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MAKI NG SAVE Field of the D sclosure
5 This disclosure relates to polyesters and nethods of making

pol yesters, and nore specifically to polyesters containing an isosorbide
noi ety, and methods of making them

Background of the Disclosure ““The di ol
1, 4: 3, 6-di anhydro-D-sorbitol, referred to hereinafter as 10 | sosor bi de,
the structure of which is illustrated below, is readily nade from

renewabl e resources, such as sugars and starches. For exanpl e,
| sosor bi de can be nade from D-gl ucose by hydrogenation foll owed by acid-

ISOSORBIDE CONTAINING POLYESTERS
AND METHODS FOR MAKING SAME

Field of the Disclosure

5 This disclosure relates to polyesters and methods of making
polyesters, and more specifically to polyesters containing an isosorbide

moiety, and methods of making them.

Backaround 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.



cat al yzed dehydrati on.

- 2- WO 99/54119 OH -+ [err]

| sosor bi de has been incorporated as a nononer into pol yesterpgutlﬁg?[/osﬁs

al so include terephthal oyl noieties. See, for exanple, R Storbeck et al,
Makronmol . Chem , Vol. 194, pp. 53-64 (1993); R Storbeck et al, Polynmer, 5
Vol . 34, p. 5003 (1993). However, it is generally believed that secondary
al cohol s such as isosorbide have poor reactivity and are sensitive to acid-

catal yzed reactions. See, for exanple, D ™8Braun et al., J. Prakt.Chem,
Vol . - 334, pp. 298-310 (1992). As a result of the poor reactivity,
pol yesters made with an isosorbi de nononmer and esters of terephthalic

acid are expected to 10 have a retﬁiively | ow nol ecul ar wei ght. Ball auff
et al, Polyesters (Derived franm Renewabl e Sources), Polyneric
Material s Encyclopedia, Vol. 8, p. 3 H 2892 (1996).

Copol yners cont ai ni ng i sosor bi de noi/etTEs, \et hyl ene gl ycol noieties,

and terephthal oyl noieties have beew reporyed only rarely. A copol yner 15
containing these three noieties, in igh{the nole ratio of ethylene glycol
to | sosor bi de was about 90: 10, wasS r rted in published German

Pat ent Application No. 1,263,981 (19 . The polynmer was used as a
m nor .

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 (1993); R. Storbeck et al, Polymer,

5 Vol. 34, p. 5003 (1993). However, it is generally believed that secondary
alcohols such as isosorbide have poor reactivity and are sensitive to acid-
catalyzed reactions. See, for example, D. Braun et al., J. Prakt.Chem., Vol.
334, pp. 298-310 (1992). As a result of the poor reactivity, polyesters made
with an isosorbide monomer and esters of terephthalic acid are expected to

10 have a relatively low molecular weight. Ballauff et al, Polyesters (Derived
from Renewable Sources), Polymeric Materials Encyclopedia, Vol. 8, p.
5892 (1996).

Copolymers containing isosorbide moieties, ethylene glycol moieties,

and terephthaloyl moieties have been reported only rarely. A copolymer

156 containing these three moieties, in which the mole ratio of ethylene giycol to
isosorbide was about 90:10, was reported in published German Patent
Application No. 1,263,981 (1968). The polymer was used as a minor
component {(about 10%) of a blend with polypropylene to improve the
dyeability of polypropylene fiber. it was made by melt polymerization of

20 dimethyl teréphthalate, ethylene glycol, and isosorbide, but the conditions,
which were described only in general terms in the publication, would not

have given a polymer having a high molecular weight.




conponent (about 10% of a blend with pol ypropylene to i nprove the

dyeability of Wdyssopyl ene fiber. It was nmade by nelt pol ynegj ' f 20
di ret hyl terephthal ate, ethylene glycol, and isosorbide, but ?ﬁgl%gbﬁdgsﬁ

condi ti ons, whi ch were described only in general terns in the
publication, would not have given a pol ynmer having a high nol ecul ar
wei ght . - 3-

Copol ynmers of these sane three nononmers were_descri bed again

recently, where it was observed that the gl ass transition tenperature Tg of
t he copol yner increases with isosorbide nononmer content up to about

200C for the isosorbide terephthal ate honopol yner. The pol yner sanples 5
were made by reacting Cepalpmernoiihbselsamedhietempnomersiwetndesaribedragaih ol
nmononers. This method,yi el ded a copol [, W th | ecul ar _wei ght that _is
apparent!ly hi gherrchaﬂy,v@gergg&%@%gﬁsqrﬁéﬁﬁgt@g Qgﬁg%é‘f‘éﬁpn,&ﬁ’ﬁ‘w%gweo of
descri bed above ' ' ; [SToTpank-14 '

pol yester pol ym%%aﬁoy(%%'ﬁb%r%% I\é—q}b?%esy,%?%ese poﬁ%ﬁ.@@t\?\%ﬁtgoéna g by 10
sol uti on pol yrer i 260°%Cfor tnslisosomideteseghtialaty hothepblyimene THeypslymepsaimphs as
a product of polynerizatjon. See R Storbeck, Dissertation,
Universit[er§dt Wwere magdghygeasiing tesephthalnyl dighieride i salution with the digh) .

bt ot 4 416, 174 HO0RPTssPHis methed yigkdePs HABAYIER 5 molgoular weight thit i
pol yesters usef ul agsarkatly ARher thainswasobtameal A dhe Cepman P ASRERMSIcatGY | NJ

| acquers. The polyesters are prepared with an al cohol and an acid. One of
t he many pr ef er r edesdribet @bove dutistilhielativelydowiwhen cotopanedragaitss ciiver age

I I i ght of t I t is f 1,000 tog 10, 000, d
ol yester O™ Gayeier BORTANE REPaVIH T o MSEe AOMBP Bye R e Y
20 . P g : ' t < at f
conpr essi onqrg?l de%lﬁnﬁgﬁ?]g@%%&ﬂ%ygg %%Jfgtﬁgﬁglétﬁygnee W?ﬂr g@?ﬁ&t ad ©

cont ai ni ng pol yesprxdact dfipesheménzhtiony ISezoR1 Stonbek, Didsesiation sUpiverditést ed t o
I ncl ude pol yhydric¢ al cohol s, .incl udié\%( ,le§4: 3, 6-di anhydrosorbitol . Again,

however, the hi ghkaisriBe §:994) Rnstaih Bbrd.dpokRolymer Scignce. VelyoYi pe. |

400 1199-1202 (1996).
U.S. Patent 4,418,174 describes a process for the preparation of

15 polyesters useful as raw materials in the production of aqueous stoving
lacquers. The polyesters are prepared with an alcohol and an acid. One of
the many preferred alcohols is dianhydrosorbitol. However, the average
molecular weight of the polyesters is from 1,000 to 10,000, and no polyester
actually containing a dianhydrosorbitol moiety was made.

20 U.S. Patent 5,179,143 describes a process for the preparation of
compression molded materials. Also, described therein are hydroxyi
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

25 to 10,000, and no polyester actually containing the 1,4:3,6-dianhydrosorbitol
moiety was made.

Published PCT Applications WO 97/14739 and WO 96/25449
describe cholesteric and nematic liquid crystalline polyesters that include



25 to 10,000, and no pol yester actually containing the 1

, 4: 3, 6- di anhwdwpasqidi t ol noi ety was nade. | | i shed
PCT Applications WO 97/ 14739 and WO 96/ 25449 descri be"%T{ﬁ#@é’f@Pi c
and nematic liquid crystalline polyesters that include

-4- ~ isosorbide noieties as nononer units. Such pol yesters have
relatively | ow . nol ecular weights and are not isotropic.

Summary of the Di'sclosure - . Contrary to-the teachings .and’
.expectatlons t hat have been published 5 “4in the prior art, isotropic,
i.e., seni-crystalline and anorphous or nonliquid ' crystalline,
copol yesters containing aromatic or alicyclic diacid noieties, diol

noi eti es and i sisosbkbide maletiés as nonemeratitsy Sucht folgesterd haverelativelydow
wei ghts that are SU|tabIe for maki ng fabricated products, such as filns,
beverage bott | e§olgglacweighiziaed are gﬁ’(e'«?f’goféiﬁd fibers on an industrial.

scale. 10 The process conditions of the present invention,

particularly the anounts of nonomers used, depend on the polyner
conposition that is desi retguﬂdngnmgtmgé}gmorrer is desirably
chosen so that the final ymeric product contains the desired

anounts of the vari of®ntigRtethe teachmgaﬁﬂﬂ@xpsétgitlpamlaat\hawn hegni prhlished
anount s of $mnoma uni.ts deri ed fro and a di aci d. Brﬁcau e of

the vol ati | heREor A1 158 rﬂB‘ﬁoh%r §em"°ry3taq"rfq1@n%am?épﬁ‘%"b%ﬁ'?'B‘? qut
dependi ng on sug s\félﬁhé‘lﬂdi)%ly%%té’i@%bh@' mh@%romatlc or é%}/‘c\n@ﬂndc?d ﬁf?ﬂ’éﬂﬂ% ('llole

I s under pressure) and the efficiency of "'the distillation of ums
used i n synt hesinmieties ard fsoispriide rrmetlesﬁretrbedllmmmtbeﬁzad o molecularde5| rably

| uded the b f th t t 20
and removed by AHpItet 7R SUabledS BiRdNco B RIBRRIGA R SUGFeaH B, cul ar |y
Lrue of diols | BelUlguondes bl products et an Bl B B ARG o

process, the nononers are conbi ne
10 The process conditions of the present invention, particularly the

amounts of monomers used, depend on the polymer composition that is
desired. The amount of monomer is desirably chosen so that the final
polymeric product contains the desired amounts of the various monomer
units, desirably with equimolar amounts of monomer units derived from a
15 diol and a diacid. Because of the volatility of some of the monomers,
| including isosorbide, and depending on such variables as whether the
reactor is sealed (i.e. is under pressure) and the efficiency of the distillation
columns used in synthesizing the polymer, some of the monomers are
desirably included in excess at the beginning of the polymerization reaction
20 and removed by distillation as the reaction proceeds. This is particularly
true of diols including isosorbide.
in the polymerization process, the monomers are combined, and are
heated gradually with mixing with a catalyst or catalyst mixture to a
temperature in the range of about 260°C to about 300°C, desirably 280°C to
25 about 285°C. The catalyst may be included initiaily with the reactants,
and/or may be added one or more times to the mixture as it is heated. The

catalyst used may be modified as the reaction proceeds. The heating and



heated gradually with mxing with a catalyst or catalyst mxture to a

tenperat ure wo ddmaireange of about 260[err] C to about 300 err perpd@sissad! ¥
280[err]C to 25 about 285[err]C. The catalyst may be included initially

with the reactants, and/ or may be added one or nore tines to the
m xture as it is heated. The catal yst used nmay be nodified as the
reacti on proceeds. The heating and _

-5- stirring are continued for a syfficient tinme and to a
sufficient tenperature, generally w removal by distillation of
excess reactants, to yield a nolten pol ynmer having a hi gh enough
nol ecul ar wei ght to be suitable for naking fabricated products. 5

In a preferred estioihgraretcontineed fvr acsufiicient timeapd e arsufiicient iemperauie:

. o o :

mieti s engralynuh ey sistifpion pESxidRs TreBRbl L Vit 4 isttens
nol e % to about . 0 ' '- bed;t nt in
t he polyner in polymeral'%rlljr?ﬁs% ﬁgifhe%rg%}gﬁ Wﬂp%@ﬁ%ﬁﬁ%‘[%}%ﬁg%&%ﬁ?ﬁﬂég o O

course, all of thgbrkited pRIUE®Nt ages are dependent on the particul ar

application desired. Desirably, _ however, e%ml ar ar;gun s of diacid
monomer uni t§ and di olin agprefesied embodimgnt, diacid MoptiesaTe Argsenidn Hig pofumer

Thi s bal ance is desirable_t chigeve i o i P
The pol yester had" &R qwgﬁ?%ﬁt&s@o@f’ﬁ/% @ﬁ?'@tﬁ Pgthaerr?a Ikaﬁ@%gﬁ%r}‘,fdd@%glehes
mol ecul ar wei ght 40 tAkin RASHIALSH phestint tH-ASoupts dRebut Bdnsls % td Ybout

(wei ght/vol une) solution of the polyner in o-chlorophenol at a tenperature

of 25[err]C. Thi s}9. T amobnb, anddsosorlyide snciefiés aiecpresenirin dhgrpolypisiritat i ons,
such as sonme optical article coatings., For her appl i i ons,
such as conpact amountsg?gggt,l Oaggmﬂiﬁe%ﬂ%at?ﬁlg&gg’f‘ﬂ? f Qécqué%%tﬁaﬁgﬁ% 0.4
dL/g is prefgrre ' | | it i iréd. Des bout
0. 57dL1 g ar dOncodsityiaGEs Sl depeMaBRER e B&RPuiL Eppiceo desivgd, BRSRALS
filnms, sheet, noliwgyerstjuiholaFanioueats of diacid romaessinity arfd dibkmpobinest er

TRy achieve | nheruiri]tts. a\a/'ie %?gsséintt iinet%etpr(]%mgrr. eTr(\aig %glance is degira%rllg {o' achieve a high
molecular weight.
The polyester has an inherent viscosity, which is an indicator of

15 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
some optical articles and coatings. For other applications, such as compact
discs, an inherent viscosity of at least about 0.4 dL/g is preferred. Higher

20 inherent viscosities, such as at least about 0.5 dL/g are needed for many
other applications (e.g. bottles, films, sheet, molding resin). Further
processing of the polyester may achieve inherent viscosities that are even

higher.

Detailed Description of the Preferred Embodiments of the Disclosure

25 The isotropic polyester polymer, described in detail below, may be
made by the melt condensation of a combination of monomers containing a

diol moiety, an isosorbide moiety and a diacid moiety. Small amounts of



Det ai |l ed Description of the Preferred Enbodi nents of the D sclosure 25
The i sotropwo gisypst er pol yner, described in detajil bel ow, ?(“ 5
made by the nelt condensation of a conbi nation of nmononmers con ﬂB a
diol noiety, an isosorbide noiety and a diacid noiety. Snall armunts of
- 6- ot her nmononers may be added during the pol ynerization or may
be produced as by-products during the reaction. In a
preferred enbodi ment; the nunber of. aromatic or alicyclic diacid
noieties in the polyner is about 50 nole W@(rmle % of the total polyner).
5 Exanpl es of desirable diacid noieties include those deri ved from
napht hal at es, terephthal ates, isophthal ates and bi benzoates. Specific
exanpl es of desthabinendimers maWeeaddsd dudngithe palpmierizatiorconanaly bé, 5-

f ur andi car boxyl i c ,aci enedicar boxylic acid, 2,6-

napht hal enedi caﬁrﬁgﬁ‘ﬁ‘?ﬁsﬁ&ﬂf"g@c{g HHBHﬁ'P%Teé?@éT‘car boxylic acid, 3,4 - and
10 4, 4" - di phenyl L

sul fide di carlﬁ Jl@'lr |écj'+é:£|é®%6§irﬁént "Hﬁaér%ﬁﬁgnaéi sulﬁbﬂaﬁﬂ%c'd

di carboxyl i c aghdietids theamiymer is abdht‘ﬁ()'l‘bﬁﬂz%l:(h'm%df they fotal olymend) d,

1, 4- napht hal enedi car boxylic acid 4' yl ene
bi s(cycl ohbxy| )karaples oy deélr%edlamd metlesan@lydeéh@s@aewed from

car boxyphenoxy) AL, SEnRARRER L ainBalks e biEnedadsa soting
sti | benedi car baxsdm@iedef Qesﬁéﬁl@ﬂié&uﬁﬁ‘loﬁbﬂe‘é'|ﬁ§ﬁdé%dﬂ>htﬁéf%cﬁd pkdi aceti c
aci d, and sul foi sophthalic acid, and 4, 4" -bi benzoic acid. The diacid

does not need furandicarboxyicdmid,&Hitiophenadiearhokglic acidc2,8- or di net hyl

t ht hal at f d nt hal qyl
o1 ot v, grrglle TraRiRaeediSarboxyic feif & GRaPH eI IRABaNTS i b 8044,
e.g. 349 be”@ﬁ”@ih‘s ré?ﬁéry&lb boxylic %c@c:% 4. agnﬁrtiﬁ‘eﬂlphgﬂyl s"&!fﬂéat ic” and
allcycllc i's t0|nc su itute aronmti c or

alicyclic corrpoanaisbpxyllcgacldps dhrmnldoﬂf 4'edrpbuwylwlmnhsdlbanhbxylhma¢lh 34' and an
i phati f d
3n: Ito saa'rg '8;222416 Ip(ppzophenonedlcarboxy rgm ‘E %,-naeprm

methylene bis(cyclohexyl)dicarboxylic acid, trans-1,4-cyclohexanedi-

hgenedlcarboxyllc acnd 4, 4'

carboxylic acid, cis-1,4-cyclohexanedicarboxylic acid, 1,2-bis(4-

15 carboxyphenoxy)ethane, 4,4'-methylene-bis(benzoic) acid, trans-4,4'-
stilbenedicarboxylic acid, fumaric acid, dimer acid, resorcinoldiacetic acid,
and sulfoisophthalic acid, and 4,4’-bibenzoic acid. The diacid does not need
to be derived from terephthalic acid or dimethyl terephthalate or from other
compounds containing a terephthaloyl moiety. Small amounts of

20 trifunctional acids may also be employed, e.qg., 1,3,5-benzenetricarboxylic
acid. Further, by “aromatic” and “alicyclic”, it is meant to include substituted
aromatic or alicyclic compounds, e.g., aromatic compounds substituted with
an aliphatic group.

In a preferred embodiment, diol monomer units are present in

25 amounts of about 5 mole % to about 49.75 mole %, preferably 10 mole % to
about 49.5 mole %, more preferably about 25 mole % to about 48 mole %,
and even more preferably about 25 mole % to about 40 mole %. Diethylene

glycol may be produced as a by-product of the polymerization process, and



25 amounts of about 5 nole %to about 49.75 nole % preferably 10 nole %
to abowvo 9 ® nole %  nore preferably about 25 nol e %prensboessisis
nole % and even nore preferably about 25 nole %to about 40 nole %
Di et hyl ene gl ycol may be produced as a by-product of the

pol ynmeri zati on process, and

-7- may al so be added to help accurately regul ate.the anount of

di et hyl ene gl ycol nonomer units that fAre in the pol yner. Exanpl es of
desirabl e diol moi eti es include aliphatic al kylene glycols having
from 3-12 carbon atons and having the enpirical formula

HO- Cerr]H2[err]-OCH where nis an integer from 5 3-12, for exanpl e,
1, 3- pr opanedi ol ,may aiseheaaddadio heip scpuataly rrauiate the gmount of di di ol ,

and 1, 10- decanedi.ol ,, al so_incl.udi I, i ol . :

di met hyl - 1, 3- pr GRUFLAHBIOMEY; ‘&"%S*‘%‘?%lﬁé’?ﬂ%ﬁ@% eg'hg%gﬁ‘@%ﬁeﬁsﬁﬁg e diol,
mxtures of the ghitiddhdudd sighaggalikyiend %yéblélhéﬁ“hﬁdm By12 darBon atoms

cycl obutanedi ol ; triethylene glycol; "2, 2-Dis[ 4-(2-hydroxyet hoxy) phenyl] 10

R o, M vl o 5 b

r oxyet hox en uorene;, 1,4:3,6-dia r omanni , , 5
diyan hyér oi di5%/ olo; 3‘é§d201 Pﬁam&ﬁ%‘BFWﬂ{%l {1'4%”@’@(&% %I-Qﬁnjt%e?cg?l, d-are
derived from et by, L | -
Cycl ohexancd! et EiEbpoRl iR 1 1P UstaRBiol ko AR aABRAUR UM 2.2
et hyl ene gl ycol . 4igisthyl-128mprspameaiol;adis ohtrass-1i4-tydichexanediamethanetandy al so

be utilized, e.g., trinethylopropane and pent aer&‘t h\)l;)i tol.
In a preferred enbduwessithe cis@nditransdsomets; 2e244ristrameihl- 41 the

bref orabl y abouttioaRbERRIentaseY: sz ayarb Aot 0 "
about 0.5 e % . 8| li @mﬁgs@hépg,g-b's @t bi de
may be prersq{éﬁnt i%&gﬁﬁg’dggilﬁglg?(g%ﬁ%}gkgﬁéﬁmas l]m)l e %to 3 m)ll[gs(% 1

nole % to 6 nol ehydrotysthbxy)phenyljuorene; 44:\8-diamyidgomanoitalnt Ast.8- %
The pol yester desirably has ara | nherent vi

i ndi cator of ol @30NygrojgiipAnd L#-ap yq"@&@ftﬁ&gg&%@%& aI@’) ia‘,SOi%searﬁesi rably
at 25 least abgu O fisnUthflendglyBBRBHyRthe Glyéol Lorip{eRiediidor ahdme)

solution of the
cyclohexanedimethanol. The diol does not need to be derived from

15 ethylene glycol. Small amounts of alcohols with functionality >2 may also be
utilized, e.g., trimethylopropane and pentaery-thritol.

In a preferred embodiment, isosorbide moieties are present in the
polymer in amounts in the range of about 0.25 mole % to about 45 mole %,
preferably about 0.25 mole % to about 30 mole % and more preferabty

20 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 mole %.

The polyester desirably has an inherent viscosity, which is an
indicator of molecular weight, of at least about 0.15 dL/g, more desirably at

25 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. These inherent
viscosities are sufficient for some applications. For applications such as

compact discs, an inherent viscosity of about 0.4 dL/g is preferred. Higher



pol ymer in o-chlorophenol at a tenperature of 25[err]C. These inherent
viscosities wod9saIidi cient for sonme applications. For applicgti ch as
BrliRhge

conpact discs, an inherent viscosity of about 0.4 dL/g is pr i gher
- 8- i nherent viscosities are desirable for many other applications
(e.g. bottles, films, sheet, nolding resin). The conditions can be
adj usted to obtain desired inherent viscosities up to at |east about
0.5 and desirably higher - .than 0:65 dL/g. Further processing of the -
pol yester may achi eve inherent 5 . viscosi®ies of 0.7, 0.8, 0.9, 1.0, 1.5,
2.0 dL/g and even hi gher. The nol ecul ar weight is normally not
nmeasured directly. Instead, the I nherent viscosity of the polyner in

sol uti on or theinheEréntwiscositiasyaresiesirabledor many othemapplidations(e.gf botiég,cul ar
wei ght. The inherent viscosities are_an indjcator qf . nol ecul ar

wei ght for corrpg %oﬁhgegfme'gm resin); E'ﬁeé:oﬂglt@ﬁﬁrcapg?ﬁ adiustedfo objgin  pg T,
PBT, PEN, PEIN, : r & -Qdj rn Af 5 .

wei ght herein. d8bffed irfHRfer gl?ﬁtzﬁ@%ﬁ%g]g’% Ilseag# gl?él‘jei Q'Q\?gﬁ%ﬁé%%m%%ern&de by

any of several than 0.65tl/§o&Fsrthéhprogessing tof tepolyesicd May achiev® mbehernt
dependi ng on the net hod used, particularly in the anmount of diol

t Eat di sI pr & ent visgosities 9&0-7: %IQ/Q{E"-QHT-I%?@ dieforanskeyenchigher.t he reaction of
torephthal oyl i onl oraagiepar weidhfif il 6t neddlie SREHLYCInblegd. the

readi |y carri edifNdrefniseusiy b Bte pOAIPNIER PSHUHOH Br the melt viscxRity Wlsdfad- -
toluene) in the presence of "a base, "such as pyridine, which

neutral i zes HCl aadndicatos of mudemdar walght Phe inkerert viscasitias arbeah indic2ér of R
Q her el | - knowPQaPHEE WeIsk {8 CORAEBpR oh SFBPleSAVER POQIBoR Btk 8 b ke
togather vt e BEMTT o> PERGPEIR) etchar e PRl S o M cRheT OB eal " e
aci d chl ori des, weightrrarein. of 25 nononmer units in the product polyner is
about the.same as t h('al'hzeagoih?esct)grs of the invention can be made by any of several
methods. The product compositions vary somewhat depending on the
method used, particularly in the amount of diol that is present in the
15  polymer. These methods include the reaction of the diol monomers with the
acid chlorides. The reaction of terephthaloyl dichloride with isosorbide and
ethylene glycol is readily carried out by combining the monomers in a
solvent (e.g., toluene) in the presence of a base, such as pyridine, which
neutralizes HCI as it is produced. This procedure is described in
20 R. Storbeck et al., J. Appl. Polymer Science, Vol. 59, pp. 1199 -1202 (1996).
Other well-known variations using terephthaloyl dichloride may also be used
(e.g. interfacial polymerization), or the monomers may simply be stirred
together while heating.
When the polymer is made using the acid chlorides, the ratio of
25 monomer units in the product polymer 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



reacting nononers. Therefore, the ratio of nonomers charged to the
reactor i s abwgssrsapmesane as the desired ratio in the prOd“CtP?‘ﬁugwmssss

stoi chionetric equival ent of the diol and diacids generally w e used to
obtain a high nol ecul ar wei ght pol yner. The pol yners can al so
be made by a nelt polynerization process, in whi ch the acid
conponent is either terephthalic acid or dinmethyl 5  terephthlate, and.
al so may. include the free acid or ‘dinmethyl ester of any other

di acids that nay be desired in the pol yestervpol ynmer conposition. The
di acids or dinethyl esters are heated with the diols (ethylene glycol,
| sosorbide, optional diols) in the presence of a catalyst to a high enough
t enperat ure that sthichinmetric equivalent nbtheaddioland diacids genntallyival berusedtthen 10

oligoners, and finall pol.yners.. The, pol ric product at the end of the
pol 3rreri zation pr&%@!ﬁa B@%ﬂ@?@ﬁ%ﬁ&r’%&?‘@hepdi ol nonomers (e.g.,

et hyl ene glycol and i s ' I j KA ¢ ctor
o Thee S YOO ot yier | T palyile BaF olf6!c¥ nafletYa ek olymeriifioh Mot ERTHP

condi tions of thewhichshatcidommporent ispeitHer terephthalic eidldr dimethyunt s of
nmononers used, depend on the polyner conposition that is desi red.
The anount of® di dlereplithigtexand aiso maydnglyde tha ee apidiasgimathy! ester of any

desirably chosen t. ' I ki ' e...desir ed
amount s of the val gt aBrikdfial MR peREsERH fsfbolie i GOURL PambaRHEAT hE:
nmononer units der#ygidsior Aimbing! ehtelsSara MéatdtPwith #% Els @ﬂ?}@éﬁ@gg&oﬁ he 20
volatility of some of the nononers, including isosorbide,” and dependi ng on
such vari abl es asisoberbide;, optienal dinis)dn the prasshed of a.catalyst tadégh pnoughir e)
and the efficienc f the distillation colums used in. synthesizing
t he pol yner, temgqgﬂlﬁ%ﬁwqt RemErs campingdofofrg esters ﬁ@ﬁtﬁ’b"e%erisn ess

at the begi my ng A 0. oZ a1 '

distillati orr:mas tclzlh Orr%%{g‘c %%dnﬁ'%wdﬁ%%egﬂ{s&ﬁqzﬁgﬁ% ?{)Beli% '? IQE:{J ar ygttt?'ée of
di ol s includi ng ipaigmehzation process is a moiten pbiynsraditheadiolimbnomerfeogers to
be charged to a partjcular reactor Is readily determ ned bty a
skilled practiti oplbyleng alycsl aad isgsprbige) are volatile ah‘éééﬁ'“ from the reactor as the

polymerization proceeds.

The melt process conditions of the present invention, particularly the
15 amounts of monomers used, depend on the polymer composition that is
desired. The amount of diol and diacid or dimethyl ester thereof are
desirably chosen so that the final polymeric product contains the desired
amounts of the various monomer units, desirably with equimolar amounts of
monomer units derived from the diois and the diacids. Because of the
20 volatility of some of the monomers, including isosorbide, and depending on
such variables as whether the reactor is sealed (i.e. is under pressure) and
the efficiency of the distillation columns used in synthesizing the polymer,
some of the monomers may need to be included in excess at the beginning
of the polymerization reaction and removed by distillation as the reaction
25 proceeds. This is particularly true of diols including isosorbide.
The exact amount of monomers to be charged to a particular reactor
is readily determined by a skilled practitioner, but often will be in the ranges

below. Excesses of diacid, diol and isosorbide are often desirably charged,



\?\S g\év/ 55>1<(1:§35es of diacid, diol and isosorbide are often desirably charged,
099 o “ 3 and
the excess di a(:/is“dl,19 diol and isosorbide is desirably rerrovedll%{/usgwwﬁs
distillation or other nmeans of evaporation as the polynerization reaction
proceeds. |sosorbide is desirably charged in an anount of about 0.25 nole
% to about 150 nole % or nore conpared with the total anount of diacid 5
mononers. Diols charged in an anount -in the. range of .about 100 nole %

to about 300 nole % of the diacid nononetl0- The ranges given
for the nononers are very w de because of the . wi de variation in
nmononmer | oss during polynerization, depending on the efficiency of

distillation cendtie expesodiaeid, diohandddosorbideds desinably eeyoled b9 syst ens,
and are only an aﬁ)lprom mati on. Exact amounts of m)nc;rrers t hat

charged to a splstillatien peathes meansefiavaperationasthe; Rolypapzalan wactier

Y, et e skl s5ible s HeBbbbh sABied in.ap empunsptabdit 026 ol
gradual |y wi th ofitXiRGuiM 50 rdlé 94 Bt Mide Vorkgdratixeith textbtsl @nicur of diacid
tenperature in the range of about 260[err]C to about SO%err]C, desirably

280[err]C 50  monomeisoUDiokB&arged & aflamaundin theoramgeiof eboghd00Q meole b al yst s

.depend on whet her t he di gcj ds, ar, ol ynerized as true acids or as
di met hyl est er $0@boyt 369 g\oqe %j é}%ﬁp@q‘ggﬁm?ﬁ%ercat alyst may be included

initially wth the rﬁfegr[a?]@g? g&\'?erﬁ‘_?j/ﬁpfhe mo omé?%éré’@e@tqgi@@ BERBuSe of e {1 mes

to the mxture as it e catal yst Used may be nodified as

the reaction prggesgsiatidiin Meabirey lessdduing polpmerization, dependimgtomtied for a
sufficient time and to a sufficient tenperature,

L emoval by dih stefficigacyaf distilati@amu@a%ﬁaﬁ@bert’%n%gg{%%g{'%l mre&ap%?
aving a hi enough I I ' . ' | '
product o. 195 “Syatéis Bhets Gl 4 APtodfhatins BraBhaftolts SFHfoRSmLR e ¢

My, Mh, Zn, Pb,gare charged fPa sP8cifiéPeadi®tiodchiéecd spacific ebaipositiehtareand

oxi des, including glycol adducts, and Ti al koxides. These are
general | y knowvreadily Heteaminedabyiaskiled practitiongpeci fi ¢ catal yst or

combi nation or Sequel?ftﬁe %%Iy(fr?etr?zlﬁi%sprgéees%, Y m%?‘lomers are combined, and are

heated gradually with mixing with a catalyst or catalyst mixture to a

15 temperature in the range of about 260°C to about 300°C, desirably 280°C to
about 285°C. The exact conditions and the catalysts depend on whether
the diacids are polymerized as true acids or as dimethyl esters or diacid
chloride. The catalyst may be included initially with the reactants, and/or
may be added one or more times to the mixture as it is heated. The catalyst

20 used may be modified as the reaction proceeds. The heating and stirring
are continued for a sufficient time and to a sufficient temperature, generally
with removal by distillation of excess reactants, to yield a molten polymer
having a high enough molecular weight to be suitable for making fabricated
products.

25 Catalysts that may be used include salts of Li, Ca, Mg, Mn, Zn, Pb,
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



-11- readily selected by a skilled practitioner. The preferred

cat al yst and wo99satipreferred conditions differ depending on %Fos#ale

di acid nonomer is pol ynmeri zed as the free diacid or as a dinethyl
ester or as a diacid chloride. The nmononer conposition of the
polymer is chosen for specific uses 5 and for specific sets of
properties. For uses where a partially crystalline pol ymer is
desired, as for example food and beverage copntai-ners, such as : hot
fill or cold fill bottles, fibers, and filntﬁ'the'polyner will generally
have a nmononer conposition in the range of about 0.1%to about 10%
preferably about 0.25%to about 5% on a nolar basis of isosorbide

noi.eties. 10 readily selegteddppa iskifled practitinrere The prefereed catslyst andhave an
anor phous pol yner

such as.woul d be used t e trapnsparent .optical
arL Clas. Fhe” anobtiefersd cordiions Gt ieenting SeipeetinG diasd BRgems Shout 2
% to about 30 % R i iads ;
conpositions (i. gﬁds hosgé%g\s/it?%fr?gosorcﬁ?ﬁgs Std"f‘gt\?é/f gstg%' §ﬁ§§ aclflae('gg%ftﬁ)gg e
about 12 9% are sem - cTlys hrainomer compiositipnanf¢he polyatirid clvdserf foospédific uses
melt or if they are anneal ed above their glass transition tenperatures, but
are anorphoud i f amdiorspeciie setsofuppentioss FersewWhere a parialyceysdalling ne

ol et hyleme. t or EFRPRET.FEPet b et R dETorae ShHRIRs, §Rn2E"
transparent arti ch@silitdrajold fBotles, fbessAHrRINMImEsinathalymet il deriraify have a

copol yners even though they may be exposed to conditions under which
t hey can cmpgoaier cemposition in the range oflabouked.d Yptsl ghairti10%. wafesabiyess

of the present invention s desi I carried out using either

di net hyl esters (%*?%f,o-%i?@%?f’“{g‘%e%h? Iﬁ%‘?'ﬂﬁ%s'i‘)?}f '?850#"% POIYeEnI ori des
(e.g., tere hal oyl 6'1’%??:[ i '

diacid as ap{rﬁeact ant . d‘iI:Eac Fl).#:%@@gs@ﬁﬂ%@%f@%%&%}léﬁ gpgeatgh%g{)mg? sp o&gﬁer,
preferred conditisuch asiweskl 32 esetboomake tragspareat optidat bdislesT tres emauat of

analogous 1o the e orbide moiety 13in 1hs range of bout 3 % fo Sbott 30 % on & molar
basis.
Some of these compositions (i.e. those having isosorbide at levels of
15 less than about 12 %) are semi-crystalline if they are cooled slowly from the
melt or if they are annealed above their glass transition temperatures, but
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 terephthaiate) compositions, so that it is easier to make
20 transparent articles that remain transparent using crystallizable copolymers
even though they may be exposed to conditions under which they can
crystallize.
The melt polymerization process of the present invention is desirably
carried out using either dimethyl esters (e.g., dimethyl terephthalate) or
25 diacid chiorides (e.g., terephthaloyl dichloride) as reactants or using the free
diacid as a reactant. Each process has its own preferred catalysts and
preferred conditions. These are described generally below. These are

analogous to the well known processes for making polyesters. The



-12- useful ness of these nethods in obtaining high nolecul ar

wei ght poly ' surprising in view of-the disclosures hy others
who have WO?E239€3??1 | sosor bi de pol yesters and in vieﬂE8P§?W@“5
general ly hel d expectations that secondary diols have | ow
reactivities and esters of secondary al cohols have 5 reduced t her mal
stability. These two processes are sonewhat different and are
descri bed bel ow. o S . . Dimethyl Ester Process
In this process, which is carried out in tl8-steps, diacid mononers

are used as their dinethyl ester derivatives. The diols (e.g., ethylene

gl ycol 10 and i sosorbide) are mxed with the dinethyl ester of the
diacid (e.g., usefulnedsrofithede mettegelatihabtdiringi high holecutaeweight polymerds er
i nt erchange catal yst, whi ch causes exchange of the diol for the

met hyl group of Sufpsisinichiptvigw of the disclesurasdyt othetrywha haveyverked withi cat i on

reaction. This result.g i ' | distills
out of the reac[%°88'9'$%?§'3/§§§eréghm b%@’d@étpe&e@ﬁﬂwgg%faggﬁéﬁgg@éause of
t he stoi chi onet E¥cEddripidols Aagé idW reskBURISE ahd"BSterd BRSecondary afchRoBHae of
diol are desirably added as reactants for the ester interchange

reaction. 5 reduced thermalstghitity. tThesedworpyocgsses arstsomewhatdifferegband

i nclude salts (usugll . acetates) of the followi ng netals: Li, Ca,
My, M, Zn, Pb, a%,eﬁ%ﬁ’eﬁiobe'owconbi nations thereof, Ti(OR) 4, where Ris an
al kyl group having 2 - 12 carbon atons, and PbO The catal yst
conponents are generally included in an anount of about 10 ppmto

about 100 ppm Preferred catal ysts DimetlgtEster Processi nt er change i ncl ude
M(OAc) 2, Co(OAc)2, and Zn(QOAc)2, where QAc is the . abbreviation for
acetate, and combi naif BliS Pragessovhich s cagied Qui i twa steps, diacid meapmeyst i n

the polycondensalt Bed s §EOF UianIste RRERled “fhe oiclh (bdf stiyiene oBicBI *
p?rticul ar{y goefldistsuebide) ardmhHed with tid diethylster of thedidend (d.g,, at | evel s
(0]

dimethyl terephthalate) in the presence of an ester interchange catalyst,
which causes exchange of the diol for the methyl group of the dimethyl
esters through a transesterification reaction. This results in the formation of
methanol, which distills out of the reaction flask and a diol adduct of the

15 diacid. Because of the stoichiometry of this reaction, somewhat more than
two moles of diol are desirably added as reactants for the ester interchange
reaction.

Catalysts that bring about ester interchange include salts (usually

acetates) of the following metals: Li, Ca, Mg, Mn, Zn, Pb, Sn, and

20 combinations thereof, Ti(OR)4', where R is an alkyl group having 2 - 12
carbon atoms, and PbO. The catalyst components are generally included in
an amount of about 10 pbm to about 100 ppm. Preferred catalysts for ester
interchange include Mn(OAc),, Co(OAc),, and Zn(OAc),, where OAc is the
abbreviation for acetate, and combinations thereof. The polycondensation

25 catalyst in the second stage of the reaction may be added now or at the
start of the polycondensation stage. A catalyst that has been used with

particularly good success is based on salts of Mn(ll) and Co(ll), at levels of



-13- about 50 to about 100 ppm each. These were used in the form
of Mh(ll) wossseliat e tetrahydrate and Co(ll) acetate tetr agpiAifdbessss

al t hough ot her salts of the sane netals may al so be used.

Ester interchange is desirably brought about by heating and stirring 5
the m xture of reactants under an inert atnosphere (e.g. nitrogen) at

at nospheric pressure fromroomtenperature to a tenperature high enough
to induce the ester interchange (about 150[@Irr]C)_. Met hanol is fornmed as a
by- product and distills out of the Tldactor. The reaction is
gradual ly heated to about 250[err]C-until nethanol evol ution stops.
The end of nethanol evol ution 10 can be recogni zed by a drop in the
over head t enper atabhout 50 to lsbout @ ppm, each. Thesswere used in the form of Ml |

o o O et ARt 65 B bte Rlrahifate AR st o™
reacti on nmedi um qﬂlgr?%gu{]ﬁlgglé g’f?ghé'%dlﬁé%ébe conponents in the vessel that

15 may subl i ne pa ol Umm.” The additive nust be inert and

not react with pédtepintdrshangelbMesirably tipsugtit@best be heatirkpanhe stifring
Preferably, the ~additive has a boiling point greater than 170[err]C,
more preferally vihemnixtureef reactants padefaninetiatmasphera G-2/iiregeN)@ and i s

di t_bet 0 0, W 9 .
botween about 0. MGG prysyre TR Bpt femperatufiy et tefhodtBieltidh EAGRN
addi tive is tetrapydgaarpilditéranRicHdnae (aBs@MB0E). ri:ﬂethandlﬁ&fd#ﬁ@dcﬁsmlbw'

et her, diphenyl sulfone and benzophenone. Qher such sol vents are
descri bed in U. S. prduetrandidigtis, @B®f theheeactort dinesreattiathiscgradually heated ther eby

o comenced by HARANEEEGumtl mEtARELARIHE SORSCANSI e AN AN GBI | ng
i oxanpl e of a o bé TR A AR Ine ThEiedls 1Ry IR BIAE rbadirE | <
amount of about Igedsel. about 100 ppm of phosphorous per gm of
dimethyl ester. An exaﬂlmeallogmgunt of an additive having a boiling point of 170 - 240°C
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
15 may sublime into the packed column. The additive must be inert and not
react with alcohols or DMT at temperatures below 300°C. Preferably, the
additive has a boiling point greater than 170°C, more preferably within the
range of 170°C to 240°C, and is used in an amount between about 0.05 and
10 wt %, more preferably between about 0.25 and 1 wt % of reaction
20 mixture. A preferred additive is tetrahydronaphthalene. Other examples
include diphenyl ether, diphenyl sulfone and benzophenone. Other such
solvents are described in U.S. Patent 4,294,956, the contents of which are
hereby incorporated by reference.
The second stage of the reaction is commenced by adding a
25 polycondensation catalyst and a sequestering agent for the
transesterification catalyst. Polyphosphoric acid is an example of a
sequestering agent and is normally added in an amount of about 10 to

about 100 ppm of phosphorous per gm of dimethyl ester. An example of a



-14- pol ycondensation catalyst is antinony (l111) oxide, which may
be used at awvoo9gssqrre | evel of 100 to about 400 ppm

pol ycondensation reaction is typically carried out at a PCT/ySes) g‘?gture
from about 250[err]C to 285[err]C During this tinme, diol distills out of
5 t he reaction due to condensation of the diol adduct of the diacid to
form pol yner and by-product ethylene glycol, which is collected as a
distillate. -

preferably carried out under vacuum'mhi ch can be applied while the
reactor is being heated to the tenperature of the polycondensation
reaction after polyphosphoric acid 10  and catal yst oxi de have been
added. Al t er nat pobicpndensatiom cadalystds appimony (111) oxide, athieh mayee used at a

pol ycondensation reactjon t e ure reaches 280[err]C - 285[err]C 1In
ei ther case, thge‘ﬂ"igg_%b@ﬁp PS&E‘C@@P@F ed by the a{npl i I:ation 01[ va!:uum
fleat i ng under \/acuuTT dohidrdeRsati tdackis i iblcally BahdFourfaehes | he

desi red nol ecul ar wei ght’, “usual 'y recogni ze an"increase In the nelt 15

viscosity to a pempdedterenfroraciboat260°Cto 885%C.oDaring ¢his diney wiol distitisoatioh t he
torque needed for the stirring notor to maintain stirring. For certain

conposi t i ond r anifee reagiiendvredeusendansatjan of the die! addyct o€ the diacidierfory solid

state pol ynerizat.i ri i -

Di aci d Process %Biﬁﬁ'er ﬂ%sﬁy-ppcﬁﬁec?g{%w %'V S@E‘gg'qhs's §|°'rlr?‘ft89 P F'ﬁg"%ff‘mat hyl
ester process except Thglolycondensafith tadictibRdes&ritsdd Abeas isPreferalslyicarridd at
| eads to the diol adduct of the diacid and . other |ow nolecular

wei ght esters i sutanderwam,avhigh san dietapplied avhiledhe reactor isheing heated to
(aut ogenous pre

sure, about to 50 psig).. |lnstead a -fold. .
excess of di ol s,%h%{%ﬂaﬂa re@%g@%?"@ﬁﬂﬁ@?@f@_ gptrga@mﬂoé%@élyﬁ?os&h}pg asid
(i sosor bi d?Oand_a?xH*'L%’talgét%)&de hévér-’,BGQn alfed! AiterERERL QaE\i?]rﬁ(rfafn' shpiied
pr oduct is a mxture of oligoners, since not “enough diol Is present
to generate a after the polycondensation reaction temperature reaches 280°C - 285°C. In

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
15 viscosity to a pre-determined level. This is observed as an increase in the
torque needed for the stirring motor to maintain stirring. For certain
composition ranges, the molecular weight can be increased further by solid

state polymerization, described below.

Diacid Process
20 The diacid process is similar to the dimethyl ester process except that
the initial esterification reaction that leads to the diol adduct of the diacid and
other low molecular weight esters is carried out at a slightly elevated
pressure (autogenous pressure, about 25 to 50 psig). Instead of a two-fold
excess of diols, a smaller excess (about 10% to about 60%) of diols
25 (isosorbide and other diols) is used. The intermediate esterification product

is a mixture of oligomers, since not enough diol is present to generate a

The .pol ycondensat,ion reacti on descri bed above is -



- 15- diester. The catalysts are also different. No added catal yst
i s necessary MO99/54119 the esterification reaction. CTUS06535

pol ycondensation catalyst (e.g., Sb(Ill) or Ti(IV) salts) is st IPF
desirable to achieve a high nol ecul ar wei ght polyner. The catalyst that is
5 needed to achieve a high nol ecul ar wei ght can be added after the
esterification reaction, or it can be conveniently charged with the
reactants at the beginning of the reaction. Catalysts that are
useful for making a high nmol ecul ar we1%ht pol ynmer directly fromthe
diacid and the diols include the acetate or other al kanoate salts of
Co(ll) and Sb(l11), oxides of Sb(lIl) and 10 G(lV), and Ti (OR) 4 (where
R. s an al kyl grodiestesyiThe catalysts 2re atsoddifferent. No added catalysti®heeasdsaby ini zed

oxi des of these taI %l % Jso be used. The use of these and
other catal ysts i er C@SQP& #GQNof pol yesters is wel | known in
the art. r t st eps,
but this is not 15 &%graéﬁé ﬁnpr%g%lyl c(ga(’)nsm );Brjrgg Iglg?!ﬁﬁ i t(mma be

carried out in steeﬁraiﬁe to achievéd bmng‘rﬁmtmta?vmightlpuwnefemm eataly@dtmss are
punped fromreactor to reactor i ncr easi ng tenper at ur es. In a
batch process th@%@%ﬂ%ﬁﬁ@e\@r@hlﬂbﬂapwlafwe'gm cagypenrodasaftprdheo a

DaLerr]C as pol yRmBragH o Teafor, A28 ACBH BobteriEh tharaed ith fie 378dgts
about 200[ err ] C gt UG of eGoadfish. ACx@AINGE atd STl rilking SRR ed.

Esterification to formdi ol adducts of diacid esters and oligoners
t akes pl ace at el mmb&wtartmgmrpnlymesdl(emwmtha)dﬂamdeambﬂ'latdjole imchadeatieut

220Ler 1] C L0 2651 eLiL Mrt: S0 SAS09URS Y RO eky I, BOBLS) sbiufaes,
PR B el stk )
reaction to rai seatoms). Glyduot solubitizat axidesiaflthese metal salts may also be used.
The use of these and other catalysts in the preparation of polyesters is well
known in the art.
The reaction may be carried out in discrete steps, but this is not
15 necessary. In practice on a large scale, it may be carried out in steps as
the reactants and intermediate products are pumped from reactor to reactor
at increasing temperatures. In a batch process, the reactants and catalyst
may be charged to a reactor at room temperature and then gradually heated
to about 285°C as polymer forms. The pressure is vented in the range of
20 about 200°C to about 250°C, and a vacuum is then desirably applied.
Esterification to form diol adducts of diacid esters and oligomers
takes place at elevated temperatures (between room temperature and about
220°C to 265°C under autogenous pressure), and polymer is made at
temperatures in the range of about 275°C to about 285°C under a high
25 vacuum (less than 10 Torr, preferably less than 1 Torr). The vacuum is
needed to remove residual diol and water vapor from the reaction to raise

the molecular weight.



-16- The progress of the polynerization can be foll owed by
the nelt WO 99343p0sity, which is easily observed by the tol‘é’l‘f@s&}ﬂ@srss' S
required to maintain stirring of the nolten polyner.

Solid State Polynerization 5 Pol ymers can be nmade by the nelt
condensation process described above havi ng adequate inherent
viscosity for many applications. Solid state pol ymeri zation.my be
used to achi eve even higher i nher ent V|500ﬁieles : (ol ecul ar

wei ght s) . The product nade by |t polynerization, after
extrudi ng, cooling, 10  and pelletizing, nmay be essentially
non-crystalline. Non-crystalline materi al can be nade

sem -crystal |i ne by Thapragiess ot theapolymekizationreandi {aliowed by thesmelt
transition terrperat or .an_e ended riod of ti Thi s duces
cryotal | st oniSePYHarhithd® SaSH ERScTied Braie ont 1F8ks Febdirad Yo BAMtain
tenperature to ¥ HRltes b ei ght. 15 The pol yner may
al so be crystalgftl z@%oppfeor to ? ﬁli“dé/ft ate pol ymeri zati on by
treatment with a relatively poor solvent for polyesters whi ch

I nduces crystallization. Such solvyents reduce the glass transition
tenperature (Tg) allow ng for cryéﬂﬂ’—I§J-QIQ@(-I-EZJlf-‘!'“—ééﬁ?&fh't R t induced
crystallization. f

ot ant. oo 5. 164, 4730 irS G Beyfaqd B Y higiedtdonb i pRucesg Besbled | |

reference. above having ﬁheqe@t@mmmt wAbtosiy fbohwmrapmcaumjsecs@lw $tatesol i d
state pol ynerization y placing the pelletized or pulverized pol yner

into a stream opolymerigatian g‘@y e used to aphigye gven highgeinhesentigrositigsyacuum
?Ln%e?g{Lre ofaﬁwge g?bﬁéghﬁ re;ﬁtgifended perPg; gelgg/theigg!tlng

' The product made by melt polymerization, after extruding, cooling,

10 and pelletizing, may be essentially non-crystalline. Non-crystalline material
- can be made semi-crystaliine by heating it to a temperature above the glass

transition temperature for an extended period of time. This induces

crystallization so that the product can then be heated to a higher

temperature to raise the molecular weight.

15 The polymer may also be crystallized prior to solid state
polymerization by treatment with a relatively poor solvent for polyesters
which induces crystallization. Such solvents reduce the glass transition
temperature (Tg) allowing for crystallization. Solvent induced crystallization
is known for polyesters and is described in U.S. Patent Nos. 5,164,478 and

20 3,684,766, which are incorporated herein by reference.

The semi-crystalline 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,
but below the melting temperature of the polymer for an extended period of

25 time.



-17- Addi tives It
shoul d, of cowws®isane apparent to those skilled in the art thpérRk&Gissss
additives may be included in the present conpositions. These additives

i nclude plasticizers; pignments; flane retardant additives, particularly, 5
decabr onodi phenyl ether and triaryl phosphates, such as

tri phenyl phosphate; reinforcing agents, such as glass fibers; thermal
stabilizers; ultraviolet tight stabilizers processing aids, inpact

nodifiers, flow enhancing additi ves,'ﬂﬂcl eating agents to increase
crystallinity, and the |ike. O her possible additives include
polymeric additives including ionomers, 10 liquid crystal polyners,

fl uoropol yners, ol efins including cyclic I , pol yam des,

et hyl ene vinyl acetate, copglyners and the |ike. oy This
invention is further ﬁT ?"Mg‘ﬁﬁj’a&e&?”ﬁ?' gﬁ@ﬁ"@ﬁ"ﬁ&? Hbosrcleosﬂ(_l“qddptﬂp%artm\at other
exanpl es. additives may pe included in.the resent cogmpo%ﬂﬁ.' Fhede additives

The pol yner nol ecul ar wel ghts are estimate ased on 1 nherent

viscosity (I.V.),inghdeplasticiress pigheritsy flamd Yetamdant additives, particulanty, of

pol ymer I n o-chl orgphenol at a tenperature of 25[err]C. The |levels

of catalyst 5  decgbmpadiphenycthanandddapiphesphptes. B4&eas on a conpari son

i ety ester, dipRsBlnloRo: Fontdikitaiscols s o8 s bRl hemia et € o7,
foll owi ng exanpl egatipsdrs] EaliBRt RGhDSIEGIliZES ippdcdkingedigd ninpatededifiers, flow
copol yners of 1, 4-butanedi ol and 1sosorbide (PBI(x)T), where (x)
specifically enhaneingradditvesheucleating agents (o increaseecrustgiiivity daridrtherike.

I i f 100% ' ati ' ' d.. F | e, PBI (10) T
erers to a 25 Ofer pRENPEANUN esitor Lie POBAHE ccliss i arans srestets:
di net hyl t 9 ' U SRR E P Qid ected if
all the 10 isl@g?%&?g%'l @ﬁ?ﬁgﬁ@%@ e rgfaélc’:?(i??"{%sl | ncgglggﬁgczgﬁﬁto t he
pol ymer . polyamides, ethylene vinyl acetate copolymers and the like.

This invention is further illustrated by the following non-limiting

examples.
Examples
15 The polymer molecular weights are estimated based on inherent

viscosity (1.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
of the metal with the weight of either the diacid or dimethyl ester, depending
20 on which monomer is used.
The following examples describe the polymerization of terephthalate
copolymers of 1,4-butanediol and isosorbide (PBI(x)T), where (x) specifically
refers to the amount of isosorbide expected in the polymer if 100%
incorporation is achieved. For example, a PBI{(10)T) refers fo a
25 polymerization where a polymer composition of 50% dimethy!
terephthalate/40 % butanediol/10% isosorbide is expected if all the

isosorbide charged to the reactor is incorporated into the polymer.



- 1:3| 4 W lI;xarrpl el A2 liter volune, 3 necked, cylindrical
wal | ed roungolekjipen gl ass flask, was fitted with a jaﬁ&g@gg r eaux
- e o

colum, distillation head, nitrogen inlet, and a stai

type stirring shaft, connected to a Cole Parnmer 5 Mast er Servodyne
stirrer notor. The flask was charged with 780.1 ¢ di met hyl
terepht hal ate (DMI), 117.6 g i sosorbide (1SQOS), ‘and:833.3g 1, 4-

but anedi ol (BD). The flask and contents were purged with nitrogen, then
0.84 g of titanium (1V) butoxide was. added8-The flask was placed in a

flui dized sand bath and the tenperature of the'bath was controlled with a
10 ti me/tenperature progranmmble controller. The tenperature of the flask

contents were By from 25 [err]C to 135 [err]C over a 50 m nute period,
t hen from err]Cto 200 [err] C over 50 minutes, held at 200

[err]C for 30 ninut @62 liter volume,rdneckes cylindrieel yalled oungbotiorp@lassd of 30

lerr] C for 120 Maskavas fitdd B ECeketer Moreay sl oibfioriobTheg piidrl 70
di nethyl ter epf}yg'glaﬁheaogﬁﬁﬁéksaé’ceém \ﬁﬁﬂ‘ifhﬁg shaft conficthée th Cdte Fipfmenched

180 [err]C and distillate was colT'ected as the reaction
m xture redchedfér Servoligne atides®dtorl Thesfiask was chargedewmith £80.1 g

the oo Sﬁﬁﬁ?ﬂeﬁgﬁteﬁéé@g@%ﬁ 16 Sisosaiig 408N AERL 3 145 he
pressure in 20 1l dicigqRR! SheHERRAnd" Gk RLRIGH durdsR ARG anbe 1 Tor i

over a period ecting t1 onal ate. The

reaction conti mug4lgtot tieadilieh (1V) butoxndalvmlédﬂed/\BTlglélﬂadevwasdmdom d he
i ncrease in torque recorded fromthe volt nmeter of the Master

Ser vodynﬁ st i r feidizeshsard bath ang thertempesatuce Qﬁﬂ‘e bath wagieontrqligdauith ager
vacuum t t
ter m!Jrr?at e or i |e{€arﬂge@ﬁt&8]?q?§§r@%g¢llel Y\% [ nit r%ég?ﬁ% turetﬁ? %é gk s

at nospheri c pr LONBIfts wilrd ?élsé@%hﬂ% ¢ to018H tECaver atsmrmmménpeqbasmehl ask
was broken and renoved fromthe p The polyner was cut with a

band saw and grframd 35 &tQ/WQeyCM\ﬂer%OThl@U@SobﬁU #lo?Qtree ford0 miautesed for
increased to 220 °C over a period of 30 minutes, then to 250 °C over 90

minutes, and finally held at 250 °C for 120 minutes. Transesterification of
15 the reactant diols with dimethyl terephthalate began as the reaction
temperature approached 180 °C and 200 mi of distillate was collected as
the reaction mixture reached 185 °C, and 300 ml was collected when the
reactants reached 205 °C. When the reaction mixture reached 225 °C, the
distillate receiver was replaced with a vacuum receiver and the pressure in
20 the reaction vessel was lowered from atmospheric to 1 Torr over a period of
1 hour while collecting additional distillate. The reaction continued to build
molecular weight as judged by the increase in torque recorded from the
millivolt meter of the Master Servodyne Stirrer controller. After 3 hours and
45 minutes under vacuum the torque had increased 85 millivolts and the
25 reaction was termlnated by allowing the ﬂask to fill with nitrogen to obtain
atmospheric pressure. After cooling to room temperature, the glass flask
was broken and removed from the polymer. The polymer was cut with a

band saw and ground in a Wiley Mill. The ground polymer was analyzed for




-19- conposition, wth proton NVR nol ecul ar wei ght by inherent
viscosity (|1 Wo99s4119 and thermal characterization by DSC, | perugdbo@gssl ass

transition tenperature (Tg), nmelting tenperature (peak of endotherm
(Trp), and the end tenperature of the nelting endotherm (Tn)) and the
heat of fusion (AH). 5 The data fromthe analysis of this polyner is
found in Table 1. . Exanples 2-7 Exanpl es 2-7 were made
in essentially the manner as Exanpl e 1, except for the anmount of

| sosor bi de added to the reaction m xture, Tﬂ%’data for Exanples 2-7
are found in Table 1. 10 Table 1

Ter epht hal at e Copol yners of |sosorbide and 1 But aned]

NVMR Anal ysi s of Paompasjtionhwihcproton NMREmlﬁﬂUlﬁ"IWﬁlgmy 'nh?ﬁ?“t vigeasiIVer r 1 H,

ver g Doy e erdpgelation by DSCoguging Gass vAEbfberktirt
20.4 49.6 15 (T&b melting téangkéréﬁﬁré- _{p% of ehttetal ?'Yné) ), Bn8%he end

50.2 45.2 221/ 231 0. 64 6

49.9 48.5 temperature of tﬁalnqaum endtherna {Trhpandathe heat ggfusm (<AH)

48.5 48.1 15/ 229/

49.5 47.2 5 Thesdata from ﬁm %'1?893!3 0&*9}"3 PéX@PQ??Péﬁ‘d n 839‘?’ 1. NM
NM 20 6 PBI (15)T 62 201/214/32 0.38 NM NM
7 PBI (25)T 60 176/190/4 0.21 NM N NM

The foll ow ng exeggﬁmglﬂri be the pol ynerization of polyners of
di methyl terephthalate (DMI), ethylene glycol (tEG) I sopht hal :E;:(?g%} d (1A
ntighe

and i sosor bi deEKaIfTSQi%?; 2(frmeredpade A7 $598 the mannetas g
refers to the amunt pé%‘;é the gmhnp SPEOL B8 EHFE the rddtBoR MiktiRe. The HaRa0

i ncorporation is &k
for Examples 2-7 are found in Table 1.

10 Table 1
Terephthalate Copolymers of Isosorbide and 1,4-Butanediol

[[NMR Analysis of Polymer, Mole %

Example | Polymer Tg, | Tmp/Tm/AH, LV, isosorbide | DMT | Butanediol
# °C °Cl°Cldperg | DUg
Control | PBT 45 | 224/234/41_|066 |0 504 1496
15 7 PBI(10)T |52 |212/223/47 059 [4 502 |45.2
2 PBI2.5)T |45 | 221/231/55 0.64 1.6 499 1485
3 PBI(G)T 49 | 219/234/49 0.29 34 48.5 | 481
4 PBI10)T |49 |215/229/47 |0.45 33 495 (472
5 P‘Bl('lO)T 47 2181227/51 0.57 NM NM NM
20 6 PBI(15)T |62 | 201/214/32 0.38 NM NM NM
7 PBI(25)T 160 | 176/190/4 0.21 NM NM NM

The following examples describe the polymerization of polymers of
dimethy terephthalate (DMT), ethylene glycol (EG), isophthalic acid (1A) and
isosorbide (isos) (PEI(X)T/IA(y)), where (x) specifically refers to the amount

25 of isosorbide expected in the polymer if 100% incorporation is achieved, and
(y) refers to the amount of isophthalic acid exbected in the polymer if 100 %
incorporation is achieved. For example, a PEN2)T/IA(1) refers to a

polymerization where a polymer composition of 49% DMT/48 % ethylene



(y) refers to the anount of isophthalic acid expected in the polyner if 100
% | Nna@y PB4all on i s achi eved. For exanple, a PEI(2) T"ﬁ},@fﬁﬂ b/dsSE S to
Isghiffes

a pol ynmeri zati on where a pol yner conposition of 49%

et hyl ene - 20-

gl ycol / 2% i sosorbide/1 % isophthalic acid is expected if all the isosorbide
charged to the reactor be incorporated into the polyner. : - . Exanple 8

The apparatus described in exanptie 1 was charged with 761.2 g-of 5 )
di ret hyl terephthalate, 23.4 g of i sosorbréfe; -553. 6 g of ethylene glycol,
0.306 g of manganese (I1) acetate, 0.206 g of Cobalt (Il) acetate, and
0. 342 g of antinony (111) oxide. The reaction'tinme/tenperature
profile was glycol295 ésusosbitig/ 1%k ssophthaiiaacidis expentadaf all éhecispsorbide t he

final tenperature wa 80 [err]C. A.tot of 350 m of distillate
was col | ect ed b‘ihqrﬁﬁgltq’ﬂ?ﬁ?@gqr&f[c’f‘? poigjed '"tﬁ%?ﬁpyrﬁ’@ached 240 [err]C, at

which tinme 1.925 g of a solution of pol yphosphoric acid i.n ethyl ene
glycol, containing 3.4 wt % phosphor ous, was added along with 13.3 g
of isophthalic Bxarfiple8the reaction vessel. The distillate receiver
was replaced with a vacuumreceiver and the pressure in t he reaction

vessel was | owered fFhgraRPaisdyhdesasibed in example{ avaschasged withi 76152 g of1 hour
whi | 1 ecti di t.| Lst ikl . Th ' | d ild
ol ecut ar o orAmRINY eEEtAAE, 23,4 PListRSElde Giaa o B BV aBRL e
mllivolt neterggbeider Man§afeselil aed¥tie,¥.206 grof CEBAIOI) %betaféi,ta?fd @.3hours

and 40 m nutes under vacuumthe torque had increased 110 mllivolts
and the g ohantimanydldl) oidei narecreaptiomtimefiemperaiaire prafite wasf i |1 with

N1 0gen 0 00t b Oy tne ARGk SRSt bEoerd et S s

280 °C. A total of 350 ml of distillate was collected by the time the reaction

10  mixture reached 240 °C, at which time 1.925 g of a solution of

' polyphosphoric acid in ethylene glycol, containing 3.4 wt % phosphorous,
was added along with 13.3 g of isophthalic acid to the reaction vessel. The
distillate receiver was replaced with a vacuum receiver and the pressure in
the reaction vessel was lowered from atmospheric to 1 Torr over a period of

15 1 hour while collecting additional distillate. The reaction continued to build
molecular weight as judged by the increase in torque recorded from the
millivolt meter of the Master Servodyne Stirrer controller. After 2 hours and
40 minutes under vacuum the torque had increased 110 millivolts and the
reaction was terminated by allowing the fiask to fill with nitrogen to obtain

20 atmospheric pressure. The polymer was recovered and analyzed as in
example 1. The data is found in Table 2.



_91. Tabl e 2

Pol yners of D[vowedsmis Ter epht hal at e, | sophtplgalisoo/dusssl,
| sosor bi de and Et hyl ene d ycol
NMR Anal ysis of Polyner, Mle % Exanpl e Polynmer Tg, Tnp/ Tnml AH 1V,

- 1SS EG DEG DMI I1AS # C DL/ g
Control PET/ 78 243/ 259/36 0.52 . 0 48.3 1.5 48.5 1.6
I A(L1.5) 8 PEI (2) T/ 80 242/229‘/38 0.52 1.4 46.4 1.8
49.4 1.1 1A (1) foll ow ng exanpl es descri be
the pol ynerization of terephthal ate copolynmers of 1,3 -propanedi ol
(PG and isosorbide (PPl (x)T), where (x) 10 speC|f|caIIy refers to the
anount of isosorbide expected in the pol y 100%| ncorporation is

pol ymer conposition of 50% DM/ 4 os rbide is
expected if all the isosorbisge “(’:"ﬁ!i? 68'6‘ !%939 i ncor porat ed
into the pol ymer. 15 Exanpl e 9 Alliter fl |

achi eved. For exanpl e, a PPl (5); ree{_se(r) r| zation where a
,@eangéf

in
exanpl e 1, but heated by an oil bath, was c NMRARglsis effiPoly fﬂb'en/o
di met hyl t er epht H&kamme | PayB® GTof | Topsol &, | 1SOS |E9. JD§G |DMT

1, 3- pr opanedidol ,

(I'l) acetate, ang
reached 250 [err]
gl ycol, containin
and the reaction

hdanese ale.  0{05319 of cabal t

nt8 npAiP/25PRE ) Sﬁ?dﬂo Whefe$ né-Sr eaé?-?o%_’gg

h solutiaon of | vhhaosnhorid acidin

% h PRSP fa s éad< &4t o f“ﬁ‘é act A
beedlunder vaduum Latte:

| ene
ture,

H
\JU Tll [1UL O LU 1ITC

The following examples describe the polymerization of terephthalate
copolymers of 1,3 -propanediol (PG) and isosorbide (PPI(x)T), where (x)
10 specifically refers to the amount of isosorbide expected in the polymer if
100% incorporation is achieved. For example, a PPI(5)T) refers to a
polymerization where a polymer composition of 50% DMT/45 %
propanediol/5% isosorbide is expected if all the isosorbide charged to the

reactor is incorporated into the polymer.

15 Example 9
A 1 liter flask, equipped as in example 1, but heated by an oil bath, was

charged with 194.29 g of dimethyl terephthalate, 14.69 g of isosorbide,
167.4 g 1,3-propanediol, 0.078 g of manganese (Il) acetate, 0.053 g of
cobalt (Il) acetate, and 0.087 g of antimony (lil) oxide. When the reaction

20 reached 250 °C 0.491 g of a solution of polyphosphoric acid in ethylene
glycol, containing 3.4 wt % phosphorous, was added to the reaction mixture,
and the reaction vessel was placed under vacuum, After 90 minutes the
vacuum reached 1 Torr where it remained for an additional 115 minutes until
the reaction was terminated by allowing the flask to fill with nitrogen to

25 obtain atmospheric pressure. The polymer was recovered and analyzed as

in example 1. The data is found in Table 3.



vacuum reached 1 Torr where it renmnined for an additional 115 m nutes until
the reacti ogyg\gssiRr M nated by allowing the flask to fill chqllgﬂ.ﬁ/ﬁ en to
and a

25 obt ai n at nospheric pressure. The pol ymer was recovere nal'yzed
as in exanple.1. The data is found in Table 3.

- 22- Tabl e 3
Pol ymrers of Dinethyl Terephthal ate, _ o
1, 3- Propanedi ol ,. ‘and | sosor bi de

NMR Anal ysis of Polyner, Mle % Exédrpl e Pol ymer Tg, Tnp/ Tmi[err]H,.
|.V., Isosorbide DMr PG ' ~ Jerr]C ' '
[err]C/[err]C/J per g dL/g b5 Control PPT 53 226/236/53 0.3

Consi stent with PPT 9 PPI (5Yable3® 224/231/51 0.28 0.3 48.9

49. 4 The foll ow ng exanpl es describe the polynerization of
5)0|4ym9r|s gf di rreg hyl t}] PeNrEReddithdthferesththilatee )gl {EEE(()E'IC'?( )

, 4- cycl ohexane i met hangly_ idi SHP 4l sos X :
where (y) specifically 10 r ef Zfssﬁ@(?a?'%gidénoun{sggg%ildséosor bi de expect eé in
the polyner if 100% i ncorporation i s achi-ey — ,rs;/tothe
amount of 1 ,4- ; Q SEyEar—Hf 100

/
rerers jto a
L

% i ncor por at i or] T€MRERi QYRS Eé'r 02750“ XAk el
1 I wawhaor e H a Z + N
pol ymer i zatd on oI 53— T25613 ¥ -%I-égi- . Yoettyl ene
377

| sosor bi de charged—totte reactor pe T TICor por ated 1 1to the poryner.

The following examples describe the polymerization of polymers of
dimethyl terephthalate (DMT), ethylene glycol (EG), 1,4-cyclohexane
dimethano! (C) and isosorbide (Isos) (PEC(x)TI(y)), where (y) specifically

10 refers to the amount of isosorbide expected in the polymer if 100%
incorporation is achieved, and (x) refers to the amount of 1,4-cyclohexane
dimethanol expected in the polymer if 100 % incorporation is achieved. For
example, a PEC(5)TI(5) refers to a polymerization where a polymer
composition of 50% DMT/40 % ethylene glycol/5% cyclohexane

15 dimethanol/5% isosorbide is expected if all the isosorbide charged to the

reactor be incorporated into the polymer.

Example 10
A 1 liter flask, equipped as in example 1, but heated by an oil bath,

was charged with 194.2 g of dimethyl terephthalate, 14.6 g of isosorbide,

20 128.5 g of 1,4-butanediol, 14.2 g of 1,4-cyclohexanedimethanol (30/70
cis/trans ratio), 0.078 g of manganese (ll) acetate, 0.053 g of cobalt (II)
acetate, and 0.087 g of antimony (I1l) oxide. When the reaction reached 250
°C, 0.491 g of a solution of polyphosphoric acid in ethylene glycol,
containing 3.4 wt % phosphorous, was added to the reaction mixture, and

25 the reaction vessel was placed under vacuum. After 24 minutes a vacuum

of 2 Torr was obtained, and vacuum was continued for an additional 170



Exanpl e 10 Al liter flask, equipped as in exanple 1, but
heat ed by an WOBYb#th, was charged with 194.2 g of di iaydessnesss
terephthal ate, 14.6 g of isosorbide, 20 128.5 g of 1,4-butanediol, 14.2
g of 1, 4-cycl ohexanedi net hanol (30/70 cis/trans ratio), 0.078 g of
manganese (I1) acetate, 0.053 g of cobalt (I1) acetate, and 0.087 g
of antimony (111) oxide. Wien the reaction reached 250 [err]C, 0.491
g of a solution of polyphosphoric acid in e% yl ene glycol, ' '
containing 3.4 w % phosphorous, was added "9 the reaction m xture, and 25
the reaction vessel was placed under vacuum After 24 minutes a vacuum

of 2 Torr was obtained, and vacuum was continued for an additional 170

- 23- m muipytesutil the: neactiemwas serminated dyraliowirgitheflask tevilivgth he
flask to fill with Itrogen to.obtain atnospheric pressure.  Th

ol yer was T ecolbrpR@Biah SMOSpAeH e er TR INGF Wt FREeted 21
found in Tabl € 4gnalyzed asin example 1. The data is found in Table 4, ~ Table 4 5
Pol ymers of Di nmethyl® Terephthal at e, 1, 4- Cycl ohexane

D net hanol , 1, 4-But anedi ol and | sosorbi de Exanpl e # Pol ymer

Tg, [err]C Tnp/Tmi[err]H l.V., dL/g Contr ol PBC( 5T

50 187/ 206/ 35 0.4 Exanpl dak® 4 pPBC(5) TI (5) 48 Not
observed 0. 23 10 The foll owi ng exanpl es describe the

pol ymeri zati dn of polyners of PolymersiohBingthylZleé8epbibhtatal ene di car boxyl at e
(NDC), ethylene glycol 1(4&Cyclochexane Dimsthandl, da-Blianediol and Isusiorisidal | y

di met hyl terephthalate (PEI(xX)N(y)T), where (x) specifically refers
to the amount of [ExERREH UTPEFMECt €0 TT7E EnEEN TV, diig
Control PBC(5)T 50 187/206/35 0.4
Example 10 PBC(5)TI(5) 48 Not observed 0.23
10 The foliowing examples describe the polymerization of polymers of

dimethyl 2,6-naphthalene dicarboxylate (NDC), ethylene glycot (EG),
isosorbide (Isos), and optionally dimethyl {erephthalate (PEI(x)N(y)T), where
(x) specifically refers to the amount of isosorbide expected in the polymer if
100% incorporation is achieved, and (y) refers to the amount of naphthalene

15 dicarboxylate expected in the polymer if 100 % incorporation is achieved.
For example, a PEI(10)N(45)T refers to a polymerization where a polymer
composition of 5% DMT/40 % ethylene glycol/10% isosorbide/45%
naphthalene dicarboxylate is expected if all the isosorbide charged to the
reactor be incorporated into the polymer.

20 Example 11
A 4 liter volume, 3 necked, cylindrical walled round bottom glass

flask, was fitted with a jacketed Vigreaux column, distillation head, nitrogen
inlet, and a stainless steel C type stirring shaft, connected to a Cole Parmer
Master Servodyne stirrer motor. The flask was charged with 2442 g of

25 dimethyl 2,6-naphthalene dicarboxylate (NDC), 293 g isosorbide (ISOS),
1285 g of ethylene glycol, 0.98 g manganese (I} acetate, 0.67 g cobalt (Il)



100% i ncorporation is achieved, and (y) refers to the anount of napht hal ene
15 di car ke ydsuip expected in the polyner if 100 % ncorpol;(?It

achi eved. For exanple, a PEI(1 O)N(45)T refers to a polyneri za§| on
where a pol yner conposition of 5% DMI/ 40 % et hyl ene glycol/1 0%

| sosor bi de/ 45% napht hal ene di carboxylate is expected if all the

i sosorbide charged to the reactor be incorporated into the pol ymer.
20 - Exanple 11 A 4 liter volume, 3 necked, cylindrical )
wal | ed round bottom gl ass flask, weddfitted with a jacketed Vigreaux,
colum, distillation head, nitrogen " inlet, and a stainless steel C
type stirring shaft, connected to a Col e Par ner ' Mast er Servodyne

stirrer notor. atetatelamki Masg ohantimony\(|lihoxidd  The Baskand codtemis were

2, 6- ht hal d | at N 85 )
o e e s Wi tronsn AuRlaced n 8 SLEaLsansT egtﬁﬁsﬁsme(awse ?

- 24- 516 Bl thak- cHhuBigd yAR'd fRBKoHbblaruRbiErarfifle A5ty
IR AuRtpera

contents were ni trogen ur dr zed sand

bath. The tenpeTigd tdrﬁperature oﬁthé ﬂaslbecbrh‘temwv@r@n'ai‘sddlfﬂﬂnma tC0 150 °C
time/tenperature programmabl e controller. t enperature of the

flask cont én'é s Quera &mewtefpemdzgwqr‘efmmdﬁoo°qgm2?@rQwerﬁo mivies,hedd
t C .
500 Forr]c ra2oy ok T BihdRE! Hcledsed Jo 288" Koo i peted aF BhFnutES; g

m nutes, thbhﬁta 280 @Qvéﬁsw Min@es! thed t@BOBt@ovéMBotrﬁina%‘S éfsd,] C over
a 30 mnute period and finally held at 305 [err}C for 100 m nut es.
Transesterifi caamnbﬁnaify heid at 305 °C fos400aninuteiso| Bransestediicatiomyof the

ana 770 i of credtia st b Bt Sh 1P RGofe beaap epgfbTesdiol e |
Eached 200 [ ahfioapfith 1080 Crind 270 0k PRSP ARG 86186 actin
pol yphosphori c mbitdre neaehédlzeeé’mlaﬁddlmoqnhWas nou@tedwrm Mepbastaints ous)
Has added mhen  hed 285 <G, Polyphosphont 4cd (6.8 g'of & soluion of - o7 M Xture
polyphosphoric acid in ethylene glycol, containing 3.4 wt % phosphorous)
was added when the reaction reached 250 °C. When the reaction mixture
156 - reached 285 °C, the distillate receiver was replaced with a vacuum receiver
and the pressure in the reaction vessel was lowered from atmospheric to 1
Torr over a period of 30 minutes while collecting additional distillate. The
reaction contimjed to build molecular weight as judged by the increase in
torque recorded from the millivolt meter of the Master Servodyne Stirrer
20 controller. After 1 hour and 45 minutes under vacuum the torque had
increased 95 millivolts and the reaction was terminated by allowing the flask
to fill with nitrogen to obtain atmospheric pressure. After cooling to room
temperature, the glass flask was broken and removed from the polymer.
The polymer was cut with a band saw and ground in a Wiley Mill. The
25 ground polymer was analyzed for composition, with proton NMR, molecular
weight by inherent viscosity (IV), and thermal characterization by DSC,
including glass transition temperature (Tg), melting temperature (peak of

endotherm (Tmp), and the end temperature of the meiting endotherm (Tm))



15 reached 285 [err]C, the distillate receiver was replaced wth a vacuum
receiver WO geskitohe pressure in the reaction vessel was |g fu?ﬁ;

at nospheric to 1 Torr over a period of 30 m nutes vvhllec |ng
additional distillate. The reaction continued to build nol ecul ar

wei ght as judged by the increase in torque recorded fromthe
mllivolt meter of the Master Servodyne Stirrer 20 controller. After 1
hour and 45 m nutes under vacuumthe torque d . i ncreased 95 )
ml-livolts and the reaction was termn nated ~all owi ng the flask to
fill with nitrogen to obtain atnospheric pressure. After cooling to room
tenperature, the glass flask was broken and renoved fromthe pol r..

The pol ymer was candihe heat offksion4dHindihgdatmiiomiihe analysis ofithis potyeenis
ground pol yner vva c@ y’z%ﬁi gor conposition, with proton NVR, nol ecul ar
wei ght by inheren Bod (IV), and thermal characterization by DSC,
including glass transition tenperature (Tg), nelting tenperature (peak of
endot herm (Tnp), .and the end tenperature of the nelting endotherm (Tm)

- 25- andExbmpled® of fusion ([err]H). The data fromthe anal ysi s
of this polyner is ound in Table
A2 liter flask, equip l!tggﬁa%@ﬁpweed.as d@@&ﬁ%%mquam%@ @hwagé@a@ed with

naphi hal ene. of EQW&W@@#@B@W&@@W% btk sl ThEtmdndacy o o
et hyl ene gl ycol AaBBalrerisntonfall NDGY 65 gor Bodsbidb (908) 538,51 o

acetate and 0.417 g of antinony (I11) oxide. he reactants
reached 263 [err] ejhylene glycd, QBZS@ mangangseil) apetate, w%g@gbakbﬂi)camw in

et hyl ene gl ycol, a p ous S
reaction vessel . @to 49@09 %gﬁntlmony Amb?’ﬂg/ﬁcwli‘/%% é@BG@ng%reéﬁg ‘igggy?;d as
in exanple 11. ThQ.S*@ftg%f 8'solufibf of polyphosHoticRicid # dtABHe gfychfRbRtating
10 3.4 wt % phosphorous, was added to the reaction vessel. The reaction
product was recovered and analyzed as in example 11. The data for this

polymer is found in Table 5.

Example 13
A 2 liter flask, equipped as described in example 11, was charged

15 with 737.9 g of dimethy! terephthalate (DMT), 48.8 g of dimethyl 2,6-
naphthalene dicarboxylate (NDC), 58.5 g of isosorbide (1ISOS), 513.9 g of
ethylene glycol, 0.316 g manganese (Il) acetate, 0.216 g cobalt (i) acetate
and 0.353 g of antimony (lll) oxide, When the reactants reached 258 °C,
1.96 g of a solution of polyphosphoric acid in ethylene glycol, containing 3.4

20 wt % phosphorous, was added to the reaction vessel. The reaction product
was recovered and analyzed as in example 11. The data for this polymer is
found in Table 5.



Exanpl e 13 A 2 liter flask, equipped as described in exanple
11, was chamyeobsupis wth 737.9 g of dinethyl terephthal ate %?P/Oés%'ss g

of di nethyl 2,6- napht hal ene di carboxyl ate (NDC), 58. é"

i sosorbide (1S0CS), 513.9 g of et hyl ene glycol, 0.316 g nanganese

(I'l) acetate, 0.216 g cobalt (I11) acetate and 0.353 g of antinony
(I'11) oxide. Wien the reactants reached 258 {err]C, - - :1.96 g of a . .
sol ution of- pol yphosphoric acid in ethylene glycol, contai ning 3.4 20°  w
% phosphorous, was added.to the reaction vé@sel. The reaction product
was recovered and anal yzed as in exanple 11. "The data for this polyner is-
found in Table 5. - 26-
Table 5 Pol yners of Difableyd 2, 6- Napht hal ene

] I rbi de, and tionall
3 fna;{ Eoi(yl ate, Polyrr%rgyclf%]lrene%))f %?A-Napﬁﬁwsa?ené Dicarboxylgtg, Y
yl Terepht hal at e ; ) ]
NMR Anal ysis of PolEtRene Glycol, Ispsarhisies and Gptionally DimetiiyhJeteptithalate,

I.V., 1S0s EG DEG N DC DMr ' [err]C
[err]C/[err]C/Jper g PD/g B Cont r ol PEN | NMR sispbPoling?/ 24 0. 34
Consi st ent wi t H SSHeRe, [[Pharer PE:&% TEPSS“!,@?& B (16598 | EG | DEG §ac N@yT
0.25  6.55 31 ool PREN'O- O [ 177 | 260227224 ] 038 | Conssigntwiih Spectrum of FER > V€0
‘Control  PEN(#) F—HBeritiNt 2T ot 24— — e TEe s Tt
observed 12 PEI (10) | obsdntei Not . 38 1 2. 4.6
48.2 2.8 Control PEN(45)IN(} 453 |/ Not aer yed 454 | 45137453 g.)sT 1 (10) |
NM NN XM rvedN\IM NM N
84 218/229/1 15 PEI(10) [ 121 W 038 |19 [425 [46 [482 |28
' N{45)T Observed
13 PEI(10) 84 | 218/220/1 | NM NM— |[NM |[NM | NM | NM |
N(5)T

10 Example 14
The following polymerization reactants are added to a 4-liter

polymerization fiask fitted with a jacketed Vigreux column with air cooling, a
mechanical stirrer, and a water-cooled condenser: dimethyl terephthalate
(780.133g), isosorbide (70.531g), and ethylene glycol (531.211g). The

15 reactants are present in a mole ratio of 1: 0.12: 2.13, respectively. The
catalyst is also charged and consists of Mn(ll) acetate tetrahydrate (0.296g)
Co(ll) acetate tetrahydrate (0.214g), and Sb(lll) oxide (0.350g). This
corresponds to 85 ppm manganese (weight of metal as a fraction of the
weight of dimethyl terephthalate), 65 ppm cobalt, and 375 ppm antimony.

3

20 The flask is purged with a stream of nitrogen while the temperature is raised
to 150°C over a period of one hour, using a fluidized sand bath as a heating
medium. At this time, the nitrogen purge is stopped and the evolution of
methanol commences. Methanol is continuously collected as the reaction is
further heated to 250°C over the course of approximately 2 hours. By noting

25 when the temperature drops at the top of the Vigreux column it is possible to
determine the end of methanol evolution, indicating the finish of the first step

of the reaction, which is the transesterification of the diols and dimethyl




10 Exanpl e 14 The foll ow ng polynerization reactants are
added to a 4- WO #%754119 pol ynmerization flask fitted with a jpetfﬁ,g;gggsss
Vigreux colum with air cooling, a mechani cal stirrer, and a

wat er --cool ed condenser: di nethyl terephthal ate (780.1339),

| sosorbi de (70.531g), and ethylene glycol (531.21 1g). The 15 reactants
are present in a nole ratio of 1: 0.12: 2.13, respectively. The

catalyst is also charged and consists of Mi(l]J) acetate tetrahydrate

(0. 2969), Co(ll) acetate tetrahydraf€"(0.214g), and Sb(l11) oxide
(0.350g). This corresponds to 85 ppm nmanganese - (wei ght of netal as a
fraction of the wei ght of di nethyl tereggst hal ate), 65 ppm cobalt

and 375 ppm ant i nistgphthelate. Atrtids point IB2i pprp of ghesphioreusiissaddesindhe form eben

while the tenperature is raised. . .10.150[ err VR a_per,i of . one
nour - using T o BoBBOSHRARC SR saltion i S Tage Sedt. T fiis, el 1. 864¢ L e
time, the nitroge hi [ f I
commences. Met han%f‘gﬁgrg’g%mté? ﬁ’ﬁg%ﬁcggﬁ?@f%%g@ ﬁéabrrglgg iogr‘? oilyspH&bﬁéﬁ@
further heated toa¢iiGohitionds ased. tHemtingus sentirfuealp pFhexreastien ys Redtedits. By

noting 25 when_the tenperature drops at the top of the Vigreux colum it
is possible th 285 COﬁ%P?ﬁ'%OEWLE@d‘WrS-mY?ﬁH%I'Séhﬁﬂ@EFP‘!%"; i ndi cating

e 0L, el by Sk By oan 4 bl FRGLA St Bl horc ac
- 27- t er egibtidviisedddedMvhidh Sllod the,hedBng BR85° O s iteed Yastes ardded
in the form of a pol yphosphoric acid solution in ethylene glycol. In
this case, 1.854gthes regeires a shorter time (about 12 hours). During this time, ethylene
glycol distills off, and a low molecular weight polymer forms. Once the
10 reaction reaches 285°C, it is placed under vacuum if it has not already been
placed under vacuum. [t is preferred to achieve a vacuum of less than 1
Torr. The molten polymer is heated under vacuum at 285°C for about 2
hours, until the polymer achieves sufficient melt viscosity, as determined by
an increase in forque of the stirrer, When sufficient viscosity is achieved,
15 the polymerization is stopped, and the flask is removed from the sand bath.
The molten polymer is extruded and pelletized, or the cooled polymer
is removed from the flask and ground. The chopped, ground or pelletized
polymer is laid out on an aluminum pan in an oven. Under a nitrogen
stream, the polymer is heated to 115°C over a period of 4 hours and then
20 held at that temperature for another 6 hours. This allows the polymer flake
to partially crystallize. After this treatment, the polymer is placed in a stream
of nitrogen and heated, again over a period of 4 hours, to 120°-195°C and
held at this elevated temperature for another 12 hours. This effects a solid-
state polymerization and allows the molecular weight to be significantly
25 increased, as judged by the inherent viscosity (1.V.) of the polymer solution
in ortho-chlorophenol. The solution 1.V, of the material increases from about

0.5 dL/g to about 0.7 dL/g during the solid state polymerization.



solution, which has a concentration of 10.91g P per 100g of pol yphosphoric
acid soluti wopmsqyped. Heating is continued. The reaction is %ed to 5
285[err] C over a period of about 2 hours. Vacuumis then appll)' 399/06535

Al ternatively vacuum can be applied gradually after the pol yphosphoric acid
solution is added, which allows the heating to 285[err]C to proceed faster,
and . thus requires a shorter time (about 12 hours). During this tine,
ethylene - - glycol distills-off, and.a | ow nol ecul ar. wei ght pol yner.
forms. Once the 100 reaction reaches 285[®8r]C, it 'is placed under vacuum
if it has not already been pl aced under vacuum It is preferred to
achi eve a vacuum of less than 1 Torr. The nolten polyner is heated
under vacuum at 285[ dhe]nohiemenboittomposition of Hwpslyment detetineddyypreton

hi ffici I ' ' - i ned. b ) [
e VeSS 5L Bebbliod e STRE ittt SHERE '
pol ymeri zati on bﬁd%@@%%puﬁgﬂiéaﬁdfp éel%rb%c{?e&%‘?’a‘?ﬁ%l@%@fttﬁ@ p%@rf’rger{g?fig'

The nolten polyner 1s extr I ze e cooled

is renoved fromnbtevdrttas khatrthe aintaurd of Bosordide pethe olwmerdistaprekineiteiyed

polynmer is laid out on an alum numpan in an oven. Under a nitrogen
stream t hedpol alfof the ameuatithad wasicharaed. (when epmparast witly the amobstiets and

bol ymer 11 ake  tetephitje sERE ftedcfed Bbs R ibs folt e Wilalirent . « ne
pol ymer is placedpédialy ﬁ\tthéaéfhyleng glyc@f. Thé bRRIRt éf‘%oggﬁ@éiin @Bl R¥E’ @

period of 4 hours, to 190[err]-1 [err]C and h at thi's el evated
t enper at ure for bydbisrpcass thoeiis verpidepepteston the efficiemcy of the distiliation or

pol ymeri zation and all ows.the pol lar weight to be significantly 25

i ncreased, as j@ @eﬂﬁ%l‘f’é‘ ri"ﬁﬂ&dgﬁﬁaﬁ?r? ip the p{poess; r)% ﬁ‘@ﬁifﬂpgﬁ%@%mer
sol ution ' i tpéﬂfdw ' i t tal
i ncreases ;‘]9om gggdteéﬂlﬂpeéigbﬁg 5 L) g ergEEﬁsﬁ?ﬂa%% ?@g?_r}jén\édtﬁ relgép"?ﬁée@éﬁtl'%
st at e pol yneri zaf thereactor, distillation columns, and the like.

-28- The nononer unit conposition of the pol'yrrer, det erm ned
by proton NVR, is about 3% i sosorbide, 46% ethylene glycol, 1 %

di et hyl ene gl ychamgle 415 and 50%terephthalic acid, all expressed as a
nole % of the po r. 1t is not ewort hy that the anount of

i sosorbide in the polfhedollowinggponomers areyadded to a 5-gallon reactor: terephthalic |

acid, 8,638.9g; isosorbide, 911.9g; and ethylene glycol, 3,808.5g. The |

15 reactants are present in a mole ratio of 1: 0.12: 1.18, respectively. Catalyét
components are also added at this time, as follows: Co(ll) acetate
tetrahydrate, 1.825g; and Sb(lll) oxide; 3.103g. The catalyst amounts
correspond to 50 ppm cobalt and 275 ppm antimony, expressed as the
weight of metal compared with the weight of terephthalic acid. The

20 polymerization reactor is equipped with a fractional distillation column and a
stirrer. The reactor is purged with nitrogen and then closed under 50 psig of
nitrogen pressure. The temperature is raised to 265°C over a period of
about five hours while the reactants are stirred. The pressure increases to
70 psig during this time, as esterification takes place. At the end of this time |

25 period, the pressure is vented back to 50 psig. Water and ethylene glycol
distill from the reactor. The temperature is maintained at 265°C. Within an

hour, the contents of the reactor are a clear, viscous melt.




5 hal f of the anpbunt that was charged, when conpared with the amount of
terepht hal i c awOdysddpy eact ed i sosorbide was found in the diStQkhﬁkﬁﬁosss
especially in the ethylene glycol. The anmobunt of isosorbide in e polymer
by this process thus is very dependent on the efficiency of the
distillation or ot her separation nethods that are used in the
process. A skilled practitioner 10 can readily establish.specific
process details. according to the character|s£é§ of the reactor,
distillation colums, and the |ike anple 15 The
foll ow ng nononmers are added to a 5-gallon reactor: terephthallc

acid, 8,638.99; isosorbide, 911 .99g; and ethylene glycol, 3,6808.5g. The 15
reactants are present Theaexnesepmsum iofthe reawtards them%entaésﬁemlﬂw f

Cat al yst nent oadddat 1 tine foIIo OoII
acet at o  coMRRgH avedl andpdliprish O%e?tﬂ%%&a&%ht Siis)

catal yst amounts n,mnaqg |ﬁﬂfﬁw§$r8&?9. a?%ﬂ@&b o! tﬁi‘u‘f‘ﬁyp%enﬁ)gﬂb%draﬁé‘y’

expressed as the conpar e

terepht hal i c aci d{wdight Bﬂphosmofmommtrealwwhethetvmigms)faquchwctd) dhe
fractional distillation colum and a he reactor |s purged
wi th ni t r ogend and rearder ig|ther plagad andeovassiug, cyvhlle the reaﬁpr

ours whi 1 o e r BRbIGTEEUEP BB or 3HEC.” 1RE Hhdlefien et water a§9 ookt ¥,

psi g during this Yigreonfifues SAR Litih&tavaBiurhfaSTdH ACRachiéd WitRireaw hedir. t hi 5
time 25 period, the pressure is vented back to 50 psig. Water and

et hyl ene gl ycol Polymemﬁiﬂmnlandfmsilﬂatltbmcomﬁmedor affladditiompb? aBihaurs,sat

mai nt ai ned at 265C. contents, of . t reactor are
a clear, viscous M@!‘%‘Y ttmthe torque of the s%rrer reac%esapre— etermmetﬁeve? ﬁ'th

- 29- & b d. A
sol ution of 10 poQ/t hyrzgﬁéﬁgﬁsycg?é\%n%gﬁpg 3?) I{oé?p cpgsc%)gr#gazgfﬁelﬁht %
phosphorous) is reactor, puaipddamdlt:boppw reactor. Th| s corresponds to about
50 ppm phosphor ous . (wei gh hosphorous conpared wi th_t he welght
of terephthalic acid). Tfiggolymeris nearl{/) identical to the polymer made in Example 1
before solid state polymerization. It has an inherent viscosity of about
0.5 dL/g. The monomer composition of the polymer, determined by proton
15 NMR, is as follows: terephthalic acid, 50%; isosorbide, 3%; ethylene glycol,
46%; and diethylene glycol, 1%. lts inherent viscosity is increased further
from about 0.5 dL/g to about 0.7 dL/g, using the same solid state

polymerization procedure as was used in Example 14.

Example 16
20 Purified terephthalic acid (7.48 kg), isosotbide (3.55 kg), and ethylene

glycol (1.70 kg) are placed in a stainless steel stirred reactor preheated to
70°C under nitrogen purge at atmospheric pressure. The reactor is
equipped with a packed distillation column. The monomer composition
corresponds to a mole ratio of terephthalic acid; ethylene glycol: isosorbide
25 of 1:0.61:0.54. The reactor was heated to 285°C within three hours and the
reaction mixture was kept under a positive pressure of 50-60 psi. During

this time, a distillate of mostly water is collected from the packed column.



5 reactor is then placed under vacuum while the reactor is heated to

t he O 9saii9zat i on tenperature of 285[err] C. The dist] I on _of

wat er and excess di ol continue. An ultimte vacuum of'léfl"%?’?ﬁﬁ:’g
reached wi thin an hour. Pol ynmeri zation and distillation continue for
an additional 2 - 3 hours, at which time the torque of the stirrer
reaches a pre-determned level. The 10~ pol ynerization-is stopped, and, .
t he nol ten.polyner is extruded fromthe . -.reactor, cooled, and -~
chopped. ' : This polyner is nea?py'i.dent'i cal to the polynmer nade
I n Exanple 14 before solid state polynmerization. It has an inherent

vi scosity of about 0.5 dL/g. The nononer conposition of the polyner,

det ermi ned by pAfiepthelpelt terneratire rasches least 2E5°€pandtiie terephthalicasip

| sosor bi de, 3%. et hyl | ycol 46% .and dieth ne glycol, 1 %
It i nheront vi SESSFPIANGCHRIMELL ag deterRard by 3 cisarng i thseacho mixtiee.( o
about 0.7 dL/g, ' d I éﬂrg,% ; ' | ure
as was used in %tﬁ%ﬁg el%;fgl-e%@% andl'd L’ﬁ%ﬁg\’lé’x% @é{éwgp(gmp? %Pae@ébcgg

t er epht hal i ¢ aca@®.10N 48lutigh in ethytemebglgteol( I Hetreaglion anixturs iydtiered for an

glycol (1.70 kg) ,are placed in a_stainless steel stirred reactor preheated

to [ er ajditionaled0 minutes;e ihe prefsuse inthedepater isresiused ke 4-2 mm of

Compoat tion  mercUHdBOEehd By mALRA o dddinorh pRBuSRY HReuoE, oo ™"
et hyl ene gl ycol ¢oligttsdr Aft@Rvatls, thebadtidh frbdlcH 4 viddtRis'redintis extaded fbed to

285[err]C within three hours and the . reaction _mxture was kept under
a positive pres8waievpathoceonisspelletyandgried in an ovens Themesirchal aigladsat e of

gocisr} Lég‘g?ggg S:SStrSRsli{igﬁ Ee‘?’gpérra unPeto?q 18% Ka%% acnofnﬂgpént viscosit)y\g‘ 8%/35 g19

After the el t (rﬁéﬁﬁfré&lé'tQSF@%EQS%%Q)g%ﬂﬁbc%%rgfg’n%&gﬂﬂ?ﬁﬁerﬁé B! i ¢

acid is essentially consuned, determ earing of the

reaction m xt uregmposition opthespelymer & mebsareddbyeNMRyas 4816 Unetéphthalatele
talyst (3.77 [ d . 0,10 | uti ' | ene gl ycol .

'(I:'ﬁear cht |( on mi 3%@:‘@ qﬁgﬂgp? I%fyé:&l fqﬁldqgi 2.0 % %e?hoyléjné 8l'§c<'>|”re§f ué, and 1.9 %

isosorbide residue, expressed as a mole % of the polymer.

Example 17

15 Dimethyl terephthalate (10.68 kg), isosorbide (5.79 kg), ethylene
glycol (4.88 kg), manganese (") acetate (4.76 g) are placed in a stainless
steel stirred reactor under nitrogen purge at atmospheric pressure. The
reactor is equipped with a packed distillation column. The monomer
composition corresponds to a mole ratio of terephthalic acid: ethylene glycol:

20 isosorbide of 1:1.43:0.72. The reactor is heated to 230°C within three
hours, to 240 over the next hour and to 265 over the next hour. During this
time a distiliate that is mostly methanol is collected from the packed column.
After the temperature reaches 284°C, polyphosphoric acid is added to the
reactor. The amount of polyphosphoric acid is equivalent to 402 mg of

25 phosphorous. Germanium (V) oxide catalyst, (4.66 g) is added as a 0.10N
solution in ethylene glycol. The pressure inside the reactor is now reduced

to 1 mm of mercury over a period of two hours. The reaction mixture is kept




5 additional 20 m nutes. The pressure in the reactor is reduced to 1 2

mm of ‘wersssamsf or a period of 1 hour and an additional pgipkdddssysi On
fraction is coll ected. Afterwards, the reaction product, a viscous
resin is extruded into a water bath cut into pellets and dried in
an oven. The resin has a gl ass transition tenperature of 11 6[err]C
and an i nherent viscosity of 0.43 dL/g 10 (measured at 25[err]Cin a 1%
(w/v) orthochl orophenol solution). The m)noni _ conmposi tion of the
polymer is nmeasured by NVMR as 49.5 %terepht 1l at e 30.3 % et hyl ene’

gl ycol residue, 2.0 %diethylene glycol residue, and 18.2 %
| sosor bi de residue, expressed as a nole % of the

3 Exanpl
17 15 Di nEBdgN vacskBpier fhieareore NoLES, ang)an a@@éaméjidd@illeﬁonﬁaﬁgqr? S

o) hred ' n a otai SHEted dnie imdBARR Bifedacila 208 GLAGRIRSEIE R o o

atnospheric pr ess%a%tloﬁ RPoduct, a visEGRCfein isSoxide@NRe avhier dafiidutihio
distillation colum. The nononer conmposition corresponds to a nole

rati o of terepht hpelieis acddiriedtihghavenglhe otsin bas a glass dramsdiondemperature of
1:1.43:0.72. Th heat th thre

to 240 over t%eeniﬁghéﬁﬂﬁj Iazd‘dﬁ‘%sﬁ W?ﬁc‘ﬁﬁ%&‘k@h@ &e/\gt("l?'@%m{ﬂr%& 40 gg}ours
time a distillat e{»&/‘&%ﬁhé c%?éﬂ:ﬁ’erﬁ?&&ﬁﬂ&‘\c)h"ﬁw&@%b@ﬁh‘fgoﬁ{gﬁ%%ﬂ R ked

col um. e tenperature rea osphoric acid

is added to the polymerrlsamehenred'lﬁgeNMR)aﬂﬁom%ptetemima!aﬂeo%cs %Ucetiylene
equi valent to 402 ng o rous. Gernman 1g%om de catal yst,
n

(4.66 g) is addedgbtgolare@ldy@xxﬁfi%dlethgl@natglm@l resst@teh@né (% sgisorbigie
de th 1 f
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- 31- under vacuum for three nore hours, and an additi onal
distillation fraction is coll ected while the tenperature increases
to 285[err] A0 Af t Examplis18t he reaction product a Vi scous resi nis

extruded into a water ?6%%3% cut into S an oven.

The resin has a gl ass %‘%"P@HB@F%?UF@%&W&S are a é{ aﬂve ga on

reactor, constructed of 316 stainless steel, that is equipped with a reflux
column, packed with stainless 316 Pall rings, and a water cooled condenser:
Dimethy) terephthalate, 11.65 Kg; isosorbide, 4.384 Kg; ethylene giycol,

16 3.724 Kg; manganese(ll)acetate, 7.02 g; antimony oxide, 4.18 g; and
1,2,3 4-tetrahydronaphthalene, 125 ml. A nitrogen purge is placed on the
reactor and the contents are heated to 250°C within 180 minutes, then to
275°C during the next 60 minutes. During heat up, a distillate is collected
that consists mostly of methanol. When the reaction mixture reaches

20 270°C, polyphosphoric acid is added in an amount equivalent to 25.4 mg of
phosphorous. After reaching 275°C, the pressure inside the reactor is
reduced to 1-2 mm of mercury over a period of 240 minutes. The reaction
mixture is kept at this pressure for 240 minutes and an additional distillate
fraction is collected while the temperature is raised to 285°C. When the melt

25 viscosity reached a predetermined level, measured by the torque required to
maintain a constant agitator speed of 50 rpm, the reactor is filled with

nitrogen to a pressure of 60 psi and the polymer is extruded through a 0.125



5 106[err] C and an inherent viscosity of 0.43 dL/g (nmeasured at 25[err]C

ina 1% wWo s¢/s¢i1w) ort ho- chl or ophenol solution). The nonomer conposition
of the pol yner is measured by NVR as 50.1 % ter epht hafGH/ES9996535 oy

et hyl ene gl ycol residue, 2.6 %diethylene glycol residue, and 12.9 %
1 sosorbi de - residue, expressed as a nole % of the polyner. 10
‘Exanple 18 . The followi ng nononers and additives-are added to
a five gallon reactor, constructed.of 316 stainless steel, that is
equi pped with a reflux - - col um, pack‘@@‘wi th:-stainless 316 Pall rings,
and a water cool ed condenser: D net hyl terephthal ate, 11.65 Kg;

| sosor bi de, 4.384 Kg; ethylene glycol, 15 3.724 Kg;
nmanganese( | |') acchtdiametearalig intaa waten yrough d@heolyimer steantt is chopped into

- ehctor and. { hePElb SRBTER AELa 4t OLIG(1oF 1D BoHFS. b he pobmeriafa@d fren
d t _ _ _ :
istillate s chrfganapeandol B) 7% hahicasutd obH iEPha B SHance (e

reaction mixtur per mivalies Th@ inher2ROliscosiy, mezisurstbimrhehiotopttdribl s 28¢ttad in
an anount equivalent to_25.4 ny phosphorous. After reaching

of
275[err] C, ? he Brdsdldge Thespelwnensompgsition, determined byrprotareNMR 1- 2 nm of

' 24Q 1Yo Th tio o+ i Xt i s kept
2t thi s pressur Bofaty. if RomoR RIS st bielRs 1 2p% speproids ' P
fraction is col hﬁﬁéﬂé&,ﬂfeig%éth?lehé@%oﬁﬂﬂi&iéssarf@il.@e% di&mgi . When

the nelt 25 viscosity reached a predetermned |evel, y the

t or que requi r edmogeties. mai ntain a constant agitator speed of 50 rpm the
reactor is filled with nitrogen to a pressure of 60 psi and the

pol ynmer is extruded through a 0.125

-32- | peAmpley@ter die into a water trough. The polymer strand is
chopped into p€lTets and dried in an oven at 1 00[err]C for 10

hours. ThelGol yner i §hé éallesving polymerizatiaw eeactamts wte taddeditbiaos0 ghl. 1 17[err] C
when measured at a. heati ng rat m nute. The i nherent

f 20 c :
viscosity, neasTEMYR AR |%r€?ﬁﬁ@'l'ﬂ)1 éi{owgg?r@qtlpmreggtgr fitted with a 6

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

15 ethylene glycol (48.90kg), which corresponds to a mole ratio of 1: 0.26:
2.00. The catalyst is also charged and consists of Mn(ll) acetate
tetrahydrate (29.579), 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

20 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
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

25 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

of the reaction, which is the transesterification of the diols and dimethyi




5 0.41 dL/g. The pol yner conposition, determ ned by proton NWVR

spectronetry, Wo®958116% t erephthalic acid noieties, 17.6% so%&gm 535

noi eties, 29.9 %ethylene glycol noieties and 1.9 % diethyl ene gl'yco

noi eti es. Exanmpl e 19 10 The foll ow ng pol ynerization
reactants are added to a 50 gal. maxi mum capacity, Hastalloy B
pol.yneri zation reactor fitted with a 6" .. radius, Hastalloy B, water
cool ed reflux colum packed with stainless steel rings, a stainless
steel helix agitator stirrer, a water-cool ed®¥ondenser and ' by- pass:

di nret hyl terephthal ate (78.02kg) I sosorbide (1 5.42kg), and 15 et hyl ene
gl ycol (49.90kg), which corresponds to a nole ratio of 1: 0.26:
2.00. The catal ystereph’malabe c%t@@domhd?cpmnroéphosﬂhdmm Is) addeet intthe form of

e e e
metal as a 86![1385'\95509%53%90 ﬁ‘étscﬁ{ of’w@‘i %ﬁ%lﬁ@sghgﬁc ppm

cobalt, and 375 2 ppm ant m)n rred r urged

with a stream of acid solutitintis @ged. M‘sdﬂthis&lrﬁ@l’fﬁ@m&tdgéﬂ puErgé 8 stegped. 250C
over a period of four hours. The reactor is jacketted and uses a

tenperature cont r blertiag ismepntisiued. The reagtinsyis hpetashio=2B% Craveriaeriasefum

Met hanol is contin ti d above
approxi mately 150 O@ ﬁB'tc"% \?%t‘i'é'ﬁ" !ﬁﬁgel@gradu[aﬁy,%gpﬁqatﬁ RQ?JBEP'"‘%@he top of
the packed refl uxygQiufpuhip with ROYRrsY- Fko@r blower. Trfé?ét%lﬁin%ﬁt bf‘l‘éll%@u%

nmet hanol evolution, indicating the finish of the first step f he
reaction, which i praﬂmablyée%aamTor(‘,etakemamroxmtdm/dll lsOIanchdmwﬂhiwﬂlme

- 33- tere haI At this i nt m of hor Qus i added
o he formor - cviene Gy R B1 aRE Bl gapeeulghEIGRE DAY dons, e

ELBI Slgalieper 13?9@@521%%“%%%#g?fggﬂddﬂ?vawulﬁgéts o?u?i fgﬁ%ﬁg%ﬁs g‘éh le at
this time, the nitheogsipmeragkieves sufficipatimelt viscosity, as determined by an increase
in torgue 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
15 through immersion in a cold water trough can be chopped into pellets. The
polymer pellets are dried overnight in a rotating drum heated to 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
20 NMR, is about 6% isosorbide, 42% ethylene gylcol, 2% diethylene glycol,
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
25 in the ethylene glycol. The amount of isosorbide in the polymer by this
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



5 Heating is continued. The reaction is heated to 285[err]C over a
period of wo oos@lgput 2 hours. Vacuumis then gradually applied usin
mul ti-vane vacuum punp with 20 horse-power bl ower. ThECTHUSYS nt of
full - vacuum preferrably less than 1 Torr, takes approximtely 1
hour. During this tine, ethylene glycol distills off, and a | ow

mol ecul ar wei ght pol ymer forns. The. 10 nol ten pol yner i s -heated under
vacuum at 285[err] C for about 2 hours, until the ‘pol ymer achieves

sufficient melt viscosity, as deterni ned by34n i ncrease © in torque of

the stirrer. Wen sufficient viscosity is achieved, the
pol yneri zation is stopped, and the reactor is errptied through a heated die

at the bottom Treadipestabligtpspetific process detiils acsdrdimgitd that characterisidsesf 15
through imersion in a cold water trough can be chopped into pellets. The

pol ymer pel | et s thedeactppdigiiation gaumns, anddbadikerg drum heated to 120[err]C.
The cool ed polyner is renoved fromthe flask and ground. The
solution inherent viscosity (1.V.) of the material is 0.64 dL/g.

The nononer uni tgmqulon of the polymer, determ ned by proton 20
NVR, is about 6% sosorbide, 42% et hyl ene gyl col, 2% di et hyl ene gl ycol,

and 50% t er epht hal i ¢ Ehg secaxid e)@nmleésptemetainmlv@wsinﬁlatweEmmplm‘rQ It is
not ewort h hat t he nt of. isosaqrb elnthe IS a i mat el
ol £t T B abeph et Busrbier 3858 %l@aa'cmﬁm bagityHs UseBureor

t ht hal |

erepht hal i c aC'r@ age e&gﬁ%ﬁﬁnﬂ r%‘ﬂé ycoﬁl‘éo@ @aq'n de(#rftS gg%%érr‘gl%gélﬁﬁer

especially 25 ene ¢ nount n the

pol ymer by this wnth a greaheocea’&nt bﬁlsossrbldﬂf yThiex) elimietiyl tevephihaistéi ci ency of
the distillation or_ othe arati on nethods that are used in the

process. A ski I 1@8. M{'WWJ’H}Q@' @a7 79), and ethylene glycol (4,881g), which
e acter st cs ThisboRah R RiABI00S b 1 PEASRE e R GS
ggg: g ig 10  similar fashibhcasbeforsl angrwittethescatalyabesitbistihgrofm (119 iatklzne t 0
tetrahydrate (4.76g), and Ge(lV) oxide (4.66g). This corresponds to 100
ppm manganese {weight of metal as a fraction of the weight of dimethyi
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).
15 A solution of polyphosphoric acid in ethylene glycol is added in a similar way
as before, in this case 2.6ml, which has a concentration of 3.45g P per
100ml 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
20 this case a solution |.V. of 0.42dl./g is observed. It was also observed that
the monomer unit composition of the polymer, determined by proton NMR, is
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
25 observed but reflects the efficiency of the differing reactors rather than the

polymer made.



5 except that a smaller reactor (5 gal. naxinum capacity) is used. The
reagent equi wab®M4ifeati os are al so changed in order to prepaperRsfyesiter
with a greater content of isosorbide. Thus, dinethyl terephthal ate

(10, 6809), isosorbide (5,787g), and ethylene glycol (4,881g), which
corresponds to a nole ratio of 1:0.72:1.43 are charged to the reactor in a
10 simlar fashion as before al.ong with the catal yst consisting of Mi(Il).

acetate tetrahydrate (4.76g), and Geé V) oxide (4.66qg). This
corresponds to 100 ppm manganese (we g?jht of netal as a fraction of
the wei ght of dinmethyl terepht hal ate) and 300 ppm germani um The
germani um oxi de is added in the formof a solution in ethyl ene

g'lonCOLo(ohloo N &_ md _gﬂg]Zétthyl ene Igl ycFI ) 15 A sol ution of

sphori c aci . . i1

Eef)cl)lroe, !On this caseI ghgrﬁ’%‘é‘m\%ﬂgbﬁ”ﬁﬁgﬂg 'ﬁﬁ?@gﬁgmﬁrg%ag%b@%%\@#e érthat 2
1 00 of pol yphashlal kéadkcl @064kl bhGiPpel SR Stainldes AGEVATINGE fpensirmer

proceeded in a sim _ however, the resultant finished
resin did not achjgse.t Tise someriend ehanged\dre sush ap isasoride chetegitinethet i me. In

20 this case a solution I.V. of 0.42dL/g i b d. | I
observed tha®  finished W@‘de@ﬁd o8t m@é{%@é??‘?’ﬂﬁ&%&?@"%&%ﬁpap
determ ned by prot ' g . 13%.4. S0S9LRI 0% eli:

gyl col, 3% di et h)’ﬁ%ﬁﬁ%@%’gﬁ b%gﬁt'%ﬁ%n&&ﬁ%ﬂgr epht %'Iqiegs%iéa'ealgﬁtﬁﬂe

expressed as a nphphtraiate MeOPRY)sBSorbifleq5eetig))} amd ethylene glycai 4 di3bildp
I ncorporation is somewhat lower in this case than previous qbserved

ly 25
bult refl ec'a s t he alrig witle theycatalystse Mai( ¥ agetaig te ate (72rhah Goji-acetate
pol ymer made. , : -
Exanpl e 21 tetrahydrate/(p4. 1) a0 FpGID 9l E89) AreUsedy This cpgespaids
exanpl e 14 ?écepttohzgfpm mangan@sd, F5358m (A Ghar3761pgiR & dal@ilsiednesing e a
stai nl ess steel anc type-stirrer I s used. The nononers charged
are such an i soseahieleasioas énexampletid. TFhe transestasification proasssd gamiegdn 1
nole % assumng that sonme of th ' de woul

distilled off dudnRN3heIQHNRY,ES ?Q!ir?%g(&"% dénA Bé’)sﬁ@?s%’ﬁi"”c acid Sﬁ%‘?‘ﬁbiﬁ‘t hal at e
(197 kg) . i sosorbige, L2 IrckiEl adBBf sGERNHARRD fPnf PP i§ udePtdSequester the

transition metals after the transesterification step and before the

15 polycondensation as outlined in example 14. The polycondensation is also
similar to the previous example. Polymer is extruded and pelletized to give
clear, colorless resin.

The pelietized 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

20 at that temperature for another 6 hours. This allows the polymer to partiaily
crystallize. After this treatment, a vacuum is applied to the tumble dryer
ulitmately achieving a vacuum less 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

25 polymerization and allows the molecular weight to be significantly increased,
as judged by the inherent viscosity (1.V.) of the polymer solution in ortho-
chiorophenol. The solution 1.V. of the material increases from about 0.5

dL/g to about 0.7 dL/g during the solid state polymerization.



along with the catalysts: Mi(Il) acetate tetrahydrate (72.1 g), Co(ll)

acetate wo ooisgjipahydrate (54.1 g) and Sb(Il11) oxide (88. ed.
Thi's corresponds 10 to 82 ppm nanganese, 65 ppm Co, and 3?&%5%’%%

cal cul ated using the same basis as in exanple 14. The
transesterification process is carried in an anal ogous way as for
exanpl e 14. A pol yphosphoric acid solutionin - ethylene glycol is
added- such .that 80 ppmof P is used to sequester the transition .

netal s after the transesterification step -8fd before the 15 :

pol ycondensation as outlined in exanple 14. The pol ycondensation is also
simlar to the previous exanple. Polyner is extruded and pelletized to give
cl ear, colorl esgxagplae22 The pelletized poI yner is |oaded into
a tunbl e dryer and under stream of, ni tro% theat ed 11

5[err] C over a peri oa”h@rpoiymsmsspr&ﬁar%@rﬁ signilar Otl&@t Pﬁﬁi‘a'i“gc?p% ature

for another 6 hour t it

crystallize. Af Pé?gqtﬁﬁéq %F%ﬁ%ﬁts &glosg{ééﬁ%és T 6@% Sglttlﬁrer‘t{ gmdryer
ulitmatel y achi Wﬂh@s@m\é%ﬁﬂmd'@ééédtlb@ébrbmwntm THuS, thmmygalteaatlons
conti nued and reaches a naxi mum of 21 3[err S then hel d at thlis)

elevated 5  areipthecanoentofisesarbidglc Q%BF&KM@ thejamayit af Maf|

ff i d- | da | h
Fo be. si gni 11 caRCPipts ietiahydes cam R 7adik eSSt lBassH helic: B)'
(1.V.) of the pg%}ﬂ*ﬁte&%hbthé%anﬁé’bémé%@wn the abové:é*érﬁpl@hfrnel The sol uti on

l.V. of the mat I ncreases from about O. dL/g to about 0.7 dL/g
during the soli qlrameesmnﬁodatwmamdpoiyoondensatlon are repeated as described in

way 1o that fof XpTA &12iso, the faiateg bohe %wglaﬁﬁsﬁ SRl g

changed |n rder rq?ﬁ;sed
i sosor bi de ont gﬁétg ;{P‘J’ﬂﬂéﬁ%%dqmaarf P‘f:aelrfg rlngﬁrfl‘ﬁéé E.'éip are int h‘néam)unt of
i sosor bi de char geslitslin- aSbaynwﬁde‘épmmmﬁtelva Mol %) isosorbideacaritant

tetrahydrate catal yst used, 79.2 g corresponding to 90ppm Mh(I1)
cal cul ated on the sane baS| s as in the above exanple. The

Example 23 _
This example describes a blend of isosorbide containing polymers

with nucleating agents and glass fiber. The purpose of nucleating agents is
15 to increase crystallinity and thereby improve the thermal resistance (heat
deflection temperature) of the blends. The polymer of examples 19, 20, and
22 are blended together with the nucleating agent sodium bicarbonate
(Aldrich) and glass fiber type OCF 183 (PPG, Pittsburgh, PA) using the
Leistritz brand extruder (Model MC 1866/GL, Leistritz AG). Then, the blends
20 are injection molded into test parts using the Arburg molding machine as
described in example 18. The molded parts (Examples 23a-c) are heat
treated in an oven at 130°C for 30 minutes. The compositions and results

are summarized below.



transesterification and pol ycondensati on are repeated as described in
exanple 21. Alwossshes fini shed polyner is pelletized, crystall &%99/3&95
solid- 10 state polynerized in an identical fashion to the previous

exanpl e. This results in a polymer with approximately 3 nole %
| sosor bi de content. Exanpl e 23 Thi s exanpl e descri bes
a blend of isosorbide containing polyners wi th nucl eating agents and

gl ass fiber. The purpose of nucleating agents_is 15 to - ncrease
crystallinity and thereby inprove the ther mef3/r ési st ance (heat

defl ection tenperature) of the blends. The pol yner of exanples 19, 20, and
22 are bl ended together with the nucl eating agent sodi um bi car bonate
(Aldrich) and glass fiber type OCF 183 (PPC{abléGtsburgh PA) using the

Leistritz brand exttdder—{Nodel—MS J@-@@J-% =B S tt-2—AG—Then—he—blends
20 are injecti gASTAtestiBomprsontweiont Jir | Exampia|Erample |Exartnie)| Bxamele [Ryamale hi ne
as descri bgdmbogxanpl e 18. The myl q;gg Harbs (|Exzwep| esaai3al Chaar p
Eg?r;)osi y Onst ;ﬁgt ”b(:mrllni S” PENE dELf fUI eT [] —k.,nzé‘l«njsié T MaCEgF Ty, 0
-37- PEIT-6 0 Ta k@,&v& 0 0 AQTI\%O est
Conposi ti on(wei ghtt_% IBERH8 Exanpl e Bianpl eOlExanplle Exdfple © 0
net hod OCF-183 23a 23b296; 22¢6 290.623d 30| 23e30
PEI T-3 sodiufitbicarbonate U 0.4 04| /U 04 Vg 0
e ‘133 D638 Jtensile frodulus(Mge] 148]  126] 0126 438 na
sodi um bi car bonat ¢>638 tengilg stress@bk(Kpin tp. 16.9] 128 16.8; na
'|D256 |Notched Ized (fi-lb)@20°C 0.82 1.19 217 1.33 1.93
D3763 Multiaxial impact load(ib) 296 305 287 236 265
@ max.load (20°C)
PDS?63 Multiaxial impact load(1b) 314 302 294 na na
@ max.load (-20°C)
10 D3763 Multiaxial impact load(ib) 315 321 287 nal = na
{@ max.load (-40°C)
D648 HDT(°C) @264 psi 136 147 106 81 88

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

15 embodiments disclosed herein.



D638 tensil e nodul us(Mosi) 1.19 1.26 1.26 1.28 na

5 D638  wo 99/% ile elong @bk(% 1.94 1.85 1.29 2.55
na D638 ﬁmtensi l e stress@k(Ksi) 15. 6 16.9 PCHYSB653516. 6
na - D256 Not ched 1zod (ft-1b)@O[err]C O0.82 1.19 2. 17
1.33 1.93 D3763 Mul tiaxi al inpact |oad(lb) 296 305
287 236. . - 265 ) S @nex.load (20[err]C) . D3763
Mul tiaxial inpact |oad(lb) 314 302- 294 na ~na v
- max. |l oad (-20C) 10 D3763 - Ml tiaxi al -38wpact | oad(lb) 315 321
287 na na . @nmax.load (-400 . D648
HDT([err]C) @64 psi 136 147 106 81 88

It is to be unddVhabsdldimed ishe above descri bed enbodi nents are il e
illustrative only and that nodification throughout may occur to one skilled -
in the art. Accor & mgted formakingapolyssterpalymer eomprisiagar ded as

e a1 ol atRogorDInng 4 r8ad6r 85 Bt frorg monamerscomariing

is clai

pol yester pol yerdiacidnmoiety)@ monomer comprising an isosorbide S0l aritfohd of
reactor one_or nbre nononers conprising a diacid rmoiety;, a nonomer
conpri si ng An i SAYErMPARMAES eamprising apathesdiol Snoietyhwith arcondansatiopnpri si ng

anot her diol noiegfy: W th ondensation. . atal yst suitable for
condensing di acicay%ﬁﬁul}%l%sf?’r ensing diacids and (ﬁofs, a 3(2) heating said

mononers and sai d catal ys{of featif %ﬁﬁﬁh’c’irﬁers and saidtatAIG4aBla fehmahiFE" | 2€
said nononers into a polyester pol yner having at .

sufficient to polymerize said monomers into a polyester polymer having at

least said diacid moieties, said isosorbide moieties and said other diol

10 moieties;
wherein said heating is continued for a sufficient time to yield
an isotropic polyester having an inherent viscosity of at least about
0.15 dL/g when measured as a 1 % (weight/volume) solution of said

polyester in o-chlorophenol at a temperature of 25°C and with the proviso

15 that when said one or more monomers comprising a diacid moiety is
terephthalic acid or dimethyl terephthalate, said one or more monomers
comprising another diol moiety is not ethylene glycol or is ethylene glycol
and a different diol.

2. The method according to Claim 1, wherein said diacid moiety
20 is an aromatic or alicyclic diacid moiety.

3. The method according to Claim 1, wherein said other diol

moiety is an aliphatic or alicyclic diol moiety.

4, The method according to Claim 1, wherein said process further
includes stirring of said monomers during said heating and the concurrent

25 removal of by-products by distillation and/or evaporation.

* c L ] S *




| east said diacid noieties, said isosorbide noieties and said other diol 1
0 nDi et i es;wo 99/54119 wherein said heating is c E g)r a
sufficient time to yield an isotropic polyester haV|ng an 1 nherent
viscosity of at |east about 0. 15 dL/g when neasured as a 1 %

(wei ght/vol unme) solution of said pol yester in o-chl orophenol at a
tenperature of 25[err]C and with the proviso 15 t hat when said one or
nore nononers conprising a diacid noiety is terephthalic acid or

di methyl terephthal ate, said one or nore nonw@ers conpri si ng anot her
diol noiety is not ethylene glycol or is ethylene glycol and a
different diol. 2. The met hod according to Caim1,
wherein said diacid noikty Zhe methodracgording tacClaimal, whetéinavateaand noi ety .
3. The nethod according to Jdaim1l, wherein said other diol noi ety
is an aliphatic orU‘Hﬁ?‘étﬁglm‘é”Qﬂ‘Qﬂ 3’%@@9&’9(’ while said monomers golymerize. net hod
according to Claiml1, wherein said process further I ncl udes stirring
of said nononers during said heating and the concurrent 25 renoval of

by- products by distill ag.i on Thethethot\steeidihd &Claim 1, wherein methanol and
- 39- 5. The net hod according to d'ai m 1, wherein water

and unr eactWieaeciad monainer arerremoredmihile said mongmensep@ymﬂn,zﬁer i ze.
6. The net hod according to daim1l, wherein nethanol and unr eact ed
nononmer are renoved while said nononers pol yneri ze.

5 7. The method according to Claim 1, wherein said process further
comprises adding an additive to said process to help retain volatile

components.

8. The method according to Claim 7, wherein said additive is

tetrahydronapthalene.

10 9. The method according to Claim 1, wherein said one or more
monomers comprising another diol moiety are selected from the group
consisting of aliphatic alkylene glycols and branched aliphatic glycols having
from 2-12 carbon atoms and having the empirical formula HO-C,H,,-OH,
where n is an integer from 2-12; cis and trans-1,4-cyclohexanedimethanol

15 and mixtures thereof; triethylene glycol; 2,2-bis[4-(2-hydroxyethoxy)phenyl]
propane; 1,1-bis{4-(2-hydroxyethoxy)phenyljcyclohexane; 9,9-bis{4-(2-
hydroxy-ethoxy)-phenyljfluorene; 1,4:3,6-dianhydromannitol; 1,4:3,6-
dianhydroiditol; and 1,4-anhydroerythritol.

10.  The method according to Claim 1, wherein said one or more
20 monomers comprising a diacid moiety are selected from the group
consisting of isophthalic acid, 2,5-furandicarboxylic acid, 2,5~
thiophenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid, 2,7-
naphthalenedicarboxylic acid, and 4,4’-bibenzoic acid.

ER



5 7. The nethod according to daim1, wherein said process

further WO 998@fipr i ses adding an additive to said process_to help retain
vol atile conponent s. 8.  The met hod 53%?%1&%5 to
Claim 7, wherein said additive is t et r ahydr onapt hal ene. 10

9. The nethod according to daim1l, wherein said one or nore

nononers conpri sing anot her di ol noi ety are selected fromthe group

consi sting of aliphatic al kyl-ene -gl ycol s and branched al i phatic glycols
having from 2-12 carbon atonms and H¥ri ng the enpiri cal formul a

HO- Clerr] H2[ err] - OH, where n-is an-integer from2-12; cis and
trans-1, 4- cycl ohexanedi net hanol 15 and m xtures thereof; t riethyl ene

gl ycol ; 2, 2-bi s[ 4- ( 2+hy drThe mietivod/ agdordingto Cla|m1 whemmsald monomers are

1, 1- bIS[4 (2- hydr oxyet hoxy) phenyl ] cycl ohexane; bi s[ 4-( 2-

hydr oxy- et hoxy)DBHERF N anﬁm&ﬁucm t gaig. dﬂ@qﬁme@ﬁ%sﬂ presentiinargagount

di anhydr oi di tol ¢ aad?)%t %047181%“%%%5 éiyﬁcglgéétg} and said diol n?%%tb%?é %rg ﬁ met hod

according to da ', ng a
di aci d noiety aéreamduﬁt:bﬁdbéutqro Knbﬁe % tolbout 49 75 @BRSYS6f Siid g | yesgpht hal i c
oXy

acid, 2,5-furandicarboxylic acid, 2,5- t hi ophenedi car ic acid,

2, 6- naphthalenedlcarboxyllc acid, 2,7- napht hal enedi car boxyl i c aC|d,
and 4, 4' - bibenzoi c agi d. . . -

40- 5 21, Theymethad aerarding taiGigm & BrERPAmPHRRGei n sai d

MONOMers are  increasing the molecular weight of said polyester by solid state

polymerization.

13. The method according to Claim 12, wherein said solid state
polymerization comprises:

10 a) crystallizing said polyester by heating said polyester to
a temperature in the range of about 115°C to about 140°C or treating said
polyester with a solvent which reduces the glass transition temperature of
the polyester allowing for crystallization; and

b) heating said polyester under vacuum or in a stream of

16 inert gas at an elevated temperature above about 140°C but below the
melting temperature of said copolyester to yield a copolyester having an
increased inherent viscosity.

14.  The method according to Claim 13, wherein said heating step
(b) is carried out at a temperature of about 195° to about 198°C for about 10
20 hours.

15. The method according to Claim 13, wherein said inherent

viscosity is increased to at least about 0.65 dL/g.
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I ncluded in anbunts such that said diacid noieties are present in an anount
of about 50 nwaeedssefo sai d pol yester, and said diol npieties ?E?m@ﬁ&?i},t I n
an amount of about 10 nole %to about 49.75 nole % of said polyester. 5
12. The nethod according to Caim1l, further conprising I ncreasi ng
t he nol ecul ar wei ght of said polyester by solid state

pol ymeri zati on. 13. The method according to Claim 12,
wherein said solid state pol yneri zation conprises:” 10 )

a) - crystallizing said polyester by heati ng4§'ai d pol yester to a
tenperature in the range of about 11 5[err]C to about 140[err]C or treating
sai d pol yester with a sol vent which reduces the glass transition

t enper ature of tibe pdheasetbod accoingtof Glairg ryps whetein saidpnlyaster

b) heating said polyester under, vacuu in a,streamgof. 15 . inert gas
21 an ol evated t o spaIKeEs Fom a0t 25 o o AAEH MBI Bisdsubide oieuds
nmelting tenperature of said copolyester to yield a copolyester having an

i ncreased i nherent viscosity. 14. The nethod according to
C aim 13, wherein said1iieat imgsstragic polyester Comprisingaliasié thaletiesaisosorbide
tenperature of about, 195[err] to about 1 98[err]C for about 10 20 hour s.
15. The nethod adedetrRs:@ndoOng e meresothehdiobmeialigsdwharain said polyester has an

Yi4i_C05i ty i's pncr gasednd Ns@sity o7 3t 1638P Mol s BL/gWhen measured as a1 %
(weight/volume) solution of said polyester in o-chlorophenol at a
temperature of 25°C and with the proviso that when said diacid moieties are
‘derived from terephthaloyi, said one or more other diol moieties is not
derived from ethylene glycol or is derived from ethylene glycol and another .

10 diol.

18.  The isotropic polyester according to Claim 17, wherein said

inherent viscosity is at least about 0.35 dL/g.

19.  The isotropic polyester according to Claim 18, wherein said

inherent viscosity is at least about 0.5 dL/g.

15 20. The isotropic polyester according to Claim 19, wherein said

inherent viscosity is at least about 0.65 dlL/g.

21.  The isotropic polyester according to Claim 17, wherein said
other diol moieties are present in an amount of about 10 mole % to about
49.75 mole % of the polyester, and said isosorbide moieties are present in

20 an amount of about 0.25 mole % to about 40 mole % of the polyester.

22. The isotropic polyester according to Claim 17, wherein said
one or more other diol moieties are derived from aliphatic alkylene glycols or



16. The nethod according to Caim 13, wherein said polyester

conprises fwovoahgyt 0.25 nole % to about 10 nole % i sosorbide nnletles
17. An isotropic polyester conprising diacid noieties, iso SIS

noi eties, and one or nore other diol npieties, wherein said polyester has

an 5 i nherent viscosity of at |east about 0.15 dL/g when neasured as a

1 %. - (wei ght/vol ume) solution of said polyester in o-chlorophenol at.
a tenperature of 25[err]C and with the proviso that when said: diacid
noi eties are derived from terephtha4dyl, said one or nore other diol -
noi eties is not - derived from ethyl ene egcoI or,is derived from .
et hyl ene gl ycol and another 10 di ol . 18. The isotropic
pol yest er accorlshanghée afipleatio Ql?cols\havmgrfnﬁﬁIZﬁZ carbon atoRmrai ha’\hﬁgﬂﬁ?é ty is
at | east about 0.35 dL/g 19 The i sotropic yester

accordi ng to C empirical fomuleeH@-Gath-OH wherermlgraewntegafcfm Qy& <I0r | east
about 0.5 dL/g

r di
O 'aim 19, wher ] dpevciohexanefifuetonndar3Bhbifes et FebueRgilicorobas
dug. bls[4-(26I$$1dé'?x§dféi&§okﬂﬁhéﬁ5ﬂ];ﬁo;&i’r{é‘qs’f-%'i 2o pyadGeltingh-al m 17,

wherein said noi etles are prese I n“an anount’ of about
10 nole % tho abpimnyl]cyclohexﬂhe?& rbispd-{2-hyydoxgethoixy yphieayllfiuoreneal ,4.3,6-

I sosor bi de m)le rese t of about 0.25 m)le %to
about 40 nol e 'BF‘ ”[%]W@%Be‘}b% g'anhydrmdltor%rr]l 4-anhydioerythiol.opi ¢

pol yester according to Caim1l7, wherein said one or nore other diol
noi eties are derived fromali phat I c al kyl ene glycols or

23.  The isotropic polyester according to Claim 17, wherein said
one or more diacid moieties are derived from isophthalic acid, 2,5-
furandicarboxylic acid, 2,5-thiophenedicarboxylic acid, 2,6-naphthalene-

10 dicarboxylic acid, 2,7-naphthalenedicarboxylic acid, or 4,4'-bibenzoic acid.

24. - Tﬁe isotropic polyester according to Claim 17, wherein said
diacid moieties are present in an amount of about 50 mole % of said
polyester, said other diol moieties are present in an amount of about 10
mole % to about 49.75 mole % of said polyester, and said isosorbide

15 moieties are present in an amount of about 0.25 mole % to about 40 mole %

of said polyester.

25.  The isotropic polyester according to Claim 24, wherein said
other diol moieties are derived from cis-1,4-cyclohexanedi-methanol, trans-

1,4-cyclohexanedimethanol, or mixtures thereof.

20 26. The isotropic polyester according to Claim 17, wherein said
diacid moieties are derived from a 2,6-naphthalenedioyl, terephthaloyl,

isophthaloyl or 4,4'-bibenzoyl.
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-42- branched aliphatic glycols having from2-12 carbon atons and

havi ng t he wooyesip rical formula HO-CnH err]-0OH, where n |§,szjsbm&gser
from2-12; cis or trans-1, 4- cycl ohexanedi net hanol or m xture

t hereof; triethylene glycol; 2,2-

bi s[ 4- (2- hydr oxyet hoxy) phenyl ] propane; 1, 1-bis[4-(2-hydroxyethoxy)- 5
phenyl ] cycl ohexane; 9, 9-bi s[ 4-(2-hydr oxyet hoxy) phenyl ] fl uorene; 1, 4:3, 6-

di anhydromanni tol; 1,4:3,6-dianhydroiditol; or 1,4-anhydroerythritol.
23. - The isotropic polyester according to a-4Bm 17, wherein said © one
or nore diacid noieties are derived fromisophthalic acid, 2,5-

furandi carboxylic acid, 2,5-thiophenedi carboxylic acid, 2,6-naphthalene- 10
di carboxylic acid, 2, 7-27apht'ﬂh1&|imtmﬁi¢;aolyesl¢r accarding, to &aim 26 -whereiry said

d. 24. . The | t t di
Wherein said  Polvssknia PABUDIRNS. BoY BN PARRPURDEMC-BRPERNESD
mol e % of said (flicarbBWIéﬁ%DS(foZ\"t%lﬁgl S%‘i‘l?ﬁééﬁjd}glesm)l eties are present in an

anount of about 1 nol e % of said pol yester,
and said isosorbide 15 noi eties are present in an anmount of about 0 25
nole % to about 40 nole % of said polyester.

The i sotropic pol yest er28achM|l$F§TQRbC polyestepaccardingdp Claim 26, wherein %lﬁer

di ol noieties.are ed fr cis-1 4 ohexan t hanol
1 -yl ohexBnediHAiRFIdE PoBPTHETia PEYBLRUFHICH B prpPYIehe ttephitaifs 1y
i sot ropi ¢ pol yest nafifingdadtarhife fdibdBsl 7. wherein said diacid
noi eties are derived froma 2, 6-napht hal enedi oyl, terephthal oyl,
i sopht hal oyl or 4,4'- blbenzoyl
29. The isofropic polyester according to Claim 26, wherein said
polyester is polyethylene, polybutylene or polypropylene isophthalate

containing isosorbide moieties.

10 30. The isotropic polyester according to Claim 26, wherein said
polyester is polyethylene, polybutylene or polypropylene 4,4'-bibenzoate
containing iscsorbide moieties.

31.  The isotropic polyester according to Claim 26, wherein said
diol moiety is derived from ethylene glycol; 1,4-butylene glycol; 1,3-
15 propylene glycol or 1,4-cyclohexanedimethanol.

32.  Afilm or sheet made of the composition defined by Claim 17.

33. A beverage bottle made of the composition defined by
Claim 17.

34. A fiber made of the composition defined by Claim 17.
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- 43- 27. The isotropic polyester according to C aim 26,
wher ei n sai §yg 99/54319 POl Yester is pol yethylene, polybutylene or

pol ypr opyl ene 2, 6- napht hal ene di car boxyl at e cont ai ni F&ETEY86BF de
noi eti es. 28. The isotropic polyester according to Caim
26, wherein said 5 pol yester is polyethylene, polybutylene or
pol ypropyl ene terephthal ate . . " containing isasorbide noieties.

29. .The isotropic polyester aecording to C.ai'm26,” wherein said -
pol yester is.polyethylene, polybutylene or-4del ypropyl ene i sophthal ate
cont ai ni ng 1 sosorbi de noi eti es. 10 : 30. The isotropic polyester
according to Cl aim 26, wherein said pol yester is polyethyl ene,

pol ybutyl ene or pol yg6opy Asraptitakarticldonadef the composition defiféd8yi sosor bi de
noi eti es. ) 31. The isotropic polyester according'to Caim
26, wherein sai &aim17. diol noiety is derived from ethyl ene glycol;

1, 4-butylene glycol; 1,3- 15 propyl ene glycol or

1, 4- cycl ohexanedi net hanol . 32. A filmor sheet nade of the
conposi tion defined g, C Fhiobfical article of Claim 35, whereir\s&@\GHtR isg made
of the conposition defined b ob Caimil7. ' o Qgill?iefekk% ber

made of the conposipacbdisdedigialversatite disw draubstrate for compact disc or digital
5 versatile disc.

o
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35. An opti cal

InternaGad:

article made of the conposiEm

daim 3]1;& articl e\VORLDNéﬁBWAJR%P&Wé%%Zﬂ{Og' cle of y

wherein said op
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