesterification and
polycondensation are repeated as has been just described. Also, the
finished polymer is pelletized, crystallized, and solid-state polymerized in an
identical fashion to the previous example. This results in a polymer with

10 approximately 3 mole % isosorbide content.

Example 5
This example describes a blend of isosorbide containing polymer with

polycarbonate. A polymer made by Example 2 is blended with
polycarbonate to make a tougher material while maintaining contact optical

15 transparency. The polycarbonate is obtained from Dow Chemical(Caliber
302) and blended with polymer of Example 2 in a Leistritz brand extruder
(Model MC 18GG/GL, Leistritz AG). The design of the twin screws consists
of conveying elements, 3 kneading blocks and then additional conveying
elements. The ratio of the length L to diameter D is 30 . The barrel

20 temperature is 260°C and the screw rotation speed is 225 rpm. The
extrudate is pelletized, dried overnight and molded into tensile and flexure
bars for mechanical testing. The molding machine is an Arburg Alirounder
(Model 220 M) made by Arburg Maschinen Fabrik(Lossburg, Germany).
The molding conditions are: barrel temperature 280°C, the mold

25 temperature 50°C, screw speed 210 rpm, injection pressure 25 bar, cool
time 25 seconds. The composition and physical properties of the blends are

shown in Table 1. The optical haze of the blends is measured on a flexure
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bar with a Macbeth Color Eye 7000 (Kolimorgen Instruments) according to
ASTM D1003 (published by the American Society of Testing Materials,
Philadelphia, Pennsylvania, Vol. 8.01). The molded samples have contact

transparency.
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Table 1
omposition (wt%) |Example 5A [Example 5B |Example 5C

Polycarb calibre

B62(%) 80 50 20
PEIT-13(%) 20 50 80
ASTM method

tensile modulus
D638 (MPSI) na 0.34 na
ID638 tens. elong Q bk(%) na 118 na
ID638 ten stress@bk(ksi) na 7.3 na
ID638 tens.elon@ yld(%) na na
tens.stress@
kGSB yid(ksi) na na
Notched lzod(ft-Ib)
D256 . 2000 3.1 1.53 0.63
[D648 HDT(°C)(264 psi) 116 101 91
Total Optical

ID1 746 transmission(%) na 80 na
ID1003 Haze(%) na 78 na

na : not available

Example 6

This example describes a blend of isosorbide containing polymers

together with PBT and core shell elastomer for toughening the blend. The
polymer of example 1(PEIT-6) is blended with PBT (Celanex 1600) obtained

from Hoechst Ticona( Summit, NJ) and core shell elastomers E920 obtained

from Kanake (Kanake Texas Corporation, Houston, Texas). in a Leistritz

extruder as in Example 5. The samples are injection molded and tested for

mechanical properties using the same procedures outlined in Example 5.

The compositions and the mechanical results are shown in Table 2.
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Table 2

Composition (wt%)| Example
0

PBT (Celanex 1600)%) 60

PEIT-6(%) 20

[Kanake E920 (%) 20

ASTM method

D638 tensile modulus(MPS1) 0.253

Ipe3s ften. elong @ bk(%) 230

[pe3s Iten stress@bk(ksi) 4.7

638 ften.elon@ yld(%) 3.63
638 ten.stress@ yld(ksi) 5.36)

D790 flex. mod{MPSI) 0.29

d790 |ﬂex stress @bk(ksi) 0

D790 Inex @5% strain(ksi) 9.43

D256 INotched izod(fi-Ib) @ 20°C nb*

Io256 INotched i1zod(ft-Ib) @ -20 C 2.28

[p25s6 INotched izod(ft-Ib) @ -40 C 1.42

D648 [HDT (°C)(264 psi) 52

D3763 Imultiaxial impact load(lb) @ 747
max.load 20°C

03763 multiaxial impact load(lb) @ 1112
max.load -20°C

D3763 multiaxial impact load{lb) @ 1203
max.load -40°C

* nb: no break

Example 7

This example describes a blend of isosorbide containing polymers

together with PBT and glass fiber. The glass fiber stiffens and increases the

moduius of the blend. The polymer of example 1(PEIT-6) is blended with
PBT (Celanex 1600) obtained from Hoechst Ticona( Summit, NJ) and glass
fiber OCF 183(PPG, Pittsburgh, PA) in a Leistritz extruder as in example 5.

The samples are injection molded and tested for mechanical properties

using the same procedures outlined in example 5. The compositions and

the mechanical results are shown in Table 3.
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Table 3
Composition (wt%) |Example 7a [Example 7b
PBT celanex 1600(%) 60 45
PEIT-6(%) 10 25
5 Glass Fiber 30, 30
{OCF 183)(%)
ASTM method
[D638 tensile modulus(MPS!) 1.31 1.32
D638 ten. elong @ bk(%) 2.42 2.
10 D638 ten stress@bk(ksi) 17.5 17.
D638 ten.elon@ yld{(%) 0 0
Ip63s ten.stress@ yld(ksi) ol 0
D790 flex. mod(MPSI) 1.23} 1.19
790 flex stress @bk(ksi) 26.5 24.8
15 D790 flex @5% strain(ksi) 0 0
D256 Notched Izod(ft-Ib) @ 20°C 1.69 1.81
D648 HDT(°C)264 psi) 901 87]
D3763 multiaxial impact load(lb) @ 275 292
max.load 20°C
D3763 muitiaxial impact load(lb) @ 311 306
max.load -20°C
20 ID3763 lmultiaxial impact load(lb) @ 285 31§
max.load -40°C

it is to be understood that the above described embodiments are

illustrative only and that modification throughout may occur to one skilled in

the art. Accordingly, this invention is not to be regarded as limited to the

embodiments disclosed herein.
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1. A polymer blend comprising (1) a polyester comprising
terephthaloyl moieties and, optionally, other aromatic diacid moieties;
ethylene glycol moieties; diethylene glycol moieties; isosprbide moieties,
5 and, optionally, one or more other diol moieties, wherein said polyester has
an inherent viscosity of at least about 0.35 dL/g when measured as a 1 %
(weight/volume) solution of said polyester in o-chlorophenol at a

temperature of 25°C, and (2) another thermoplastic polymer.

2. The polymer blend according to Claim 1, wherein said another
10 thermoplastic polymer is selected from the group consisting of
polycarbonates, styrene resins, alkyl acrylate resins, polyurethane resins,
vinyl chloride polymers, polyarylethers, copolyetheresters,

polyhydroxyethers, polyarylates, and other polyesters.

3. The polymer blend according to Claim 1, wherein said
15 polyester comprises about 40% to about 50% terephthaloyl moieties and a
total of up to about 10 mole % of one or more optional other aromatic diacid

moieties.

4, The polymer blend according to Claim 3, wherein said
terephthaloyl moieties are derived from terephthalic acid or dimethyl
20 terephthalate.

5. The polymer blend according to Claim 3, wherein said
ethylene glycol moieties are present in an amount of about 10 mole % to
about 49.5 mole % of the polyester, said diethylene glycol moieties are

present in the amount of about 0.25 mole % to about 10 mole % of the
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polyester, said isosorbide moieties are present in an amount of about 0.25
mole % to about 40 mole % of the polyester, and said one or more other diol
moieties are present in an amount of up to about 15 mole % of the

polyester.

5 6. The polymer blend according to Claim 1, wherein said one or
more other diol moieties are derived from aliphatic alkylene glycols or
branched aliphatic glycols having from 3-12 carbon atoms and having the
empirical formula HO-CH,,-OH, where n is an integer from 3-12; cis or
trans-1,4-cyclohexanedimethanol or mixtures thereof; triethylene glycol;

10 2,2-bis{4-(2-hydroxyethoxy)phenyllpropane; 1,1-bis[4-(2-hydroxyethoxy)-
phenyl]cyclohexane; 9,9-bis[4-(2-hydroxyethoxy)phenyl]fluorene; 1,4:3,6-
dianhydromannitol; 1,4:3,6-dianhydroiditol; or 1,4-anhydroerythritol.

7. The polyester blend according to Claim 1, wherein said
optional other aromatic diacid moieties are derived from isophthalic acid,
15 2,5-furandicarboxylic acid, 2,5-thiophenedicarboxylic acid, 2,6-
naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, or 4,4'-

bibenzoic acid.

8. The polyester blend according to Claim 1, wherein
terephthaloyl moieties are present in an amount of about 45 mole % to
20 about 50 mole % of said polyester, said optional other aromatic diacid
moieties are present in an amount up to about 5 mole % of said polyester,
said ethylene glycol moieties are present in an amount of about 10 mole %
to about 49.5 mole % of said polyester, said diethylene glycol moieties are
present in an amount of about 0.25 mole % to about 5 mole % of said

25 polyester, said isosorbide moieties are present in an amount of about 0.25
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are presert in an amount of up to about 10 mole % of said polyester.

0. The polyester blend according to Claim 8, wherein said other
diol moieties are derived from cis-1,4-cyclohexanedimethanol, trans-1,4-
5 cyclohexanedimethanol, or mixtures thereof.
10. The bolyester blend according to Claim 9, wherein said
optional other aromatic diacid moieties are derived from isophthalic acid,

2,6-naphthalenedicarboxylic acid, 4,4’-bibenzoic acid, or mixtures thereof.

11.  The polyester blend according to Claim 1, wherein said

10 polyester has an inherent viscosity of at least about 0.50 dL/g.

12.  The polyester blend according to Claim 10, wherein said

polyester has an inherent viscosity of at least about 0.65 dL/g.

13. A polyester blend comprising (1) a polyester comprising
terephthaloyl moieties and, optionally, other aromatic diacid moieties;

15 ethylene glycol moieties; isosorbide moieties; and optionally, one or more
other diol moieties wherein said polyester has an inherent viscosity of at
least about 0.5 dL/g when measured as a 1 % (weight/volume) solution of
said polyester in o-chlorophenol at a temperature of 25°C, and (2) another
thermoplastic polymer.

20 14.  The polymer blend according to Claim 13, wherein said another
thermoplastic polymer is selected from the group consisting of
polycarbonates, styrene resins, alkyl acrylate resins, polyurethane resins,

vinyl chloride polymers, polyarylethers, copolyetheresters,
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moieties are present in an amount of up to about 5 mole % of said polyester,
said ethylene glycol moieties are present in an amount of about 10 mole %
to about 49.5 mole % of said polyester, said isosorbide moieties are present
in an amount of about 0.25 mole % to about 30 mole % of said polyester,
15 and said optional other diol moieties are present in an amount of up to about

10 mole % of said polyester.

21.  The polyester blend according to Claim 20, wherein said other
diol moieties are derived from cis-1,4-cyclohexanedimethanol, trans-1,4-

cyclohexanedimethanol, or mixtures thereof.

20 22. The polyester blend according to Claim 13, wherein said
optional other aromatic diacid moieties are derived from isophthalic acid,

2 ,6-naphthalenedicarboxylic acid, 4,4'-bibenzoic acid, or mixtures thereof.
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23.  The polyester blend according to Claim 13, wherein said

polyester has an inherent viscosity of at least about 0.65 dL/g.



