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FIELD OF THE INVENTION

[002] The present invention generally relates to polyester compositions made
from terephthalic acid, an ester thereof, or mixtures thereof; 2,2,4,4-tetramethyl-
1,3-cyclobutanediol; and 1,4-cyclohexanedimethanol having a certain
combination of two or more of high impact strengths, moderate glass transition
temperature (Tg), toughness, certain inherent viscosities, low ductile-to-brittle
transition temperatures, good color and clarity, low densities, chemical
resistance, hydrolytic stability, and long crystallization half-times, which allow

them to be easily formed into articles.

BACKGROUND OF THE INVENTION
[003] Poly(1,4-cyclohexylenedimethylene terephthalate) (PCT), a polyester



BACKGROUND OF THE | NVENTI ON [ 003] Poly(1

, 4- cycl ohexyl enedi net hyl ene terephthalate) (PCT), a
w@odogas1ees based solely on terephthalic acid orPEUSENE012268

thereof and 1, 4- cycl ohexanedi nethanol, is known in

the art and is conmmercially available. This pol yester

crystallizes rapidly upon cooling fromthe nelt,

making it very difficult to form anorphous articles by

met hods known in the art such as extrusion, injection

nol ding, and the like. In order to slow down the
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[005] The polycarbonate of 4,4'-isopropylidenediphenol (bisphenol A
polycarbonate) has been used as an alternative for polyesters known in the art
and is a well known engineering molding plastic. Bisphenol A polycarbonate is
a clear, high-performance plastic having good physical properties such as
dimensional stability, high heat resistance, and good impact strength. Although
bisphenol-A polycarbonate has many good physical properties, its relatively high
melt viscosity leads to poor melt processability and the polycarbonate exhibits
poor chemical resistance. It is also difficuit to thermoform.

[006] Polymers containing 2,2,4,4-tetramethyl-1,3-cyclobutanediol have also
been generally described in the art. Generally, however, these polymers exhibit
high inherent viscosities, high melt viscosities and/or high Tgs (glass transition
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bi sphenol - A pol ycarbonate has many good physica
properties, its relatively high nelt viscosity |eads

W 000p0819541el t processability and the pol ycar boP&r/@S2006/012268
exhi bits poor chemical resistance. It is also
difficult to thernoform [006] Polynmers containing
2,2,4,4-tetranethyl -1 , 3-cycl obut anedi ol have al so
been generally described in the art. Generally,
however, these polynmers exhibit high inherent
viscosities, high nelt viscosities and/or high Tgs
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paledta’s, WHE rETRIGLE RrocetRAY Q3-he Eender eRLRMetjsed in the
industry, bel i eved that certain conpositions formed from

terephthalic acid or an ester thereof, or mxtures
t hereof; 1, 4-cycl ohexanedi net hanol; and 2, 2, 4, 4-

' tanediol with certain nononmer
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Ions, i vi scosities and/or gl ass
ransiti.o e atures. are rior to | yesters ,
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aANESteF tHEEST, Wr Mix@iresABFdors F@-B%lbﬁexéﬁ&ﬁrﬂ%ﬁ%&i&%&;o?%c; 2,24 ,4-

stability, toughness, chem cal resistance, goo
teframethyk-1 Bycydanganediek avith zertaom rhahdmer nessmpositions, inherent

ad i.le tq, brittle transition tenperatures, owe

vgETie ahdicdi4ss Satdifi PR SRR slbETor bbEhesters known
inc @Rt bhan® pbEchRIdneYEe it resp&di Mol 8hetér more of high impact
Sgol ycarbonate in heat resistance and are still

pi@iass Aydehdic stedility, doughaessderemicak desipieese. good color and

clarity, long crystallization half-times, low ductile to brittle transition temperatures,
lower specific gravity and/or thermoformability. These compositions are believed
to be similar to polycarbonate in heat resistance and are still processable on the
standard industry equipment.
[009] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(a) adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and

(b)  aglycol component comprising:
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[009] In one aspect, the invention relates to a
pol yester conposition conprising at | east one

w@odogastees whi ch conprises: (a) a di carboxyl i cPErU82006/012268
conmponent conprising: i) 70 to 100 nol e % of

terephthalic acid residues; ii) 0 to 30 nole % of
aromatic di carboxylic acid residues having up to 20
carbon atons; and iii) O to 10 nole % of aliphatic

di carboxylic acid residues having up to 16 carbon

atons; and (b) a glycol conmponent conprising:i) 10 to

25 nol e %)of 21020 26, méld %t ofdved, [y U-tbtramethyl-1,3-cyclobutanediol
, 3- cycl. but anedi ol residues; and N) 75 to 90 nole % of

1, 4-‘?3“8-!%%@? nedi met hanol residues, wherein the total

mol e % of jif he ¢5480pKY)|d ?0 @ﬂé%f@w&gﬁeﬂﬁ%g@f&ye&

% and the total nole %o nponent |
wiverein dhe totdl miote & of theedicataxglic acidscosponentfis t106 mole %, and

filotd il o ot M Bhigot S aeeris Boibde %e Adr oet hane
whbrdin €08 FfHre At Vistosity & -the Poh/datdF is JreseFthdP8 @b thM .2 dLig as

one aspect, the invention rel'ates t0 a pol yester
detenpiEd ino A0V W) nithenol ketranhiarnethawiey aks B econgentration of 0.5
FI((’)"('S%. ;o a) a dicarboxylic acid conponent _
gcorrprl Sing:""i) 70 to 100 nole % of terephthalic acid

[016F1 dules orie Jaspech &k nplenfiordf refdtesatd Ca dp§|9é§l@a<ybémgosition
aci d residues having up to 20 carbon atons; and iii)
ceppriyngAt deast oneNqlyprier whighGammeisasi c aci d resi dues
Eg\r/rlp eﬁfatgg:ﬁag;ré?éﬁfﬁgaﬁh BbABneAlrhBrisifgd! Yo
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 10 to 25 mole % of 2, 2, 4, 4-tetramethyl-1,3-cyclobutanediol
residues; and
i) 75 to 90 mole % of 1, 4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %; and
[011] wherein the inherent viscosity of the polyester is greater than 0.60 to
0.9 dl/g as determined in 60/40 (wt/wt) phenol/tetrachloroethane at a
concentration of 0.5 g/100 ml-at 25°C.
[012] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(@)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;

ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
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i) 10 to 25 nole %of 2, 2, 4, 4-tetranethyl -

, 3-cycl obut anedi ol residues; and ii) 75 to 90 nole %
wo@R00&/135€ycl ohexanedi net hanol resi dues, wher ePOT/URE06/012268

total nole % of the dicarboxylic acid conponent is 100

nole % and the total nole % of the glycol conponent

is 100 nole % and [011] wherein the inherent

viscosity of the polyester is greater than 0.60 to 0.9

dL/g as determned in 60/40 (wt/w)

phenol /tetrachl oroethane at a concentration of 0.5

g/ 100prd 28tcapbacCatdrod2dnd n one aspect, the i nvention

relates to,a pgl ter n co Jng at | east

one pol yeler §H¥ '@8’%/{%0 P @ﬁ? dicay % EO%W residyegihaving
CoNPEREHY 6CAUMB6H BtdMs; and 70 to 100 mol e % of

tere Ethahc acid residues; ii) 0 to 30 nmole % of

ar on#)i ¢ aughmobmmpoueatc@mpesmgms havi ngup to 20

G carbonyi o’ adDde PRualR 4 7hd- ek amen el fiyclobutaneciol

at onrgsicugt; Gy a gI ycol conponent conprising: i) 10 to
25 mol e % of 2 4-tetramet hyl -1

. 3-cycl obiix ane&ﬁé@ gperaowé@f 1a|4dcyoiqhe7@nsdmeathanbbre%dues

wh
ol s A, PR A0 BRI 54 o a6, ana
thertbeal ¥olerd df ties lytel corapendhtas 10benalbysohngonponent

[s 10 le % d wherein the inherent viscosity of
whitsi dnS BLTREEN Gogo he poaSte B 5 terig Al be determined

rERUD (O hARIRA R o i of 03,100 mi

2%%pect, the invention relates to a pol yester

[(ﬁ?ﬁposllnt 'o%ré aspect, the invention relates to a polyester composition
comprising at
least one polyester which comprises:
(@)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 11 to 25 mole % of 2, 2, 4, 4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 75 to 89 mole % of 1, 4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is 0.80 dL/g or less as determined
in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100 ml at
25°C.



conprising at | east one polyester which conprises: (a)
a di carboxylic acid conponent conprising: i) 70 to 100

wode/13496f terephthalic acid residues; ii) O tPCBOSI006/€12268
% of aromatic dicarboxylic acid residues having up to
20 carbon atons; and iii) O to 10 nole % of aliphatic

di carboxylic acid residues having up to 16 carbon
atons; and (b) a glycol conmponent conprising: i) 11 to
25 nole %of 2, 2, 4, 4-tetranethyl-1

, 3-cycl obut anedi ol residues; and ii) 75 to 89 nole %

[0a#] 1, Wr oyrd depeatiedhareihhenidn regatdseso Mpbl@bﬁtetrheomgosition
total. nol e % of thﬁ di carboxylic acid conponent is 10
CHHPESIHg agﬁ%esttrg)@etgg ¥EStRBYVBICH GRMPIRESyl ycol conponent
is 1 nokLey: 9 : j j it Vi scosity of
t he I yeé?ﬂécr/érlbgﬂgl.c\é%‘?%E?lg\pgbépfeg@%[ﬁg@gt ermned in
60/ 40 (wi)wt) pPhéadDOtreoleédf dermphtizalie sdid sesidues;

concentratjon Qf Q.5 O at[014 n qne aspect, )
the invenf) on 8@?2“9&‘?8(30 °a°f€699@&@é*’é%'gﬁi§@§’l QQ"iﬁeS'dueS having
conpgp b 20 Rrbbeatdmenghdeol yester which conprises: (a)

a di carboxylic acid conponent conprising: i) 70 to 100
mol e % of Ill%/er epho HA molea¥ of aliphiatiaeligarboyylic aaid sesidwesshaving

% of t | carboxyljc acid residues having up to
20 c%&ﬁé aciag@ g%%’q% O to 10 nole % of aliphatic
di ca(oxyhighycet cémpenkertesmpasihgg up to 16 carbon

atons; and (b) a glycol conponent conprisi ngi: i) 12 to .
25 nol e Wof 21240 Zﬁ,mqlet%tqu,ﬁeﬂhﬁrte ramethyl-1,3-cyclobutanediol

1, 3-@(5%@gtaﬁaedi ol
ii) 75 to 88 mole % of 1, 4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is 0.80 dL/g or less as determined
in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100 ml at
25°C.
[015] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(a) adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
i) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  a glycol component comprising:
i) 13 to 25 mole % of 2, 2, 4, 4-tetramethyl-1,3-cyclobutanediol
residues; and
i) 75 to 87 mole % of 1, 4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
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residues; and ii) 75 to 88 nole % of 1,

4- cycl ohexanedi net hanol residues, wherein the total
worRioe/19496f t he di carboxylic acid conponent i s RODURIN&012268
% and the total nole % of the glycol conmponent is 100

nole % and wherein the inherent viscosity of the

pol yester is 0.80 dL/g or less as determned in 60/40
(wt/wt) phenol/tetrachl oroethane at a concentrati on of
0.5 ¢g/100 mM at 250C. [015] In one aspect, the
invention relates to a polyester conposition
theoietalinsoledloatf the gbicoboempohgriss di00wholetocanr i ses: (a)

di.car boxylic acid.conponent c rising; i) 70 to 100
wRgiN 35S ek G ieenS OTaer wolesianeo:ad Hi.br §Ss s datermined
o . . . iPpee .

PO ETPY I ROPRAGRA ARy £ALB A PRSI0 it
2%&ar boxyl i ¢ acid residues having up to 16 carbon

[@EP g| Iga&,dr@g b%ﬁpaeg?il if?é) lgringlgﬁ?@ﬂg{] %g gpor | g’ | Sglilejst)er 1§ortn?)osition
corfﬁpfiiyiﬁg@%ém%b%ow@ﬁéﬂ%&h @Mfipridds: 7> to 87 mole %
0

- cycl ohexanedi net hanol residues, wherein the
t ot afa)nol 8 digasboxyis anid sempepENtcempYsibghponent is 100

nmol e % apdt he % of, ycol . co nent is
100 nole % anéb\%gpgiﬁ& h‘éoﬁﬁ%@?@ﬂ%l%i%&%&s{@%ﬁ, t he
pol yesteriiy s 0086 30Lrhgleo, dfessnasicdribokyietdid réSiddés having
(wt/wt) phenol/tetrachl oroethane at a concentrati on of

0.5 §P _1‘?) O,garbgn atomes: gnshe] 1n one aspect, the
o<l 21 D AP AR LY siues havin
up to 16 carbon atoms; and
(b)  a glycol component comprising:
i) 14 to 25 mole % of 2, 2, 4, 4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 75 to 86 mole % of 1, 4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is 0.80 dL/g or less as determined
in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100 mi at
25°C.
[017] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(@)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
i) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and

(b)  aglycol component comprising:
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(a) a dicarboxylic acid conponent conprising: i) 70 to

100 nole % of terephthalic acid residues; ii) 0 to 30
worioe/194964 ar omati ¢ di carboxylic acid resi duesPtiEHvUE2996/012268

up to 20 carbon atons; and iii) 0 to 10 nole % of

al i phatic dicarboxylic acid residues having up to 16

carbon atons; and (b) a glycol conponent conpri sing:

i) 14 to 25 nmole % of 2, 2, 4, 4-tetranethyl-

, 3-cycl obut anedi ol residues; and ii) 75 to 86 nole %

of 1, 4-cycl ohexanedi net hanol residues, wherein the

total nol® % ofl4tib@5dhekr Baf\d, i 4@4Ltétrgﬁ1§ﬁl¢ﬁe113 dysloblfanediol
nole % and the total nole % of the gl ycol conponent

is 1P and wherein the i nherent viscosity of

t he pol yemf; 57? t9889ndl/ 4 4%5&#5]’?9)&%%8 [iSHol Rsidues,

60/ 40 (wt enol /tetrac
wheraie e Mtiabumoiff %0 obthg djeﬁrhdxylm a@ifsampdisfit i$ 106maole %, and

t rel ates .t ol yester
th@o‘ﬁﬁ%@?lﬁgf of gfy§PE%°rBP°”%H§§q9ﬁé'ﬁ%'8I zeé‘f'@r whi ch
wﬁ@f&?ﬂ? :tliel;eﬁwghe@?%t \ﬂséﬁsgt?rldggﬁé( bgleékofégss t@)gfrﬂégﬁ)%ﬂérl less as determined
inr 8¢/iBuivg/wi) iphepot/ietechiondethehefataa concéentratianaob x5/ g0 mi at

2?%d resi dues having up to 20 carbon atons; and iii) O
10 nole % of aliphatic dicarboxylic aci d resi dues

[(ilB}fl NGinuforie0 depectr BRN iAventon aehted) tat 4l M§I9éster composition
onponent conprising:i) 14 to 25 nole % of 2, 4,

CQ!“P@?'PQ %é@ﬂﬁtlanelp@y@}@ﬂ whigheseprises; esi dues and
(a) adicarboxylic acid component comprising:

i) 70 to 100 mole % of terephthalic acid residues;
i) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 14 to 25 mole % of 2, 2, 4, 4-tetramethyl-1,3-cyclobutanediol
residues; and
i) 75 to 86 mole % of 1, 4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is 0.35 to 0.75 dL/g as determined
in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100 ml at
25°C.
[019] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(a)  adicarboxylic acid component comprising:
)] 70 to 100 mole % of terephthalic acid residues;

ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
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i) 75 to 86 nole % of 1, 4-cycl ohexanedi net hanol

resi dues, wherein the total nole % of the dicarboxylic
wa@ceood/188ponent is 100 nole % and the total npCEUY2006/012268

the glycol conponent is 100 nole % and wherein the

i nherent viscosity of the polyester is 0.75 dl /g or

| ess as determned in 60/40 (w/w)

phenol /t et rachl oroet hane at a concentration of 0.5

g/ 100 m at 250C. [018] In one aspect, the invention

relates to a polyester conposition conprising at | east

one ppwget@wmmatdm@(ymrl ses (a) a dicarboxylic acid
component _conprising: i) to 100 nol e % of

t er epht halii) ¢ afit@ 1pé’§Pl@u%>50f jliphatic disasboxyiceadig Bysidues having
aro %&1@'&%&9%%&%&9@ d residues having up to 20

car bon at ons; NN to 10 nole % of aliphatic
di ca(tj;oxyhlglycmﬂ:cdmpeaéduwnbﬂsrihgg up to 16 car bon

ggogi e o o1£ ) 121(92§Crr?glgrlet 2’3@,&? ﬁgtgﬁfglmséltr?)% 1 3 Cyclobutanedlol

, 3- Cyééhdméét di ol residues; and ||) 75 to 86 nole %
of 1, 4- cyclo exanedi net hanol resi dues, wherein the
total nol &) % of5th86dhalardbmiy, Hecwnrtemowd'mneﬂmnblsremiDJes,

ot le %of th I nt
wigreinife 5 e, i drarnoiic rRd Gribgiatigenog Tele %, and
thieetN Pho1E D% &F the gYcdtcdpOndiit ifh00 msledBt 8rdT ned in
60/ 40 (W /wt) phenol/tetrachl oroet hane at a

wherrie the ithesentofisasy ¢f te palyester 250860 {c0d.9p dlig @seletermined
AR N NG BRYoRSEe £ BBhHRARE ot praio0 m e
2Bgpri ses:
[020] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(a) adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms;
(b)  a glycol component comprising:
i) 14 to 25 mole % of 2, 2, 4, 4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 75 to 86 mole % of 1, 4-cyclohexanedimethanol residues,
and
(c)  residues from at least one branching agent residues;
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is 0.5 to 1.2 dL/g as determined in
60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100 mi at
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(a) a dicarboxylic acid conponent conprising: i) 70 to
100 nole % of terephthalic acid residues; ii) 0 to 30
wOod0e/13496f aromati c di carboxylic acid resi duesP¢iEHUSIVGIHI2268
to 20 carbon atons; and iii) O to 10 nole % of

al i phatic dicarboxylic acid residues having up to 16
carbon atons; and (b) a glycol conponent conpri sing:

i) 14 to 25 nmole %of 2, 2, 4, 4-tetra nethyl -

1, 3-cycl obut anedi ol residues; and ii) 75 to 86 nole %
of 1, 4-cycl ohexanedi net hanol residues, wherein the
268Cal nole % of the dicarboxylic acid conponent is 100
nol e 9 ? and the total nple % of the glycol conmponent

[0 100" o€ ofs wher lventiep reﬂﬁkaser’ﬁ@ 2i ebestsf gpmposition

determned in
ng‘%{fgm(gy &%% P eﬁ%l ?ﬁeaf \r@gﬁforoéﬁ %ﬁe at a
conce(ai)raalcbcarbbxyildéa(gdbﬁmpdneat c@BPasingd20] 1 n one

t rel a o est er
conpost ti O con sy iaie Ve st tereRahal sektiesiduesern
conpri sesjj) (a) O%Q‘J(Pt%b@%’bf Sroffatid di@éﬂ?}%ﬁ?ﬁf ?Cld resndaes having

corrpr|3|n% to 100 nole % of terep I c acl
resi dpde 20i¢ar ontatprae c’m!ﬂ e % of aromatic dicarboxylic

6. 10" mol Mo, ob S ot & ol QBB HcEb88p 23 roitdes’ naving

havi og to[6tcarbén egsrignarad ons; (b) a gl ycol conponent
conprising: i) 14 to 25 nole % of 2, 2, 4,

4- t ef®)ameHgJyCol comnOpENbBOMBAHEWTo| r esi dues: and
i) 17 to 23 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol

residues; and
ii) 77 to 83 mole % of 1,4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.60 to less than 0.72 dL/g
as determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C;
wherein the glass transition temperature of the polyester is from 95 to 115°C.
[022] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(a) adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 14 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol

residues;
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i) 75 to 86 nole % of 1, 4-cycl ohexanedi net hanol
residues, and (c) residues fromat |east one branching
w@o@nt13196si dues; wherein the total nole % of tPET/US2006/012268

di carboxylic acid conponent is 100 nole % and the
total nole % of the glycol conponent is 100 nole %
and wherein the inherent viscosity of the polyester is
0.5 to 1.2 dL/g as determned in 60/40 (wt/w)

phenol /tetrachl oroet hane at a concentration of 0.5

g/ 100 m at250C. [021] In one aspect, the invention

relates tig) a ppbyes8@rmerTEPIft 1, arcyelieikadedinethah6lapdsidues,
one pol yester which conprises: (a) a dicarboxylic acid
conp%'?ﬂant conprising: i) 70 to 100 nol e % of

L er epnt hagl ¢ aglidoniess P10 hidle % bPetflidi Gve8iFesidues,
aromati c carboxyl1rc acid residues having % 0
whardi theatatabmobten® of fhe dichok@icratid danadoreentfigd00anole %, and

di carboxylic _acid resi dues hayi up to. 16 carbon
thi 6 Fal Mali g O e SlPS M OREB A0 EORIE 51 ng: 1) 17 to
whérdi®|the %hRkr t%siécd‘sﬂ?%f e Wonlester B fOR @66 @869l dLig as
residues; and 1i) 77 to 83 | & % of
datemningd inhéAfeviivel) hanewiol/taddchicreethaner ai a admeentratidbn of 0.5

e % 1e _di carboxylic acid conponent is 100 nol e
Q@ba{ﬂ'oat?‘{?é’wap& mol e % of the glycol component is 100
whBlein Hie gREs WRRERIOR tERferatNes 6ﬂﬂ1eVp<§g@é7téF ¥ fRdmideto 115°C.

. as

pol yester is fromO0.60 to | ess than 2 dL/g .
[0331 er nfin&xnsi rAspeckothan inventigi aelates eta s hpelyestehae@mposition

oyl i B s P g 255, T o' 7, e
95 tat 1¢a6tene polyester which comprises:
(a)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
i) 0 to 30 mole % of aromatic dicarboxylic acid residues
having up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues
having up to 16 carbon atoms; and
(b)  a glycol component comprising:
i) 17 to 23 mole % of 2,244-tetramethyl-1,3-
cyclobutanediol residues;
ii) 77 to 83 mole % of 1,4-cyclohexanedimethanol
residues, and
iii) 0.01 to less than 15 mole % of ethylene glycol residues;
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %;
wherein the inherent viscosity of the polyester is from 0.35 to 0.75 dlL/g as
determined in 60/40 (wt/wt) phenol/tetrachioroethane at a concentration of 0.5
g/100 ml at 25°C.

[024] In one aspect, the invention relates to a polyester composition
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[022] In one aspect, the invention relates to a
pol yester conposition conprising at | east one

w@odogastees whi ch conprises: (a) a di carboxyl i cPErU82006/012268
conmponent conprising: i) 70 to 100 nol e % of

terephthalic acid residues; ii) 0 to 30 nole % of
aromati ¢ di carboxylic acid residues having up to 20
carbon atons; and iii) O to 10 nole % of aliphatic

di carboxylic acid residues having up to 16 carbon

atons; and (b) a glycol conponent conprising: i) 14 to
c@bprising Stdedst2n2, phlyiestet whivhtdophprises3- cycl obut anedi ol
residues;ii) 75 tq. 86 nole % of .

1, 4- &9 oﬁéﬁ@r{g%ﬁ@t%@”\p@%ah%ﬁ‘%ﬁ'&giii) 0.1to

| ess thany10 mpp g, Y0Bim&EY! o RereBhiiflllc dF [iifses;

wherein the total nole % of the dicarboxylic acid
conponentiij s 1000 36| reoks Yanfdaromatic alicarborylie dbidfegithecs having

gl ycol .c onent js 100 le % wherein the inherent
Vi scBQit?gg&a”?%at%T‘ r is from0.60 to 0.72 dL/g

as determjned oo 6@ Bl W dvdlibhatic dicarboxylic acid residues having
phenol /tetrachl oroethane at a concentration of 0.5

g/ 100p & 18tcapym atomas,v@sk ei n t he gl ass transition

tenmpgrat u f | J.s from95 to 115C. [023]

In oﬁ{? as%? C,OI %ﬁ@pgﬁ%ﬁﬁrﬁh”%@gat es to a pol yester

conposi tipn compriosANencie %eesL,20M8-tearhiRsh @1, Myeldbutanediol

conpri ses: at |east one polyester which conprises: (a)
a di @sIBB8yPNE aci d conponent conprising: i) 70 to 100

O orlh BB U b da ot rl Bl
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %;
wherein the inherent viscosity of the polyester is 0.75 dL/g or less as determined
in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100 ml at
25°C; and
wherein the glass transition temperature of the polyester is from 95 to 115°C.
[025] In one aspect, the invention relates to a polyester composition
comprising:

() at least one polyester which comprises:

(a)  adicarboxylic acid component comprising:

i) 70 to 100 mole % of terephthalic acid residues;

ii) 0 to 30 mole % of aromatic dicarboxylic acid residues
having up to 20 carbon atoms; and

iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues
having up to 16 carbon atoms; and
(b)  a glycol component comprising:

i) 10 to 25 mole % of 2, 2, 4, 4-tetramethyl-1,3-
cyclobutanediol residues; and

ii) 75 to 90 mole % of 1, 4-cyclohexanedimethanol

12



having up to 20 carbon atons; and iii) O to 10 mole %

of aliphatic dicarboxylic acid residues having up to
waeooeastsn atons; and (b) a gl ycol conmponent PCT/US2006/012268

conprising: i) 17 to 23 nmole % of 2,2, 4, 4-tetranethyM

, 3- cycl obutanedi ol residues; ii) 77 to 83 nole % of

1, 4- cycl ohexanedi met hanol residues, and iii) 0.01 to

|l ess than 15 nole % of ethylene glycol residues;

wherein the total nole % of the dicarboxylic acid

component is 100 nole % and the total mole % of the

gl ycol cofsifias and 100 nole % wherein the inherent

Vi sCOfi tYa0kakhén apliel BR3P 83t gfoé%cg%greof;
as determ neg I N P 59 _
whéeintie titakmbleotoef thandgicabosylioasiaidmbérsht 3 180 fnole %, and

. [024] 1 t, the invention
thggfl’%?gg'??ﬁ@%a’t% _9&%'6"1(0'6%&@? ag’@(#ﬁ_r%salﬁ@ at | east
wREZIP Hey BHeRENt W Ritf W@B&Sfést%g%)s gqufgcf 5bcﬂ_)?¥ s S irined in

component conprising: 1) 0 %60
6Q/40 efyritwial pheratitetradhordatmnel &) 20 conc@ftratine ofob 2%100 ml at

& matic di carboxylic acid residues having up to
2cg’?bon atons; and iii) O to 10 nole % of aliphatic

picar BaxyhiC bEt I g Vi 0 "
e Ao EpPocty] % [HASIoR (BBied o 2 haPEqBr cpmgositon
COPPIigING % of 2, 2,4, 4-tetranethyl -1 , 3-cycl obut anedi ol

(31 B AR B Gl
(@)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues:
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues
having up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues
having up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 14 to 25 mole % of 2, 2, 4, 4-tetramethyl-1,3-
cyclobutanediol residues; and
i) 75 to 86 mole % of 1, 4-cyclohexanedimethanol
residues; and
() at least one thermal stabilizer and/or reaction products thereof;
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %: and
wherein the inherent viscosity of the polyester is 0.5 to 1.2 dL/g as determined in
60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100 ml at
25°C.
[027] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:

(@)  adicarboxylic acid component comprising:
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wherein the total nole % of the dicarboxylic acid

conponent is 100 nole % and the total nole % of the
w@bkyosab79spnmponent i s 100 nole % wherein the | POEUSI6/012268

viscosity of the polyester is 0.75 dL/g or |ess as

determined in 60/40 (w/wt) phenol/tetrachl oroet hane

at a concentration of 0.5 g/100 mM at 250C, and

wherein the glass transition tenperature of the

polyester is from95 to 115C. [025] In one aspect, the

invention relates to a polyester conposition

conprising: (IYy0do 108antledhheoffiotepbitadic adid edsidues;

conpri ses;, (a) icarpoxylic acid conponent . , .

conmprisinty i )O%%{Od“ﬁ?%o%ﬁ Fomatic Cﬁ%’i‘%ﬁﬁﬁﬁa@q'@ regifides having

resi d4es 20idakb&h oS 4| € % of aromatic dicarboxylic

acid residues having up to 20 carbon atons; and iii) O

to 10 nol #) % of talliGpmate % df aliphatieydicarbexylit acid rekidses having

havi ng.upsto 16 carbon atfons; and (b) a glycol
compbNdh6 aon ERES 918 10 10 25 ol e sof 2, 2, 4
4- t etyyaneh icol componkht @@MFﬁQiﬁgi ol residues; and ii)
75 to 90 nole %of 1, 4-cycl ohexanedi nethanol resi dues; _
and (11) Bt | ead8ttoode Meler ol 22xhittetremeihylt o8-cyclobutanediol
react . cts thereof; wherein the total nole % of
t he Eéusg‘i\hre%g%& ic acid conponent is 100 nole % and the

)

total noli) % of5tde@0ghyiecl afonpeyehekanddheimarl ¥esidues,
nd wherein th ionhgrent_ vi scosity of the polyester s
wheteif dh fotakmolp %o Hectigpriaxylie agig) crmpanenii§ 100 mole %, and

t@%'rﬁrﬁs@g@%@%bhé&ﬁpaﬁeﬁt i§9065Abi™,: on of 0.5
wherein the inherent viscosity of the polyester is 0.5 to 1.2 dL/g as determined
in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100 m! at
25°C; and
wherein the glass transition temperature of the polyester is from 95 to 115°C.
[028] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(a) adicarboxylic acid component comprising:
~ i) 70 to 100 mole % of terephthalic acid residues;
i) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  a glycol component comprising:
i) 14 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
i) 75 to 86 mole % of 1,4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %;

wherein the inherent viscosity of the polyester is 0.35 to 0.75 dL/g as
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[026] In one aspect, the invention relates to a

pol yester conposition conprising: (l) at |east one
w@odogastees whi ch conprises: (a) a di carboxyl i cPErU82006/012268

conmponent conprising: i) 70 to 100 nol e % of

terephthalic acid residues; ii) 0 to 30 nole % of
aromatic di carboxylic acid residues having up to 20
carbon atons; and iii) O to 10 nole % of aliphatic

di carboxylic acid residues having up to 16 carbon
atons; and (b) a glycol conponent conprising: i) 14 to
determisies v 60/42, (vit/w)  phenotteteaohidrgbthbne3at a concentration of 0.5

| obut di al, residues; and ii) 75 to 86 nole % of
g@?ﬁaﬂﬁ%ﬁgﬁe%ﬂedi met hanol residues; and (I1) at |east
whRBRih Y gRalss HamBitiohZ8MmpRASHIES of BRCSAIP8StBF RAHSHhD5 to 115°C.

t hereof ; "wherein the total nole % of " the dicarboxylic

[032] d dompheermspiest, 10® npolyester agrmpasitiont abntmiise @% tdast one
| component is 100 nole % and wherein the

p(lslgﬁae'r%éﬁ?%\?i scosity of the polyester is 0.5 to 1.2 dL/g

aenol 1 ot achl of el nane ‘at & agncent A ton o 05 o
(981,00 1 on 2980, they pojyestersniselid jadhe invrntionveantaisnless than
15 54035 48208 NER L BEINIRI oE ABHR N00P g @ 15
motenftoetbytenegiycdl sésigues. 70 to 100 nol e % of

038 B Sl b SEALRSs s o o S S e Bl ethyione
glgesihesidgabens; and

[033] In one aspect, the polyester compositions useful in the invention
contain at least one thermal stabilizer and/or reaction products thereof.

[034] In one aspect, the polyesters useful in the invention contain no
branching agent or, alternatively, at least one branching agent is added either
prior to or during polymerization of the polyester.

[035] In one aspect, the polyesters useful in the invention contain at least one
branching agent without regard to the method or sequence in which it is added.
[036] In other aspects, 1,3-propanediol or 1,4-butanediol, either singly or in
combination, may be used in the making of the polyesters useful in this
invention. In one aspect, the polyesters useful in the invention are made from no
1, 3-propanediol, or 1, 4-butanediol, either singly or in combination. In other
aspects, 1,3-propanediol or 1,4-butanediol, either singly or in combination, may
be used in the making of the polyesters useful in this invention.

[037] In one aspect of the invention, the mole % of cis-2,2,4,4-tetramethyl-
1,3-cyclobutanediol useful in certain polyesters useful in the invention is greater
than 50 mole % or greater than 55 mole % of cis-2,2,4,4-tetramethyl-1,3-
cyclobutanediol or greater than 70 mole % of cis-2,2,4,4-tetramethyl-1,3-
cyclobutanediol; wherein the total mole percentage of cis-2,2,4,4-tetramethyl-

1,3-cyclobutanediol and trans-2,2,4,4-tetramethyi-1,3-cyclobutanediol is equal to
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iii) O to 10 nole % of aliphatic dicarboxylic acid
resi dues having up to 16 carbon atons; and (b) a
wa@kyeos79bnponent conprising: i) 10 to 25 nol ePO4/U82006/012268
2,2,4,4-tetramethyl -1 , 3-cycl obut anedi ol residues; and
ii) 75 to 90 mole % of 1, 4-cycl ohexanedi net hanol _
resi dues, wherein the total nole % of the dicarboxylic
acid conponent is 100 nole % and the total nole % of
the glycol conponent is 100 nole % wherein the
i nher ent VISCOSIty of the polyester is 0.5 to 1.2 dL/g
a fafapelk HiGinede1 %-n 60/ 40 (wt/ wt)

1085500, 1 oe" Skt R PhioR. FREFGIECE o Mlindremirs of 22.4.4-

tetranr&ﬂhydtuB&:yofoUuMGQﬁbIYQ%bﬁﬂ iifg f:éﬁmn%pdlpeskééc uddtdBlin the

the invention relates to a pol yester

'n}f%'ﬁt%g’selst é%ﬁ%r /0single % of 6iss2, 26’(1649'@43!9’1@@1)@'(1 ,$veiycihbutanediol

argdgﬁw ?:?)?]’éo (7@) n@;béj /C%Ibtgéwé ?‘é 1 Ogtr‘é@{gg@)ﬂ 16vglobutapediol; or

froro4Qtee60 nnmm % dfcis, MMQe%ﬁaafeta}gmlcjty@lo%UWégﬁdll}’e}r;onrom 40
atons; and i

topi) Tfifoh oS 2P b dBiremste ﬁgé)@;’g'ioéukﬁﬂe@’@'ewmtﬁm the total

mbI@Vl Pé&rceRtdge 16f C@é@?@,@i féfﬁamé‘@gl c@%(!}%l%fgr%dlol and trans-

onent conpri sing
g4p aﬂeuﬁm@thy&ﬁéi-hmlellutaeed@t lscrtquaiutredltoial be$00ussle %nd

o84, oGS B b B e o
macufdctesTinclading, Hul 4ot Wird%o, @Xruded, calendered, and/or molded
articles including but not limited to, injection molded articles, extruded articles,
cast extrusion articles, profile extrusion articles, melt spun articles, thermoformed
articles, extrusion molded articles, injection blow molded articles, injection
stretch blow molded articles and extrusion blow molded articles. These articles
can include, but are not limited, to films, bottles (inciuding, but not limited to,
baby bottles), containers, sheet and/or fibers.

[040] In one aspect, the polyester compositions useful in the invention may
be used in various types of film and/or sheet, including but not limited to
extruded film(s) and/or sheet(s), calendered film(s) and/or sheet(s), compression
molded film(s) and/or sheet(s), solution casted film(s) and/or sheet(s). Methods
of making film and/or sheet include but are not limited to extrusion, calendering,
compression molding, and solution casting.

[041] Also, in one aspect, use of the polyester compositions minimizes and/or
eliminates the drying step prior to melt processing and/or thermoforming.

[042] In one aspect, certain polyesters useful in the invention are amorphous
or semicrystalline. In one aspect, certain polyesters useful in the invention can
have a relatively low crystailinity. Certain polyesters useful in the invention can
thus have a substantially amorphous morphology, meaning that the polyesters

comprise substantially unordered regions of polymer.
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the total nole % of the glycol conponent is 100 nol e

% wherein the inherent viscosity of the polyester is
wWO2®86/1871950. 75 dL/ g asdeterm ned in 60/40 (w/wWe¢T/US2006/012268

phenol /tetrachl oroet hane at a concentration of 0.5

g/ 100 m at 25C, and wherein the glass transition

tenperature of the polyester is from95 to 115C [029]

In one aspect, the polyester conposition contains at

| east one pol ycarbonate. [030] In one aspect, the

pol yester conposition contains no polycarbonate. [031]

I n one aspect, the polyesters useful in the invention

o8k s LRI e RHEBAMNELS 0,238 S 6

et hyl ene glycol residues. [032] In one aspect, the
[048] yeslighee dsist al grapht showing ghei @‘fecrt ®fteomomomer oyl theefastest

ol siiler bR3let fhes o ML PER GRS rinc ol 4t | cast

[0d8E t heHgmb zsts-ﬂéldraglershawmgomer @ﬁ!@étlcﬂrbo%@wﬁénson the bnttle-to-
thereof. [034] In one as?ect ol yesters usef ul

dy¢tle trapsitiondampshetsre (o m@w@m lzgenmpaet strength test (ASTM
D%ée{/@%tﬁﬁkym%n h‘%ﬁ? one branching agent is added

Ior’'to duri'ng pol ymeri zation of the
[0@5] yeslﬂgure [D35] aI graphe shopief thé heff¢ut! e, 2,l21$4-t§tﬁiméthyl 1,3-
mge i nvention Contaln at | east one branchi agent
cyaleilaRediah $0MRas ik Ofeififo @IRFS $i2etiofe lGMPRRRER - (10) of the
Cé&ﬂ@&ﬂ@ﬂ [036] In other aspects, 1, 3-propanediol or
but anediol, either singly or in conbination, nay
be used in the making of the polyesters useful in this
i nvention. In one aspect, the polyesters useful in the

DEMYLE DADESCRIPTHONf OF THE® INVERITMONPanedi ol ,  or 1,
4- but anediol, either singly or in conbination.

[OQBFegrﬂz???és%nt ]rn\fenlﬁig)gﬁﬁaﬁg'te%nndé’rﬁyﬂbr@%e:ﬁ&lg'blyhreference to
thﬂa‘{allmglngfda.’ta@q)dewmtlen@f@eﬁbm efmbotiments of #m invention and the
working examples. In accordance with the purpose(s) of this invention, certain
embodiments of the invention are described in the Summary of the Invention and
are further described herein below. Also, other embodiments of the invention
are described herein.

[047] It is believed that polyesters useful in the invention described herein
can have a combination of two or more physical properties such as high impact
strength, moderate glass transition temperatures, chemical resistance, hydrolytic
stability, toughness, low ductile-to-brittle transition temperatures, good color and
clarity, low densities, and long crystallization half-times, good thermoformabiity,
and good processability thereby easily permitting them to be formed into articles.
In some of the embodiments of the invention, the polyesters have a unique
combination of the properties of good impact strength, heat resistance, chemical
resistance, density and/or the combination of the properties of good impact
strength, heat resistance, and processability and/or the combination of two or

more of the described properties, that have never before been believed to be
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[037] In one aspect of the invention, the nole % of
cis-2,2,4,4-tetranethyl- 1, 3-cycl obutanedi ol useful in

W@ eebasTspol yesters useful in the invention i SPQF/E§1066/012268
than 50 nole % or greater than 55 nole % of
cis-2,2,4,4-tetranmethyl -1 , 3- cycl obutanedi ol or
greater than 70 nole % of cis~2,2,4,4-tetranethyl -
, 3- cycl obutanedi ol ; wherein the total nole percentage
of cis-2,2,4,4-tetranethyl- 1, 3-cycl obutanedi ol and
trans-2, 2, 4, 4- tetramet hyl -1 3 cycl obut anedi ol is

peseat IW@QOWQSB‘#I’ of 100 ol e % [038] In one aspect of

o » %0 h f
P, ndFR | Bl SBBBBIE Ll VEOFET ) b o inouce
“Copblyesters’s and g5 WndefstbBE th THEM Ia0§yr|tﬁeﬂ‘|é 961y$ﬁbﬁ ﬁreggreq by the

nole % of cis-2,2,4,4-tetranethyl -1 , 3-cycl obutan
reagHon r efmone ©6 mgrqnqlf@n%l@ﬁal carboxyhc acids and/or multifunctional

4R i e LT ot BhAH 05 Shnhuns ancor

muﬁﬁuwiounumdaﬁ«yolcomdnﬁem Wp.bgn;ﬁ%ér@hfan&ﬁ&{ax carboxylic acid
tr ns- t et r amret hyl - cycl obut anedi ol ,

Pe? @'Fﬂ%’%&'ﬂ%@%ﬂoﬁ@dptéfec@mrmyenalf hydroxyl” compound can be a
dlﬁyénc? e%o‘i'\o‘f' sh@ﬁ rm&h&kﬁﬂqplé @%ﬁlg(%%ggﬂﬁaneghgn%@ "glycol” as

trans- 2, 2,4, 4-tetranet
usagldn this apphnaationofnclll.&ibsndjm i%0 n@tOB&]teUntanﬂoBﬂngols and/or

B Riohar BRrSlRRRpOUBEE. ncAtamaiialy T dlmotianad carboxyli
adi@Inesgd eeesl hyélf&(yoéarﬁﬁkﬂ%daé}& tduehess, 11BF b%’l'n dgyhy@l%&ybenzmc

limted to, injéction no articles,
aGidt aadethe gifynclional d@yctmxsdrmmpesnd pnef/l H)ez em(tarumamln nucleus
ermof orned, artj cl es,

bé’a{rtd US| ?d %Jl éggg{;thﬁfﬁt @Clhegﬁj @Et%@m ?’OW%QH@&’”G The term

“regitlie’, ess Useehbrain, BidarisCBn! SyaRR @ﬁdc@"ré'nﬁb@@o‘?‘é‘t@d into a
xtrusi on bl ow nol ded articles. These articl es

Pqefw@% drroughta olyaesdensaiianeandias an lestsrifisetion esaction from the

' . .bott]es
coH AL REm I g B bR NP U LR nergeimeans an
orgaeicpsituctstechavingrp sicarions/lio srid redidué Reid &\EHIt iR UBYonded
sed i,n various types of filmand/ or sheet,

fh?ﬁ@?’ﬁ@@ﬁgb POXYoer OIUPm ks, fer exampieethe diaaragxylincicid residues
mé)hEétde?b\/ed%rﬁ%déi’bﬁ%cﬂyh%éb ABAbMer BN 6 ds¥beiated acid halides,

onpr essi on
esters salts, anhydrides, or mixtures thereof. Furthermore, as used in this

application, the term "diacid" includes multifunctional acids such as branching
agents. As used herein, therefore, the term dicarboxylic acid is intended to
include dicarboxylic acids and any derivative of a dicarboxylic acid, including its
associated acid halides, esters, half-esters, salts, half-salts, anhydrides, mixed
anhydrides, or mixtures thereof, useful in a reaction process with a diol to make
polyester. As used herein, the term "terephthalic acid" is intended to include
terephthalic acid itself and residues thereof as well as any derivative of
terephthalic acid, including its associated acid halides, esters, half-esters, salts,
half-salts, anhydrides, mixed anhydrides, or mixtures thereof or residues thereof

useful in a reaction process with a diol to make polyester.

18



nmol ded filn(s) and/or sheet(s), solution casted
film(s) and/or sheet(s). Methods of meking film and/or

W@ baet13i9ne! ude but are not limted to ext r usi oPCT/US2006/012268
cal endering, conpression nolding, and sol ution
casting. [041] Also, in one aspect, use of the
pol yester conpositions mnimzes and/or elimnates the
drying step prior to nelt processing and/or
thernoform ng. [042] In one aspect, certain polyesters
useful in the invention are anorphous or

(048 cr )}Qt%ﬂq ﬁﬁébOdlmeoheteaemeauc ceid annany el wesd edss the starting

R et RERUARR Gl BrerdGaiale s B used as the

starhrgwmamsrlalaﬂntym&rimw@r émbolmat hﬁ)‘(thVesaBP[é?BgHﬁ\ahc acid and
anl ng that the pol %esters conpri
s t

d'glﬁﬁg{’]oFﬁrgémh? iR oy 88 Heed ¢ giertingemaRrigF and/or as an
,nggm,é}glrﬁ)a\{ QF:¥THE DRAW NGS [043] Figure 1 is a graph
e e

show ng t ect of compnomer on the fastest
[050}yst alhe palyestersaiskdtin ites ppésemdniereidbnRgpically canhbe prepared

PP QEd RIS gk 1Y Ghels migh Feadtanysyibpsantialy Saual proportions
and ars incofibrbRUPRIR [Eolgg?(%} gb 8 Cﬁ"éﬁd@&eoﬁ%olqgﬁ%geadues

strength test (ASTM
Tfp@zpquerst@r@r of 3h$ sprasgmap‘rvamhom mlgertafmfe;efdaaCbom%m substantially

tﬂho‘f’%{t 8(?& gl pf o%cng ﬁ%ﬁé@%%%@%@%}j%lg%)?p%%l tdlol (and/or
mumnmd@atale hyd @&Wbbﬁ@&ﬁ@%?@h@' ($6o JHEIFJ oV gh@h WNat the total

046] The present invention nay be underst oo
ig'@écﬁfl@pwlﬂge*ﬂ@??eﬁc%m% tq ﬁ@oﬁmle%m be dmlaldeecbntages prowded

SRS RBbOEBlos6Rl AR AT Befla WHeg VAL ¥ls of acid
repidupsstiesiotalf mbleissof dive Résidtles, C& tha t@téifm@@sr@mﬁez)e%ﬁng units.
t he |nvent| on are described in the Sunmmar

FOrRpplgn 2apelyaster contaieing 2@ droled lﬂmh&ailcbed:ldwbased on the
totﬁ'l Sza(bld e88les "RRANTEMCS pBiyebie LINERE! 98 BLR oL elgc%htﬁaﬁc acid

herein
residues out of a total of 100 mole% acid residues. Thus, there are 30 moles of

isophthalic acid residues among every 100 moles of acid residues. In another
example, a polyester containing 25 mole% 2,2,4,4-tetramethyl-1,3-
cyclobutanediol, based on the total diol residues, means the polyester contains
25 mole% 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues out of a total of 100
mole% diol residues. Thus, there are 25 moles of 2,2 4 ,4-tetramethyl-1,3-
cyclobutanediol residues among every 100 moles of diol residues.

[051] It is contemplated that the compositions of the invention can possess
at least one of the inherent viscosity ranges described herein and at least one of
the monomer ranges for the compositions described herein unless otherwise
stated. It is also contemplated that compositions of the invention can possess at
least one of the Tg ranges described herein and at least one of the monomer
ranges for the compositions described herein unless otherwise stated. It is also
contemplated that compositions of the invention can possess at least one of the
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[047] 1t is believed that polyesters useful in the

i nvention described herein can have a conbi nation of
WO Mw6a8795br e physi cal properties such as hi gh POPES1006/012268

strength, noderate glass transition tenperatures,

chem cal resistance, hydrolytic stability, toughness,

| ow ductile-to-brittle transition tenperatures, good

color and clarity, low densities, and | ong

crystallization half-tinmes, good thernofornmabiity, and

good processability thereby easily permtting themto
T@era‘ngesedesmﬁhedarhler@he&at least ore aff ﬂi@elrﬂfdveda WEtositgfranges

t he. i ventlon esters have a
deHgeR AT B (ﬁndt‘{’@ 5 %@?ﬂ?é@e mowa%ﬁ &_‘étfogtheéﬁ@mppsmons
déwnoeaerférétn%nﬂéss sih%mv@@'sté@a' stance, density and/or

the conbi nation of the properties of good inpact
[0§2} englnmthbeaspe@s iof tthaen drevendind, Preotg s dbe Ipiolyesters/ umeful in the

conbi nat re. of the descri .
'niﬂ?'ﬁtb%n ﬁ’"é?e étﬂg?&medn@\?e{fgﬁ%‘@mr I@NGEST Sh:0; &3‘%&3@9 to 130°C;
8@@6”1259@{ 80 o 320ty 86 t6M-15PC48b tdhelober BD 1B 0528 80'to 100°C;

as used ereln is intended to include’" "copol yesters'

BQIHOPC Bt Q0UHBQ 1o Bhh 8D toy TR 185 tool3B%E: Bpriopidined; 85 to

f
1%%2@%%?%’558”?? t?unct [ Org‘q){ocgsb%xggt (of d?ﬁ/ﬁ{ ﬁééncg 90 to
120°|C{r;%0eto1{1ﬂﬂ‘m:t9@ﬁm§p g byOr ngtbommm@odt@ gcid’{@rsiohteo 95°C; 95 to
| Nnct |
Cirkd t%l& &95@@1?% GeTE e B FHicdPBisy BB do less than
1@?@' 16 {00 199%; FUGiiQ Pt COMB8 1891826, 180% 110°C;

dlhy such as or exa
106 & §25‘T®e105rtm1@ (}chO'S tas1 U872 105 td1|130%®;|ogremén than 105 to

1%;‘@ Udeﬁﬁﬁr Qﬁ@r&ﬂ@?n{ d°@b?%?’t@%%b§ ,ﬁ%gll%ggl_ %’reater than 105
toA 10e0Ratous! 105° Ch¢1@“t63 UIQ@*’C"W{') t&%ﬁ? yd)er‘e%te?'%gn MRY) 18€125°C;

a hydroxy carboxylic acid such
grgateydhan yitiéritool 20°6¢ igtgatentharh d 1 @ité dﬁ@f’CﬁH&ﬂ tohy 256X ydnd 115 to
1@?ound may be an aromatic nucl eus bearing 2 hydroxyl
Stituents such as, for exanple, hydroqui none. The

[053 M " IR SHtfEe’ asp@'&tslscﬂ‘dtﬁherlﬁi/éhtldﬁeam‘é Wo‘lﬂ&ﬁﬂb@nent for the
structure incorporated into a polynmer throu

pqimgtemglamutbﬁ inMedtion iaglude btk Bfe pat linited g@at legst one of the
foll 5yt BSmbinations of ranges: 10 to 25 mole % 2,2,4,4-tetramethyl-1,3-

cyclobutanediol and 75 to 90 mole % 1,4-cyclohexanedimethanol; 10 to 24 mole
% 2,24 ,4-tetramethyl-1,3-cyclobutanediol and 76 to 90 mole % 14-
cyclohexanedimethanol 10 to 20 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 80 to 90 mole % 1,4-cyclohexanedimethanol; 10 to less than 20 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and greater than 80 to 90 mole % 1.,4-
cyclohexanedimethanol; 10 to 19 mole % 2,2,4,4-tetramethyi-1,3-cyclobutanediol
and 81 to 90 mole % 1,4-cyclohexanedimethanol; 10 to 18 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 82 to 90 mole % 1,4-
cyclohexanedimethanol; and 10 to 15 mole % 2,2,44-tetramethyl-1,3-
cyclobutanediol and 85 to 90 mole % 1,4-cyclohexanedimethanol.

[054] In other aspects of the invention, the glycol component for the
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correspondi ng nononer. The term "repeating unit", as

used herein, neans an organic structure having a
waelt@anbmiyl i c acid residue and a diol residue PONUSIN06/012268

t hrough a carbonyl oxy group. Thus, for exanple, the

di carboxylic acid residues may be derived froma

di carboxylic acid nononer or its associated acid

hal i des, esters, salts, anhydrides, or mxtures

thereof. Furthernore, as used in this application, the

term"diacid" includes multifunctional acids such as
palyasters neefayinthe. inventionanclidediut,are met dfmited, totat dedstiome of the

LT B e G ek LT € 2B 220
tetragathyIng idyeirsatdddlearkti ¢shabi dess @ﬁér?r%oxergole % 1,4-

hal f-esters, salts, half-salts, anhydrides,
cygiphirxangdimetbangl; \areaies thaerdbio 2dsmiold % 12,244 tattaroethyl-1,3-

i i teg, her ei.n,
oiE8=b] 8, Jorln 1B LY cYBeR BB Mtrana
greeterpthahal 0 to 20i rdolet %ep 2, A8defrafictings!, 8k9eBltzedi!dnd 80 to

as any derivative of terephthalic acid, including its
les8 431 80 dnolacid fbFlabsxaeadimathancli gresterdhen 1enkrless than 20
‘. ) des. i : : . A
R 2 R AR oy BB B R el Gt Pl 0 (6 s than
9pmdes® wdttyclohtxahetimnethlrolp graatet ¢harh A49%o 19 Mo % 2,2.4 4-

tef PRI, B HN et arithe b erbodssbn e, BBt yple % 1.4-
cycRiRXBhBalINMéERanBY dP8atds easiOf R 18t Abld %%h%’:ﬁa@é’cﬁyl-1 3-

yet another enbodi'ment, m xtures of terep ali¢cac
cygiabudamedialand 82dpHesmthanedtrayole &6 Uséadyalmhekanadiarethangpl; and

oSBT abh BT ELER Fielhet or £t Rl S o prizaeel aid 85 to
leSethare@hesle % an-gyserdandditetdnds and diol s which
react in substantially equal proportions and are

[05%cor pét a@t_@griaﬂpgctqq@fpmq,é@v@ntiq@ol’gh@erglmltmmonent for the
PAREAERPIAR 8 HOBRTLY R TheuBled I pbIHERhe of e
follmkiag powmidtionssobfrangés] 1 estodeesn{cld %ol BAU-RfMGmethyi-1,3-
dj ol . (angd/ or [tifunctional hydroxyl conmpound)
CVP@“@]&J{?Il e &P raglen”or hdrewdrhexgngdimethanol; 11 to 24 mole
% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 76 to 89 mole % 14-
cyclohexanedimethanol; 11 to 20 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 80 to 89 mole % 1,4-cyclohexanedimethanol; 11 to 19 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 81 to 89 mole % 1,4-cyclohexnedimethanol:;
11 to 18 mole % 2,2,4,4-tetramethyi-1,3-cyclobutanediol and 82 to 89 mole %
1,4-cyclohexanedimethanol; and 11 to 15 mole % 2,24 4-tetramethyl-1,3-
cyclobutanediol and 85 to 89 mole % 1,4-cyclohexanedimethanol.
[056] In other aspects of the invention, the glycol component for the
polyesters useful in the invention include but are not limited to at least one of the
following combinations of ranges: 12 to 25 mole % 2,24 A-tetramethyl-1,3-
cyclobutanediol and 75 to 88 mole % 1;4-cyclohexanedimethanol; 12 to 24 mole

% 2,24 4-tetramethyl-1,3-cyclobutanediol and 76 to 88 mole % 1,4-
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nol es of repeating units is equal to 100 nol e% The

nol e percentages provided in the present disclosure,
wo b@oasse, may be based on the total noles of PEDUS2006/012268

resi dues, the total noles of diol residues, or the

total noles of repeating units. For exanple, a

pol yester containing 30 nol e%isophthalic acid, based

on the total acid residues, means the pol yester

contains 30 nol e% i sophthalic acid residues out of a

total of 100 nol e% acid residues. Thus, there are 30
cynimw(a@bdimei;bﬂanbeQdoém mimfee% 2265 4 detragetivgry3-L96lobutanediol

ARS8 Bl oo Ao Ba S aNGL T FrCd Hgole 1% 22,44

tetr%méiM(}l'—PQlﬂy@R%*téHedl&asegn@” té‘? t qbal §8°| frietd dueg, 1.4

means the polyester contains 25 nol e% 2
cyciphexengdimetpanol; 12-toyid mble %n22ihH-tetrsindting- 1o3}tcydbbataned|ol

t d| ol .residyes., Thu her 2
a2, 188 Mg TRl en S Fanapt ) thig sl e b 2244
tetr@ﬁ1€dhﬂ$1 ,8ryebbavaiadidiO0 ardes @F digl rgsi dU%ie[Oﬁ%] 1,4-
i's conterrpl ated that the conpositions of

CWRT@‘@F‘@H"@%W%@%S@@SJ al2| &astlSon@old e 2, 21,I4e4f—@’ttamethyl 1,3-
cyiciRahddiol AN8E 1dBBGHORA 181 nggfahgggﬁga ineifshqone of

nonomner ranges the
[0BZY ei n lninbthes aﬁﬂwtsm @‘ethﬁ dheshtidn, the Il component for the
onte | at eij égat conposi tions of the invention
fﬁ)ﬁ%%te usgiuf i d8p "&)Y?é‘ infledeHut AR Bet ke to.dlagst ena of the
t 0 qa
fog%ngsfjt)ﬁ%ﬁﬁsat escri Bérgf%er el n un 52272&% nerrzv% 224 Setlg\tn%%}nyl 1.3
cyclohusarediol athf&ripl&it mdle Yal decyginsxainedinethanbk 13 to 24 mole

oacker BIAHRRLR ST PRRMET GRS ofKhe Prigr b Thole % 1.4

cyélcﬂfé&ahbumﬁ@tngﬁél qlssé Qbhﬁslef%rzﬁm 4386 AktH cgéle&fanediol
he nononer ggh'bﬂ. or he COﬂ'pOSItI ons de CI‘I

arrde|88| P &l er@ée vﬁyﬂpl”wanedlme{tbaaq)l 113 to HE nedpeibt 2,2,4,4-

e Y 6 R TN

cyclhggane8itndthad@bCand0 13 13046 BBId 0%L25G 4810tett@methyl 1,3-
80 to 1150C, 80 to 1100C, 80 to 105C
C%&iaw'@loa@sﬁé todly meledc:T %@y@I@hewecBmeﬂwrmwd 48 to 15

mbR 2£D% 4 43l 8mbif1,8yEBbutanediol and 85 to 87 mole % 14-

cyclohexanedimethanol.

[058] In other aspects of the invention, the glycol component for the
polyesters useful in the invention include but are not limited to at least one of the
following combinations of ranges: 14 to 25 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 75 to 86 mole % 1,4-cyclohexanedimethanol; 14 to 24 mole
% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 76 to 86 mole % 1,4-
cyclohexanedimethanol; 14 to 20 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 80 to 86 mole % 1,4-cyclohexanedimethanol; 14 to 19 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 81 to 86 mole % 1,4
cyclohexanedimethanol; 14 to 18 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 82 to 86 mole % 1,4-cyclohexanedimethanol; 15 to 25 mole % 2,2,4,4-
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110 C, 85 to 105C, 85 to 100C, 85 to 95C, 85 to 90C,
90 to 1250C; 90 to 120C, 90 to 115C, 90 to 1100C; 90

W 2006051854 90 to 1000C;, 90 to 95C, 95 to 125C;, PEI/UL2006/012268
120C; 95 to 115C; 95 to 110 C, 95 to 105 C, 95 to less
than 105C, 95 to 100C, 100 to 125C;, 100 to 120C, 100
to 115C, 100 to 1100C;, 105 to 125C, 105 to 120C; 105
to 115C, 105 to 1100C, greater than 105 to 125C,
greater than 105 to 120C, greater than 105 to 115C
greater than 105 to 110C, 110 to 1250C; 110 to 120G

te&é&e‘ﬂ@l—hl@@%bbﬂmﬁe@lolt hagand 10 1% 126C, &Beatmblet ha% 1,4~
110 to 1200C, greater than 110 to 115C 1 15 taq

cy@memae@lmelb@m [ 542 R41mole: et 2 dsfririramethi-fle3- CYCIObUtaned'd
ol YR 85 TS o b AN d ik S 0 2 2 3, 5200
tefrhretiag1 Myclobutdmdiojldndv&m’@ 8% mivladb i ghsydbhexargesimethanol

1@@}&0‘5?@%2}@??0% £ S trametby ey ddbgthnediol and 76 to 84 mole %
. th l to 1 0 mod,e - -
IR % o 04 Sttty B ssomngt
yoidbeiténedidl-ared/ €7 dh@)éalmetb et dacyslioliexanediroetianel; %7 to 24 mole

Amofg sdtefoepiiraaPiEal M0 (8 BeSTnaidlag o 14

yaﬂtféxéanédznékhaﬁolt QVfté%t r’ﬂMIe“% 2, @ 4ﬁ¥itét@§mbﬁrﬂﬂ’-dl $ky@dButanediol

greater than 80 O nole %1
any €V dh Beamets frefl Waﬁmloh@@rtadlrmgthmpb apd 20 to 25 mole % 2,2,4,4-

ool SR BH8L o 108, o g™ gk O 14

y’bl(ﬂ‘]é}(,aﬁedﬁﬁthaﬁﬁlt hyl -1 , 3-cycl obut aned| ol and 82 to 90
nmole % 1, 4- cycl ohexanedi met hanol : and 10 to

(035D 4, I ScitEain e 1019, SeE,forboRRasedhs| PoliestaE basioh n the
ésece( ﬁo%%ﬁhg IE)‘F’EI‘?G? Wﬁ%%}ﬁ%‘%} alsb%e‘%éo% ﬁémeg,grpropanedlol,

pec nven ycol  comnmponent
1 mttanehg@st ersnixtebsltheredf hdt isne@rteimphated dhatleotmpbsitions of the

ISR RGN | ATRaREn gl b HUEATCIY 15 Bixtiasethgreof oan
%s%*s@ %a gg%@eép%e 31'1? Aarfges! 98stryeRdheteiRngt Teast Gne of the

ess t mole %1
inherent viscosity ranges described herein, and/or at least one of the glycol or

diacid ranges described herein. In addition or in the alternative, the polyesters
made from 1,3-propanediol or 1,4-butanediol or mixtures thereof may also be
made from 1,4-cyclohexanedmethanol in at least one of the following amounts:
from 0.1 to 80 mole %; from 0.1 to 99 mole %; from 0.1 to 90 mole %; from 0.1 to
80 mole %:; 0.1 to 70 mole %; from 0.1 to 60 mole %; from 0.1 to 50 mole %;
from 0.1 to 40 mole %; from 0.1 to 35 mole %; from 0.1 to 30 mole %; from 0.1 to
25 mole %; from 0.1 to 20 mole %; from 0.1 to 15 mole %; from 0.1 to 10 mole
%; from 0.1 to 5 mole %; from 1 to 99 mole %; from 1 to 90 mole %; from 1 to
80 mole %; from 1 to 70 mole %; from 1 to 60 mole %; from 1 to 50 mole %; from
1 to 40 mole %; from 1 to 35 mole %; from 1 to 30 mole %; from 1 to 25 mole %;
from 1 to 20 mole %; from 1 to 15 mole %; from 1 to 10 mole %; from 1 to 5 mole
%; from 5 to 99 mole %; from 5 to 90 mole %; 5 to 80 mole %; 5 to 70 mole %;
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cycl ohexanedi nmet hanol ; greater than 10 to 24 nole %
2,2,4,4-tetranethyl -1 , 3- cycl obutanediol and 76 to
wo ews/1819a0n 90 nol e % 1, 4- cycl ohexanedi met hanol PQr/@81066/012268
than 10 to 20 nole % 2, 2, 4, 4-tetranet hyl -
, 3-cycl obut anedi ol and 80 to less than 90 nole %
1, 4-cycl ohexanedi met hanol ; greater than 10 to |ess
than 20 nole % 2, 2, 4, 4-tetranet hyM , 3- cycl obut anedi ol
and greater than 80 to |l ess than 90 nole %
1, 4- cycl ohexanedi nmet hanol ; greater than 10 to 19 nole
fropn5 40 S molex P afﬁ@nr@no B0, Bobsy 8 dborna al 40l makd %8 florh & to 35

o0 t ha 0
mife OB T ig i 5428 RO et ga&mo Molg.%; and
fromc$ ehdBanelei %t fr@ﬁd5&8 1OMIoRS %; tRAA 1%0@1%21 ? 1% % frqp 10 to 90

ycl ohexanedi net hanol ; and greater t
e/: ofrom21( tor 8Pemelense; Hyom110 o c?@dmolw%arfetﬂan tm808a8ole %:

AT O TP D E v o

B(qujer%niromdm tch2s WIE%I fom UG & b rh@let%efﬁom/%ttd) 9% mole %;
not lLimted to at | east one of

g s #‘g&? ﬁgurﬁ%'ﬁé ndPMAY 18190 melrSe; flom29 17_!58%11@60% from 20 to
78lé %%:ﬁtm%@)‘ﬁmé /osfroﬁyﬁ)]anofﬁﬂ@% e Of@ﬁ?ﬁﬁ% 4§, mole %;

4- cycl ohexanedr ne

frczm;QOﬂ,tm?aQ m@ﬂﬁatam fram, 25 tcyﬁ(l) ainlé dhreaticbfromn20 #1626 endi8 %.
11 to 20 nole %

1088%,° "oy Spriince RDBTNGs G ha ovantica: dhe Ralyostsre aisgtil in the
lnv@ltﬁ)r%rﬂay‘r @Ml@@xﬂs@%ﬂ'd@ h:ﬁnﬂLe oy dﬁgl %h’é?é@ ﬁsoosmes as

- tetranethyl -1 , 3-cycl obut ane and

d%@ﬂﬂ@ﬁé i 60/40 dvé/m@hehm@/ teirachiobethane aiba dneeheation of 0.5

o S0 ot A 2L TET endlig Bhardt PRI hnR 0.8 i) f fogzs oo

0.20 2o fpsé-theh OrEHbGVO, B tcﬁ@?bcttw%;ﬂ(md't@b ﬁalaéﬁ ol fb &Jess than

0. 858 g 040 %¢ %,&!303653‘&6%@?5{4;2’18%@@@8 dLA‘gjdhé(htto 05 dhig; 0.20
o8 BRI 2 Rl .85 L9056 00 AR o e .75
dLdg; 0200es0.722l/g; @20 6.7 al; .20 teleRBigny0703dL/g; 0.20 to
0.68 dL/g; 0.20 to less than 0.68 dL/g; 0.20 to 0.65 dL/g; 0.35 to 0.80 dL/g; 0.35
to less than 0.80 dL/g; 0.35 to 0.80 dL/g; 0.35 to 0.75 dL/g; 0.35 to less than 0.75
dL/g; 0.35 to 0.72 dL/g; 0.35 to 0.70 dL/g; 0.35 to less than 0.70 dL/g; 0.35 to
0.68 dL/g; 0.35 to less than 0.68 dL/g; 0.35 to 0.65 dL/g; 0.40 to 0.80 di/g; 0.40
to less than 0.80 dL/g 0.40 to 0.75 dL/g; 0.40 to less than 0.75 dL/g; 0.40 to 0.72
dL/g; 0.40 to 0.70 dL/g; 0.40 to less than 0.70 dL/g; 0.40 to 0.68 dL/g; 0.40 to
less than 0.68 dL/g; 0.40 to 0.65 dL/g; 0.42 to 0.80 dL/g; 0.42 to less than 0.80
dL/g; greater than 0.42 to 0.80 dL/g; greater than 0.42 to less than 0.80 dL/g
greater than 0.42 to 0.75 dL/g; greater than 0.42 to less than 0.75 dL/g; greater
than 0.42 to 0.72 dL/g; greater than 0.42 to less than 0.70 dL/g; greater than
0.42 to 0.68 dL/g; greater than 0.42 to less than 0.68 dL/g; and greater than 0.42
to 0.65 dL/g.

[061] For certain embodiments of the invention, the polyesters useful in the
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cycl obut anedi ol and 75 to 88 nole %
1, 4- cycl ohexanedi net hanol ; 12 to 24 nole %

WQ 26437154 et ramret hyM |, 3- cycl obut anedi ol and 76PCDUBRI06/012268
nol e % 1, 4- cycl ohexanedi net hanol ; 12 to 20 nole %
2,2,4,4-tetranethyl -1 , 3-cycl obut anediol and 80 to 88
nmol e % 1, 4- cycl ohexanedi net hanol ; 12 to 19 nole %
2,2,4,4- tetranethyl-1 ,3-cycl obutanediol and 8 1 to
88 nole % 1, 4- cycl ohexanedi nethanol; 12 to 18 nole %
2,2,4,4-tetranethyl -1 , 3-cycl obut anediol and 82 to 88

inenEoYo ay- extubib haix teesdi ot hadthe fdRowimglhharket Yscosities as

ool SR e RS om0
g/308, rﬁl 4t bgecameahib olse %L/gm gyt l@§§q?é¥1 oagtﬁ'dﬁ?g 1®48% 0.75

nol e % 1, 4- cycl ohexanedi hanol 057] I'n othe
disgp et t%feashf@ahrﬂﬁéﬁtdldg,, 0 éetayD y@otlL /g Bk em . TQ)stg;eD 45 to

1oB2 AT OB o dda I gt ol A Rk B 1 g bR i A8 to 0.65
deg 0BWeEs 0. 8ﬂ3dL,@ 508 ¢4 thad, 6.86- a@/gr asy by b7 dBrg; 0.50 to

ycl obut_anedi ol and 75 to 87 mole %

|e§s Ahary O} Tohdldan hhia Aeizort/a19.30 te 8. Tebtlle/9v.50 to less than 0.70
0267 GAIERNI o i Y LD Ah 8 53 A 055

0. 8021L4g AD lﬁétiDdHB$ thydr @. BCBdIC/&g(‘; locdButR 0 @L/gaOC553Q) te%s&ﬁan 0.75

d138,0.55,1 D) Gl Rah o 0ot pL Bl bEadees ¢ t*'aﬁm()goldk-/@, 0.55 to
0.83 dmg/oeo %5%4es_sfgﬁng(5‘n§8"%ﬂ?&‘ @%‘g*’:@@é? S%Hg?ane 8L/g; 0.58

tOSQSS thagir0. ﬁﬁldé./g{o(ﬂﬁ&i@ﬁbdﬁadhégaﬁéiﬂ hmelehﬁthﬁrl OEISCUL’IZQ (D 68 to 0.72

35 P Rl TR Mo 15,061 MY 05 B 5 v

legd Hedin 05%e6L/3; 0f58 heoieBvant 060 1d6.89 dIS lo%'fbo %Qtth 80
efor tnhe pol lgsters usef ul nllbn the inventi I nc u% anO

dLe{QeOf%)ttOI Dot ot 6.64 ta keest thane).3b dLbfg,O O S0 D7 dL/g, o 60 to
0 SOTE B0 1o 1RO 70, BAEITRE s 0 e thien 05
dury] ©.6% th 065y dLighexedted it 0e6® e Idsk tHan2d.8041€/g; greater than
0.60 to 0.75 dL/g; greater than 0.60 to less than 0.75 dL/g; greater than 0.60 to
0.72 dL/g; 0.65 to 0.80 dL/g; 0.65 to less than 0.80 dL/g; 0.65 to 0.75 dL/g; 0.65
to less than 0.75 dL/g; 0.65 to 0.72 dL/g; 0.65 to 0.70 dL/g; 0.65 to less than 0.70
dL/g; 0.68 to 0.80 dL/g; 0.68 to 0.75 dL/g; 0.68 to less than 0.75 dL/g; 0.68 to
0.72 dL/g; 0.70 to 0.80 dL/g; 0.70 to less than 0.80 dL/g; 0.70 to 0.75 dL/g; and
0.70 to less than 0.75 dL/g.

[062] For certain embodiments of the invention, the polyesters useful in the
film(s) and/or sheet(s) useful in the invention may exhibit at least one of the
following inherent viscosities as determined in 60/40 (wt/wt) phenol/
tetrachloroethane at a concentration of 0.5 g/100 ml at 25°C: 0.50 to 1.2 dL/g;
0.50 to 1.1 dL/g; 0.50 to 1 dL/g; 0.50 to less than 1 dL/g; 0.50 to 0.98 dL/g; 0.50
to 0.95 dL/g; 0.50 to 0.90 dL/g; 0.50 to 0.85 dL/g; 0.55 to 1.2 dL/g; 0.55 to 1.1
dL/g; 0.55 to 1 dL/g; 0.55 to less than 1 dL/g; 0.55 to 0.98 dL/g; 0.55 to 0.95
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% 2,2,4,4-tetranet hyM , 3-cycl obut anedi ol and 76 to 86
nmole % 1, 4- cycl ohexanedi nethanol; 14 to 20 nole %
wQ2@sA437984 t et ra nmet hyl - 1, 3-cycl obut anedi ol anpPiCB0S1006/012268
86 nole % 1, 4-cycl ohexanedi nethanol ; 14 to 19 nole %
2,2,4,4- tetranethyl-1 ,3-cyclobutanediol and 8 1 to
86 nole % 1, 4- cycl ohexanedi nethanol; 14 to 18 nole %
2,2,4,4-tetramethyl -1 , 3-cycl obut anedi ol and 82 to 86
nol e % 1, 4- cycl ohexanedi net hanol ; 15 to 25 nole %
2,2,4,4-tetramet hyl ~1 , 3-cycl obutanedi ol and 75 to 85
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0302pdeds thestrr &I’(ﬂ';t/gl;yﬂ) 60 tof_’\) Q&OL@LO 60 ddi0095 ahdy; 1660 do 8490 dL/g;

05956 045y g YRS P AT A BRNG it RitFE 4Rd GGk §-65uto less
th'é?u' £t gliogmf& b@aed@%ﬁ@' 68241018 dL/&7 0165 #A0. @0'&_/%{ 0.65 t0 0.85

ranet h cycl obut anedi ol and 76
dlnr‘gt 8. %m 42 dygl alwmwédldidgh@:ﬁ&to 1dlia 0288 ri@ll@sp/ﬂmn 1 dL/g;

ofgiie bod dRLPE ISR a6 0l SO BN o008 Bl il ig b0 0

12, @L/@, 6 70&1 1 ar@_/ﬁyb 70 to31 @ ed; QDl?DatBsts)tha?ﬂd dT_5gt@7BQo 0.98
exanedi met hanol . In additi

dl;/g 10h7é) &P 8}905 dLig: 1o 6 Ho by ¢ll/g; h@79dl0y% e<ﬂ|5/9u9e7f@t0 it dL/g;

f .

oL SIS 8 kDGR P L 075

tond Q6udles; OIT&r @od 90IdL/gsO(‘7<5ntoe®f18l56dLe’g ggwtclan:mame i76iding to 1.2
nedl o

04 OEatanbandt- 70 Ao s GeG deedior haaD- 06 8o 4Lig: greater
tHgﬁZ@.ggﬁlﬁ%Q %ﬁeth% q D¢ ,Sgr‘é%&ﬁ'r thBRD. ?Gro‘?_'r/#‘ g)t%é @E&{ﬁ greater

erent visc ty ranges desc
thand0 @6 dﬂ;/gl teal.050ale/gpgredier tharc 01760dLaY tox 0D dh@sgreater than

o R E 2 B a2 LA Pl e B rEaIE 15 0.0 oL
tol1 @ngttgfk@@f&rqhaﬁro.aoﬁwg 88 18RRI 1 WYg:agRRtdtethan 0.80 dL/g to
1.2 dL/g; greater than 0.80 dL/g to 0.98 dL/g; greater than 0.80 dL/g to 0.95 dL/g;
greater than 0.80 dL/g to 0.90 dL/g.

[063] For the desired polyester, the molar ratio of cis/trans 2,2,44-
tetramethyl-1,3-cyclobutanediol can vary from the pure form of each or mixtures
thereof. In certain embodiments, the molar percentages for cis and/or trans
2,24 A-tetramethyl-1,3-cyclobutanediol are greater than 50 mole % cis and less
than 50 mole % trans; or greater than 55 mole % cis and less than 45 mole %
trans; or 30 to 70 mole % cis and 70 to 30 % trans; or 40 to 60 mole % cis and
60 to 40 mole % trans; or 50 to 70 mole % trans and 50 to 30 % cis or 50 to 70
mole % cis and 50 to 30 % trans; or 60 to 70 mole % cis and 30 to 40 mole %
trans; or greater than 70 mole% cis and less than 30 mole % trans; wherein the
total sum of the mole percentages for cis- and trans- 2,2,4,4-tetramethyl-1,3-
cyclobutanediol is equal to 100 mole %. The molar ratio of cis/trans 1,4-
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made from 1, 4- cycl ohexanednet hanol in at |east one of
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pOIye@tem_ugefublmthteqorleeenst mh@mtlcm &) allL¢rgbodin1@1tSoramges of from 70
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[065] In addition to terephthalic acid residues, the dicarboxylic acid

component of the polyesters useful in the invention can comprise up to 30 mole
%, up to 20 mole %, up to 10 mole %, up to 5 mole%, or up to 1 mole %
modifying aromatic dicarboxylic acids. Yet another embodiment contains 0 mole
% modifying aromatic dicarboxylic acids. Thus, if present, it is contemplated that
the amount of one or more modifying aromatic dicarboxylic acids can range
from any of these preceding endpoint values including, for example, from 0.01 to
30 mole %, 0.01 to 20 mole %, from 0.01 to 10 mole %, from 0.01 to 5 mole %
and from 0.01 to 1 mole. In one embodiment, modifying aromatic dicarboxylic
acids that may be used in the present invention include but are not limited to
those having up to 20 carbon atoms, and which can be linear, para-oriented, or

symmetrical. Examples of modifying aromatic dicarboxylic acids which may be
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to 0.75 dL/g; 0.35to less than 0.75 dL/g; 0.35 to
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I NORp T et
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; 55 to 0.65 dL/g; 0.58 to O g
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aélgg.s §L]?‘t%%leoe>z§m8|‘e/sgof (9 cgl%otxyllc ag% esters include, but are not limited
to, the dimethyl, diethyl, dipropyl, diisopropyl, dibutyl, and diphenyl esters. In

one embodiment, the esters are chosen from at least one of the following:
methyl, ethyl, propyl, isopropyl, and phenyl esters.

[068] The 1,4-cyclohexanedimethanol may be cis, trans, or a mixture thereof,
such as a cis/trans ratio of 60:40 to 40:60. In another embodiment, the trans-
1,4-cyclohexanedimethanol can be present in an amount of 60 to 80 mole %.
[069] The glycol component of the polyester portion of the polyester
composition useful in the invention can contain 25 mole % or less of one or more
modifying glycols which are not 2,24 4-tetramethyl-1,3-cyclobutanediol or 1,4-
cyclohexanedimethanol; in one embodiment, the polyester useful in the invention

may contain less than 15 mole % or of one or more modifying glycols. In
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diols. In another embodlment 2, 2-dimethyl-1,3- propanedlol is excluded as a
modifying diol.

[071] The polyesters and/or the polycarbonates useful in the polyesters
compositions of the invention can comprise from 0 to 10 mole percent, for
example, from 0.01 to 5 mole percent, from 0.01 to 1 mole percent, from 0.05 to
5 mole percent, from 0.05 to 1 mole percent, or from 0.1 to 0.7 mole percent, or
0.1 to 0.5 mole percent, based the total mole percentages of either the diol or
diacid residues; respectively, of one or more residues of a branching monomer,
also referred to herein as a branching agent, having 3 or more carboxyl
substituents, hydroxyl substituents, or a combination thereof. In certain

embodiments, the branching monomer or agent may be added prior to and/or

29



1.2 dL/g; 0.70 to 1.1 dL/g; 0.70 to 1 dL/g; 0.70 to
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RS el dfin e tnhbtGrobafel gh B Tatisartnritol,
c:tnggag:lct Harari®aaidl, 8- l@ﬂdmwmtanc agidearicethd lil@) IpSoreeb¥liment,

% 30_to 70 le %
A A o L S L

méi ﬁe@ldfi!és"d?io%eﬁ(ofﬁdrﬁ%% Iea%[ oﬁ@ of 91(;7 foIBR O/?rfrﬁé@g: é’}%d?%e

to 30 % cis or 50 t mole %cis an
Pyierapkitic é!rarétydfldeyglymoé smrhited, hacb-Bexanetdol, rpahméyythntol

oo 5P R A BB o B s
to ﬂm pelytsige sedctiorcmixturdnst Bleddsd wah3nd poﬁrets?érrlﬁ“?ﬁé ﬁ?ﬂn df a

cl obutanedi ol is equal to 100 nol
COP%?”‘BgtSfasc‘i’J%ﬁqribﬁﬁstI exapipie,dndk8n E.atmtrmws @%Mﬁayld

5488118, W 3888k BB oh Sy AhaEl Ao AR e
hetaindyheference.aci d, an ester thereof, such as, for
ht hal ate, or m xt ure of

IOﬁif‘ggLﬁp,%gl ne;tlgai/r}fltig?{jt% exatuse (Tg) of the polyesters useful in the
invention was determined using a TA DSC 2920 from Thermal Analyst

Instrument at a scan rate of 20°C/min.

[074] Because of the long crystallization half-times (e.g., greater than 5
minutes) at 170°C exhibited by certain polyesters useful in the present invention,
it can be possible to produce articles including, but not limited to, injection
molded parts, injection blow molded articles, injection stretch blow molded
articles, extruded film, extruded sheet, extrusion blow molded articles, extrusion
stretch blow molded articles, and fibers. A thermoformable sheet is an example
of an article of manufacture provided by this invention. The polyesters of the
invention can be amorphous or semicrystalline. In one aspect, certain polyesters
useful in the invention can have a relatively low crystallinity. Certain polyesters

useful in the invention can thus have a substantially amorphous morphology,
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t hereof, makes up nost or all of the dicarboxylic acid
conponent used to formthe polyesters useful in the
w0 nooensioen. I n certain enbodi ments, terephthai PCT/a820d6/012268
resi dues can nake up a portion or all of the
di carboxylic acid conponent used to formthe present
pol yester at a concentration of at least 70 nole %
such as at least 80 nole% at |least 90 nole % at
| east 95 nole % at least 99 nole % or a nole % of
100. In certain enbodi nents, higher amounts of
meanaghtthat i theagiolyestersbeompeidei subst@tialy wicodeesd aregions of
hi gher inmpact strength pol yester. For the purposes of
PPMETdi scl osure, the terms "terephthaiic acid" and

[@set hyyl 586 eRibBdBRRNt AT §n Usgﬁdr@fn&fs@'hz}gtﬂfﬁ%}iey can_ have a

herein. I n one enbodi nent, dineth ter ate is
ciyatallization| halbtimenhef dicademnianl 5 eninotes abrpot@nor gssadet than 10

D I ER G rn et Ry sy minifel 78 T Eocprogiastay than 100

mMut8 at 70€0. BPyeedter Han®DJ Mirkii8s BP0 . g’j 8?8 enfoddifent, of

mole % or 100 nole %terephthaiic acid an _
thei invemijan. ttbe cpystakiration halitioresnean beagreatesitean 1880 hinutes at

: | terepht haj,i c_acj d.resi dues,.
TRk APl G gR ol o EERGP R liaBp heFtmes of
thes gblyksichs tRefilinvetie Pivehifioh «ARPHE SEreliert MaR010PDO Mnutes at

up to 20 nole % up to 10 nole % up to 5 nole% or up

11&FCL mbhe opystatiizatiom dadfrimatdf dhdi prdyesiery |dscused dereivetnay be

RS wHY S TR Mk EME 1 mBons o SHlbiadhe 21 Fpg example,
theohywiglizdtRmh tHaat tiie M tpolestdie Pﬂfz[méaeh 'Béd'ocfféfél‘?ﬂned by

aromat i c di carboxylic acids can range from any
megsdiing the: ightipnsmipsiontof vesansple vie lauldisagand photo detector as a

| 4 %, ,0.,01 to .mol e 9%
B BF giid 870 ik i CBI B e tab Sl i ashs rorggnt oan
b& dbhethy dxpusigy tHepolymepsthodi taRiperatid Ty, nan@HesREDSling it to

di carpboxylic acids that may be used in the present

thenGERYP@niamRe gl Chut 1@ eSFHBPIE! icaNt dten obe hedd Bhvthag desired
tep drtufd tﬁfégr%lor&taﬁgs\/vhi?é“ﬂaﬂ@ﬂn@%i&?'ﬁwé’%dréﬁ%ﬂ{s are made as a

ra-orie
function of time. Initially, the sample can be visually clear with high light

transmission, and becomes opaque as the sample crystallizes. The
crystallization half-time is the time at which the light transmission is halfway
between the initial transmission and the final transmission. Tmax is defined as
the temperature required to melt the crystalline domains of the sample (if
crystalline domains are present). The sample can be heated to Tmax to
condition the sample prior to crystallization half time measurement. The
absolute Tmax temperature is different for each composition. For example PCT
can be heated to some temperature greater than 290°C to melt the crystalline
domains.

[076] As shown in Table 1 and Figure 1 of the Examples, 2,2,4,4-tetramethyl-
1,3-cyclobutanediol is more effective than other comonomers such ethylene

glycol and isophthalic acid at increasing the crystallization half-time, i.e., the time
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symmetrical. Exanples of nodifying aromatic
di carboxylic acids which nmay beused in this invention

WO p@bd™®s4 but are not limted to, isophthalic BCT/US2006/012268
4,4' - bi phenyl di carboxylic acid, 1,4-, 1,5-, 2,6-,
2, 7- napht hal enedi car boxylic acid, and
trans-4,4' -stil benedi carboxylic acid, and esters
thereof. In one enbodi ment, the nodifying aronmatic
di carboxylic acid is isophthalic acid. [066] The
carboxylic acid conponent of the polyesters useful in

rddmeredrfme at pcﬂymealm b@@(ﬂu halfhef itsodakinean Wrydtaliity.o BYdecreasing
e % to mol e 9 oru to 1 nole % of one or

’fh%&éy%ﬁ'#l n craEﬁ r B 1;»| i.6 dpsTeasintig neygtagizagon half-time,
aﬁllé th}gb;l.: C'é?tf@?es Sﬁé%lédaén rifRya meie, magetﬁé;'fgbnééég&' BY Gnethods

adipic, pinelic, suberic,
kratmmem"aﬂmjamscucul TR ekixsion cm;m::tlds mﬁlelmgalamdehfn‘edduetrem shown in

TEGR T ST St e Sl g Bt i tompegtures and

loWEr%eﬁ@ltlés%% ofite ABdified ?’G‘Togbﬁdlgbﬁg?é i phatic
di carboxylic acids. Yet another e I ment contains O

[078] e od e oblygstays gan pﬂxérlblfcardlmranobemdnt n mghmes§ kmmbmed with

at_.the .amunt of _one
pickeRESAMI toriSarhE i Meb et dinehfoss 1S AURMn. OLFST Sxample,
lonasRigg mbolﬁh@féhmflsdds&?%ll?hﬂ?Qﬂ“tﬁ@ RIERAG ué!éfhllﬁﬁthe invention
i ncluding, for exanple, from0.01 to 10 nole % and

respien 0. @ fr@@oprﬁﬂeése@lem@lft &tS@pSﬁbl\éhl% detainieg good physical

@gt ﬁ%@h#@ %q Ralic ;bg‘téug BA‘% at/?esusgs y? ng

[odBELar blonsdasmgameissontem fofi 1 4@cbaeﬂamhhﬁgath@ricﬂnﬁ a copolyester
biRkciah t&iephise asib e ne R ar byt Feclabpranashmpthanol can
mﬁd;iﬂB ﬁ‘i@u @gpsrsggy |J’5W |a|hls%%o trd%geyﬁﬁn%d tE)‘ﬁ/t yenﬁgﬁéltgidﬁ%lney}ransmon
teameufamre lim amn:écfmd)lmldnmptapt sﬂnen@httesisasarr@ashce:bhy ASTI D256.
Tﬁ’§ob3ru(92{r/1pgg Zlﬁr%;rﬁﬁ{gﬁﬁfn? y{ﬂ? % tt)(el-to HG&HZ' transition
tehpbradeé qniﬁ%alnﬁ-@y%haﬁﬁﬁédlﬁ%‘fhé}ﬁalciss belie P to Q?ccﬁr due to the

m xt ure her eof such as a cis/trans rati o of
flepibibity. and gﬂaiqﬁmaﬂ@n@lodaehswpr ohd 41can|9hexaned|methanol in the

coéqo‘f%%@f%%ogﬁé%ﬁgét%t 5%2'4-’(%@‘ e?h;ﬁr“ie §eyclobutaneo‘?‘c510 ilrjl% PCT is
believed to improve toughness, by lowering the brittle-to-ductile transition
temperature, as shown in Table 2 and Figure 2 of the Examples.

[079] In one embodiment, the melt viscosity of the polyester(s) useful in the
invention is less than 30,000 poise as measured a 1 radian/second on a rotary
melt rheometer at 290°C. In another embodiment, the melt viscosity of the
polyester(s) useful in the invention is less than 20,000 poise as measured a 1
radian/second on a rotary melt rheometer at 290°C.

[080] In one embodiment, the melt viscosity of the polyester(s) useful in the
invention is less than 15,000 poise as measured at 1 radian/second (rad/sec) on
a rotary melt rheometer at 290°C. In one embodiment, the melt viscosity of the
polyester(s) useful in the invention is less than 10,000 poise as measured at 1
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[069] The gl ycol conmponent of the polyester portion of

t he pol yester conposition useful in the invention can
w@owbasTsL5 nole % or | ess of one or nore nodi PET/NE2006/012268

gl ycols which are not 2,2,4 ,4-tetranethyl -

, 3-cycl obut anedi ol or 1, 4- cycl ohexanedi nethanol; in

one enbodi nent, the polyester useful in the invention

may contain less than 15 nole % or of one or nore

nodi fyi ng gl ycol s. | nanother enbodi nent, the

pol yesters useful in the invention can contain 10 nole

refdiai/séenwd qfadisec)oonmar tandinielt tedhiétsd st 29D°@Not e another
enbodi ment, the polyesters useful in the invention can

SBRARNONS i METoyisossal Be RAETPT(RbHESHbH) tha inyention is less
I

BhEEDB ct e B09HE BUR Ao 05BN KERLEH Al Fdbmeter

290°CroMescusity fatirad/sgk yis otlated to pradeseabitityb odlypieal polyimers have

viggqlz%ﬁ%: )%r ﬁsg% E)@Ia” Lonoé&fgo'n&%’ f%r%h?@;é%?g ,Ce{%n{ g'lagle\%/sn&lond when
rrfégeheéaol & GHoit hﬁhc%@?n@”@émg?ﬂim@e %%%érs"%bf ¥36618ally not

gl ycol s can range from any ese precedi ng end
progeasad iaboved29;. fRolyexrhopbts, isf typmablyquot;esééd mblZ@O%) The

VBT et ndies 14raeR Sobn o RobeRthohall B 2900 poise at

200 Er than 2,2,4,4-tetranmethyl -1 , 3- cyclobutanedlo
and 1, 4- cycl ohexanedi net hanol and can contain 2 to 16

[083} bon Iat one . erERedimant of theiilowentonyodier pokygstgryctmeéul in the

BB, S50 TS ' SPEFhpe. secons
Nowh@dntzdd dinpact strénéth bead ams@hbéd |ih ASgTantbpse @ .a common

hexanedi ol [ ene m xt ures t her eof .

SO o SRS ARG G H@S%SN%?F ﬁgsf@plybbﬂhe dzeq nmteﬁd polymers
% ye%’ilibdt Sither d;‘&gh@fét@g (ﬁ\kcggnlglréi%bggewlﬁ% tl’ﬂ_%e %‘Ptspemmen

ane ut anedi
braaés heto ’ervdnm!mhtnmehpartel bylaepm-tlgl pcob breakxfalludechoae, avhere the

P P i o o ks 6B Shoce s
a@?ﬂaﬁ@ﬂ VREFP RA @ﬁ@F Qy filurs, drl'?’@ﬁ‘éi’&mﬂam& TBr RaREd IR, mddes are
excl uded as a nod | ying d

associated with high energy failure. A typical thickness used to measure |zod
toughness is 1/8". At this thickness, very few polymers are believed to exhibit a
partial or no break failure mode, polycarbonate being one notable example.
When the thickness of the test specimen is increased to 4", however, no
commercial amorphous materials exhibit a partial or no break failure mode. In
one embodiment, compositions of the present example exhibit a no break failure
mode when tested in Izod using a 4" thick specimen.

[082] The present polyesters useful in this invention can possess one or
more of the following properties: In one embodiment, the polyesters useful in the
invention exhibit a notched Izod impact strength of at least 150 J/m (3 ft-Ib/in) at
23°C with a 10-mil notch in a 3.2mm (1/8-inch) thick bar determined according to
ASTM D256; in one embodiment, the polyesters useful in the invention exhibit a

notched lzod impact strength of at least (400 J/m) 7.5 ft-Ib/in at 23°C with a 10-
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[071] The pol yesters and/or the pol ycarbonates useful
in the polyesters conpositions of the invention can
w@oeopn3®e4 from O to 10 nol e percent, for exanpP&l/Us2006012268
0.01 to 5 nole percent, fromO0.01 to 1 nole percent,
fromO0.05 to 5 nole percent, fromO0.05 to 1 nole
percent, or fromO0.1 to 0.7 nole percent, or 0.1 to
0.5 nol e percent, based the total nole percentages of
either the diol or diacid residues; respectively, of
one or nore residues of a branching nononer, also
mil gfadch énd at 8. 2hen €l 8-msh thiclkabahideteratead acbardimptB8ASTM D256;

R BT, BB S RISt BB R 2 ol
iy RA SReRgtHBNAMREsP1 0GB St (T8 Y- nﬁ%@'?g%ﬁ’wiﬂ’f at1@-rrr]1iel notch in a

and/ orduiing and/or after the polyherization of t
3.8o1peét/Brincihéhipk| harstdeteminad ebotording He AST&Mt DAR6. In one

oBRgtR, Pe.apVERert eahER R vanor AxtiBadotehed o0 impact
stidreythrcinaeagt MBOMQVRAT(SOR-IEREHt 282 RRthasldedmiPriotch iPa 6.4mm
and/ or during and/or after the &ol yneri zation of the

(binaharthiskaa. deterpineekasgsrdindo ABJMEE@;@rm}ﬁeembgdiment,
S B S a0 BB 854 of o

letist @0I0| /i) Bt iatl 2 3° @ ywithna 10k tnil otétaimty 8rdreies (1/4-inch) thick

tri,met hyl o| propane, gl ycer ol entaerythritol, citric
baffigterm gpeg@mgd,togé’xywdr%%% it aRe cerpbpdiman, thee polyesters

ol 40 AR CEIANTES oy R DI gy iget 1000 i
(18r frtbfie) radsRdUeswithosehOfmibmatth | imast Godranof(1tdhinch) thick bar

followng: tr.inellidfl dri de, ronmellitic
d%}gg{ﬂﬁg&f Q,ré'lﬂg %é\lsgh\ﬁ D?gégi tol, 1pg 6- hexanetri ol ,
[0BSNt a8RYARBthEP bmBddiriBA{CePlaf Bég/%stéé“ifg%fultih'tﬁéﬁh%ntion can
d. h may be added to the

t
aci d. The branching nonomner
exhiy estieerepsa dn inotcheidxzad énpacbsteenistl Wierhmdasured at 0°C of at

oB8) Y85 bttt & W, FRBSSTS! B B0 Sh0EbRB e (0 o
nGtchdd 1206 imphesstradit Vsl endRUAEA i 95T aNENBMD-mil notch in a
mononers i s incorporated herein by reference.

1/8-inch thick bar determined according to ASTM D256. In addition, certain
other polyesters of the invention can also exhibit a retention of notched lzod
impact strength within plus or minus 5% when measured at 0°C through 30°C
with a 10-mil notch in a 1/8-inch thick bar determined according to ASTM D256.
[084] In yet another embodiment, certain polyesters useful in the invention
can exhibit a retention in notched Izod impact strength with a loss of no more
than 70% when measured at 23°C with a 10-mil notch in a 1/4-inch thick bar
determined according to ASTM D256 as compared to notched lzod impact
strength for the same polyester when measured at the same temperature with a
10-mil notch in a 1/8-inch thick bar determined according to ASTM D256.

[085] In one embodiment, the polyesters useful in the invention can exhibit a
ductile-to-brittle transition temperature of less than 0°C based on a 10-mil notch

in a 1/8-inch thick bar as defined by ASTM D256.
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[073] The glass transition tenperature (Tg) of the
pol yesters useful in the invention was determ ned
wWa@igiag3@sMA DSC 2920 from Thermal Anal yst | nst POTER1006012268
a scan rate of 20C/ mn. [074] Because of the |ong
crystallization half-tines (e.g., greater than 5
m nutes) at 1700C exhibited by certain polyesters
useful in the present invention, it can be possible to
produce articles including, but not limted to,
i njection nolded parts, injection bl ow nol ded
[a861 i cl ksoné ammdimanistheepclyetﬂeoywwﬂudeﬂthermvmtm can exhibit at
extruded shegt ext rusi on bl ow, nmol ded

58 PP B8 e eb i ieietes e Optestiimes et sradierd demsity
coluRfY ét 2?6 hed s t?rdTWégset@Heleﬁ g‘/r%l §f‘%@€9'§38§n§]{ meﬁ%than

articl manuf aCt ur e pr ovid IS 1T nventl'on
198 g/eﬁtaéeé Gfatdﬁasﬂmo‘é&t& torf agr‘mbat zam ghaesssityrof 0.80 to 1.2

I ct ert pLyest er
ofTR o En il b Rhethe B8R Fn 1 2 el 2Bt S ety of 1.0 to
1@ el alk PBACE adeﬁew af n.0nel V2 gyer st 2@’@ g dérﬁ\slfyhﬁ 1.0to 1.1 g/ml

i nvention can thus have a substantially anmorphous

at Sh & defsityeairi- h3 ta Ak oimi@t gsf Geardensity @fribr1|3sf@ 1.2 g/ml at
og4bstantially unordered regi ons of polymer. [075] In

one enbodi nent, an "anorphous" pol yester can have a
[087) st alnl bnat embohmhéntt ithe edlyestens ersefllain thigiinvéforatcan be

ter than tes at 1700C;, or greater
V'?H%B’ 6[?95%1 %fﬁﬁés mﬁ?éy @?aérléafief.m%mrqlooa%aﬂuﬁegremable
a@éen%é%lom?dlngése?{a%fnésgaﬁn%ﬁ)rﬁ%d&i'ﬁ@s% 7|g§§ectleﬂ vidtfally. In
mbodi ment he 1 nvenhtion e cryét | za
amether tembedlmmtbev@rem@rpctlymlem @0 biendedswih Aa@Ktbonate,

nglER) P a6 BRMEA L (ot A Kbl paati6ps the diends gan be

visligIv dlggnt i on can be greater than 10, 000 m nutes at
1708AC The crystallization half time of the pol yester,
[038] usda athesi embadiynanis rm‘a%l@r meugon,gthaetplmhcesters useful in the

Ehd e D5 BSTNRSh i IS BELED gt 50 o s

thpnlgoester t 1/2 , can be determ' ned by neasuring the

ht transm ssion of a le via a | aser and photo
[O§ ect &t oRe gmbodiment, the po yesters useful in the invention and/or the

polyester compositions of the invention, with or without toners, can have color
values L*, a* and b* which were determined using a Hunter Lab Ultrascan
Spectra Colorimeter manufactured by Hunter Associates Lab Inc., Reston, Va.
The color determinations are averages of values measured on either pellets of
the polyesters or plaques or other items injection molded or extruded from them.
They are determined by the L*a*b* color system of the CIE (International
Commission on lllumination) (translated), wherein L* represents the lightness
coordinate, a* represents the red/green coordinate, and b* represents the
yellow/blue coordinate. In certain embodiments, the b* values for the polyesters
useful in the invention can be from -10 to less than 10 and the L* values can be
from 50 to 90. In other embodiments, the b* values for the polyesters useful in

the invention can be present in one of the following ranges: from : from -10 to 9;
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function of time on a tenperature controlled hot
stage. This neasurenent can be done by exposing the
WEIogHBIS4t 0 a tenperature, Tmac, and then cooPCTYS1006/012268
to the desired tenperature. The sanple can then be
hel d at the desired tenperature by a hot stage while
transm ssi on neasurenents are nmade as a function of
time. Initially, the sanple can be visually clear with
high I'ight transm ssion, and becones opaque as the
sanpl e crystallizes. The crystallization half-tine is
-t 8; rne tat7 \Mh®¢d516t A td §ht1OttoahsDgs i3<pn1(D &) Bafrbmasﬁ to9;-51o

n |t|aI ssian and the fi
B ot 84P G- TrE-5 19 o okl 240 OrSbIoBLR 0 7: 010 6;0 to
5{6?6“4‘ 9%%0 o“i%'i {RE167 VR 9! hito®; qq)gai’,[Flstooé, i 'Etfs??ff@'4?1 to 3;
(i f cfystalline domains are’ presént). 'The sSanpl e’ can
abe Thtea? edntasha@membodinoents; theoh* tvlamaﬁmrnhe nmlyasnterswseful in the

tallizat hal f ti t
inYRIOR A DAY BRENt b Qs SBHOTeROgahie T BR8P0} GR To 70; 50 to
86050 &X90TPE®td ED; BRH 86, BPRS 8¢ FPtS90ETd RIPEr at ure

greater than 2900C to nmelt the crystalline domains.
[90V6] Inssehevembedimenits useantitie polyester sbmpesitions useful in the

R oG el BRI s shur LR il plotessing

agdj/jbqamerﬁfmonrmaght halic acid at increasing the
stallization half-tinme e., the tinmerequired for

(091} o1 yHe? PRVPERE POEPR 6f the SPHRSITInFRPpesEPS rifseful in the
m%nﬁ&‘frcfaﬁsb I8 @ﬁﬁﬁ@ééée@a%(ﬁﬂp fﬁac%rlﬂ n@fe Fgatuhe %uch as, for

I NCr easli ng he cry I zat1on

emmﬁléd eykmasm*s_ersnn rlmﬂmcﬁga[d)ul?fbllmmn , gy tfafwes@aﬁgﬂtlbl_y processes
t ho ngwn e art such as extrusion, injection,
i SR D PReS IieMeRBhATaGSTaS: Siablargnods include,
X t
b?%ﬁ%’et@“t e L eouipS fANGheHig o Bt bRBropaylic oids with
oREDr anqrel glgstlerat.a fedipgrailre q:fdeiE@H@rmma’earprbswremf 0.1 to
ess. conbi ned with processabilit

T60IMERD Gor PrETEnSURERERES TBM, APAIVRRRL | o0 ASS. Patent No.
3?’?@'@531‘& B0 Efoddﬁ”ﬁ‘%@% ye‘éiér%oﬁﬁé YistidUé I¥g8fding such

pol yesters use I'nventi on
methods is hereby incorporated herein by reference.

[092] In another aspect, the invention relates to a process for producing
polyesters useful in the polyester compositions of the invention. The process
comprises:

) heating a mixture comprising the monomers useful in any of the
polyesters useful in the invention in the presence of a catalyst at a temperature
of 150 to 240°C for a time sufficient to produce an initial polyester;

(1 heating the initial polyester of step (I) at a temperature of 240 to
320°C for 1 to 4 hours; and

(1) removing any unreacted glycols.

[093] Suitable catalysts for use in this process include, but are not limited to,
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results in a nore processable nelt viscosity while
retaining good physi cal properties of the polyesters
W@ o@la/13m54 oughness and heat resistance. [078] PCT/US2006/012268
I ncreasing the content of 1, 4-cycl ohexanedi net hanol in
a copol yester based on terephthalic acid, ethylene
gl ycol, and 1, 4-cycl ohexanedi net hanol can i nprove
t oughness, which can be determ ned by the
brittle-to-ductile transition tenperature in a notched
| zod i npact strength test as neasured by ASTM D256.
oﬂjbne-mmlgh masmmpmrrmisenzéhe usByof tbweﬂypegafofatzhlyet is well known in

the, aﬁ bgﬁ%%é%a tﬁ@%‘&" 'ﬁgh%@r %eqfr@w\gegvtlvsmedGQIUG%ebut@re hot
hrﬁﬁé‘d £ ezFih(Ebbél’éYe EH?ﬂ H'iﬁ:? Q'@h}/l@lg%n p%%a}ﬂlb‘ﬂrt){lﬂrfl diacetate, and/or

4-cyc exanedlne ano he copol yest
dlbutydtrrpomdel gther eatélysts erayaimetuidy), bmt at ngtlintbed dndtose based

oy Hlehi, 2. Rngaters- ot oRfeh RS ART Sstal, CaEst hounts
cNRMyd florhadd SprA 1829 (FO@HF& & 0 td1|@ﬁ0@<PBﬂ 8¢ 10[t8 58D0 ppm or

I n one enbodi nent, Vi scosity o
1( &0 188D e or d@etmﬁOO APrheri 1/ end0@ppis or é@émﬂ@wbased on the

oA R0 BPPeag) At SoodP R it AR IPEEARRR o8 Rl Gan be
cdreibl out it eBhdna batchlsr d@@l&lh@@@@b(c&‘)esﬁsef ul in the
i nvention is less than 20,000 poise as neasured a 1

[094kii anfydiedlvasigp @) ¢an bze;pamré ophéamfé«’o byt weigiht gcmore of the
Z%OLFQ]’[ef(rQ %ﬂgayl i se?g?' Hltanﬁﬁnﬁ N thadrS 983&1{’[[33 Of%tEE (1) may be

yes e Itnvention IS
Céﬂrﬁeﬂ@.ﬂlt pudeem&ssmwm@dg dtoni atradsmémxspmsdun(d tod1(epsig. The

far r heongt er at
tegR5eF groﬁHg ' RS ys gbs%n@%p%leﬂ Wikfe amﬂ%?é@% &ptalysts useful in

th@sﬁf\)élntlbﬁ Fdirs '&ygéljy gﬂoﬂﬁctl &f Sec?c&%e@rggtl&ﬁ" & e%FErlflcatlon

measured at 1radi ond on a rotar
re:abbomﬂ@rthatcmm@nd anﬁnﬁtheemoe\nmm‘s msad in nlraklm@the polyester

o WRROEA o Bl 8 6 2 55 S o Pk o Bk ¥ Between
théai@tﬁvéméﬁy Bthe? tys¥ 8f ¥ddveld. rheometer at 2900C.
ViscoSity at rad/sec is related to processabilit

[095bi caTymmlgVnﬁt@p iy endiStepsiii) ean e cendiictethat s same time.
Tt%)éesgteﬁg IRt Sﬁlle%t oJ‘t ﬁfme%égseﬁrq&ﬁn\%]ﬁ?e art such as by placing

the reaction mixture under a pressure ranging from 0.002 psig to below

atmospheric pressure, or by blowing hot nitrogen gas over the mixture.

[096] The invention further relates to a polyester product made by the

process described above.

[097] The invention further relates to a polymer blend. The blend comprises:
(@) 5 to 95 weight % of at least one of the polyesters described above;

and
(b) 5 to 95 weight % of at least one of the polymeric components.

[098] Suitable examples of the polymeric components include, but are not
limited to, polyamides such as nylon; other polyesters different than those
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nmeasured at their processing tenperature. Polyesters
are typically not processed above 290C. Pol ycarbonate
w0 2006piosal |y processed at 2900C. The vi scosi t PCHUSI06/012268
rad/sec of a typical 12 nelt flow rate pol ycarbonate
is 7000 poise at 290C. [081] In one enbodinent of the
invention, the polyesters useful in the invention
exhi bit superior notched Izod inpact strength in thick
sections. Notched |zod inpact strength, as descri bed
in ASTM D256, is a common net hod of neasuring
desipiedebsreinhEYTERS: frdmbPuPoet;| palyistyrdrieo cholystynemer Sopolymers;
a _co fai| ure node,

ihit.eith lete h
st dendotide' Ehoilmerehreataririi crytagieee shiene copolymers;
bal il : e
POphSyRohaBRICIoR, SRy BoRSMmeRs, PayEHErmIEDS such as
UbTEM® f(aipply(ethepiidies frass GeineralElactric);| molyveryipne oxides such

% Sl GBI SlerEh oo b tPhStifpe aoxida)Polystyrene
blehils kuehsasI NORYD. 166GR@ biead émg@@@%@fdiﬂnétﬁl/iﬁeony%ne oxide)

this thickness, very few polyners aie believe _
a@hPBWﬁ’f%@@%r tesins orffafe  Keengrat aFiagtic)hopelyphenylene  sulfides;

' ' h
oGRS 3R PR B AR SEBTRLE) M feres suo s
LESANERer(a polycarboeats dtoranGepbei SERR)] Potysenbhbs:t {)élysulfone
artial, or break failure npde, In one enbodi ment,
etBSFﬁé@gF’tﬁ%}‘@ ”ieﬁ%nepSSé?é é\_ﬁ@m@ﬂaﬁﬁw@r@wwagw% asmeixiures of
A 16 @E@’oéﬁ“ﬁ%ﬁﬁiwﬁ diéits, $Bhse PreffarelihF gpyentional
progessing _oﬁec RiqUPS slyaen dn_etfmr anprseiobf athmeltoblemdinitp or solution
DB 1R Sn PO B PobcRshanala Boudt Piagsdt in he polyester
corhipsaiidh FfpoRicaribafdte 190sdd 'iF} é%léﬁ gﬂhﬁ{%%%sg«%ﬁggn%éihons of

c
a 10-m | notch in a 3.2mm (1/8-inc _ -
thadnyeniiondthgc blends nepn deAsENRIY Bisari n Tiwee pelybstdir neothpositions

osEH0 RSB b e WY 080t Bhboippate 5o won
asfthelibélusiontof p3fycarbdhare 10- m | notch in a 3. 2mm (

[O§L9/]8_i rgolqu)/ce}rltgi)r?gtegal,lrse%ﬁt iﬁrtrr?eni?](\j/egt?gnorn?aluynget;?reég;rel\éll ggggr;ding to
known procedures, for example, by reacting the dihydroxyaromatic compound
with a carbonate precursor such as phosgene, a haloformate or a carbonate
ester, a molecular weight regulator, an acid acceptor and a catalyst. Methods for
preparing polycarbonates are known in the art and are described, for example, in
U.S. Patent 4,452,933, where the disclosure regarding the preparation of
polycarbonates is hereby incorporated by reference herein.

[0100] Examples of suitable carbonate precursors include, but are not limited
to, carbonyl bromide, carbonyl chloride, or mixtures thereof; diphenyl carbonate:
a di(halophenyl)carbonate, e.g., di(trichlorophenyl) carbonate, di(tribromophenyl)
carbonate, and the like; di(alkylphenyl)carbonate, e.g., di(tolyl)carbonate;
di(naphthyl)carbonate; di(chloronaphthyl)carbonate, or mixtures thereof: and bis-

haloformates of dihydric phenols.
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i n one enbodi nent, the polyesters useful in the
i nvention exhibit a notched |zod inpact strength of at
wo e@st1378800 J/ m (18 ft-1b/in) at 23C with a 10rP@1/US2006/012268
notch in a 3.2nm (1/8-inch) thick bar determ ned
according to ASTM D256. I n one enbodi nent, the
pol yesters useful in the invention exhibit a notched
| zod i npact strength of at least 150 J/m (3 ft-1b/in)
at 23Cwith a 10-m !l notch in a 6.4mm ( 1/4-inch)
thick bar determ ned according to ASTM D256; in one

[oeotjodi Fxamplédef paliasietmoRcule wdightrddutatony kietude) but are not
exhibit a notched |zod inmpact strength of at | east

linikeyd 7, mphensl, f yrlehexanel, 28ethangl, aalkmlaﬁed RBERPIs; nsych as

oGP TERko) B afehef S B 9R5 oA Bpiment. e

mbIR:ulerr?Wéighlofegebdtolf)listprmnn’bbchledilHytaIdd|p|mpaaot strength
of at least 1000 J/m (18 -lpb/in) at 23C with a
(01021 | T Wﬁ)t%ﬂ‘ﬂlqﬂ?cﬁp@r4ﬁ?ﬂy( EP4eit'P\%rh)ant RIgapiGQr an inorganic acid

%%ﬁﬂ%ﬁltéﬁlﬁ%rgéﬁﬁp%ﬁ Seddpibresn P[e%%rtlja A8 includes,

cert esters use In t I nvention
budais mothiirnited do, such evaterials asnp(yhdnhel Zne{thlqumoe dimethylaniline,
at | east 3% or_at

St fth wh d.at 00C o
trpih BT, P e alkg. 1 Do eEpaigagric: 3opalioh orarh sy eitner a
h}d?okiﬁ;@ ré%&ﬂb%ﬂaiez@ bidaPB6Hate! beROpRoYbIRe NBTas Bidhliddr alkaline
“5Cwith a 10-m 1l notch in a 1/8-inch thick bar

earéh ma’ﬁilned according to ASTM D256. In addition,

OB 1 DS YR o BT RS R i . tose

that IBaII%} afl Gie PolpmedZativneos Rashomsmet WithCphbsgargh Suitable
300C with a 10-m | notch in a 1/8-inch_ thick bar

cafalystsrinedurien dudrarentPt ket ip Diesiary| @mines pughe@s triethylamine,
BRI RS RS, ARE RS R S ByhEE such as,

forr ngpathplet rteﬁn@éthymmoaluhosﬂomﬁdejocetw dane!thylnaﬁfﬁ%mh&n bromide,
measured at 230C with a 10-m | fchlna

-1 h
tolr BB IR 106 i dEFaTHeTORSl ABYRPRES biamide, tetramethyl
aﬁmﬁuﬁ%ﬂl&ld@tt@ﬂﬁ%éﬁgﬂat 'ﬁtﬁlﬂg %&Bﬁﬁe {cfa-hiktg %ﬁ‘ﬁmonlum

pol yester when neasure tenperature wth a
iodide, benzyltrimethyl ammonium chlorlde and quaternary phosphonium
compounds such as, for example, n-butyltriphenyl phosphonium bromide and
methyltriphenyl phosphonium bromide. '

[0104] The polycarbonates useful in the polyester compositions of the
invention also may be copolyestercarbonates such as those described in U.S.
Patents 3,169,121; 3,207,814; 4,194,038; 4,156,069; 4,430,484, 4,465,820, and
4,981,898, where the disclosure regarding copolyestercarbonates from each of
the U.S. Patents is incorporated by reference herein.

[0105] Copolyestercarbonates useful in this invention can be available
commercially or can be prepared by known methods in the art. For example,
they can be typically obtained by the reaction of at least one dihydroxyaromatic
compound with a mixture of phosgene and at least one dicarboxylic acid

chloride, especially isophthaloyl chloride, terephthaloyl chloride, or both.
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10-m | notch in a 1/8-inch thick bar determ ned

according to ASTM D256. [085] In one enbodi nent, the
w@oiogastoses s useful in the invention can exhi bi PCHUS2006/012268

ductile-to-brittle transition tenperature of |ess than

00C based on a 10-m | notch in a 1/8-inch thick bar as

defi ned by ASTM D256.[086] I n one enbodi nent, the

pol yesters useful in the invention can exhibit at

| east one of the follow ng densities as determ ned

using a gradient density colum at 23C. a density of

[0166F tImaradditory/ rihe apo%@tera coanxzisttionsf dreels sthehgolymaB blend

. d f 0.8 t 23C
ogfoesfions coptangahe. dolipsipinet SugineTibhsmey a0 soatain from
t 0
o.té)q tbea% %g%léh’?%ﬁ(g I@*p t8 Ozfo%'ég vﬁ%gfiﬂgﬁ 1% 15 /g Qg%/éi%ﬁt or 0.01
tag@6% by vegight or 001 to ﬁ‘Vg/bM weigh? 30 the atotﬂnmlglyt of tHe palyester

c&Bpesiipd gt ofimER gugRyEs Shchias {oidratis Rk Factd deiedbe agents,

flarmet Ritardaniss SlastviLsts, buacréaﬁhgl éderﬂée§fabllEB?stiﬂEmdlng but not
"visually clear” is defined herein as an appr eci abl

lingite@d tee Ut staklirgirsethermed stakilizers antl/or rean‘.ll@nnp&;iucts thereof,

WS SRGELOMBHE) Bl BE AT SEBTHERLY VAiSc impoct

rriod(ﬂetnslliv\rutj krimwn mothe iani aldl ulseful bn sPBAAGENdN mclude but are not

carb tes t he bl ends can be visually cle
irPRa[i0] e B0 RGH PENDIR RO N s beinaliZae, pphrélefms such as

thB3bYESTthing > fithy!) durk B TRYASH GOBIATR IndiEnBite: styrguebased

bIDhbmopolynﬁeIBE]mpactomedéMdamréwalqouheajquyilc%/esrteésmall type impact
ful i h t t o] yeste

mddfisl ¢ FohSariin Unvadtivg dan b om%mqwatﬁd infpepgicles of

meAlffeane thRduRh Yadites & the fbull@r’[ﬁr n;ﬂ’?:a‘t’i@ﬁ %f a hard coat, or

determ ned using a Hunter Lab UItr sca Spectr
thaaglr iovextsusiganaf & taape thyisy. Hlﬁﬂseduesmwmresaddab/es are also

cdEmmgEs 8o B S A B R e orn

[0107] The polyesters of the invention can comprise at least one chain
extender. Suitable chain extenders include, but are not limited to, multifunctional
(including, but not limited to, bifunctional) isocyanates, multifunctional epoxides,
including for example ,epoxylated novolacs, and phenoxy resins. In certain
embodiments, chain extenders may be added at the end of the polymerization
process or after the polymerization process. If added after the polymerization
process, chain extenders can be incorporated by compounding or by addition
during conversion processes such as injection molding or extrusion. The
amount of chain extender used can vary depending on the specific monomer
composition used and the physical properties desired but is generally about 0.1
percent by weight to about 10 percent by weight, preferably about 0.1 to about 5
percent by weight, based on the total weight of the polyester.

[0108] Thermal stabilizers are compounds that stabilize polyesters during

polyester manufacture and/or post polymerization, including, but not limited to,
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the polyesters or plaques or other items injection
nol ded or extruded fromthem They are determ ned by
Wwo b@sl13msb* col or system of the CE (InternatiBeEIUS2006/012268
Conmi ssion on Il lum nation) (translated), wherein L*
represents the |ightness coordinate, a* represents the
red/green coordinate, and b* represents the .
yel | ow bl ue coordinate. In certain enbodinents, the b
val ues for the polyesters useful in the invention can
be from-10 to less than 10 and the L* val ues can be
PhegROsoUS ocOmPOLRd®t firgludingodiutemos, lititedb*tov gdheesphbee  acid,

phEH RS, séltcﬁi; R@ﬁ%&%%n s Invﬁ%%gl an, be rngaggmd and

In oneo

varitﬂxst @stiirs - é@dz t@.e}lt'é thér%ofo ¢heséocérp 5’% pg«li,Qer‘itonf1 tEelgolyester
. = 10 t m o 1
ccgnpogtl@ra,s ysgfug iR @ﬁé inventiog. 3Theaaszter82¢ar0beoal[§yl Oramchid alkyl,

SLQ)Sttlﬁltgd a%ﬁ Qiiﬁmcﬁcéﬁé’l a’?;qgoa}ﬁ&l %8%6 ary; ?lag §u8§t2tpl;pd4aryi In one

embodnmenidthb nomBer bf estdregroapb uesaitia the rb%lrir(fuIéﬂabH&Q,phorous

f t esters useful in the invention can
e l&ﬁfﬁ% PN 789 HR dithg Maxtjeum atbowableobase)d on the

ndrﬁb&oof §9d|td9<yf39rmﬁ% Eges%% gcgfﬂ"eg t@%rrpeaqg %tgg? H?%d t Ql;tbe term

"thﬂrmaﬁét@imhqméu&nntendqa@stotmdudeuhefrulachcbh tplﬂ@dudt@r’thé%f The

teﬂ%n' é%:ﬁ%ﬁn 8*@" el ?{@5’ Lh p%{\% ﬁ—[ ot e%’rr%rh:z_s?ablllzers of the
mmitmsteﬁérspl@r hhp fbr@cﬂuéth@f Q?dﬁg&iﬂ%@ngﬂrﬁ’@%’r tés?é}‘fﬁc%ﬁ% Yeaction

in the invention can rocesses known
batygenthertaepal §’(§>@HIZ@§ a%anﬁmdpbenobynmrmmslem imaking the

oA ) BB of RS B RS SERS Pctin

besueeraxm@catetyrsodadlawom@rtylpétof%@m@t limted to, the

S0 eacting one or nore dicarboxylic acids with
[0 iporRed%frP@'@@ym%t%ﬂ%ls Eayedge ugefi einofthe 000@positiBNES6f  this

tl ne
bl B WIRPLin: rhatdald Ml ol hu akes bt fimiteg to, carbon
filagnems, silibatesy nmied h«:idy, tzﬂc Jtitadiugi atbxitd, Weslstenité "Glass flakes,
such pret hods is hereby

glqdﬁilgé%gs? éﬁg:ﬁl%ﬁar dqupg B9lypgqr@rfg9@'§ and combinations thereof. In one

embodiment, the reinforcing materials are glass, such as, fibrous glass filaments,
mixtures of glass and talc, glass and mica, and glass and polymeric fibers.

[0110] In another embodiment, the invention further relates to articles of
manufacture comprising any of the polyesters and blends described herein.
extruded, calendered, and/or molded articles including but not limited to,
injection molded articles, extruded articles, cast extrusion articles, profile
extrusion articles, melt spun articles, thermoformed articles, extrusion molded
articles, injection blow molded articles, injection stretch blow molded articles,
extrusion blow molded articles, and extrusion stretch blow moided articles.
These articles can include, but are not limited, to films, bottles (including, but not
limited to, baby bottles), containers, sheet and/or fibers.

[0111] The methods of forming the polyesters into fibers, films, molded
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[092] In another aspect, the invention relates to a
process for producing pol yesters useful in the
W@ologas1oes conpositions of the invention. The PCDUTENS6/012268
conprises: (lI) heating a mi xture conprising the
nmonomers useful in any of the polyesters useful in the
invention in the presence of a catalyst at a
tenperature of 150 to 2400C for a time sufficient to
produce an initial polyester; (Il) heating the initia
pol yester of step (1) at a tenperature of 240 to 3200C
artigles1 eantainhtsurand aheefing| yrer evellvkngwanin ting esret eExamples of

. Sui t, | i inthis
el qed sty il ROl il o Tordiab deviess auch as
diblysisc osRaphdHt, TMEJIEE Eécl% ifg,! Wﬁ&lt‘i’l“caré;‘t ali¥Sited. S commercial

well known in the art. anpl es of cata sts.useful I'n
fopRgeRyices PreduGs atchoas ifaot uprns, beteaar trayst turnbiere dartd storage

' | | §-2-ethyl h te, :
OGHERG EFET, B bt OB, o s ARGRguvs crieppis, water
batties| grisper trays] washig masking fRNOtand VRN tRard? PRfts. Other
based on titanium zinc, nmanganese, |ithium _
p%}@P“gHPQMedaﬁ‘f@C'@&%uﬂd 'P@t%,&&ﬁ agerooh fimitedrios agg’eha‘lmmﬂ\enses
, , : 0 ol o . ,
B i o 5 S sderafCar P Al koot igouing,

b0t dipritest tol Gaby L2filed)ameid ioolcahetongh ahyst roswitant, aRd displays
polymer. The process

[ he fi nal
gogogﬁﬁgdégglgf;g?%mﬁgg?ti (rjlf eitttlzerI gabat ch or conti nuous
[ODIZ]CGSIE . ah&Pelt é‘fﬁﬁb@iﬁ*érﬁ; tid Qﬁvétlrl]%orgqgrtﬁ@r 8t £ Wiicles of

until 50% by wei ght or nore o

magufesturamsomprising 3they clilotis) amedion! sheest(de exontaiaitioe dpolyester
o arried out under pressure, ranging

9 r%%'@#o@%%cé&ﬁ%g ®8sur e to 100 psig. The term

[0 1xactTHeNfiliOeHE/or sheetss Beful irf HEPRddeP ]jmémiognéé%@foe of any

the catalysts useful in the invention refers t
thiskpesrc Whigh wasdd peoapeareat ite roner obstdinaryi skill iiorthe art. In one

orb AR et A O of B By BR e bAoA e han 40
mits. pdh yoren datbealirent, ahe ings)i & frf irvBNtI6AHHdveNa RBICMEESS of no
more than 35 mils. In one embodiment, the film(s) of the invention have a
thickness of no more than 30 mils. In one embodiment, the film(s) of the
invention have a thickness of no more than 25 mils. In one embodiment, the
film(s) of the invention have a thickness of no more than 20 mils.

[0114]  In one embodiment, the sheet(s) of the invention have a thickness of no
less than 20 mils. In another embodiment, the sheet(s) of the invention have a
thickness of no less than 25 mils. In another embodiment, the sheet(s) of the
invention have a thickness of no less than 30 mils. In another embodiment, the
sheet(s) of the invention have a thickness of no less than 35 mils. In another
embodiment, the sheet(s) of the invention have a thickness of no less than 40
mils.

[0115]  The invention further relates to the film(s) and/or sheet(s) comprising
the polyester compositions of the invention. The methods of forming the
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the catalyst and any other type of additive. [095]

Typically, Step (Il) and Step (I11l1) can be conducted
w@roobha79sane ti me. These steps can be carri ed PCI/UB3006/012268

met hods known in the art such as by placing the

reaction m xture under a pressure ranging from 0.002

psig to bel ow at nospheric pressure, or by bl ow ng hot

nitrogen gas over the m xture. [096] The invention

further relates to a polyester product nade by the

process described above. [097] The invention further
polgksiees into fdmie)l gmafor sheatls) dreewelldobwroimticsas:, (Barbples of

e ndBk el lesRl e TbnaSudha g TSR 5o g imis
afder @heblls), RelHIRIES fmﬁrsg%ﬁ%rsshé& ] c§1lwp*ré§§i§n molded film(s)
| I ncl ude, but are

exanpl es of the pol yner conponent
am@/or ishaet(e)ld sohitiopotasted fitms(s3 aol/arsshegt@h; Metheds of making film

. : h ; |
el S e AL e —
molied yaret Soluibly casngicryl onitrile copol yners;

acrﬁ//(oni trile butadiene styrene copol yners;

[03 861y ( nexaipPlest ofRatontRleriiclas myade: frooplilny medéar sheet include, but
ar%ghég gﬁg&%; .ltc;'l.tﬁﬁ’%c‘)?i?lﬂ}‘%H@n83?%%@%{i%ﬁ%)s;tretched film, shrink film

ertimde rrom
(whetheheny heheinissiialds asubiaxidly stretched), liquid crystal display film

(g B St Uiind 1) difiscs saeelas CRORPRSABHD (IS oRd protective
films?,nﬂwe?ﬁoﬁﬂlrﬁ’édzsﬁégff :@ﬁ?@p&ﬁé‘ﬁ’il@”ggﬁqog%’ugﬁé?dskynghts, painted

pol'ystyrene resins ner al
antiolegplasninbtese lavinhtatkbarticles|, gpdenymdtiwall films or sheets.

R, BT, SRS SRS SR it e ok ied o,
PRl BTl sl R Pt I 1t o i
melsh@ecaatve paneisxaruneshinh maghioest fhat tbuckegainety on refrigerators;
el N o B BB SRR e ol N SR HBaM: lusers
fobltndnapiles; sell Whove bbesid Matihg SRE RIHIRHIOREBbntrol displays;
aquln%%i\% bcoonnaéto(lae ipséng?st; gdtgfn%?itlelg?earhghiﬁo:agr?eslts;e rc:on’crol displays or
warning signals for automotive instrument panels; facings, dials or displays on
household appliances; facings, dials or displays on washing machines; facings,
dials or displays on dishwashers; keypads for electronic devices: keypads for
mobile phones, PDAs (hand-held computers) or remote controls; displays for
electronic devices; displays for hand-held electronic devices such as phones and
PDAs; panels and housings for mobile or standard phones; logos on electronic
devices; and logos for hand-held phones.

[0118]  Multiwall film or sheet refers to sheet extruded as a profile consisting of
multiple layers that are connected to each other by means of vertical ribs.
Examples of multiwall film or sheet include but are not limited to greenhouses

and commercial canopies.
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conposition. If polycarbonate is used in a blend in

t he pol yester conpositions of the invention, the
whb@ads7osan be visually clear. The pol yester PCT/US2006/012268

conpositions useful in the invention also contenpl ate

t he exclusion of polycarbonate as well as the

i ncl usi on of polycarbonate. [099] Pol ycarbonates

useful in the invention nmay be prepared according to

known procedures, for exanple, by reacting the

di hydr oxyaromati c conpound with a carbonate precursor
[Bueh a$heliakydng exan'I]ﬂésaftmrmllmsﬂetéih@wrth@ palyesest er,

a nnl§cular mej gtor an acid acceptor and a

CRIIPQPYIeps OMH% 9”?% BP 6%?%%6@/@%@%@%3@léltended to
[ r r
Ol Rl er T SR Sy 2R dr e Tt AR ¥ BT b3 ogpe
thaﬁ@ofprlémiasamcmated qﬂaﬂew&r bmmtaﬂfe pa;tsftw whight, temperature is in
ncor porate feren e her 010 Exanpl es of
deeBaRY oF 8ol Erndifentad pikasugR s #haT A aigiospheric
Fbi piifperet of tHigifi@mibn AR HBans k equy' chloride, or
m Xt ures thereof; dlphenyl car bon
dl(halophenyl)carbonate e.g., di(trichlorophenyl)
carbonate, di(tribronmophenyl) carbonate, and the I|ike;
di (al kyl phenyl ) carbonate, e.g., di(tolyl)carbonate;
di (napht hyl ) car bonate; di (chl oronapht hyl)carbonate, or
m xtures thereof; and bishal of ormates of dihydric
phenol s. [ 0101] Exanpl es of suitable nol ecul ar wei ght
regul ators include, but are not limted to, phenol,
cycl ohexanol , nethanol, al kyl ated phenols, such as
octyl phenol, para-tertiary-butyl-phenol, and the Iike.
In one enbodi nent, the nolecular weight regulator is
phenol or an al kyl ated phenol. [0102] The acid
acceptor may be either an organic or an inorganic acid
acceptor. A suitable organic acid acceptor can be a
tertiary amne and includes, but is not limted to,
such materials as pyridine, triethylam ne,
di methyl aniline, tributylamne, and the like. The
i norgani ¢ acid acceptor can be either a hydroxide, a
carbonate, a bicarbonate, or a phosphate of an al kal
or al kaline
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earth nmetal. [0103] The catalysts that can be used
include, but are not [imted to, those that typically
war@stismspol yneri zation of the nononer w th phPEHEAE06/012268
Suitabl e catalysts include, but are not linted to,
tertiary amnes such as triethylamne, tripropylan ne,
N, N-di met hyl ani | i ne, quaternary ammoni um conpounds
such as, for exanple, tetraethyl amoni um brom de,
cetyl triethyl anmoni um bronmi de, _
tetra-n-heptyl amoni umiodi de, tetra-n-propyl anmonium
brom de, tetramethyl ammonium chloride, tetra-nethy
amoni um hydr oxi de, tetras ]ﬁﬂLE amoni um i odi de,
benzyl tri met hyl ammoni unehos and quaternary
hosphoni onpounds such as, for exanpl e,
hﬂ%&%ﬁé&ﬁﬂﬁi@hﬁﬂgg phosphoni um brom de and
met hyl tri phenyl phosphoni um brom de. [0104] The
OBy c alr F@o'ﬁae@twmlty Dﬁtheh[eolped;tsassswvas detenpainéd irPee/40f (wi/wt)

pﬁéh%llﬁéiya%ﬂ r8&h%b§ OIat ?@ﬁ&l@ﬁétig ﬁ%br%ggt S Suc h

ose descri

ity ahﬂ‘??“e”'sié’hﬁ?'??@ Sehelen ot .fé*uf‘@ b

delepined ssiiccad hoRgCe29Q twirymemt om Fbetinal Amymmtruments
at'a%n%‘i@&reﬁ'o*%rﬁﬁf RESRT ReASTR pagA8>] L

Copol yest er car bonat es us

[ohazau | dlthieeglyaohuentarildny the cistabe rafeERthe o LIRS AP

in the ar For exanpl e, they can betyplc
defSFIRGE bV YO BRaTidarmaanec teohases (MG speciroscopy. Al
NMRW&&W@%&M&M%JF}?WEE%S%& téﬁ(ﬁ\éﬁE RIS Phagnetic

and at | east one dicar ic acid | or
re%’@é@ﬁeﬁﬂeﬁtmﬁ‘@mﬁn Wging withehtdoraderm-tdffiepbibaticoydid (70-30

h | yest
v ey o AR by e SomsnBolingns ol

oA BUAAIT QU ORPURL, PR

for e gift-teirargetyi-f - m@wamedughtesonaac@aweoe h%ebht f
5% of , the wei g 0

coltpaRiton 8 mibdst pigho Sl he Riisis Bhara delstatiaings

1,3coyaolautbnedidl e'ﬁhe@hﬂ)d@ﬁb@ﬂﬁ@uﬁ@@@ﬁ)%ely approximate the

resonance positions found in the polymers and oligomers.

[0123]  The crystallization half-time, t1/2, was determined by measuring the
light transmission of a sample via a laser and photo detector as a function of
time on a temperature controlled hot stage. This measurement was done by
exposing the polymers to a temperature, T, and then cooling it to the desired
temperature. The sample was then held at the desired temperature by a hot
stage while transmission measurements were made as a function of time.
Initially, the sample was visually clear with high light transmission and became
opaque as the sample crystallized. The crystallization half-time was recorded as
the time at which the light transmission was halfway between the initial
transmission and the final transmission. Tmax is defined as the temperature

required to melt the crystalline domains of the sample (if crystalline domains are
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flame retardants, plasticizers, nucleating agents,
stabilizers, including but not limted to, W
W@ t@bilBiozers, thermal stabilizers and/ or reactPOIUS2006/012268
products thereof, fillers, and inpact nodifiers.
Exanpl es of typical commercially available inpact
nodi fiers well known in the art and useful in this
i nvention include, but are not linmted to,
et hyl ene/ propyl ene terpol ynmers; functionalized
pol yol efi ns. such as those containing nmethyl acrylate
prasdht)r Tgieﬁhadydapmmm Ecthel exeenples perverdmaesenti!ths kemperature

R SREisargRlR Yesatohsaepnafion the samplergret tamystalization
hafiginki Méés%mé?ﬁ Wﬂ%oi"d,%of ﬁé’ra‘tl%%%r E)bﬁhﬁﬁ%&{ composmon and

manuf acture through addition to the b
!Sémcalbadlﬁ@rarttfforaem polyester. bor exampleh R@Emawmmtoome

kB sPURLGIE AR Seraten iR AL el S shistaline domains.
[oﬂ@aﬂ]O?]Daﬁ@tyméyaéte@ﬁﬁnéH usifg d @‘é@i&dt%n@ﬁ{/‘ CSFPJ bpS3qt,

| east one chain extender. Suitable chain extenders
(0121 udEre mgit wwsﬂwenwmd berein wasuneasunedthyousing a

Rﬁ%@@%ﬁﬁﬁgt A}%ﬂ gné({t ttfgll eEB%"aegQ‘?'gFﬁ%ﬁfu‘&?ﬁa“?ao‘Wed asa

fuaxMpr‘éshﬂ.‘rcm;d at édqonenciaesnging froph e teXM00 8T, at the
certai n enbodij man]t chai n extenders o&l be added at
tepReraliies FeRaneds of Reeeroshaas melt Weeesitydinohisttae nefeviscosity at

78 ISHBEBF tA8ldsAmMaREPH %?(traé{)]laﬂﬂggﬁ? 85{ ‘ngn gnodels in the art.

pol ymeri zati on proc arn
Thig sbmolsraaxtem%yalb/qnmmmmm@y the Rheammtmcwmyldamidwnalyzer

rocesses such as injection nolding or
(R@?{J)’IS % Gi%he anount of chain extender used can vary
[oﬂm}endlrrregp@ meheweRealibd @t %Bﬁiﬁhlﬁ%‘@é}gj g%%§°0 in

t he physica roperties desired but
a EGQJ%@W@MO'D& heumnd mjmibl@utmal@epem:aﬁoytﬁ}/z&mc)jdiihg

BRENSHG BBPYE B S 0 BB e B L g o

wdrbesuttd adéeadthl df 265 ol snd AFRABAGOWMRE BtiAGH Widih with 2 10-mil
pol yesters durin ﬁ pol yest er manufacture and/ or pos

noiel) masgosaaneshwith A T0iDRP6. blike Averadentizod dmpact strength at
23;?&?5‘%%8@?51% FORPALASS e sHY Ah s Btk 1 m ted to

ric acid,
[0127]  In addition, 5 specimens were tested at various temperatures using 5°C

increments in order to determine the brittie-to-ductile transition temperature. The
brittle-to-ductile transition temperature is defined as the temperature at which
50% of the specimens fail in a brittle manner as denoted by ASTM D256.

[0128]  Color values reported herein were determined using a Hunter Lab
Ultrascan Spectra Colorimeter manufactured by Hunter Associates Lab Inc.,
Reston, Va. The color determinations were averages of values measured on
either pellets of the polyesters or plaques or other items injection molded or
extruded from them. They were determined by the L*a*b* color system of the

CIE (International Commission on Illumination) (translated), wherein L*
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phosphorous aci d, phosphonic acid, phosphinic acid,
phosphonous aci d, and various esters and salts

W b@oasdfs4 These can be present in the pol yest ePCT/US2006/012268
conpositions useful in the invention. The esters can
be al kyl, branched al kyl, substituted al kyl,
di functional al kyl, alkyl ethers, aryl, and
substituted aryl. In one enbodi nent, the nunber of
ester groups present in the particul ar phosphorous
conmpound can vary fromzero up to the maxi num

représomd ke igitads® Boblknadits ndyereppésditd figx Yéd/gFedmdSoordinate, and

Present on the thermal stabilizer used. The term
b™ kepsesrilts shapeliquw/blue ¢eordingédded to i ncl ude the

ti . : : ti

ORS8O ASS880 coliRob B mOBRESIY o Carvor ross

ats2405.i zers of the invention refers to any product of
a_pol ycondensatiogn or esterjfication reaction between

loﬂﬁ& th@P'ﬁﬁﬁ Oi'i‘%m\f'ﬁ*? FRFC! tE\ﬁ;‘P'SZVa%@tWo‘hftJH@rs used in

1,288)cldhexBReBPhARERSET usty iWﬁbé ARG RERHES Wgéta%gg%ximately

po ycondensatl on or esterification reactlion
30/MO, sad abykt range feomg 36fGieto 25/66. dfnlesklotheveise[dpEafiied, the

Rei nf ar ¢ci ng,.na i al.s, my, be useful ip the . .
CisDSa PP SRR 2t AT ohno-cYReblBiriacfil espg in the following
eX@hglesalss apyroxitabtefleso/Bot are not limted to, carbon

filaments, silicates, mca, clay, talc, titanium
[0dB3bixi dEhe (Wllomdrg shbrayiatigngsapply Hikedghepitdbe wsnlking examples
aﬁ%ﬁgrrse's and polyneric fibers and conbi nati ons thereof.

I He enbodi ment, the reinforcing materials are

gl assTpAuch asneré%)mhgu@agik{ass filanments, m xtures of
C al

glass _and talc_ glass and mca, and glass and
pol yreMiTc fi hdtigetpydiamphthelateot her enbodi nent, the

M £ £ 4+ L P | + 4 ] £ .‘ aCt ur e
conpt Msihg anyof- 1T BIFDYST S eRRIMBIRdE  dbscri bed
her eCRID\Xt r Udeqcyelaheraesdimetipdigior nol ded articles

including butl not limted to, _injection nolded
articll¥s, ext HQH@@“&V@C@&SIB’S, cast extrusion afticles,

profite—extrusion—articltes;—nett—spuh—artiectes,
t her ndfor ned Zetrpcsﬁggl” m@ﬁtvﬁfﬁsbtx nol ded artic|es,
I nj ecty on bl 0\w|gws Befsi@bh itémPBeratufy ection stretch bl ow

nmol ded "articlies,
Tha Brittle-to-ductile transition temperature

Tmax Conditioning temperature for

crystallization half time measurements

Example 1

[0132] This example illustrates that 2,2,4,4-tetramethyl-1,3-cyclobutanediol is
more effective at reducing the crystallization rate of PCT than ethylene glycol or
isophthalic acid. In addition, this example illustrates the benefits of 2,2,4,4-
tetramethyl-1,3-cyclobutanediol on the glass transition temperature and density.
[0133] A variety of copolyesters were prepared as described below. These
copolyesters were all made with 200 ppm dibutyl tin oxide as the catalyst in

order to minimize the effect of catalyst type and concentration on nucleation
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extrusion bl ow nol ded articles, and extrusion stretch

bl ow nol ded articles. These articles can include, but
wae@onamsdimted, to filns, bottles (includi ngPChus2000012268

limted to, baby bottles), containers, sheet and/or

fibers. [0111]] The nethods of form ng the pol yesters

into fibers, filnms, noldedarticles, containers, and

sheeting are well known in the art. Exanpl es of

potential nolded articles include without limtation:

medi cal devices such as dialysis equipnment, nedica

divasxagistlizationl diligias & Theiid/trafs radTorihe BU- f oodser vi ce
products such as food pans, steamtrays, tunbl ers and

cml@?@@@esweﬁlangbws 59168 while ﬁ%aI%faﬂ,ﬁe@@@@i the)Rehtidr
tei’u’é%éﬂqiﬂe’f 30 chuth &SI %%w]q@éoe(n Jgg[glglles cri sper

trays, shi'’ng machi ne acuum cl eaner

[Oﬂau}t s.F&x ;lmpope$ eﬁthlﬁbxambﬁﬁd'}@lsamlﬁh@d) sufficientll witailar
es and. franpes.

. but are not hthal m ¢ | ens
m%@renwﬁc,%é@s DY RISHVal UG G158 6 VRdiabio In e
Q@faqliz%%on aTel M@'aggrenl?éﬁt not limted to, baby bottles,

I'S c ear, tough, ﬁeat resi stant, and displ ays
[033581 h@m&wlyzatmrshaibtlmetmeasﬁtﬂmmﬁnte; froemthtehmelt were made at

enbod i,n { yrther relates to artjcle
tepPaTg T Ea ot 190D 3 1DHS eemeniS 4R AbS rdiulsd G rable 1.
TRE At et érgsiﬂﬂiz}éﬁénﬁ BRIFRAP Y dachsaniisis (Wadeite A &IsethB minimum
[0113] The filnms and/or sheets useful in the present

valie of crystalizatiarehaf-tiaeyas afunaliesofiainperatotg, dyweally occurring

BRRBLL FoTRE Phe RSN R iRl dfLipp vid'sBBies are

Ibtted krm F@Jreﬂ a@armm@ndm@mné@mbmonbm@nﬁo@ﬂbmbmm
the invention have a thickness of no

(G3Fle.  Fh OBL5 FHOWS U1 Zopd oSGtk | %%@'qbut%%qwbﬁ more

eff&ﬁlv'ent}ﬁﬂtétigﬂeﬁggglc %{1‘6 fs%ﬁﬁﬁfah? r%&fap?éfrﬁtagiﬂ e on

cﬂyatwlzatlbhlratm(ess, increasingdhe crystalli2ation h6|f—tlh1®).0ﬂleaddltlon
[ t he f|| of .the invention have
2 S B ety Gy bu TR s Marb4S6q ba 90 KHeTs Hlensity.

enbodi nent , the sheet (s) of the invention have a
t hi ckness of no

48



| ess than 20 mls. In another enbodi nent, the sheet(s)
of the invention have a thickness of no |l ess than 25

wWOord0s/131984 anot her enbodi nent, the sheet(s) of PEEUS2006/012268

i nvention have a thickness of no less than 30 mls. In
anot her enbodi nent, the sheet(s) of the invention have
a thickness of no less than 35 mls. In another

enbodi ment, the sheet(s) of the invention have a

t hi ckness of no less than 40 mls. [0115] The
invention further relates to the filn(s) and/or

sheet (s) conprising the polTabkt®r conpositions of the

i nvention. The net of for t hepgl yesters into
film(s) and/or sh rty(S%VI'Z@tt'Bn RSN ¢ he. art.

Exapples of Ti n(s ng/ o sheet (s) Jjof the Tmvention
i nc clg%g mger f, 10 |.|m 1.||e d [t Ftext ”tided ati || k)| atd/ orat at
ndered °f | 1" &do @NBoct | sdteetifza Pel180 °c| 190 °c | 200 °c

Exﬁhb@
com m%)or(d'fﬁ)(@{w ) (@) andior . sheet (3),. sol ution
casted tH s ane]-orf ﬁm) t"{‘g'?.?'ﬂ‘é'?hv@'tnsczmi Uiy | Amirgy| (min)
d in i Ut are_not _limted|to extrusion,
ﬁhgl p}f:&ﬁe&%égz ﬁt?ga%s? £ngorm a. n(121 nd "gol| ut? dn *° 11 15

castl ng. [0116 Exanpl es of potential articlegs made
% om'¥§ T/ (P br218h&et | %8| &de| BOt |arfé mot4 ||i midt ed4 1.7

to uniaxially Btrefcheg TiTm biaxi al Iy stretched
fd | prpo.staci oo f | 1. 198 (et el -ago 1oisouni3:$>©i alby (0517 | 233 | 252

dicml av 'Fl | m

- - 11 + [ 3\ H = |
o aRrarty UtTregrcricy), Iql.llu € _yolou U—Spray

o nchdéd);,)i‘?g’o.é?#‘tm@gtg'é Mah¢d,tof i uzrs}gs; sz?ﬁerﬁbo | 59.9,| 96.1

conpensat i pr ot pct Ve f|

sheget 9 aphicl artpg fi out dpor signs, |skylji ghts,
nfeRf” B tores@f els234 %ﬁn?g?g(,ssm and-hat ed3artiklle§s | 100 | 114

or mulgiwall fJlns|or|sheets. [0117] [Exanpl es|of
phi.ic% ar tosssd L 1m2 | ned e >1dnals Bldgys oldays] 1264605 da@| >5 days | >5 days

and
or

Mepiates;—menbrane st ehovertays; :
01 Ntc0f pPYBEAASEs d1|0§(p!23y 5?55.Io| At Qr | | ol dsqde corative | ..
nes, LAt t ouch panel s on

refiri erators nel | on ovens:; | decorati ve

ntlef o/f t| PR f16f39 a%?toon%?) 1%84: | i'Rdt rubent %9 ystérs 2br| 51

—

herRBLE o B B REpEET T B e o 1 e 1 ¢
paveshexangdimetivandl,v endydizer bslkandet op dime | disarbosylit r @id dbBpdrayis of the
oE)Olyes’ters in Table 1 is dimethyl terephthalate; if the dicarboxylic acid is not described, it is
100 mole % dimethyl terephthalate. ‘
100 mole % 1,4-cyclohexanedimethanol.

A film was pressed from the ground polyester of Example 1G at 240°C. The resulting film
had an inherent viscosity value of 0.575 dL/g.

A film was pressed from the ground polyester of Example 1H at 240°C. The resulting film
had an inherent viscosity value of 0.0.652 dL/g.

where: A is Isophthalic Acid
B is Ethylene Glycol

C is 2,2,4,4-Tetramethyl-1,3-cyclobutanediol (approx. 50/50
cis/trans)

D is 2,2,4,4-Tetramethyl-1,3-cyclobutanediol (98/2 cis/trans)
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ning signals for autonotive instrument panels;
rggingg, d?als or displays on household appliances;
Wo awengm™s4 di al s or di splays on washi ng machi neBCT/US2006/012268

facings, dials or displays on dishwashers; keypads for

el ectroni c devices; keypads for nobile phones, PDAs
(hand- hel d conputers) or renpte controls; displays for

el ectronic devices; displays for hand-held electronic

devi ces such as phones and PDAs; panels and housi ngs

bil e or standard phones; Iogos on electronic
gg\r/i ::rgsl; gnd I'6&@%4f4yﬂ'e§aﬁt¢imﬁé+1d3-;¢ryrolmbﬂtar[e(blldl$$/95 cis/trans)
Mul tiwall filmor sheet refers to sheet extruded as a

[0L37+ i 1As shven i Talbleot an@lFungbél I2a2/];eréstétit‘mﬁet|h5/l91 g;

vertical “ri
o ERRREIEHi® nifte IS “? gihes femonpmaracLafethyieac glycol
andasoplnﬂmtledcidoagrne Qtaﬂi%é‘ﬁ%ﬁ%a?" i.e., the time

119] The fol ovm ng exanpl es
reﬁ‘i“lr‘?fgt OM'EYW t;necash Wﬁ@felisgmposmmrysmnmﬂyt BY decreasing

d t ended
thé emgnwgﬁ%g% PRI R fasiE e LB b BrtoRsatt e,

am@mbndearﬁdﬁd basdd bhe 3409%tﬁdh¢étﬂ9lﬁ1 3L&1Jc?o%%téﬁlé’du8ﬂ%88med
rts ar e garts b g nperature | S

P ﬁagé’gﬁéﬁée Biein 13y be Rhica by m&Ih@ds knowpriredsiak, As
shownah T@'blé‘?%e@é RSRAST Gin {)?{I @%E% oggatﬁ]slétsf%h .

|nvent|on . neans wel
tem@@w&br§8[amﬂ20yverrdenmnbe rtlmn othes easdified PTT 86polyesters.

d 60/ 40 (wt/wt)
[OII%E\L }‘t%%?ﬁ@hpﬁﬁ? ngte‘é%l ‘Qé'@)ﬁ@erﬁql%ﬂll@ﬁe_éﬁﬂlmdsbelow.
g/ 100 m at 25C. [0121] Unl ess stated otherw se, the

Ex e A ansition tenperature (T ) was determ ned using
ghﬁ DSC 2920 i nstrunent from Thernmal Anal yst

o
[01Bg }\/Ir ggﬁ?gﬁalﬂgllegg? e'é;affug or %pe?rgﬁ{)gh? angf?ﬁo gpeg with a target
corapgwtl@amaf, 8P 008 dimethg! m@maaaraw Resideds 286her 9 MR

sof e FhERS BN el Tt one ahotimghapeisokins
(28pM0dASransy] ear magnetic

[0140] A mixture of 56.63 g of dimethyl terephthalate, 55.2 g of
1,4-cyclohexanedimethanol, 14.16 g of dimethyl isophthalate, and 0.0419 g of
dibutyl tin oxide was placed in a 500-milliliter flask equipped with an inlet for
nitrogen, a metal stirrer, and a short distillation column. The flask was placed in
a Wood's metal bath already heated to 210°C. The stirring speed was set to 200
RPM throughout the experiment. The contents of the flask were heated at
210°C for 5 minutes and then the temperature was gradually increased to 290°C
over 30 minutes. The reaction mixture was held at 290°C for 60 minutes and
then vacuum was gradually applied over the next 5 minutes until the pressure
inside the flask reached 100 mm of Hg. The pressure inside the flask was
further reduced to 0.3 mm of Hg over the next 5 minutes. A pressure of 0.3 mm
of Hg was maintained for a total time of 90 minutes to remove excess unreacted

diols. A high melt viscosity, visually clear and colorless polymer was obtained
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resonance spectroneter using either
chloroformtrifluoroacetic acid (70-30 vol une/ vol une)

wo evospdioysrers or, for oligoneric sanples, 60/ 4BCTMIS2009/012268
phenol / tetrachl oroet hane with deuterated chl orof orm
added for |ock. Peak assignnents for
2,2,4,4-tetranethyl -1 , 3-cycl obut anedi ol resonances
wer e made by conparison to nodel nono- and di benzoate
esters of 2,2,4,4-tetranethyl- 1, 3-cycl obut anedi ol .
These nodel conpounds cl osely approxi mate the

witbsaogiass: trapsitibhitempefaiuredof 87.6M€ agpal amipherentdiscosity of

0 fadIBnT R Reavas shoned] ol e ediing nas caraness oh 10 mol%
1 a W&aﬁbﬁnﬁeﬂh@ﬁ@( reame%*m{ooz?* ?trﬁBﬁ)QHuﬁétgg/g %Hgﬁﬁg%e

time on a tenperature contr
raﬂlhaﬂerrent was done by exposing the polymers to a
tenperature, Trmax, and then cooling it to the desired

ERBIP B ¢ by & hot stage while transmission

made as. a function of tine

lqlﬂfffgﬁqf#me?ﬁ@p&%ﬁéatﬁé§ h¢ peeparaijor PéarCOWPWﬁS'fﬂrgﬂth a target
cQrnBBiph B3 G0 S0 IR PR IRBRMD fesfhyes, 203AEF Y Cothyiene

glyecloedicieasand 80tmotdo di4-vytlchexdredimgtitanbt srsidness(32Y68
V\ﬁ ?I fway between the initial transm ssion and the
cl transnission. Tmax is defined as the tenperature

[mag]w r e:dnmuf@bf 71.88 LovSiEmithyl @Sréﬂﬁuﬂ?élé‘% 96 ﬂgoﬁarml e

(if crystalline donains arepresent) eported
1 Arcyciahexearginestheaclo v/ r8dpg ef eﬂ*tyi;enewglycelnped &.Q438 grof dibutyl

KD 2B & AR rIREE e SOPRALTRAL AR fogen.

m'étﬁmtltr@md:lé ghertidistilafen éahim®n Tee TRRR ividsoflasdd in § Wood's
é#l cally different for each polyester. For exanple
mp,

batly alieady heatsd tae0ck- t%%mngmédwaﬁ%etdpé’@@eﬁiw
thé\%&ctﬁﬂ W&e&yg%{?ﬁleﬁt t i EOMEIhR bf g Jpa%gﬁ{/%%n a? ?%)mC for

ermned using a dgradie Sl

6(atn|ﬂl$t@s e{r@ﬂﬂhéh thd eempéttatmieswa§ btaduaﬂwmctredséditcelzmm@@)ver 5
nam c_Anal yzer (RDA

mlr]l,)tes Tﬁg r;é@gtlcinngl@%gret eo%\rgg 4,%1‘;%1% Sdfosd 29 minutes ar(ld then

heated up to 280°C in 30 minutes. Once at 280°C, vacuum was gradually
applied over the next 5 minutes until the pressure inside the flask reached 100
mm of Hg. The pressure inside the flask was further reduced to 0.3 mm of Hg
over the next 10 minutes. A pressure of 0.3 mm of Hg was maintained for a total
time of 90 minutes to remove excess unreacted diols. A high melt viscosity,
visually clear and colorless polymer was obtained with a glass transition
temperature of 87.7°C and an inherent viscosity of 0.71 dl/g. NMR analysis

showed that the polymer was composed of 19.8 mol% ethylene glycol residues.

Example 1C

[0143]  This example illustrates the preparation of a copolyester with a target
composition of 100 mol% dimethyl terephthalate residues, 20 mol %
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function of shear rate, at frequencies ranging froml
to 400 rad/sec, at the tenperatures reported. The zero
waeb@an3medt viscosity (h0) is the nmelt viscosiPgI/as2006/012268
zero shear rate estinmated by extrapol ating the data by
known nodels in the art. This step is automatically
perfornmed by the Rheonetrics Dynam c Anal yzer (RDA I1)
software. [0126] The polyners were dried at a
tenperature ranging from80 to 100 Cin a vacuum oven
for 24 hours and injection nolded on a Boy 22S nol di ng
2 ek Witarametiyyl Vie3-tySoblxediol edsidods, ldmk80 mxdi% nch

1SR oeml bR ST Rl 1B & G011
mchh nfeGRd gﬁﬁﬁ%g m.ﬁn%gﬁgl(n%ﬁé%ht ﬁ@eaugr@go#zod

| npact strength at erm ne
1 Hﬁaﬁlﬂmeélmeihanebéd’ i3y of 2[2)4,3?@9tr‘ameiﬂyi+1 Banyclobutanediol,

kb B4R BE Bl B BT Mas i cath 4 BB MtS: Tsk Sbthped with
al iril &t fof nitRog@ns bi et Bamst, ';alnerza él%ﬂ?@fsﬁtlé'ﬁ& cdilifin,  This

brittle-to-ductile transition tenperature is defined
pelyestre wasHseparagtia aamamebamatar/ot@thatw@sspleed ireBxamald 1A. A

gl Y. TR S0t AT PRAS o 9PREhan o

glEss transitiah télﬁpbﬁaaﬁéloﬁmﬁf@ afal 4N inme ket vliﬁi:l@léftﬁléf GW@dI/g
%Hunter Assocjates Lab I nc. Reston, Va. The col or

analvsisishonedihat the eelygies wers canpesedhebaibatoldh
1,i9f'tc§ fSheXehk8intetRbin Ig%amle)é%?ﬁtde‘r@Sgﬁ?l% ,§l t%'ir?ﬁ{fﬁﬁyl-

nms I njection no or extrude
1. Reryelabettanediok@siopeshe L*a*b* col or system of the CIE
(I nternational Comm ssion on |l lum nation)
E%transl ted), wherein L*represents the |ightness
te, a* represents the red/ green coordi nate,
b* _represents the yel | ow blue coordinate. [0129]
IOMSIadd.Tthl%ﬂxarmgtefﬂlwstfateweméf@aé@w eka icopoliyesigswith a target

e300 GPAYE AU by AR AR i35 O
|sophthalate residues, and 100 mol% 1,4-cyclohexanedimethanol residues
(28/72 cisl/trans).

[0146] A mixture of 42.83 g of dimethyl terephthalate, 55.26 g of
1,4-cyclohexanedimethanol, 28.45 g of dimethyl isophthalate, and 0.0419 g of
dibutyl tin oxide was placed in a 500-milliliter flask equipped with an inlet for
nitrogen, a metal stirrer, and a short distillation column. The flask was placed in
a Wood's metal bath already heated to 210°C. The stirring speed was set to 200
RPM throughout the experiment. The contents of the flask were heated at
210°C for 5 minutes and then the temperature was gradually increased to 290°C
over 30 minutes. The reaction mixture was held at 290°C for 60 minutes and
then vacuum was gradually applied over the next 5 minutes until the pressure
inside the flask reached 100 mm of Hg. The pressure inside the flask was
further reduced to 0.3 mm of Hg over the next 5 minutes. A pressure of 0.3 mm

of Hg was maintained for a total time of 90 minutes to remove excess unreacted
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1,4 cycl ohexanedi net hanol used in the foll ow ng
exanpl es was approxi mately 30/ 70, and could range from
W@2006831964 25/ 75. Unl ess ot herw se specified, tPEI/US2006/012268
cis/trans ratio of the 2,2,4,4-tetranethyl -i
, 3-cycl obut anedi ol used in the foll ow ng exanpl es was
approxi mately 50/50. [0131] The follow ng
abbrevi ati ons apply throughout the working exanples
and figures: Exanple 1 [0132] This exanple illustrates
that 2,2,4 ,4-tetranethyl-1 ,3-cycl obutanediol is nore
dietd. eb thigremsdt viszhsity nestdiy degishiad bblbalbbgpolymad\gés Bbtained
t.han et hyl en, lLycol qr is lic acjd. In addition,
WA aRatef i Eeratle SHEI BRandd iohersrd visapsiy of
RITE . |atout _ 0
O{G?ta(ﬂsi't i ig’hrlsi ?éerlrl%lglrs?trﬁr e angpg{eyn%w@%rfi%%%rﬁ%&vegr (l)fe1t(§/0 mol%
1 4rcysipsixgpetvnethanelaresidaearand 43 2dnelés diveethkisophthalate
Iibeifé copol yesters were all made with 200 ppm di but yl
%)‘(i de as the catalyst in order to mnimze the
effect of catalyst type and concentration on

ExamipdatiEonduring crystallization studies. The
cis/trans ratio of the 1,4- cycl ohexanedi net hanol was

[0337169 Wihid Sxéﬁﬁléiilﬁéﬁét%@?hé Efﬁ%r%oﬁ BEa %o?g@elét;?r.}t\gm a target

tetranmet hyl -1 | 3-cycl obut an I'S repor
campogitica pf F60 npellpdisesthylftetéphthalztenssijueash d 0sanitlesthylene

PPLE Dl . C i o th
oWFRaEEURR, S Bihmialth v i@ ec SRk bt atela 1780
cisttnadbpl | i zation rate neasurenents. [0135]

[(Ki}é%Stal lization half-tinme neasurenents fromthe nelt

e mAd@idure eipes & ofr dimethyd ferepbthalate0dd 859 oflo0C

i reportedcin Table 1., The . fastest . .
* ST RIRAERS AR REor SRR B LAV Gk, IR QO S h ipun
tint beideiwasplacedline 500-eillikéefddizeddioped dith-dr ifRtdsr Gitrogen, a
function of tepperature, typical ‘;1/ occurring around '
me S%”ifeﬁz%‘d@ shoid distillatien celupt. alhe Hask wiasmiaged ima¥Vood's

bhedH LOur [

i RO R8T Y Sfinda S d 06
throughout the experiment. The contents of the flask were heated at 200°C for
60 minutes and then the temperature was gradually increased to 210°C over 5
minutes. The reaction mixture was held at 210°C for 120 minutes and then
heated up to 280°C in 30 minutes. Once at 280°C, vacuum was gradually
applied over the next 5 minutes until the pressure inside the flask reached 100
mm of Hg. The pressure inside the flask was further reduced to 0.3 mm of Hg
over the next 10 minutes. A pressure of 0.3 mm of Hg was maintained for a total
time of 90 minutes to remove excess unreacted diols. A high melt viscosity,
visually clear and colorless polymer was obtained with a glass transition
temperature of 82.1°C and an inherent viscosity of 0.64 di/g. NMR analysis

showed that the polymer was composed of 34.5 mol% ethylene glycol residues.
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[0136] The data shows that 2,2,4 ,4-tetranethyl -
, 3-cycl obutanediol is nore effective than ethyl ene
w@bkyeab798nd i sophthalic acid at decreasi ng t hePCT/US2006/012268

crystallization rate (i.e., increasing the
crystallization half-tine). In addition,
2,2,4,4-tetranethyl -i , 3-cycl obut anedi ol increases T9

and lowers density. Table 1 Crystallization Half-tinmes
(mn) 1 The bal ance of the diol conponent of the
polyesters in Table 1 is 1, Acycl ohexanedi net hanol ;
Emachpléd Fbal ance of the dicarboxylic acid conponent of
the polyesters in Table 1 is dinethyl terephthal ate;

[()1f19]t he 'I(H|§ éké&‘ﬁ?ﬁlé i'IIQst@&ﬂe@ thé pR&lardfss b\;rg %@pol;feste? wiftPa target

nol'e % di nmet h terepht hal ate. 2 100
camposgitien @lﬁéQam@lf’/ndtrwathal ter@OIAhaialterfw@qa é@madl % om

2 A A T kB anp IR SRS S0 Diaeae "o
1 Orréﬁ;‘ﬁohﬁ;da@ed%Ahéhbmeme@f(aswlméﬁ’u@ﬁM he gr ound
Oﬁﬁ ester of Exanple 1H at 2400C. The resultl/r:)g fllm

an A Avdrenef (1 4cpaf dipnataylferephtimalotes 58.%g
1 %ngc%hf&?gtéggﬁngﬁﬁhpﬁ?bgé%‘f grzg%{ftaeﬁ‘ea?(étﬁ{he1 o %%bu?aﬁéd.ol

alﬁd)DSDl&:g of tibaihg )tm[b)«dse #a8, p43c4edT et éﬁﬁtri'Ii}{ill’telr flask equipped with
oty TSRO PR Bt s SUTE5 et patadisglion oglumn. The fiask
wgé gﬂéde%ﬂﬁ)a Wb m@?al%é‘?ﬂ"%lré?d%ﬁ?bfed]t el gﬂﬁ@sﬂmng speed

4-tetranmethyM, 3- cyc aned IS nor
wa$ fsettd 20 R thyohghoubiinerexperimend u dihestdmé ats ef @hqﬂaﬁ;k were

q.i i .
e PR ATPLR s b heR G2 teRetalfimes gradualigpreased
toREWYoRIr 3OMirRRES. Takfregttiod mixme \WHQ“h%[cV §f %@qd‘fdrw 20

By decr easi ngﬁt he crystallization rate of

mqnu’m endithen hratash Y PO Lain 3% miavtest @mge afai‘ﬁﬁ Ehoasuum
w?g g;'r -t 'g%ﬁ’?’ﬁn e&@gﬁlﬁﬁ'@ﬁf’é&h‘%ﬁt& 'ﬂ%{ih%le'pressu re inside the flask
reached 100 mm of Hg. The pressure inside the flask was further reduced to 0.3
mm of Hg over the next 5 minutes. A pressure of 0.3 mm of Hg was maintained
for a total time of 90 minutes to remove excess unreacted diols. A high melt
viscosity, visually clear and colorless polymer was obtained with a glass
transition temperature of 122°C and an inherent viscosity of 0.65 dl/g. NMR
analysis showed that the polymer was composed of 59.9 mol%
1,4-cyclohexanedimethanol residues and 40.1 mol% 2,2,4,4-tetramethyl-
1,3-cyclobutanediol residues.

Example 1G

[0151] This example illustrates the preparation of a copolyester with a target
composition of 100 mol% dimethyl terephthalate residues, 20 mol %
2,2,4,4-tetramethyl-1,3-cyclobutanediol residues (98/2 cis/trans), and 80 mol%

1,4-cyclohexanedimethanol residues (31/69 cis/trans).
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PCT as descri bed herein may be fabricated by nethods
known in the art. As shown in Table 1, these materials
we@anweaxiesbi t hi gher glass transition tenperat uUPEBUS2U6/012268
| oner densities than other nodified PCT copol yesters.
[0138] Preparation of the polyesters shown on Table 1

i s described bel ow. Exanple 1A [0139] This exanple
illustrates the preparation of a copolyester with a
target conposition of 80 nol % di met hyl terephthal ate
resi dues, 20 nol % di net hyl isophthal ate residues, and
[0182] o lAvnixtyre:9ET bA8 aectimesinyl dersiphtesaie 48, 4(62@/072

R o Os AL v -

aridlo.'[.ﬂfm of dKﬂiufSﬂ'tlh)dX|deSWQBtﬂlé’éei‘$ P a QOﬁi-nQilhﬂféWIagk fpa{)elg with

di butyl tin oxide was placed in a 500-mlliliter
a%ﬁlﬁtﬁﬁéﬂ'twgﬁﬁ armetql slirrerpandia $hig’édlstlﬁxatm mlusm rFlee flask

BB ] ol SHLAT e - AU s
was set ion@p@s R@M tiwaagiseut the eXPerimfaMtt flfh@l&)hﬂéﬁts ofthe ﬂask were

£ contents of the flask were heated at
hesteg @t pap ‘%f% edtes andithen the tempaisurerwas giadually increased

d

ofzcelon o a8 8RBT s LG £ o
miniées aad then haategrtaﬁhoam(y’cnmrﬁo Emhumer Clrh)@kat@go E) (\j/acuum
W%%ﬂ?ﬁséguntl ||e(5rﬂ¥e essur rlnﬂfql %éu%ﬂg ;:pgéﬁq%gggsige the flask
rehoiéd1e00 rnewhttsf&qig taﬁd %é”sﬁ?‘i‘in%%d&d%@é alsB&el6¥ c%d B 100 RPM

m nutes. A pressure of . was mnmal nt al ne
The presgure nnmdeoﬂwesitasmwaﬁ fegtheo recnmdao@(am ofml@emblewle next

5 s g haRoEld opHeRrRR o) BBl SRl praRre .3 mm
of tHiwes amamtan@éd fbf.btob4l tine! ofBO lnﬁiﬂﬁfe%% rém%‘?«@%xtc)ésQUnreacted

. NMR anal ysi s showed that the pol yner
d'@%n‘éb@'@ﬂ rBelt Yisgosiby, distally elear smeheaterts ssepdipmer was obtamed
withe$ GRS r At tefn B e E T8 DBYE dhaois ﬂ%lrear%t%lsrc%ss%t)q ¢
0.65 dl/lg. NMR analysis showed that the polymer was composed of 85.7 mol%
1,4-cyclohexanedimethanol residues and 14.3 mol% 2,2,4,A-tetramethyi-

1,3-cyclobutanediol residues.

Example 1H

[0153] This example illustrates the preparation of a copolyester with a target
composition of 100 mol% dimethyl terephthalate residues, 20 mol %
2,2,4,4-tetramethyl-1,3-cyclobutanediol residues (5/95 cis/trans), and 80 mol%
1,4-cyclohexanedimethanol residues (31/69 cis/trans).

[0154] A mixture of 77.68 g of dimethyl terephthalate, 48.46 g of
1,4-cyclohexanedimethanol, 20.77 g of 2,2,4 4-tetramethyl-1,3-cyclobutanediol,
and 0.046 g of dibutyl tin oxide was placed in a 500-milliliter flask equipped with
an inlet for nitrogen, a metal stirrer, and a short distillation column. The flask
was placed in a Wood's metal bath already heated to 210°C. The stirring speed
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Exanpl e 1B [0141] This exanple illustrates the
preparation of a copolyester with a target conposition
w@R00&0A8798D1 % di met hyl terepht hal ate resi dues, POI/IB1006/612268

et hyl ene gl ycol residues, and 80 nol %

1, 4- cycl ohexanedi net hanol residues (32/68 cis/trans).

[0142] A m xture of 77.68 g of dinethyl terephthalate,

50.77 g of 1, 4-cycl ohexanedi nmet hanol, 27.81 g of

et hyl ene glycol, and 0.0433 g of dibutyl tin oxide was

placed in a 500-mlliliter flask equi pped with an
wasgset tof 200 RiRM agthe begimeingl of¢hé experimentl ®hslontents of the

Il prefieaiod i 24 s BunvES ssieh s tempPriug Wased
gl’é@ﬁaﬁyﬁnc?é’as%&oto%w “CevBIORinES ‘?K@%%&’Eg@ t%nlx-ﬂ?% was held at

contents of the flask were heated at
260°fulios J 28ndinutemand ghareheated tuprto 2208 Cgnadfuainytes. Once at

24061 SRRGHmPaE bRty Shpled bk B net & Bt Mitnenset point of
100AIe &f MY 4kt #ROEirtiAg 8Pl NHselso FEER Rt to2AITRPIACHHE

was gradual |y applied over the next 5 mnutes until
prepgsulsrinsisigrtee .flﬁgﬁ@@s'cfn@ther egsiuced 4e imespt PoiNtrafi 063 My .of Hg over

tng B BTRRES AT HMfa pBRS WIS IAELITO sRET criis
pr@sﬁjmmvaé ndgntairedfer attetah tichd oF 6@Nigitak tb réMové eXBess
tes..to renove exct?@ﬁunreact ed diols.. A high nelt

URjPElss; qigls. i waaneiet ihehihearrewsn évﬂ@gsfad@ﬂ;tﬁéea%ﬂwe set
pd?ﬁ’tt AEeAEShdd Bhode gdlﬁ??o&lfc@asf#ﬁ ag{@?ﬁ Wu‘éfglégﬁli‘gﬂ%elt

an i nherent 'viscosity o
wmwbydwsuaﬂy claar pod yniexrlemspotwmqmmﬂd acg‘laéthranmd)ﬁ/ctemperature

ol SRt o infreat G8e4all s LfEMler s TR angliabpangaed shat the

poMrhBr Wa%ﬂfo@r@éos%@rﬁf% |‘hb13% 101 cﬂr@l@h@ér/é&hi&ﬁé%l reﬂdresiand 15

terepht hal ate resi dues, 2,4, 4-tetrane
Moo 2y dbigtramethyl-1 Becmcwmmnem@ll r8sidues %

1, 4- cycl ohexanedi net hanol residues (31/69 cis/trans).
Example 2

[0155] This example illustrates that 2,2,4 4-tetramethyl-1,3-cyclobutanediol
improves the toughness of PCT-based copolyesters (polyesters containing
terephthalic acid and 1,4-cyclohexanedimethanol).

[0156] Copolyesters based on 2,2,4,4-tetramethyl-1,3-cyclobutanediol were
prepared as described below. The cis/trans ratio of the 1,4~
cyclohexanedimethanol was approximately 31/69 for all samples. Copolyesters
based on ethylene glycol and 1,4-cyclohexanedimethanol were commercial
polyesters. The copolyester of Example 2A (Eastar PCTG 5445) was obtained
from Eastman Chemical Co. The copolyester of Example 2B was obtained from
Eastman Chemical Co. under the trade name Spectar. Example 2C and
Example 2D were prepared on a pilot plant scale (each a 15-Ib batch) following
an adaptation of the procedure described in Example 1A and having the inherent
viscosities and glass transition temperatures described in Table 2 below.
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[0144] A mixture of 77.68 g of dinethyl terephthal ate,
48. 46 g of 1, 4-cycl ohexanedi nethanol, 17.86 g of 2,2,4

WO Z2e0ba8719841Et hyl -1 |, 3- cycl obut anedi ol , and 0. 04BCTyUS1006/012268
di butyl tin oxide was placed in a 500-milliliter flask
equi pped with an inlet for nitrogen, a netal stirrer,
and a short distillation colum. This pol yester was
prepared in a manner simlar to that described in
Exanpl e 1A. A high nelt viscosity, visually clear and
col orl ess polyner was obtained with a glass transition

Ex@mipry 2CWa#s pfephPéd bith Abgsttid ameuAnbf 0GR I(DbRYitin Oxide).
0.73 dl/g. NWR anal ysis showed _that the polynmer was

Thefipakriedyet guntsines 235 ppMdif: | Becalae vakiesHantie polyester of

' 19. 19 A t by
ERERPREC AR el ol Ty oot A o R T8, B emnlg PR
pepargd with!d tssgeRtireamobat pf 8QGpph i(Dibudfltia Codpe)l YRS fnal

ith a target_c of 100 nol % di net h

PRhEb A BoTEaPaiEs . Tho sy ValueR-at A PobBeE ALFsEple
2DH&vd L@%a@g?;? 20 415.% ?*—;T%?ghexanedl met hanol

resi dues (2 ci s/trans). 6] A mixture of 42.83
[035%F dVieterfajs weee epéctioad mblledSBid2Bang arfd subsequently notched for

12 aiTen Ee Pone 008 Tapactitrantyth Hers PREMRAIes adynction of
tePhrafire and R8G50 tdpdridcein fdsk. equi pped with an

inlet for nitrogen, a nmetal stirrer, and a short _
[0d58) i | Fart & givenssample, theelzpd drpacksirengis eadergaesve owjer

: T i
wfifon 128 SoBH ERPLs S Ronp o 56 RstHrioen . Rplnigl strength of
a thpolyester Dasediont T&@nidi Fsdthyene ghei afdeigodtQRis tharsition
m nutes_ and then the tenperature was gradually
betweesakrand #0290dbiv ransition terpedurerinassegietechwith a change

in’?a?fﬁr‘érrﬁoéf}@?bmﬂlaﬁoﬁ%n%?%&aﬁlegesﬁé’t |8‘W§ﬁ{e‘?ﬁ%&%ﬂg‘eg%d ductile/high
vacuum was’ gr adual I'y "appl 1 ed over € next n nut es
engrpylfailures @it digher éempseraterdshelHd maksitieatdrage diirenidehoted as
.. Th i.nsi de the, flask
th'é'gpri‘ti\—e-?o-%I[J%fcfI?abjtlpaenslitposnI te?npergture,afbd, gﬁg is a measure of toughness.
Twa is reported in Table 2 and plotted against mol% comonomer in Figure 2.
[0159] The data shows that adding 2,2,4,4-tetramethyl-1,3-cyclobutanediol to
PCT lowers Tpg and improves the toughness, as compared to ethylene glycol,

which increases Tyq of PCT.
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further reduced to 0.3 mmof Hg over the next 5

m nutes. A pressure of 0.3 mmof Hg was maintained for
wW@2a0e4130954 i me of 90 minutes to renbve excess PCT/US2006/012268

unreacteddiols. A high nelt viscosity, visually clear

and col orl ess pol yner was obtained with a gl ass

transition tenperature of 8 1.2C and an i nherent

viscosity of 0.67 dl/g. NVWMR anal ysis showed that the

pol ymer was conposed f 100 nol %

1, 4- cycl ohexanedi net hanol residues and 40.2 nol %

di met hyl isophthal ate resi @abk 2Exanpl e 1E [0147] This

exanple illustrates the preparati on of a copol yester

wWith a target comeséd iZd Iafp ak@EnGEdRP/ IbrRs hy!
terephthal ate residues, 40 mol %e ene gI ycol

resi ues, and-760—Tpi 9% IL, 4= CyC ohexanedirmmet-hanol
residues (31/69 cis/trpns)l. afDay8lat A m xtture ofatE 1.|3

g of |dhdmRhbdr |t 8% ephi hplratle, p2. 85 g Bf at at | at | at | at
Exampleclycl ohexanedi met hah T of-5dt hy| ene 1g1|y6al2p | 25 | 30

,| 34
and 0. olreb%ly qrlditg pGEY (?)i n2°o><|1%e%\as pIchd?i B o
q

. . ci{c|°c|®
500-nilliliter flask epgui ppeed wd thcan ijnl'ef Tor ¢ e
nitrogen, a mgtal stirrer,| and ajshort [disfillatifon
c unn. 38DheBf ||asés was placedh | vA ansdad (svaTeRAal 1l5atils | 32 | 32 | NA
at Tegdy heateqg to 2000 —Thestitrinmg—speet—was Setto
2 RPMgtohy gug tshe pasa taal L ent s ,0f At
A0 RPMothy gudhgsyt tfﬁ? %rﬂ\g/:!n"ﬁgw% %fg@f‘ A 219 NAl Eg 13.7|28.7|

tenperat ure wgs %{(adua I){ i ncreased |to [210| OCjover 5
Mfihut|es>*ThE rle AP piktjuh%e| Wais "heldd |af® PADOES O | NA | NA | NA

120 ninutes and then heatgd up to 2800C i nj 30| m nut es.
Qfce |at423800C,| weic Jm:m vvag g?rEadzla I1y anpIMede (T tNheNA NA | NA

next 5 m nutes umtit res e 11ask

1r d&ehéglaneg0 ofmihef 9'&‘@0' Wopﬁfésgﬁrfbe i myeé@fst he theadkble is 1.4-

V@clé%&éﬁéﬁﬁneﬂﬁﬂélcedAlt (bogm'érs”me%c d’Q)a%éerfroFrheloﬁe?%lel% dimethyl
m. nut A pressure of was mai ntai ned for

a ‘¢8R Ia&lierrre of 90 minutes to rermve excess unreacted
diNA sNotAvéilagle. nel t vi scosity, visually clear and
col orl ess pol yner was obtained with a glass transition

where: B is Ethylene glycol
C is 2,2,4,4-Tetramethyl-1,3-cyclobutanediol (50/50 cis/trans)

Example 3

[0160] This example illustrates that 2,2,4,4-tetramethyl-1,3-cyclobutanediol
can improve the toughness of PCT-based copolyesters(polyesters containing
terephthalic acid and 1,4-cyclohexanedimethanol). Polyesters prepared in this
example comprise from 15 to 25 mol% of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues.

[0161] Copolyesters based on dimethyl terephthalate, 2,2,4,4-tetramethyi-1,3-
cyclobutanediol , and 1,4-cyclohexanedimethanol were prepared as described
below, having the composition and properties shown on Table 3. The balance
up to 100 mol% of the diol component of the polyesters in Table 3 was

1,4-cyclohexanedimethanol (31/69 cis/trans).
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tenperature of 82.1 0OC and an inherent viscosity of
0.64 dl/g. NWMR anal ysis showed that the polynmer was
w@ompo3mas of 34.5 nol % et hyl ene gl ycol resi dueBCEKS20pb/€12268
1F [0149] This exanple illustrates the preparation of
a copolyester with a target conposition of 100 nol %
di net hyl terephthal ate residues, 40 nol %
2,2,4,4-tetramethyl -1 , 3-cycl obut anedi ol residues, and
60 nol % 1, 4- cycl ohexanedi net hanol resi dues (31/69
cis/trans). - [0150] A m xture of 77.4 g of dinethyl
[062] p Vit rietl e weBs irfegiionf mb|dedantd lobiexdG e Bt eadeim thick bars

32.5 of 2 4-tetranet hyl -1 | 3-cycl obut anedi ol ,
a5 bSkster i giotenas By AT radtdesties T Beishpd laod impat
! irhi i i ' ' fa f ;
StRegts Werb dbRdino B B30 MBRAE Bboied h TELIELS.  Pensity, Tg, and
crystallizatiomhalitimeskemamepbarsedon thesmolsted! [sansethélt bisthsity was

lLready h OC. The stirring speed was set to
m%@ﬁs%ng?Q ﬁgﬁﬁgﬁig?at e experinment. The contents of the
flask were heated at 210 Crhple $ m nutes and then the

tenperature was gradual l'y increased to 260C over 30 _
fRanupisionfevarieus preperties farcerigis palyeatess ugelud@ therinvention

20 mnutres and—thenheated—up—to2806C+R39—mhrutes:
Once at Z2900C, vaduum waBotgedfNatned i appl i ed o¢ver the
nextf 5 nijnutes unt|il the pressy e d hside the|flask Melt

reached 100 mm of |Hg. The pressure | nside| t he chk@stion | viscosity

was |fyether r ¢ BlelgdMoided 0.33mpm Sftmpg | Bnpeific t he [next 5 y
ExafipB Ut €. pr esaur|esflv 0. BickT| Ofhickid| WaSiyNRI Nt aPfeg e, @

a t otmale%t|iTHED of 9)0 Eri/nw es to  emy ((?xces(sc)unﬁeeaumd . rad/sec

diolls. Alhigh| Pt H8codPed, | VPSHal 19 lear |and,n | acze0mc

col orl esg pol yner |was obt arced wrd hj a gl ass transi %I or

tenperatdre of 1242C and aulmknne{]lggt viscosity of 0.65] (Poise)

D

g7 g NVR=amal ysig—showed that—tne—potyrmer—was

aonpoged |of8.8590.886DP.%r 1| 4408y c| olExaneds4ret fvamnol 15 5649
gesidygs |and 49,1 [MpL% R, 2404 A= 1663 F RPTBEDY| 0 22 6621
I, 39Ccyciobutaneadr gi- resjfdues. | Exanpfe 1G

c 20 NA | 0706 | 0.696 | 1006 1130 1.182 | 106 52 6321
D 22 NA | 0.732 | 0.703 959 988 1.178 | 108 63 7161
E 21 NA | 0715 | 0.692 932 482 1179 | 110 56 6162
F 24 NA | 0.708 | o0.677 976 812 1.180 | 109 58 6282
G 23 NA | 0.650 | 0.610 647 270 1.182 | 107 46 3172
H 23 | 47.9 | 0590 | 0.549 769 274 1.181 | 106 47 1736
! 23 | 481 | 0531 | 0516 696 352 1182 | 105 19 1292
J 23 | 478 | 0364 | NA NA NA NA 98 NA 167

NA = Not available.

Example 3A

[0163] 21.24 1b (49.71 gram-mol) dimethyl terephthalate, 14.34 Ib (45.21
gram-mol) 1,4-cyclohexanedimethanol, and 4.58 Ib (14.44 gram-mol) 2,2,4,4-
tetramethyl-1,3-cyclobutanediol were reacted together in the presence of 200
ppm of the catalyst butyltin tris(2-ethylhexanoate). The reaction was carried out

under a nitrogen gas purge in an 18-gallon stainless steel pressure vessel fitted
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[0151] This exanple illustrates the preparation of a

copol yester with a target conposition of 100 nol %
walovet1Bgb4 t er epht hal ate resi dues, 20 nol % PCT/US2006/012268

2,2,4,4-tetranethyl -i , 3-cycl obut anedi ol residues

(98/2 cis/trans), and 80 nol %

1, 4- cycl ohexanedi nmet hanol residues (31/69

cis/trans).[0152] A mi xture of 77.68 g of dinethyl

terepht hal ate, 48.46 g of 1, 4-cycl ohexanedi net hanol

20.77 g of 2,2,4,4- tetranethyl 1 , 3-cycl obut anedi ol ,

wiiima @erS@gmolmnhuawlactmnm sqpsntefa manHEDIEEDONE-@pe agltator
|terf h an . inlet for

Wi p8 sstatds iheihn 3 2 TR B pedetinahic e demppatiemwas
in6Raadt to PBe°€larkh \é'?ﬁeé’éﬂé%’aé hcheaddeto2d'R élaaTﬁé‘?%bc%tlon

al ready heated to 2100C. The stirring speed
mpdrerwds brlddiesRdiaurs Ak 28R 12 andaiia. préksursosit2hpsigofTHehe

1Q0C. f 3 th
PR EL et O S i Ppsia e A SSaBnelrer g0
tempaniese off thee fe2tibh @rﬂxﬁh‘ré(w:hrsethéﬁ%&i@bge@b @ﬁ@‘@ EHB tIJr@O
m nut es and then heated up to 0C i m nut es. Once

Prapsyigones d@ﬁ@agﬁdmgognwdﬂgy%gpau ‘ehouwmldttme aLRT0%K and

ST i Vi b SIS deprlalbl iyl KAk Fosieton
mixtureGenRRNAtuTh wasriessased t200%C tA1R] fHeﬁpfﬂés@@r% Wi HBBfeased
reduced over the next m nut es and

o Hemd pf Hgn hé»ep"@@&?%g? Xige wag held @@2%34\@ andt@spigssure of <1
mAf ofHg urt l‘Plfe dEvdRsraliRbtha! ﬁgtJrg{ lgng%I ﬁnlcréaLs@a @b rﬁt?lutes)

m nuteés to renove excess un eact
The @r@@gmq/of thesuass;qrewlesael wias] thoaol mcrmdaolwananosm@re using

| ass transition rature of 1030C
nltﬁ%@ S§ nﬁ%?éﬂat%? gglgg]elryva&tkgn@g&r&ppa frquithe REgSPYre vessel.
Tlfehétybﬂdd tébﬁﬁudé@ﬁpdl%kéﬁ%s"@éuﬁ@@ﬁé@éjagf ng 4’ he polymer
4- cycl ohexanedi met hanol™ resi dues an
hazi 3N inhererdtvisgasityypf 0. 7863dldgdnsha Tgrefdiod °CB eBhMRmsualyms

l ust es th
Sh%@&ba H oné&%% g% ”gé?sg% %%%145@'?3;@‘?0%&%@“{%%
dirbthkd! redideet amd hyle m@r%m B -edtarheyAY Sscy A TBhe bl
residues. The polymer had color values of: L*= 78.20, a*= -1.62, and b*= 6.23.

Example 3B to Example 3D

[0164] The polyesters described in Example 3B to Example 3D were
prepared following a procedure similar to the one described for Example 3A.

The composition and properties of these polyesters are shown in Table 3.

Example 3E

[0165] 21.24 1b (49.71 gram-mol) dimethyl terephthalate, 12.61 Ib (39.77
gram-mol) 1,4-cyclohexanedimethanol, and 6.30 Ib (19.88 gram-mol) 2,2,4,4-
tetramethyl-1,3-cyclobutanediol were reacted together in the presence of 200
ppm of the catalyst butyitin tris(2-ethylhexanoate). The reaction was carried out
under a nitrogen gas purge in an 18-gallon stainless steel pressure vessel fitted
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2,2,4 ,4-tetramethyl -1 ,3-cycl obut anedi ol residues
(5/95 cis/trans), and 80 nol %

wa ebeaymbohexanedi met hanol residues (31/69 ci SPCT/EAEN6/012268
[0154] A mixture of 77.68 g of dinethyl terephthalate,
48. 46 g of 1, 4-cycl ohexanedi net hanol, 20.77 g of 2,2,4
,4-tetramethyl -1 , 3-cycl obut anedi ol , and 0. 046 g of
di butyl tin oxide was placed in a 500-milliliter flask
equi pped with an inlet for nitrogen, a netal stirrer,
and a short distillation colum. The flask was pl aced

withn agoledsingnaiamnbatacalimendierncancd HBLIONE-typbagitator.

Wihdhe Tt SONAG A8 254 Pufdie Bractinh iR Wmperslges was
indteaddl t@ZfBQPC%rﬁH' tﬁét;ﬁésﬁﬁg WS cFdU uaBRRY Béiy’ ﬁﬂé‘@éactlon

gr adual IK i ncreased to 2600C over 30 m nutes:
mr@a@tww ﬁidxf’pu Rehars ah aﬁa%éang RO0ESif predtOe nilinet pressure was

0 utes... Once
A e ot o e P 2 iR Tl aShat i dhe
reatction ﬁnlﬁstate tw@lsrthe@fnowgséﬁﬂcpé?m and thdBredisufd VA9 decreased
o gﬁged was al so reduced to 100 RPM The pressure inside
t

M g5 kiowetiftana 1 eur helgltires o 878°C @ndp¥) mm of Hg. H’ldemgltator
{
iflecaSUBLJoRBa 1 Kol T30 0001 DR LI AR PRTA

mtmasadtt«»QQD €] amd tife @@ssunrwwgs dECrelmﬁd\»t@ <eXees 6f Htg The
tdd t hat the vacuum system

rePGiGEENS Wdsitelchat 285 OBPA Bt AertTE! SIGTEN bl for 60

mHURSI CERe PRENLGIe 6@9\%“ e’sguﬂ%r \%’éé%ﬁ\é/%ﬁqhgﬁ Lised ta

viscosity, visually ¢ ear an riess ynrer Bin a
atglogspbera using mitooparegaser Ahe nwltEn 9E@N@n W%rthen fextredéed from the

pr%%?@%é’r%%gﬁ*g%%%g%'g/ %¥t lgg/%%@qﬂy Gt V\?assgl; r%\aﬁg t(t) IFp])%tss tahGe mm
scledh.CYRE PommeEhdTah hﬂmlan{r \ﬂ§d:c53i‘t950f@?|1 ééug)ér@ a Tg of 110°C.

2244tetramsthy| , 3-cycl obut'anedi ol resi dues
X-EBoaapalysis ghonss th?ﬂhf@ @@dmﬁieehaqﬂ I212§tnpim &n. IR analys:s

th
I LR T
dlmetttaandh regidies apdPhad ol B 2‘,41?41€btramethyl 1,3-cyclobutanediol

%J ohexaned] net hanol ?
reSIdues he polymer had color values of: L*= 76.45, a*= -1.65, and b*= 6.47.

Example 3F

[0166] The polyester described in Example 3F was prepared following a
procedure similar to the one described for Example 3A. The composition and
properties of this polyester are shown in Table 3.

Example 3H

[0167]  21.24 Ib (49.71 gram-mol) dimethyl terephthalate, 12.61 Ib (39.77
gram-mol) 1,4-cyclohexanedimethanol, and 6.30 Ib (19.88 gram-mol) 2,2,4,4-
tetramethyi-1,3-cyclobutanediol were reacted together in the presence of 200
ppm of the catalyst butyltin tris(2-ethylhexanoate). The reaction was carried out

under a nitrogen gas purge in an 18-gallon stainless steel pressure vessel fitted
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[ 0156] Copol yesters based on 2,2, 4, 4-tetranet hyl -

, 3-cycl obut anedi ol were prepared as descri bed bel ow.
wab@eas®btrans ratio of the 1,4- cycl ohexanedi PEL/N82006/012268

was approxi mtely 31/69 for all sanples. Copolyesters

based on et hyl ene glycol and 1, 4-cycl ohexanedi net hanol

were commerci al pol yesters. The copol yester of Exanple

2A (Eastar PCTG 5445) was obtai ned from East man

Chemi cal Co. The copol yester of Exanple 2B was

obt ai ned from East man Chem cal Co. under the trade

witlamecoBdensiag. cdixanph ea2Guarsysteraphe aZHIEMETC&If\I Ertﬁpé gitator.
ol ['owi ng

Wi e Rt Eior B Bio 25R BB %%gb?mﬁihéﬂammwreewm

j b
Ny e
miyéurewvax halol for 2toms ap 26T add\H psig pressyee. The mrassure was

B (RSP IGE Bt a2t RS PSicbTptpu e FmDBigiure of the

re@@tnd@ﬁﬂﬂﬁré)f/vag&ﬁéﬁ lifréss te210°T 4dd tHd | ré%sure was o%Q:reased
and b*= 5.79. Exanple 2D was prepared th a target

tOtQmeamr@fJHg diftegGop e bolsuirpe @t 270kE deid. 90Thnem of h@l the agitator

The caql or, val ue
oWt o6ENBRA8 S3HERE b acd o B AR s
m&refé%edamgb*c afd &b plcasbrd whBdetietdsedwer<€el infh @ﬁHgorrhe
no| ded |nto bars and subse quently notched for

repglien mixtung wagdielhaki299 éaanﬁﬁa@tprgswﬁgaﬂ@ et ef Hg for 12
A L PRty S b Pyt VBRI b et R

atmospherepasing sitregegt asin@he godtenepotaner wasahehtdxeaded fiom the
the I zod i npact

PrERRURIRORE T4 GaRRY X BITasLRITER Wiis GRS 2o ASBAGD. M
scgéﬁé/ﬁ Olrhe PeREOEsad Bh nhdreRtlibeedk Qﬁtd@%‘ g&% Qﬁkﬂ’a%o& 106°C.

is transi'tion tenperature is a dsoci At e
N¥R:anglysia shaivedribahibeeolymet wae/dompcaeeircg‘yﬁf 11Ih110]?/cﬁ‘$ 4at

ki ERReMarior il iid 208 mobh £ 2R ledipetil &

cy@&jmteﬂfboﬁ@l rbblaubfsl trhlegodlmaﬂﬁéd kBlor VARRISI 6fOP*= 83.27, a*= -1.34,
d nper%tsure , i's a neasure of toughness.
an

Example 3I

[0168]  21.24 Ib (49.71 gram-mol) dimethy! terephthalate, 12.61 Ib (39.77
gram-mol) 1,4-cyclohexanedimethanol, and 6.30 Ib (19.88 gram-mol) 2,2,4,4-
tetramethyl-1,3-cyclobutanediol were reacted together in the presence of 200
ppm of the catalyst butyltin tris(2-ethylhexanoate). The reaction was carried out
under a nitrogen gas purge in an 18-gallon stainless steel pressure vessel fitted
with a condensing column, a vacuum system, and a HELICONE-type agitator.
With the agitator running at 25 RPM, the reaction mixture temperature was
increased to 250°C and the pressure was increased to 20 psig.The reaction
mixture was held for 2 hours at 250°C and 20 psig pressure. The pressure was

then decreased to 0 psig at a rate of 3 psig/minute. The temperature of the
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Thd is reported in Table 2 and plotted agai nst nmol %
conononer in Figure 2. [0159] The data shows that
w@odaongroz4 2, 4, 4-tetranet hyl -1 , 3- cycl obut anedi PCT/US2006T12268
| oners Thd and i nproves the toughness, as conpared to
et hyl ene glycol, which increases Thd of PCT. Table 2
Not ched |zod | npact Energy (ft-1b/in) 1 The bal ance of
the glycol conponent of the polyesters in the Table is
1, 4- cycl ohexanedi net hanol. Al polyners were prepared
from 100 nol e % di methyl terephthal ate. NA = Not
rezctioh atikitire Wasrthen hareastdid 2n@°@hyd the Bressure was decreased

tod G 575 bR Mgy BROAmeIA S DuG AACEO P g e agitator
sptd wis %eére‘és%@tt Q'?)‘qfib)(/} %ﬁég&ﬁ&% Hﬁ)%?é‘?éi’hﬁéraﬁ?r@ was

| nprove the toug ness
mcrqwleyletelQ@ﬂé@pamcym pressoonwas rdecieaseddpht hrath iof Haci The

roPien BT LR PLe0R: o APt BB O i o Fgor 5B

mau&eél 4hb%é§§lﬁé%¥'the1pre°ss€il/é7{/@§§él Wé%C{h@h in&Geh8eEo 1
[0161] Copol yesters based on dinmethyl terephthal ate,

atznczspinezle ysinganiEegsn gas. Thedyelterbpelymadivels thearektruded from the

PRSP R 45T nb e FeOEBeRa e ROuRIE R e i rm

scT@bh € The pongmbiehades idReredt HieBosip) %@Bsu hﬁ/gﬂ Al a Tg of 105 °C.
onponent of the polyesters in Table

NM&%@W{S@W@%@@@@HWW@wwc&nmeobﬂfszfi Panetdh 1.4-

|
)g’%ﬁ%a? %i- C E)rgardsdﬂgm ms’% sgguzgﬁj y no ?:%%% t%o%mfg}z%_q’?’_
cydgiadanéediol resgluesh € heopalpaer haddolorpatiesor: &rigBosA2\ere -1.28,

obtained at 23C and are reported in Table 3. Density,
b be and : i
a aAdYrystallization halftinme were neasured on the

nol ded bars. Melt viscosity was
Example 3J

[0169] 21.24 |b (49.71 gram-mol) dimethyl terephthalate, 12.61 Ib (39.77
gram-mol) 1,4-cyclohexanedimethanol, and 6.30 Ib (19.88 gram-mol) 2,24 ,4-
tetramethyl-1,3-cyclobutanediol were reacted together in the presence of 200
ppm of the catalyst butyltin tris(2-ethylhexanoate). The reaction was carried out
under a nitrogen gas purge in an 18-gallon stainless steel pressure vessel fitted
with a condensing column, a vacuum system, and a HELICONE-type agitator.
With the agitator running at 25 RPM, the reaction mixture temperature was
increased to 250°C and the pressure was increased to 20 psig. The reaction
mixture was held for 2 hours at 250°C and 20 psig pressure. The pressure was
then decreased to 0 psig at a rate of 3 psig/minute. The temperature of the
reaction mixture was then increased to 270°C and the pressure was decreased
to 90 mm of Hg. After a 1 hour hold time at 270°C and 90 mm of Hg, the agitator
speed was decreased to 15 RPM, the reaction mixture temperature was
increased to 290°C, and the pressure was decreased to 4 mm of Hg. When the
reaction mixture temperature was 290°C and the pressure was 4 mm of Hg, the
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measured on pellets at 2900C. Table 3 Conpilation of
various properties for certain polyesters useful in
wo b@oitsmeent i on NA = Not avail abl e. Exanpl e 3A POW6S}002012268
1.24 1b (49.71 gramnol) dinmethyl terephthal ate, 14.34
Ib (45.21 gramnol) 1, 4-cycl ohexanedi net hanol, and
4.58 Ib (14.44 gramnol) 2,2,4,4- tetranethyl -
, 3-cycl obut anedi ol were reacted together in the
presence of 200 ppm of the catalyst butyltin
tris(2-ethyl hexanoate). The reaction was carried out
pressare af lhietpregauregmsspmvge ir'nmaiiatésl igatdasad4o di athessphere

oSSBT O8 VEESSl dEbFE GsE SRR s
védR| aghb&odled, WXituagd PolydreRvds of &ﬁhd RASASLA 60 B6Ren. The

tenperature was I ncreased to 2500C and t he #oressure

polmer hadears inrerentaisqesity of OH4 dladgtarnsha figxeff&CanaMR analysis

b ot s PRYTerbag BOtnaRl of 72 Ble ot by Blopeiang-

dintdthaed| résileie8/ande. 8 mdibe ZtEM%ﬂbMthﬂﬂ Btt@crd?kﬂﬁémémol
m xture was then increased to 2700C and t he pressure

regiguase cthaapelymes hagl ¢atpoyaligs ofifli'sr7 7a2Q, diGurl 4'170IEU1Q hired.62.
at 2700C and 90 nm of Hg, the agitator speed was

Eqsmﬁﬁ??‘g%’@’oﬁar*aﬁ%f@‘ﬁg'neﬁaf he preseur e was. decr eased
0fq T Sari shaFsroRE oA el E AR R A g in Table

4dT|a@VPtUJwtabwaerbtoat moanﬂohﬂaa@ér Wtﬁ@%ﬁﬂwe(l%@nfﬂds\lﬁcﬁﬁéf 100
The pressure of the pressure vessel then i ncreased

mode% kisphansh éy esigdiespnd ﬂ%gmie%aﬁphm qmp@r@aieg@sw@s
M@@g?léﬁﬁgggﬁetsggﬁgnﬁﬁé] W'HIEQF@,%@&S&SW §F§tﬁ§/‘1o rm?@tes measured
: groun 0 pass a b-fnm

ais@(Dm msinghe 1[®ky msigl’fta?ﬂherPETl hasdrdstar 882 fropn Efas@na?rBG
g nd a Tg of 104 0C. NMR anal ysis showed t
(CorERAM Wi B hospingbcompesitgn of 100 mole% terephthallc acid,

35 Mol \cgehaRakdRidh ol (CHDM) and 96.5 mole% ethylene glycol.
The PETG was Eastar 6763 from Eastman Chemical Company, with a nominal
composition of 100 mole% terephthalic acid, 31 mole% cyclohexanedimenthanol
(CHDM) and 69 mole % ethylene glycol. The PCTG was Eastar DN0O01 from
Eastman Chemical Company, with a nominal composition of 100 mole%
terephthalic acid, 62 mole% cyclohexanedimenthanol (CHDM) and 38 mole %
ethylene glycol. The PCTA was Eastar AN0OO1 from Eastman Chemical
Company, with a nominal composition of 65 mole% terephthalic acid, 35 mole%
isophthalic acid and 100 mole% cyclohexanedimenthanol (CHDM). The
Polysulfone was Udel 1700 from Solvay, with a nominal composition of 100
mole% bisphenol A residues and 100 mole% 4,4-dichlorosulfonyl sulfone
residues. Udel 1700 has a nominal melt flow rate of 6.5 grams/10 minutes
measured at 343C using a 2.16 kg weight. The SAN was Lustran 31 from
Lanxess, with a nominal composition of 76 weight % styrene and 24 weight %
acrylonitrile. Lustran 31 has a nominal melt flow rate of 7.5 grams/10 minutes
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residues and 14.6 nol % 2, 2,4, 4-tetranethyl -1

, 3- cycl obut anedi ol
wQ ad0ga3796f : L*= 78. 20,

r esi dues.
a*=

The pol yner
1.62,

and

had col or
b*= 6. 2BCT/US2006/012268

Exanpl e 3B to Exanple 3D [0164] The pol yesters
descri bed in Exanple 3B to Exanple 3D were prepared
following a procedure simlar to the one described for
Exanpl e 3A. The conposition and properties of these
pol yesters are shown in Table 3. Exanple 3E [0165] 2

1.24 1b (49.71 gram nol)

di met hyl

t er epht hal at e,

12. 61

megsyregl #A23G Hsing g 3B kg weighthEhe redinmashefitbl, ineerdion show

hetd i

anedi

oo oy

SPMET o Gegs Bas stBibh

tetr

presence of 200 ppm of theTgBlea4yst butyltin

@q'ﬂefoﬂé’ll héthe other resins.

tri s&’z- et h¥l hexanoate). The reaction was carried out

unde~ANRildtiRRvagieusipgerties fancartaip sonimeksialipalyners

Stegl pressure vesgsel fiftedw tihracongensingycol m

a vgcuum sylstem gnd a HENetcpgE: Notshedigi t at or| Wth

the Jagitatar runniing at P9, J3Rd | sy ée@action m xture

tenperaturg was jincreased to 25p0C and|the pressur|eCrystallization

was |ipy ed’eﬁ‘c’)t AdMQjdedy r eAMMn %P%t'{'i‘? 2 YBS| Barftime from
Exampled for 2 lhouws gt B2A00C avick 20 BGE0 Preravity €. he

pr eqds @8ewgs n|d ased tqQ D .psiqg at raf €°Qfl 3 melt

psi d/ m nut €. (EF'E@ teﬁ‘%’@?at 3’?? agf ttﬁés %e ac‘?ﬁ'ﬂﬂ i XtUre  (min)

was [t hen increased to 2700€3°@nd| t R&Cpr essure has

decrleased tjo 90 nm of Hg @,m)er a(J}mPOJr hol d| ti nmg at

270 [0C and 90 mmgf—Hg, the agrtator —speed—wa

Aecr eafbd t|a12MFRPM NAhel r &88ti bn 19Bxt Ur d.20enpdh@itiure NA

pas |i pefreasedot® 499@6s pndyd he| prgssure uas degr dasgd: o000

to < L _mmaf Hg he reactiom npxture was hetf—=at

SoacPlA dt @7hres8iP2 jof 28 1 of Hg fl0 60 87 15 at 150°C

on nut eeTGTHe @resgupegPf| t hes presseye vesspl t|n8dho at 130°C

éﬂcrei‘éﬁﬁ' tjo I_atnospherie usingl ni trogen gas. | rne

neltlen Pv!\ﬁe(?-m,\& PHE% extPuded f4bm t hd38reksifrg 1.5at170°C

FesselsANhe 7ooaFRd, RXtrjudegh pol yngs was 1@roundh 1gd NA

as9 -rrrrles r &r. I;We pol ymer h?{\?Aan |2nz(‘e1rrent190 NA
1 edach ;A d a lan o - ~
NAL RGeSt O o o granema—ig—eidd

Example 5

[0171]

This example illustrates the effect of the amount of 2,24 4-tetramethyl-

1,3-cyclobutanediol used for the preparation of the polyesters of the invention on

the glass transition temperature of the polyesters. Polyesters prepared in this

example comprise from 15 to 25 mol% of 2,2,4 4-tetramethyl-1,3-cyclobutanediol

residues.

Example 5A to Example 5G

[0172]

Dimethyl terephthalate, 1,4-cyclohexanedimethanol, and

2,2,4 4-tetramethyl-1,3-cyclobutanediol were weighed into a 500-ml single neck
round bottom flask. NMR analysis on the 2,2,4,4-tetramethyl-

1,3-cyclobutanediol starting material showed a cis/trans ratio of 53/47. The
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X-ray anal ysis showed that the polyester had 223 ppm

tin. NVR anal ysis showed that the pol yner was conposed
wW@2008830540!| % 1, 4- cycl ohexanedi net hanol resi duRCST/ERZN0&Z012268

1.4 mol % 2,2,4 ,4-tetranethyl -1 , 3-cycl obut anedi ol

resi dues. The pol yner had col or values of: L*= 76. 45,

a*= - 1.65, and b*= 6.47. Exanple 3F [0166] The

pol yester described in Exanple 3F was prepared

following a procedure simlar to the one described for

Exanpl e 3A. The conposition and operties of this
polpestess ef this exarplenwere maeedswngmilrﬁv*eglsﬂao /adid Tatie with the

o 15554 Sgming BT E %24 4 Teaoaib nEerdRbtengrls’. Bhouoh
diduBid &lﬂé%a%ﬁyﬁf @83 BEbed % givé 350 b@hﬁﬁfﬂﬁﬁhé'fmhl polymer. The

3-'cycl obut anedi ol were reacted together in th
f|®$|©\£\!@$1 ciader afpd STk ditragan puogWith thgmtre@huctlon capability.

TR SE SRR e T OSEEA R  t he o
REME aftepth@sr@abmm@aadlméntéd eplfteit dib@.lt(z)ﬁl thenss, e d:@hpefnature was

a vacuum system and a HELI CONE-type agit t
raigRd E:gﬂ%&y)anqi ihfRengPngitions WEh%lﬁS‘or 8 'ad St%rnﬁ# ¥v . The
t
tfFREIRL YIS iced BESESTEtin Ppforifianaty 25 MBS S e pressure
whslreddced ® 0.8unm af H8 S¥er amﬂar@d qf mimprtes s dhe. stifitieg was

SRR Ao VisoRIa iisrEarai i 0p RN HRISG e frtimey sliming
u¥es The @oﬂaFBb@ﬁ?&ﬁ‘QaﬁQn %Fﬁ@\@aQ%rle % I%'tt@ﬁﬁweeta}‘{%’é inherent

decr eased ) ter a 1 hour i me at
vnzrz@@tleanékfteothmp@lymaglzatm@waguqompietes Hlee Belment metal bath was

IS dAdne et hbbe @k 4 oSt Reibit JECE aRsiteh

térﬁpéraﬂurémmfer*’&boufbe rhipEdd, Bie sk Wae ré@ﬁmb@éﬂj iatthe Belmont
2900C and at a pressure of < 1 nm of

metalradh (therempeasabie @aéquelﬁlénﬁﬁe@§§d e 2 Hgés@ élu rmﬂsthtsrféhmmute
o5 b oo 2B RA Bt B BURE AT FonT % glss rack
The polymer mass was stirred at mid level in the flask until the polymer had
cooled. The polymer was removed from the flask and ground to pass a 3 mm
screen. Variations to this procedure were made to produce the copolyesters
described below with a targeted composition of 20 mol%.

[0173] Inherent viscosities were measured as described in the “Measurement
Methods” section above. The compositions of the polyesters were determined
by "H NMR as explained before in the Measurement Methods section. The
glass transition temperatures were determined by DSC, using the second heat

after quench at a rate of 20°C/min.

Example 5H to Example 5Q

[0174] These polyesters were prepared by carrying out the ester exchange
and polycondensation reactions in separate stages. The ester exchange
experiments were conducted in a continuous temperature rise (CTR) reactor.
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pressure vessel. The cool ed, extruded pol yner was
ground to pass a 6-nm screen. The pol yner had an
WO ndvensTes4 vi scosity of 0.590 dL/g and a Tg of ROBOR006/012268
NMR anal ysi s showed that the pol yner was conposed of
77.1 mol % 1, 4- cycl ohexane-di nmet hanol residues and
22.9 mol % 2, 2,4, 4-tetranet hyl ~1 , 3- cycl obut anedi ol
resi dues. The pol yner had col or values of: L*= 83. 27,
a*= - 1.34, and b*= 5.08. Exanple 3 1 [0168] 2 1.24 |b
(49.71 gramnol) dinmethyl terephthalate, 12.61 IDb
Thé@(TH\A@lsemsﬁm )nllgldss:geﬂctﬂreeomirmﬁdmﬁh angihglessithfangeller
| 19. 88 gram tetramet hyl -1 .. .
blade e, CvRa yith,ah Bk hedind BB and fitaskwith a heated
pé’él@e’iﬁ%ﬂﬁx%ﬁn@@ﬂs@%l%nt hﬁlél%ta%ldf%aéwﬁéfrbbdrvvﬁh 777g ( 4 moles)

tris(2-ethyl hexanoate). The reaction was carried

oldicheathy teiephthalateg230g @emlole&)@f 28 4 Aretianethyht §s;s

i GtalTe) 6080 BEE molebl PRl BBt BRLt G 1720 of

b&ﬂ?ﬁln&ﬁblﬁé%lﬂé@ﬂbaﬂe @lucR3h&Rerd Wil b 200ppim tin Kistdldn the
enperature was i ncreased to 2500C and theqyfressu

fm@lsoqlmeeas'ré@ heatiny mange ras satapanuallydpxkQd @ Qeteuhel e set
obfls Bnf Q40 e lneBi S BB bR A oodBecontplsystem.

Onsk ghﬁlrmtttants'ﬂh@ret mefted pétirring ofastihitintst and slowly increased to
was then increased to 2700C and the pressure

250 epaske EnrRRyaHe R m@re%t@regragua"shme@ﬁ%m@ﬁﬁ%n fime. The
d

wedtt ot ffiinoBBIRL e al Readtdd SlbalBRESC TR reaction was

stopped veherametharml mﬂlﬂonaaiolppecbopam pr-eclestedilowvarased

e alLNg 45260051 o N5 SIBAmTON SR £ BT okt it WEbagRgtroe and

cBél@é S0 rrSor?lfteH“rféreru@é STHE oligdhRr Wﬁsfréi&nwitﬁ Q|b|ﬁm5ﬁ|ﬂo§@n and
at nosphere using nitrogen gas. The nolten

bm@ntmmwplegess stnedl @nasight tedepweighed dntpez 680 ml?rﬁemd bottom flask.
(G982 TSR RHHIED R A PLATER P eet v
cﬁéﬂg@dam% appxithate®p 1869 of the oligomer prepared above. The flask
was equipped with a stainless steel stirrer and polymer head. The glassware
was set up on a half mole polymer rig and the Camile sequence was initiated.
The stirrer was positioned one full turn from the flask bottom once the oligomer
melted. The temperature/pressure/stir rate sequence controlled by the Camile
software for each example is reported in the following tables.
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NMR anal ysi s showed that the pol yner was conposed of
76.9 nol % 1, 4- cycl ohexane- di net hanol residues and
WQ3008/18M9580 2, 2, 4, 4-tetranet hyl -1 , 3- cycl obut arerus1006/012268
resi dues. The pol yner had col or values of: L*= 80.42,
a*= - 1.28, and b*= 5.13. Exanple 3J [0169] 2 1.24 |b
(49.71 gramnol) dinethyl terephthalate, 12.61 Ib
(39.77 gram ol ) 1, 4-cycl ohexanedi net hanol, and 6. 30
Ib (19.88 gramnol) 2,2,4,4- tetranethyl -
, 3-cycl obut anedi ol were reacted together in the
[xi76}s enCamile SXfuemoenforl Exdrepleabld] aret Exarnplet 5in
tris(2-ethyl hexanoate). The reaction was carried out

under a nitr ge - n al I'bg,.stdinl ess
st eel pressu?%tggg e-lrﬁ'#é é"ﬂ?t \]Igcg ﬁg col um,
a vacuum system and(mlrl-)lEL I(‘@]\IE—t(,th‘)agl t(a'pm) Wth
the agitator| 4 unni nggat 2E523gM t reactbon ni Xt ure

t enper at ur e was—+ncreasedto25Cand—the—pressure
was increasgdto 20 psig. [P46 repé®@on n KQur g was
held for 2 I“osurs at| 2500C %@@ 20| P6h 9 presgur e The
pressure wag thendecreased to Orpstg atia rate of 3
psi g/ mi nute. 4The t enper at 285 f 9@ reactPdn nji xture
was then indrsased t¢p1(§a70( ©ognd [Hg pressgpe was
decreased ta 90 mmpf Hy. [After g I hourtotditine at
270C and 90 {Bnof Hy® the |#30t atp® speed. dAs decreased
to 15 RPM tlle reacti1pm mixiogre (gnperatups was
i ncreased to Z900C, and the pressure was decreased to

[047%’]7(731 oCalile SMprRNCBYOF Eﬁ&hb@5mt6%?nﬁl€@l@?r ature was

and the pressure was H, thepressure of
t he pressurdg yesselTwas |rne0|ate|y rMCcTrEased jto 1
at nospher e UstAgeni t Féaen Jz%"PT h¥aedyienSHB| yiner was
then extruded from t(mirgre vgaﬁeyl . T@pm)ool ed,
extruded pol y1ner wais groun%AE5 &7& a 6- Scrleen. The
pol ymer had [an—i-nhe é viigcasity'of 0364 dl/ig and a

Tg of 980C. [MVR anal §sis slzd\ﬁed t‘n@@ t he| @l yner was
conposed of [7/.5 no| [ ohle edi net hang|
resi dues ang 322 5—r {@u 2 %%4 tHetranet hﬁé]

, 3- cycl obut arkedi ol 265 90
5 110 290 90 50
6 5 290 3 25
7 110 290 3 25

[0178] Camile Sequence for Example 5K and Example 5L

Stage | Time | Temp | Vacuum | Stir
(min) | (°C) (torr) (rpm)

1 5 245 760 0

2 5 245 760 50

3 30 265 760 50

4 3 265 90 50

5 110 290 90 50

6 5 | 290 2 25

7 110 290 2 25
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resi dues. The pol yner had col or values of: L*= 77. 20,
a*= - 1.47, and b*= 4.62. Exanple 4-Conparative
wE@apb®s4 0170] This exanpl e shows data for coPEHDS100&/@12268
materials are shown in Table 4. The PC was Makrol on
2608 from Bayer, wth a nom nal conposition of 100
nol e% bi sphenol A residues and 100 nol e% di phenyl
carbonat e resi dues. Makrol on 2608 has a nom nal nelt
flowrate of 20 grans/ 10 m nutes neasured at 300C
using a 1.2 kg weight. The PET was Eastar 9921 from
oErRt MEDarkle Betplen6d fReamlet 3 and) EXbRfle 6MMPOSI tion
[ g?ﬂloo nol e%e?gr epht halic ‘grc?i d, 3.5 rmﬁﬁje%
cycl ohexanedigyent hanol ™ ( ) and,96. 5 nol £% et hyl ene
gl ycol . The Iﬁgﬁ;ewagﬂﬂé%t A B3 YR Bas ﬁ’én Cheni cal
Conmpany, Wwitth a nonji(ngin) co(AB)Si ti (@orrpf 1LO0@pm)!|e%
terephthali ¢ ,acid, 1 nmo éz?écycl xaneldi mentlhanol
(CHDM and E‘é rol-e--0%5-et-hyl-Ere—ghyest— ZIe—PGF(; was
East ar DNOO1 2 r om EaSt man| 2A6m cial6@onpany) wijth a
nom nal conpagsition 100 l e% epht iclacid, 62
nol e% cycl ohganedi n@r‘.t ha ‘.g.gg(a ruijy and—38—roHe %
et hyl ene gl yeol . The3 PCTA| %86 Eas¥@r AN0O0IO f r am
East man Cherical Compmwy, bhh & m nal npasi tion
of 65 nol e% t5gi‘ ephtihartc a‘glgg, o5§tﬁui €% i%pilt hal i c
acid and 1006l e% c¥cl oheX88edi ntnt hano| 2 V) . The
Pol ysul fone \was Udef 14y00| bpgm Sof vay, wish a [nom nal
conposi ti on of —100 TnoredY% brsphenol A Tesidues and 100
nol e% 4, 4-di chl orosul fonyl sul fone residues. Udel 1700
has a nomnal nelt flowrate of 6.5 grans/1 O minutes
sur ,(ﬁﬂ.;’gﬁ‘? j i he BKkSCRbMRS usi
w%@t r a-ﬁq%?éls fro ?’Z’r?%g%?e %wﬂ%lﬁr%mgwaﬁhecﬂ?kbgﬁ?i on using
hysirawifc eleopprar, end gyountktoamB M saseghsize SSamplesiafrgack.ground

t 31h 1 nal [t .f1. f o lab
o P bSO B LD Sty
teacBRfocthBfe &% andnesn@atidhef 0.5v@Nb0 oM &IPHAC] oataP)ee tbvel (Sn)
toughness in 6.4mmthi ckness bars conpared to all of

by keayflierescescasandregipe(ls, a*, b*) by transmission spectroscopy.
Polymer composition was obtained by '"H NMR. Samples were submitted for

\Via
A\ A

thermal stability and melt viscosity testing using a Rheometrics Mechanical
Spectrometer (RMS-800).

[0181] The table below shows the experimental data for the polyesters of this
example. The data shows that an increase in the level of 2,2,4,4-tetramethyl-
1,3-cyclobutanediol raises the glass transition temperature in an almost linear
fashion, for a constant inherent viscosity. Figure 3 also shows the dependence

of Tg on composition and inherent viscosity.
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Conpi |l ation of various properties for

comercial polynmers NA = Not avail able Exanple 5

certain

wQ OWéA379Fhi s exanple illustrates the effect of P€TES2006/012268
amount of 2,2, 4, 4-tetranethyl -
used for the preparation of the polyesters of the
invention on the glass transition tenperature of the

pol yesters.

1, 3- cycl obut anedi ol

Pol yesters prepared in this exanple

conprise from15 to 25 nol % of 2,2, 4, 4-tetranet hyl ~

, 3-cycl obut anedi ol
Di met hyl
1, 4- cycl ohexanedi net hanol ,

[0172]

resi dues.
t er epht hal Balele 5
and 2,2,4,4-tetramet hyl -

Exanpl e 5A to Exanple 5G

Glasstrahsitioh mﬂetdturwé§a\$@m<§t|&#ﬁoﬁ iAh&reft 5@@o§'ky ahd %Pnposmon

neck round hottomflask MR _anal VQI S on
2,2,4 4-tetranmethyl - 1, 3-c I pbbut anedl agta tIﬁ]ogat Mo at
Exaﬁéﬁ” aimallover % @bs/|trdNs rhtiky of %é 7o 29c;)°C
ol YTMEDS DTMODS |erduvg) el ey br d yi 2RO
1. 2/ 1 glycol/acid ratijo w [ he énfi (Ibo@eyeﬁ(m)ng (Poise)
S0 2 A AT pp 1 100,07 C O08e° P Bhas o | 5527
Ul uty 1T UAT g C—Catalrijyot wap oot o gr—e—ov
Bom tiin 191t hel f BAat pol §.68r . | THeG f | as8Was InB937a | 2051
@ 2 SCFC 1y trogessmi 9e gk Vagypm T egles | O 4745 | 2686
capanrTTt i HaskTwas—+mersed—n—a Betvpht—nAttal
Pat h lat P860C an@4<t i nr W78t 20ORPM 4987 t he 8774 4610
geactiant g7.8ad mekped. | Af§gh aboys 2{ S Bes's, th@ 883
enpgr at Was Tai sedto 210 C andrthese LUIUILIUHD
er o Inel 1 Por anSAdhi {1 &6 2 A s| PAd6PenpeddBlle| 5256
@as rlai sgdst o 28598 (ifn (;a@proxi Rt el y ;}@Am nut efa and  Na
ne pgres U(ea — 31 pf ovel a_peripd
%‘f F rééjwlh_ég Q\égv\ s 18%uted th : Nl'JA NA
Vi scdsi t32.7ncrleased® Wi tthed5 [RPMe| ng NAe nfni gam NA
I rri t of al | ario e[ Was
?g;:;én%ygft EE quzg ynh:ﬂﬁ viN@osi ki eNA NA
Kfter| tH23.pol yrreBJ’Zzaatl or).whs |conpl ef e, NAe Bel nupt NA
tal| bagh,wag | red t he yher S aftToped tp
ggol t oaéo ?ow HS5=¢l asqf?‘!—i“e' *P@n '\Yﬁ m NA
M 23.2 52.5 0.74 112 NA NA NA
N 23.1 52.5 0.71 111 NA NA NA
0 22.8 52.4 0.73 112 NA NA NA
P 22.7 53 0.69 112 NA NA NA
Q 22.7 52 0.70 111 NA NA NA

NA = Not available

Example 6—Comparative Example

[0182]

This example illustrates that a polyester based on 100% 2,2,4,4-

tetramethyl-1,3-cyclobutanediol has a slow crystallization half-time.

[0183]

A polyester based solely on terephthalic acid and 2,24 4-tetramethyl-

1,3-cyclobutanediol was prepared in a method similar to the method described in

Example 1A with the properties shown on Table 6. This polyester was made
with 300 ppm dibutyl tin oxide. The trans/cis ratio of the 2,24 4-tetramethyl-1,3-
cyclobutanediol was 65/35.
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tenperature. After about 30 m nutes, the flask was
reimmersed in the Bel nont netal bath (the tenperature
whaeeha®™ss i ncreased to 2950C during this 30 mi PCI/ES2006/012268
wait) and the polynmer mass was heated until it pulled
away fromthe glass flask. The pol yner mass was
stirred at md level in the flask until the polyner
had cool ed. The pol yner was renoved fromthe flask and
ground to pass a 3 mmscreen. Variations to this
procedure were made to produce the copol yesters
[od8F(CT i KiRgs herowredddd feorhahg gfcshd polpatriat aRoae. Zﬂystalllzatlon

nol % [0173] Inherent viscosities were nmeasured
halb e Heasiiematus TOEsY\ BRlmeTRETAdRISt telBeerRUCR BoVR 220 to

I db
2900 FREE Lt tiong prid i Epefeti ToRL S, IRETRSieRE L ocs
crysallization Fa#-tgphass the mmme wasttekpe lastthe @esinineura value of
cry el oe NI B AR e B S TSRFIERI B dtie @St CoBRIfzation
hdifGme &Qhﬁjﬁlﬁés‘ieﬂ‘%ré‘r Bh&A bé%lHMté%arTIY!s NI ordtPRsts with the

ester exc nge and ycon ensation reactions In
fasktthat e polyages (P(EFF& based so@mhar@epbﬂ@cua@waed viet-e

conducted.in,a conti nuous te
oyiblisbenedineiaans(e Bragam el e ibtfal iFS ah &ifbmaty short
cr\9fstahuzan§h 'Fﬁifﬂwﬁ@@ﬂ niAP&s kRswRliRegyrgitt ator, covered
an electric heating mantle and fitted W|th a
heat ed packed reflux condenser colum. The reactor was
charged with 7779 ( 4 noles) of dinethyl
terephthalate, 230y ( 1 .6Tables®) of

2,2,4,4-tetranet hy but anedi.ol , 460. 8
(3.2 nol'es) of cyé-lr'b’ﬁ@ygﬁgo'a%f?ﬁ'fﬁﬁﬁqméﬂ‘)d 1.12g ofg

butytrtin tris-2fethylhéxanoatg (such gfhat there w1
ngo%q%)&pm tin netal in{the final Folyperpt The Hiating 2t

Ve @pd) [renye)! Y .9 (190 %ecret put230Tbie |seko°c | 250°C

gl gnd dataj collection were faciljtate byn( (min)

- r\am I e ror‘ﬂoo uon rn! ‘\‘l‘\ SIII t n mln \Jt AT
1%W?lz’szst P?I ng \}\Eds(yl mit 3a(l)t ed %?sl OV\A 9%4 reggsﬁgd to1888

20N -|-
ZOU T J 1 IC lCI erature UI lIIC react yi auual I

wheex easedFwi t hlerJE 4t 4+Tetramrathyl-1,3- cyclobutanedlol (65/35 Trans/Cis)

Example 7

[0185] Sheets comprising a polyester that had been prepared with a target
composition of 100 mole % terephthalic acid residues, 80 mole %
1,4-cyclohexanedimethanol residues, and 20 mole % 2,2,4,4-tetramethyl-
1,3-cyclobutanediol residues were produced using a 3.5 inch single screw
extruder. A sheet was extruded continuously, gauged to a thickness of 177 mil
and then various sheets were sheared to size. Inherent viscosity and glass
transition temperature were measured on one sheet. The sheet inherent
viscosity was measured to be 0.69 dl/g. The glass transition temperature of the
sheet was measured to be 106°C. Sheets were then conditioned at 50% relative
humidity and 60°C for 2 weeks. Sheets were subsequently thermoformed into a
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wei ght of nmethanol collected was recorded via bal ance.
The reaction was stopped when net hanol evol ution

WG t@ppesHor at a pre-selected | ower tenperaturCDS2006/012268
260C. The ol i gonmer was di scharged with a nitrogen
purge and cooled to roomtenperature. The oligoner was
frozen with liquid nitrogen and broken into pieces
smal | enough to be weighed into a 500 m round bottom
flask. [0175] In the polycondensation reactions, a 500
m round bottom flask was charged wth approxi mately

feAflle thodd hibbimgad dmuopmmamasmg@veromme‘m@wm machine.
equi pped with a stainless steel stirre pol yne

T h@ﬁwrmpmnynagyaam@aw§ ware sgb to A0SO % %P‘ét H!deF%} heat
T

o ISR DR e BRI R Ay, s

deﬁenmnbhhe@fﬁegboﬁeheeiItemdera'[bm on the part quality as shown in the

tablcblai 11T B s SR e BePe U 80 R P D Prine

7 I g"
th%xﬂg%q?@eg"’_}? é:ra P&hﬁ etq% 0? \6,%8‘? V%U%ﬂ? eqﬂgnggef or
thaanmrmeﬁJJaa‘thlEﬂdrmNave@I\tka[laﬂatﬁd Ththe pativoiume divided by the

SR Ao IR IS e tbfs%ﬁx“ eop8igenfy EXREIE T Irme
théﬁﬁ@fo@ﬁwe@f eﬁﬁ%s@iéwn R SCERT foMeiry tﬁiétéfstatnaothéQfegree of
i nher ent VI SCOSi te(KBI n 60/ 40 (wt/ w)

bliséering: fated asteasdNat low @an@refaighéHu) oﬁﬂ@freaulss elovdemonstrate

2 R38R A3 s P Rl AIARERE 00 car

bt atRforpesdandér the omshtmimtseshm beloﬂ/HabIMmde‘ﬁmultgsthese
were submtted for0 thermal stabili t% and
shaeis baving atdeast 9P % sraw andrBliaiern szmam%ang the sheets

éﬁQSttﬁgfméﬁFm M5- 800). [0181] The tabl e bel ow shows
e

experinental data for the polyesters of this
exanpl e. The data shows that an increase in the |evel
of —2; 27 414-tetranethyt=—1,3=cyctobutanediol—Tarses the
gl ass transitTBAMeRFEING ure {n an al m)sFahi@_ﬁgﬁ
fashi on for a cepgtieps | nherent viscosi fe 3
| so shopws the depgndeqce .of Tg on _conposi ti on and
KABPEN: Vi 95iby| TabPess Par Blisters
Temperature | Volume Draw (%)
(s) o (N, L, H)
Q) (mL)
A 86 145 501 64 N
B 100 150 500 63 N
C 118 156 672 85 N
D 135 163 736 94 N
E 143 166 760 97 N
F 150 168 740 ' 94 L
G 159 172 787 100 L
Example 8

[0186] Sheets comprising a polyester that had been prepared with a target
composition of 100 mole % terephthalic acid residues, 80 mole %

1,4-cyclohexanedimethanol residues, and 20 mole % 2,2,4,4-tetramethyl-
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G ass transition tenperature as a function of inherent
viscosity and conposition NA = Not avail abl e Exanpl e
WoG20opasat i ve Exanpl e [0182] This exanpl e il | BPETI/D81086012268
that a pol yester based on 100% 2, 2, 4, 4- tetranethyl -
, 3-cycl obut anedi ol has a slow crystallization
hal f-tinme. [0183] A polyester based solely on
terephthalic acid and 2, 2,4, 4-tetranet hyl -
1, 3-cycl obut anedi ol was prepared in a nethod simlar
to the nmethod described in Exanple A with the
1, BESRBIBUt@FediblawBidors Tedreeroduddu Bsipglay8stiach ‘@ﬁfgl@@d%w A

Wi th 300 ppm di butyl tin oxide. The trans/cis ratio of

shaat waspexruded %qni'@h*euﬁly; gqug%d tq9 dhiglness@ld] of mileand then
L%SSl'{ %%ﬁ%é&@r&WB%l %Ferﬁtr\f?é‘[%o%ﬂ? a%l%ﬂggs transition

po ynmer ystallization h
tem@Eatieewvdrs Measvréd ennarid shveste Timeoshest mr&maa’r wsmsrty was

from 220 to_2500C 10C i ncrenent
megstas to ke 0 6%@%21‘ fé%alaé'ﬁt%! |qwt§manr%ﬁaﬁ%?e of ﬁf%hee&wvas
mie38y 5 166°C. aéﬁ?e%%ér’éethghr!ﬂo'ﬁ‘dmoﬁ%ﬁ% 190% relative humidity

crysta ization ha time as a function of
ancBpeC son2 weekbe Sﬂmet&were:sylss@quenﬂatﬂnenmdfarmed inte aofiemale

1300 t
molh 80 5 Gyt T R 4ed S TR SirmpEr A Chinge The
thefhefornfify bese RBE{RS Wera sbetc@B0/4b/4b% output using top heat only.
cycl ohexanedi met hanol (no conononer nodification) has

Sheetswereneit jn Hreopverciofyedpus amaunis Rhfimetin pederto datagmine

th%?ﬁifenz? %ﬁ%ég?t':i ﬁibre V\%té};e gﬁ%& Bgﬁt%a?iy%é %ﬁ@ﬁ/ﬁé?ﬁyhe ?ble below.
Pag-digfityohas aé’@ﬂl‘rﬁﬂned Eﬁ/rﬁ?@s’ﬂhagﬁhélvsmn%aﬁﬂieethérmﬁﬂcﬁﬁied part,
Sheet s conpri sing yester that had been prepare

calpylptiag the deaw, @ﬂ%‘d%ﬁl@'IYdHSB@C’fWh%h@r"%f@é’P@E Rl TQe draw
waS CBIdRREA B8 he BATR S A 19 RO TIRFAbTBARYRRIme
achieved in this set of experiments (Example G). The thermoformed part was
visually inspected for any blisters and the degree of blistering rated as none (N),
low (L), or high (H). The results below demonstrate that these thermoplastic
sheets with a glass transition temperature of 106°C can be thermoformed under
the conditions shown below, as evidenced by the pfoduction of sheets having at
least 95% draw and no blistering, without predrying the sheets prior to

thermoforming.
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1, 3- cycl obut anedi ol
i nch single screw extruder.
W@ 00vbi181964S | Y,

| nher ent

viscosity and glass transition tenperature were

measur ed on one sheet.

The sheet

resi dues were produced using a 3.5
A sheet was extruded
gauged to a thickness of 177 m PCEHO82006/012268
then various sheets were sheared to size.

i nherent viscosity

was neasured to be 0.69 dl/g. The glass transition
tenperature of the sheet was nmeasured to be 1060C.
Sheets were then conditioned at 50% relative humdity
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hs sROwn bel ow,18ds evidené2@ by |t hes¥9 sheét s

havi ng at | east 95% draw and no blistering, w thout
Eranply 9rgCongparative Example t o t her nof ormi ng. Exanple 8
[0186] Sheets conprising a polyester that had been

[018¢Par SHedlstddnaisting W KehPOS Wer® préductdidimy 8 9% inch single
terephthalic acid residues, 80 nole %

sarew: xfadstie keehedis reblead slonsisting g8 §9.&htd FPA0T GdFestar from

Fr R ST B FATRYS B8 i LB UBL B2 ot
Yex U eiitishes@netimistiahyl regrilgedand 38 rhbleckrsthglent ghycol
rergicliueasr)];d3(t)°2€IQC (bisphenol A polycarbonate); and 0.15% Weston 619
(stabilizer sold by Crompton Corporation). A sheet was extruded continuously,
gauged to a thickness of 177 mil and then various sheets were sheared to size.
The glass transition temperature was measured on one sheet and was 100°C.
Sheets were then conditioned at 50% relative humidity and 60°C for 2 weeks.
Sheets were subsequently thermoformed into a female mold having a draw ratio
of 2.5:1 using a Brown thermoforming machine. The thermoforming oven
heaters were set to 70/60/60% output using top heat only. Sheets were left in
the oven for various amounts of time in order to determine the effect of sheet
temperature on the part quality as shown in the table below. Part quality was
determined by measuring the volume of the thermoformed part, calculating the
draw, and visually inspecting the thermoformed part. The draw was calculated
as the part volume divided by the maximum part volume achieved in this set of
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various sheets were sheared to size. |nherent

viscosity and glass transition tenperature were
wore@sas®ad4 on one sheet. The sheet inherent vi SPOBUB3006/012268

was nmeasured to be 0.69 dl/g. The glass transition

tenperature of the sheet was neasured to be 1060C

Sheets were then conditioned at 100%relative humdity

and 25C for 2 weeks. Sheets were subsequently

thernofornmed into a femal e nold having a draw rati o of

2.5:1 using a Brown thernoforning machine. The

exgeeimete EkﬁmPRé/EE TRatiesBnoBfBed ptarttvwasﬁoi/saamwwpected for any
out put usi eat ‘only. Sheets were left in t

bligiers ar@kthegc?eqs@@ Oéhbﬂﬁflgg ééteduasenwe MNadaw {lo). @éhéﬂ*}ﬁfﬁe The
f

e b R ot e Bt finsiion

teparatgdiof N00tGean Qieumiembfdrh@dt drefertfie conditipas shown below,

cal culating the draw, and visually inspec
ag pUERBeeA wah%mducma Qi sheeiRdav @El%@éé%sdﬁaﬂ‘éa%f‘?
ieved in

D A e e 0 R ot o7

part was Vi sually i nspected for any blisters and the

degreeof —btistering ratedasynone (I, Tow (L), or

hi gh (H| TheTheB0PIosMig ow denonstrat e [DBﬂtQthﬁ;?e

t her m)pl asti ¢ shgriisionst h a gl ass transi Ion

%e%‘g,e[ ar e or T06pC can he twerng me@ under the
HHEPE o 151 bel ow evi denc@d by|the productigfsters
of sheet avi ng Cal Terfetratdbdd dr\&vlumed noDpaw Y i ngz

wi t hout predd$i ng t he ets priof o N, L, H)
therrpf-of-f-Rg: Exa..s' e—9-Conpat-ati ch Exatrpte—{018+

Shekts cpnsi i ng pf  Kelldbx 201 web82pr oduce 5JSI ng a N
3. 3zi nchy si n?(l)f Few ude Kgéxx |<> a kjend N
€ORSHSt 1g—O1 B PGS (Ea:l. ar—fromtastnan

Chei cal | Co. 1hhyi ng 10054pl e % ter€phthalic Hid N
reghdues| 62¢5@le Po1, 41 cl ohexai;\ggl met hancg

restduesT —and 38 npte % ethytene gum I €SI uues; 30%
PC E bi sphenol2® pol ycar®®hat e) ; aﬁ 5% (89t on |619 N
(stpabiliger gp{d by Cromgpfon Corpesption). Agheel wasy
(:‘Xléuut‘u conghguoml Y, 168 260 o8 )

Example 10—Comparative Example

[0188]
screw extruder. A sheet was extruded continuously, gauged to a thickness of

Sheets consisting of Kelvx 201 were produced using a 3.5 inch single

177 mil and then various sheets were sheared to size. The glass transition
temperature was measured on one sheet and was 100°C. Sheets were then
conditioned at 100% relative humidity and 25°C for 2 weeks. Sheets were
subsequently thermoformed into a female mold having a draw ratio of 2.5:1
using a Brown thermoforming machine. The thermoforming oven heaters were
set to 60/40/40% output using top heat only. Sheets were left in the oven for
various amounts of time in order to determine the effect of sheet temperature on
the part quality as shown in the table below. Part quality was determined by

measuring the volume of the thermoformed part, calculating the draw, and
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gauged to a thickness of 177 m | and then various

sheets were sheared to size. The glass transition

W0 e0vpasAsur e was neasured on one sheet and waspADOS1006/012268
Sheets were then conditioned at 50% relative humdity

and 600C for 2 weeks. Sheets were subsequently
thernmoforned into a female nold having a draw rati o of
2.5:1 using a Brown thernoform ng machi ne. The

t her nof orm ng oven heaters were set to 70/ 60/ 60%

out put using top heat only. Sheets were left in the

visualy inepevirig théstharmofdrmedf pdrt. "Ehe Rir@l deds tacdigtsd 88 it part
the effect of sheet terrperature on the(ﬁgrt qual ity as

V@'Hmdivf@'qd%/ th@tm@x‘ﬂwre\parb@lum@hlw sth@eiqime%@anments
e}rﬁﬁllggﬂ 'g? Lﬂb‘? \6%&#% VI sua? %\%IRPERQ Qd gé'f %]réy blisters and

r aw, an y ol nsp
thdﬁ@egrebcn"frmmepmgtrateﬂm doaw(M/ﬁSowa(L); Ldraﬂ@d(lﬂ)s The rgaults below

vol une di by, the nHX|nu voI me achi.eved in
demgjogsyate %‘@gﬁl‘}"éﬁ thenpepl @ ﬁﬁé‘%s E!'t sSHERNRINQ)} faraperature
op%é O’V@é? \S'eStHér‘anXfohﬂéH gtﬁé’&or?d]ﬁ?r% ’sﬁ*\ﬁﬁ %Fgw dd'8videnced
, |l ow .. or

degree of blistering rated as none
bt p(cbﬁ)uctmih of sbeefstrravird greadenthastIoib erawand me bhstering,

WD R S 16608 gk to R o BBnoa under ¢ he

condl ti ons shown bel ow, as evidenced by the production

of chaaf h-;nli na—at | east 90504 r~|r AW anrl Ro hl i st ari (a¥al
AY A A RLAA A" ‘-:’

wi t hout pr edr Yiihegnofeemshget s prior to ther rmform ng.
Exanpl e 10- Corrpé ﬂhlt%ﬁ$Exarrpl ¢ [0188] Shé?&r% uality

L

consi st i19) of—Ketv¥—2ZoI—wnere Pt otucetd—us Ag—a—3- 5t eh
Ewammsemsﬁ gxtruder. Shestheet waPadxt r yded Blist
conti nuoysTy:" Jageqohiharafifie Sknesmne 17Bai (ognd =0T
t hen varifous (sheet$ were s eafed to size. The glass (N, L, H)
transitign tenperafure (Wl measur@lbn dne sheet and
wasp1000C. Shlqs@ts \ver e 14 n condi yggned |at  199% N
refatrvejhum Lty and Z Tor|Z S. dheet Wer €
sub eqguent | \/1g ermpf or Lnt o nwgzgnl e lnpl d_? avi ng-a N
dr a@ ratlo of|7@ 5:1 usitgt a Biownzpher nof or ngmg N
machi ne. | The er me or oven h ersiwere.set to
60/40/ 40% o nuijk 5 nnni% heat 2&5 Sheet cgé\nr elleft N
in Ehe ovyen ﬂ85 157 N

F 206 160 743 98 L

G 253 NR 742 98 H

H 261 166 756 100 H

NR = Not recorded

Example 11—Comparative Example

[0189] Sheets consisting of PCTG 25976 (100 mole % terephthalic acid
residues, 62 mole % 1,4-cyclohexanedimethanol residues, and 38 mole %
ethylene glycol residues) were produced using a 3.5 inch single screw extruder.
A sheet was extruded continuously, gauged to a thickness of 118 mil and then
various sheets were sheared to size. The glass transition temperature was
measured on one sheet and was 87°C. Sheets were then conditioned at 50%

relative humidity and 60°C for 4 weeks. The moisture level was measured to be
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various amounts of tinme in order to determ ne the

ef fect of sheet tenperature on the part quality as
weh@en3iom t he table below Part quality was deP€r/mb10e6012268

by nmeasuring the volunme of the thernoforned part,

calcul ating the draw, andvisually inspecting the

t hernmof ornmed part. The draw was cal cul ated as the part

vol une divided by the maxi num part vol une achieved in

this set of experinents (Exanple H). The thernoforned

part was visually inspected for any blisters and the

04gares. S’heb’[é WERY suitssdopiently serfifsiernidd intd @Wetale nédld having a
high (H. The results bel ow denonstrate that these

ditemeratiopdfak ilcusing atBrown weangf%ggnq aeking. ohhe thermoforming

O\Eeg'm%t%w\r/vgr Eet]t%(’@/é%obﬁ 0[1 Sl g&t@gqﬂééﬁ o5l o % ?ts were left

1 ONS Oow, asS e
indhesdveatfsr varibusgagoanatsesf ttrh@m Ofufiér do achamin@the effect of sheet

blistering, wthout ed t he sheets r
t%rﬁﬁi‘r@ﬂ%ﬂhg paggual ezﬂ/ dadh @@ﬁﬁ%@ art quallty was

s T "J?*'eé? o F BB RoRRTSH S dobbiaugg e

dmw arid \leLAaIk;'yné;pJebt&mrthdlthemhmfnuhed gaird uBse deavd wad aabdudated

as it g U L6 MriERkin it YaliE ety fis’set of
eﬁ?ﬁgﬂmé’h’t@L{Eme@ ?eqfhéQhérrM\‘bﬁJﬁ@G?)%rm/aé %%uﬁllﬁl w%@@cted for any

hen various sheets were sheared to size | ass

bluatamsand the d@fpepébu:sf@rmegaw@a@n@rde ON), done (bh@émlgihﬂ") The

e ek SHECSER Bt YhecRERnbh RIS sBoeRIL 8 dqg Gansiton

tefgsrafgd of 87b€ GahbeMHérmohatict uedes thekpaditiontshown below, as
thernmofornmed into a fenmale nold having a draw rati o of

eyidgnged;By e Rrogiusiian ohshpeisdiavinggiraien than 9ave draw and no
f 60%

o R SRS RGPSt 00 e

oven for various anpunts of time in order to determ ne

the effecgt of sheet fnnrpnrnfllrn oh-the pnrf qualif\l as

shown in |the tTEt't:d;gdﬁ@inmmg Part| quality was determ ned
by measurli ng the yokume of the ther noforr'?&ﬂtgﬂﬁhy
cal cul at irg—the é)?ﬁ%'s, rF%r‘.u vi-SsHatH-y—nspeeti-ng—the
Exammpdé or "ﬁ tp]a TheSHeelv was c&actul atjed .
eat Time Blisters
(s) Temperature | Volume Draw (%) (N, L, H)
¢C) (mL) -
A 102 183 816 * 100 N
B 92 171 811 99 N
C 77 160 805 99 N
D 68 149 804 99 N
E 55 143 790 97 N
F 57 138 697 85 N

Example 12—Comparative Example

[0190] A miscible blend consisting of 20 wt% Teijin L-1250 polycarbonate (a
bisphenol-A polycarbonate), 79.85 wt% PCTG 25976, and 0.15 wt% Weston 619
was produced using a 1.25 inch single screw extruder. Sheets consisting of the

7




as the part volune divided by the maxi num part vol une

achieved in this set of experinents (Exanple A). The
w0 b@e1efoss ned part was visually inspected for BEIUS2006/012268

blisters and the degree of blistering rated as none

(N, low (L), or high (H. The results bel ow

denonstrate that these thernoplastic sheets with a

glass transition tenperature of 87C can be

t her nof or mred under the conditions shown bel ow, as

evi denced by the production of sheets having greater
bichaw&e%heh produstdgsiRg ias3. ermmSmg&et sWeiv etader] POshd® was

sheets prior to thernmoformn | e 12- Conparative
extrugnsl eontiniouslyadaiged i a thi nass:@ 1& milgnabthepovagioys sheets

wid Shiarerio Mo T BlRSBAfich GaBISRAL yas meagyrad on one
siésttaoml Wad oeS. [Bhedis adrel thargecenditictied aicho%i r@@dtﬁem\dﬁty and
ext ruder. Sheg_hg consi sting of theblend were

6610 fRrbweaksn moistyrg dpvel was reeagyred tee Q:@@rWt(VA Sheets
WEE Shp Rty (OB ING S el G T8 helvihTo Winf 1865 81 2.5:1
usinge Bidven taaswfonnaing inhaating. eifhertla&nmca‘ovmmgmagummiemwere

s @05, LR TROWRE uR R T eatBE: Gihaets e 1 fLhe Bve for

v SBuhRVEH i8S BRISTYS Setdrmile tHd 8ﬁe¢%&rosh§ta€@rﬁperature on
were subsequently thernoformed into a female nol

theapan gualityesvehoat i the tabls: belowi rP@rbqtmlﬁwwas determmed by

g R L A e T e R T

v1§b§l$} MspBEiing Biet thermbftendesart. oThy araw Wasealombtedds the part
time in order to determ ne the effect of sheet

V@'é‘ Msediideddyothetmaxipan parkyqlegeachigyadnnithisised of gkperiments

(e A5 o8 B0 T S N s o
tm\deg'reeuﬁlbllisteiringpatdd argnbhe(mhdmwr_prdmﬂbrp&ﬂl THéeesults below
S oSBT B
off 4Pt F?@ Bbsthémgd@nderﬂgﬁ LS CERRHn BRIdw "?ssewgenced

Vi sua I nsp or any blisters and the degre
by ithes peaductjon af ebeets havireg gidater than Q56 deaw tanglmc( bijstering,

w-il‘;ngutr Sr%%lr;ir?g Hweel Sheets prior to thermoforming.

Thermoforming Part Quality
Conditions
Example Heat Time Sheet Part Blisters
) Temperature | Volume Draw (%) (N, L, H)
) (mb)

A 92 ( 184 844 100 H

B 86 171 838 99 N

C 73 160 834 99 N

D 58 143 787 93 N

E 55 143 665 79 N
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denonstrate that these thernoplastic sheets with a
glass transition tenperature of 94C can be

wo b@onefoss ned under the conditions shown bel owCEES2006/012268
evi denced by the production of sheets having greater
than 95% draw and no blistering, w thout predrying the
sheets prior to thernoform ng. Exanpl e 13- Conparative
Exanpl e [0191] A misciblqg blend consisting of 30 wt%
Teijin L-1250 pol ycarbonate, 69.85 wt % PCTG 25976, and
0.15 wt % Weston 619 was produced using a 1.25 inch

Egample 18cLC ative Exanimslet s consi sting of the bl end
were then produced using a 3.5 inch single screw

der.: L
[0§31) U /ﬁ%lsébig]ﬁ%\g%ﬁls%gh% 6? %é v@t%%@#ﬁ%—%bﬁ@ peRiarsbrite,

a thi ckness m en vari ous sheets ‘were
63.86artéd PCT G 25676;Tard 0 dswi% Viastoni Gl weapsoduaadeusing a 1.25

ingBsa1dls Sret SKTudg Shes sBRRaiaInT Peanaoveieriph Broduced
udiB§'S3.5 Thén SRR 868w SYRIderaR sas Wadektitudel Sortusuy,

Sheets were subsequently thernoformed into a female )
ganged toad thigkresgrefl 18amil @ndfthen sanious shgets WBerevwwheared to size.

T Bl B PR e o R R AR s EF A B So-c.
ShBertwereehen lcehtitionet! 2@ 5096 Feltive NamidiySarh®0TC forof weeks.
time in order to determ ne the effect_of sheet

The mulstateleyebasraepued do fri G 55 ¥4 %s nahpeisivensesubssaaently
BSB89 B 0B Bl i By
thanchoforaniiad ImadhirspeThe terhivdomhiag mvearhresdesanere Sétdo

7 BleDttoui Ui o Bt iocShae Eyidell g 1ie oyt rorVarious

afmbbftd (Fﬁ?ﬁ'ﬁé it gﬁféggb?e@rmiﬂ—@%é BRé I AhBRHtRRHralt®e on the part

vi sual I nsp or any blisters and the degree of
qbdlitg eershowyriattbe talsle hetew ( Rart quality was detetmighd Oy)measuring

Th |t I d trate that th th | asti
thenle B\t the Bt TRl Rer pind el Lre it Gid U8LARL"
indBetiify tHef tABFRBIORERIpdrh eTHE AFhW WeRScABRBe 84 i p&s volume

evi denced by the production of sheets having greater

divigked msheanaxinauie past lugesaghigyed in this set of experiments
(Example A). The thermoformed part was visually inspected for any blisters and

the degree of blistering rated as none (N), low (L), or high (H). The results below
demonstrate that these thermoplastic sheets with a glass transition temperature
of 99°C can be thermoformed under the conditions shown below, as evidenced
by the production of sheets having greater than 95% draw and no blistering,
without predrying the sheets prior to thermoforming.
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wi t hout predrying the sheets prior to thernoformng. NA

= not applicable. A value of zero indicates that the
wg@bh@et13mas not formed because it did not pull PET/OS100€012268

nold (likely because it was too cold). Exanple

14- Conpar ati ve Exanple [0192] A m scible blend

consisting of 40 wt% Teijin L-1250 pol ycarbonat e,

59.85 wt % PCTG 25976, and 0. 15 wt % Weston 619 was

produced using a 1.25 inch single screw extruder.

Sheet s consi sti ng of the blend were then produced

using a 3 h single screwrextruder. A sheet vvas
extruded contl @r §8uged |to a thi ckngg & fali
and tihen vaiQauitigiseets wgre shear ed to si ze. The

g@m‘% gnsition te*n‘pe%%}g{ was ured on one sheet
Oﬁgg:tTﬁh@ets then conditioned at 50% Blisters

rel ative humg y anenso@aidrer; 4Vabuke. Thidravw(%) ure

| evel was redito b(eq()‘) 2685 vvt%om_?heets wer e (N, L, H)
stbsequentty—thermoformedntg = Temare ot dhavimg—=

drafv ratilo of128 5:1 usit¥f a Brlown &er mof or m G} H

macgi ne. [The goernof or gy oven hepjiers meregyet to L

ﬁ@ﬁ%@?“%@%ourggt using top hegt only. Sheets _were eft

in £he oven f varli aus untls of°4line in oFfer to N
detprm ng t he7effegt of1gheet |t emseroat ure ongehe part N
quaLity as sh in the ﬁble bel Parf Ty was

determ ned hy suri ng1 ['_.e valumd %t th |2nmfn med N

parfF, caljcul agéng the dt43v, and vi guallyji nsp@cti ng NA

thethernn’ror d irt. T drdw was, cal cul ated as the
rG \Inll ggl r*lgi h\l !-u J NA

rmV| mm Iuﬁrf lnl LH

ﬂc-hioeéf@dcdbl’é tmv&escﬂtzer@flncﬁ?éﬂa@ ansh(eE)wmloeﬁm&@ He@ause it did not
s visually inspected for

p"ﬁlﬁ%}o B’Iei”%the(?%ely eﬁalf Wc?g??o Cé)Yc\@f blistering rated as
ERaNe s B tidraring @f%rﬂér Shopi ast ¢ sheets wi th a
(H8EF oh sriaiaie, SoH ORerLunef ABordl SRumI-BePd Rolvgarbonate,
56 $64R0E PETRY 25086 PAM 9045 R% WeshA f hayi iSRRidig 2 1.25
than 95% draw and no biistering, wthout predrying 9
inchesingle sciayy exvudére rSludeis consgistiiy afthieeblebd Gmrpdhen lptmluced
usi,:‘l)r(lg"i1 répég inch single screw extruder. A sheet was extruded continuously,
gauged to a thickness of 118 mil and then various sheets were sheared to size.
The glass transition temperature was measured on one sheet and was 105°C.
Sheets were then conditioned at 50% relative humidity and 60°C for 4 weeks.
The moisture level was measured to be 0.265 wt%. Sheets were subsequently
thermoformed into a female mold having a draw ratio of 2.5:1 using a Brown
thermoforming machine. The thermoforming oven heaters were set to
70/60/60% output using top heat only. Sheets were left in the oven for various
amounts of time in order to determine the effect of sheet temperature on the part
quality as shown in the table below. Part quality was determined by measuring
the volume of the thermoformed part, calculating the draw, and visually
inspecting the thermoformed part. The draw was calculated as the part volume

divided by the maximum part volume achieved in this set of experiments
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[0193] A m scible blend consisting of 50 % Teijin
L- 1250 pol ycarbonate, 49.85 w % PCTG 25976, and 0. 15
wowksMe®son 619 was produced using a 1.25 i nchpeI/n§i0e6/012268

screw extruder. A sheet was extruded continuously,

gauged to a thickness of 118 m | and then various

sheets were sheared to size. The glass transition
tenperature was nmeasured on one sheet and was 1110C.
Sheets were then conditioned at 50% relative humdity

and 600C for 4 weeks. The noisture | evel was neasured

(E@nhsief 8Ad M)%T@Mmomﬁ%osw W%da{lynh?émé@rmy

into a fenal e 'nol aV|ng a draw rati o of 1 usin

blist@isand teategsee nﬁbh@teﬁag hated. asthene (), i ¢k on Gighvéh. The

B S B el PR AR LR e B i
tePhpdraflie iof 10688 cahbeitledhbidithddnenddrites copditishe ehown below,
tenperature on the partquality as shown in the table

apeviganced by th@@mdqptma &@?@F&ﬁ%‘é@g Bieateathan Yryotdiaw and no

ST SN AR P PRI "

draw was cal cul at ed as the part voI urmre di vi ded by the

||a1\| ngeRag| aft L VUI Ul ablll CVCU LELL l ||| S bl:t |

experi ments (Ekegrpradermingo D).| The therno rtr@dI art
was visually i ngR&diishd or any blisters a g ne degr ee

of blistegrimgrated as_none (N), tow (L)} or nigh (H)-

Framrigul tﬁiegfﬂfﬁﬁ‘é denoR&eeht e |t hatPathese| t her nopl ast | Blisters

sheets wiit Sq Terapsraturer| t ¥openat ur eDadw 1%}0C

can be t her nofSdr ned und&b t he con(a L{lons shown bel )W,(N, L, H)
L —as-—evidenced by t-hepr )fn ot u--\,etS hai ng

gr eAt er tjhan 199% dr aw ah@ no bl | St8%8 ng, | W th@ﬁjt H

bonE vabtleA%arad-of A8 o nei cdiats t-mpt i i shebt—H

wasCnot flor me®9 becduse 179di d not il ipto 106@ nold N

(i kely becau§? it jwas col|d é%an‘pl e 100 N

16 upalativc CAalple HU194] A—sctbteblend

conki sting of 780 wt|% Tell$@n L-1125B38bl ycar boh@R e, N

39. &5 Wt % PCTg%25976, anglg 0. 15 wt %g3est on 61Yowas N

producedusing_a 125

65 143 606 73 N

Example 15—Comparative Example

[0193] A miscible blend consisting of 50 wt% Teijin L-1250 polycarbonate,
49.85 wt% PCTG 25976, and 0.15 wt% Weston 619 was produced using a 1.25
inch single screw extruder. A sheet was extruded continuously, gauged to a
thickness of 118 mil and then various sheets were sheared to size. The glass
transition temperature was measured on one sheet and was 111°C. Sheets
were then conditioned at 50% relative humidity and 60°C for 4 weeks. The
moisture level was measured to be 0.225 wt%. Sheets were subsequently
thermoformed into a female mold having a draw ratio of 2.5:1 using a Brown
thermoforming machine. The thermoforming oven heaters were set to
70/60/60% output using top heat only. Sheets were left in the oven for various
amounts of time in order to determine the effect of sheet temperature on the part
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inch single screw extruder. Sheets consisting of the
bl end were then produced using a 3.5 inch single screw
we@zioeasm®s4 A sheet was extruded continuously, PETYSINOE/012268

a thickness of 118 m| and then various sheets were
sheared to size.The glass transition tenperature was
nmeasured on one sheet and was 117C. Sheets were then
conditioned at 50%relative humdity and 600C for 4
weeks. The noisture | evel was neasured to be 0.215

wt % Sheets were subsequently thernoforned into a

qligipbe stolah inaké table bdiew Paii quality aB detéydhiRgd dyBhedsuring
t her nof or m ng machi ne. The t her mof orm ng oven heaters

thgeralumetofitpe ramf@'m@%eﬁﬁu@algglaﬁggﬁ%dreémartﬂnw?ually
: r t
inSPEGy HE GehfiotoriBol gt MRS LA el (Ao RREAIR: Bt volume
d ils/'ejlzqnlemam rearimurh gapiavdiu %neaiohlevaﬁl ngth Bvgetiof ekperi ﬁnﬁhtse
el ow. Part_gu wa et erm ne measuring the
(%mLﬁ’lyﬁS@ftot D)) ﬂa% %ﬂﬁ fgaﬁft WSy Bunlht 'ﬂﬁ@e@fﬁé faF any
v,

fiEreVarith the deqrReRe BlitRAnk Recdes AN IR Lk or B rD- The
reseiis rbalnvp demonsiratesthat thwhermopllas’sc sbeetsfwith a glass transition

ex The t her med rt S
teRTal e o A4 2R e eimg et Whter 3hG <ondbs MBawarbelow,
adblRleAced By thé PPoRRHBAYT shbbis haWhd ?}eatéf thRind5 %, '@raw and no

The resultS bel ow denonstrate that these thernoplastic
bligiedng Withawt preniivng thesheets pion tertperragiorming. 117C

cannot be thernoforned under the conditions shown

bel ow, as evi denced by the ipability to produce sheets

havi ng grleat erTﬁé}%f(g@,%hgr aw gnd no blistering,
wi t hout predryi Me shéets prior to Part Quality
t her nof orlming. E Hongy. Conparative Exanple [0195] A

Exanigh e |bl end congi st SRgepf 65 WP4leijlin L- 1250
pol ycar bgndeat Tigae 83_ wt % ET 25§,7ggnand Og Yxt Blisters
West on 619 wa(gg pr oduEEPUSHE h % SEreN L, H)
extruder.| Sheets consi fChg ofl t hémh) end were then o

proﬂuced usi q8a 35 1n singl e rew extru . A H
Sheet wa tdadleoant 1SS A~ o]y 1 Yood +n oY clhocc

X Cl\ll et TcoRttHHuous Y gaoygcTu —a—tHH-EKPRESS
of B18 mi|l an®®then varl&us sheet 8Neere sheaTO.&i to H

sizg. Theg gl agp transitypen t erfper giqyr e was r‘cp(ﬁ)c.urej on |

laVaVYaV¥Wa)

one—sheet—and—was—1266€.

171 813 100 N
E 80 160 802 98 N
F 64 154 739 91 N
G 60 149 0 0 NA

NA = not applicable. A value of zero indicates that the sheet was not formed because it did not

pull into the mold (likely because it was too cold).

Example 16—Comparative Example

[0194] A miscible blend consisting of 60 wt% Teijin L-1250 polycarbonate,
39.85 wt% PCTG 25976, and 0.15 wt% Weston 619 was produced using a 1.25
inch single screw extruder. Sheets consisting of the blend were then produced
using a 3.5 inch single screw extruder. A sheet was extruded continuously,
gauged to a thickness of 118 mil and then various sheets were sheared to size.
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Sheets were then conditioned at 50% relative humdity
and 600C for 4 weeks. The noisture | evel was neasured
WO 00ba305L3 W % Sheets were subsequently therP@f/0820061012268

into a fenale nold having a draw ratio of 2.5:1 using

a Brown thernoform ng machi ne. The thernoform ng oven
heaters were set to 70/60/60% out put using top heat

only. Sheets were left in the oven for various anmounts

of time in order to determ ne the effect of sheet
tenperature on the part quality as shown in the table

P%s tPa'st‘itlcﬂH@zHﬁéfatﬁ@é vl peasied &Y onBandet é}ﬁh Wé@ 117°C.
ume of the thernmoformed part, calculatin dr aw,

VO
Sheetswieredhen conditienet g 50 feralatirerbamiditycanshe @ C fnfél weeks.

i B0 R P ke dlnd 87 bR Y 71 Rt Safod aete ikGGuenty

thexpefdririt intd &iewaleembld ha\hﬁ? BheranDitb s Q. fardsinga Brown

visual Iy inspect ed for an isters and the degree of
thermefasmming m@w ab %Bwe’wmrmm@wven)heaéerswvgﬁ gatio
TORORS S BB, $yE0RbRI58 1 1S U8} B efous

ammaont ofitiné heommd) areteromhoke the efect@idhbediesnsdrature on the part
bel ow, as evi dence y. the inability to, produce, sheets
qyaliy A§ S@P@/&tla ithe W BartaHal 'i%%ﬁﬁ' Mingd by measuring

th@' \’J‘L?M% driRd EWérﬁﬁ)férl?ﬁecf gglg,oéaléblbﬂﬁ t%e draw, and[ wsualiy

her nof or m ng. Exanple 1 npar at | e Exanpl e
meeclmg theltherrdofoomedgtarngTlod d7aw webz dBémqlatedLaSlﬂEa(part volume

29. 85 % PCTG. 25976,
d'@ﬁ!@@w %fg%taggnlﬁp (p@uq:\\é%u NE; %ﬁ'%veﬁ '%h‘Srﬁeﬁ 0; pﬁg?rémgetsew
cm c} ﬁ%bﬁm@)fmme‘at paIwak isiRallliessbotsd ﬁ)rté?@'bllsters and

usi ng i nch single screw extruder.

tr@rmrem th(’foIDQ édte@icﬁﬂ nen (), yow dlal @ digho(H). tTmQ:rawétg below

ohobdiafhaf e PR T A s TR Bt

ofoE7 Bhefin e thefmdRPkbed IRREr ShavebRditibes sh@ndlbfelcwe@ls
at 50%relative humdity and 600C for 4 weeks.

evigerear by ths, nabiliy tppsiyce §hestplraing 959%?5/8*‘39@3%@@ raw and
t | d
YRSk ) G0BE B B AR

Th formi
ermo'c'erlng Part Quality
Conditions
E I Sheet Part
xampie Heat Time ee @ Blisters
Temperature | Volume Draw (%)
(s) o (N, L, H)
cC) (mb)
A 114 196 813 100 H
B 100 182 804 99 H
C 99 177 801 98 L
D 92 171 784 96 L
E 82 168 727 89 L
F 87 166 597 73 N
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t her nof or m ng machi ne. The thernoform ng oven heaters

were set to 70/ 60/ 60% out put using top heat only.
weh@et1s379pere | eft in the oven for various anouP€BUSI006/012268

time in order to determine the effect of sheet

tenperature on the part quality as shown in the table

bel ow. Part quality was determ ned by neasuring the

vol une of the thernoformed part, calculating the draw,

and visually inspecting the thernoforned part. The

draw was cal cul ated as the part vol une divided by the

ERBpRA7RaChbnYsiratife BMAPRA i n this set of
experiments (Exanples A and B). The thernofornmed part

495, 3 R e PERRGREERST B b 35t 200 WG e

34186 wigs PICTEG %9@'6/, dedOrs3 witcaNebiin 6 1ewes pheducyd asihg@ 1.25

.Sheets with a gl ssnéransmlon enp rat re of 1%6%
Ing rﬁ'ﬂﬂe@ér‘%"h@% Recis gonsiskeg G ing ieaPléN%rﬁ n produced
uﬁﬁg%ve 55}ﬁcl$¥ln:§?‘é‘ﬁé‘t‘évxpé(xtMH‘er' 'P@Qhééttvy%ﬁ‘ extmcféw&&nﬁﬂ%%ﬁ,

i ng great an 95% draw and no I ster
gaugetbtat a nimem%ssm)j 11r8em$lr£m&itthep nagipus sheh‘ermmfeoshaangd to size.
able.. A value of ze s that o
Theglaskiarii iR drandie s Redsufed S B sBReRERd Whis 120",
Sh@é‘ts'Wér@ theh ‘t@nﬂnti@ﬁ@al&%d% réafved AAmidityBind g@%r@» weeks.
19- Conpar ative Exanple [0197] Sheets consisting

Threimoisture iesd wesl peasweddo devid e vﬁ?/@dﬁb@qtsu@ear@gs@sgqsenﬂy

tﬂgﬁﬁ?foﬁh%?sl i B g oA Boying b d3EL ol oy 2eb i, g Brown
tHeneforaiihg wsachiest Shusterntdfeaniad dvenshesterseregdetss
transition tenperature was neasured on one sheet and

7Qi88/6000 QUtiHISIRg s ReatRnly-c SHEPTS Wakdettin Stpeyen frivasious
afHolhd &9/ ifi8 %g%&fé%e}%‘/ﬁ@ﬁﬁ eff0& dfune E‘c‘{e‘?nu&&‘éﬁlre%?the part

measur e S were subseq
qudliy . fstiomedini the dalalefbesiew e Ranl gudiby vag deteinasined zblyl measduring

2.5:1 usi Bro th rrmform chi ne.
AP STEHORSS BRG. GRlPagad T dr ¢ Esvally
m%éb@l‘di g # RErheRrARkAtp é}f” Yhe %?ﬁﬁ%@a#‘@él@ulb?efot ad thd P&t volume

or various am)unts of time 1n order to determ ne

divideddsy thet makingiregrart wotpmeazachieveshintthis gediof experiments
(Example A). The thermoformed part was visually inspected for any blisters and
the degree of blistering rated as none (N), low (L), or high (H). The results below
demonstrate that these thermoplastic sheets with a glass transition temperature
of 120°C cannot be thermoformed under the conditions shown below, as
evidenced by the inability to produce sheets having greater than 95% draw and

no blistering, without predrying the sheets prior to thermoforming.
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quality as shown in the table below. Part quality was
determ ned by neasuring the volune of the thernoforned
W@006/137984 cul ati ng the draw and vi sual |y i nspePCT/n§20061&12268

t hernof ormed part. The draw was cal cul ated as the part

vol unedi vi ded by the maxi mum part vol unme achi eved in

this set of experinents (Exanple A). The thernoforned
part was visually inspected for any blisters and the
degree of blistering rated as none (N), low (L), or

high (H. The results bel ow dermnstrate t hat these

Thermopl gsTiC sheers wiTh @ gifass transition
t enper at yre of! "EAGE %rérﬂﬂgt be thernofornqdaﬁme%it he
condi ti orjs showCdmelittoms as evijdenced by the inability

dude sheets havi eatler 95% dr aw and} no
E%ﬁ&}pi NOred T'h%]t §| % the%ﬁeets prior to Blisters

t her nof or{m ng Tramnp@rpturec abVelurwev | Ugrawf (%¢r o
i ndi cat es a(ls the she yvas no EfﬂL['Ed because it di(H’ L, H)

rot—putt—nto—therotd %IiKCI betauSe Tt—was_tpo
col#). [d1981120t can bel¥ earlly sé@% fram a t@fhparjson H
of ghe data iipqt he labovery el evant gygy ki ng exggpl es H

that—thepotyesteryg—of lne present_ T nvention of ferja

def©€ni t e ladva®® age loverTfhe cqmer’@lal |y avaPPanl e

L
pol pest eris W g4 recard 17 gl ags tr@psitijon 88 L
tenperature, 'ensit %:é) crystal zatlonr%be, mel t
vi skosity_an tnurhnpq [0199] Lnvient | s L

been described in detail W|th reference to the
Examede A8rrGomparative e xamelen, but it will be

under st ood that vari ations and nodi fi cati ons can be
[0aPélect Adniecible blend eonpisting ofd0 widopeijiofL-1 B8O polycarbonate,

2085 P G 25hZa e hel bih wPeBR G HES s TREELIIRE 2 1.25
ingh @.r@é Beverh Estraderd SREE9REALIsARGBF trfe mendiweré@hél ptéfuced
%o of terephthalic acid residues; ii) 0 to 30 nole

usmgfa 2.bdneh Bingls sereposiTuderadi sheadsvasu@srusdsd eqntinuously,

gauged to a thickness of 118 mil and then various sheets were sheared to size.
The glass transition temperature was measured on one sheet and was 123°C.
Sheets were then conditioned at 50% relative humidity and 60°C for 4 weeks.
The moisture level was measured to be 0.205 wt%. Sheets were subsequently
thermoformed into a female mold having a draw ratio of 2.5:1 using a Brown
thermoforming machine. The thermoforming oven heaters were set to
70/60/60% output using top heat only. Sheets were left in the oven for various
amounts of time in order to determine the effect of sheet temperature on the part
quality as shown in the table below. Part quality was determined by measuring
the volume of the thermoformed part, calculating the draw, and visually
inspecting the thermoformed part. The draw was calculated as the part volume
divided by the maximum part volume achieved in this set of experiments
(Examples A and B). The thermoformed part was visually inspected for any
blisters and the degree of blistering rated as none (N), low (L), or high (H). The

results below demonstrate that these thermoplastic sheets with a glass transition
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up to 20 carbon atons; and iii) 0 to 10 nole % of

al i phatic dicarboxylic acid residues having up to 16
w@ 2006087984 ons; and (b) a glycol conponent conpPCHURY6/012268

i) 11 to 25 nole % of 2,2,4,4-tetranethyl -

, 3-cycl obut anedi ol residues; and ii) 75 to 89 nole %

of 1, 4-cycl ohexanedi net hanol residues, wherein the

total nole % of the dicarboxylic acid conmponent is 100

nole % and the total nole % of the glycol conponent

is 100 nole % and wherein the inherent viscosity of
tegrgiei%ﬂ?é Iﬁfﬁéﬁ‘c canfotiRe ﬂ'le(rﬂlo%rrr‘lé%ﬁén@@r tﬁ@tc%hﬂlti@)ﬁg shéwn

/ henol / t et rachl or oet hane at

belowg esuewaienoad @fy tbe snapilitgdo producersi@ete hamg gepiardnan 95%
ition of C erei.n the .inher S
R AL 5o R e thByEprel g e SRS R 88 Insttriodhe.

of Caiml1, wherein the inherent viscosity is from

0—50-totess—than6-+5—dttg—p@—TFhepolyester
conposi tijon offh€rabfarhingwher e{ n t he i nhere t Vi éCOSI ty
is fromQ.55 togbﬁaﬁlobgan 0.7 dL/g.5. T @ FB‘I‘@J ¥t er
conmposi t Iun of i, —whereti—the—+nherent—viscostty
Exampdan Q. 10 ess t3heeto. 76 dLPgt 6 | The pol yest -
conposi ti e%tf "B %,q,,,peysé}g Ee! N Vi digmienher BRdw (#3C0si Upters
is fromQ.60(p 0.2 dL/ 7. Theﬁﬂsl yest er (N, L, H)
conpositilon of Cajm1| ere glyeol conponeént
connriseg 121pg 25| nol qg% 2, 2|4, 432@traret hypo 1 H
. 3-cycronutanedi ol [resi ques and /p,f0 88 nol e T
1, Aé?*/yrl rhpygiﬂdi n r1 © res duegzﬁ 80 ° H
97 177 787 95 L
D 74 166 161 19 L
E 58 154 0 0 NA
F 48 149 0 0 NA

NA = not applicable. A value of zero indicates that the sheet was not formed because it did not

pull into the mold (likely because it was too cold).

Example 19—Comparative Example

[0197]
a 3.5 inch single screw extruder. A sheet was extruded continuously, gauged to

Sheets consisting of Teijin L-1250 polycarbonate were produced using

a thickness of 118 mil and then various sheets were sheared to size. The glass
transition temperature was measured on one sheet and was 149°C. Sheets
were then conditioned at 50% relative humidity and 60°C for 4 weeks. The
moisture level was measured to be 0.16 wt%. Sheets were subsequently
thermoformed into a female mold having a draw ratio of 2.5:1 using a Brown
thermoforming machine. The thermoforming oven heaters were set to
70/60/60% output using top heat only. Sheets were left in the oven for various
amounts of time in order to determine the effect of sheet temperature on the part
quality as shown in the table below. Part quality was determined by measuring
the volume of the thermoformed part, calculating the draw and visually

inspecting the thermoformed part. The draw was calculated as the part volume
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8. The polyester conposition of Caim1l, wherein the
gl ycol conponent conprises 13 to 25 nole %
wWQ 2643154 et r anet hyl -1 , 3~cycl obut anedi ol r esiPCEESZNE012268
75 to 87 mole % 1, 4-cycl ohexanedi met hanol residues. 9.
The pol yester conposition of Claim1, wherein the
gl ycol conponent conprises 14 to 25 nole %
2,2,4,4-tetramethyl -1 , 3-cycl obut anedi ol resi dues and
7 to 86 nole % 1, 4- cycl ohexanedi net hanol residues. 10.
The pol yester conposition of Claim1, wherein the
dlgibéél ‘Hy H8RAKEUM %QﬁWdh:ﬁﬁé SLRidvedaR et ¥ experiments

4,74-tetramet hyl ~1 , 3-cycl obut anedi ol resi dues and
(E7@mpixe 39. ﬁwnedh%mowrmdlpaﬁbwaa oty mmctecb&qr@mgg)hsters and

11, Th t 1t t
tngidpaleS ob lRang B Rire 89 Ry B0l bt E0” g res s betow
dérmbasttat¥tRatithédsé thehico@ithydhekts anthfé/ ?Ila@b itz Ridnabmperature

resi dues and &heater than 80 to % 1, 4-

ofchA9° Gresnnet dertberaeliormed singge the qcmdltrms slpwe bekaw, as

oRAREH ) 5, A5 Bt S, U S SOt

n& bistérirdg t\ﬁi&rﬁ@mirbwwig thd-siraets phiot nikdimbforesnglues and
75 to less than 80 nole % 1, 4- cycl ohexanedi net hanol
resi dues. 13. The pol yester conposition of C aim 6,

whereinm e gt orrponent CONMPriSes 17 to 45 mol e %
2,2, 4, 4-tet raﬂ%‘le Ol'm"i@ cycl pbut anedi ol and
77 to 83|npl e O/Gbnem@yigl ohexahedi net hano res u s. 14.

he | ygster conppsitd,on . of al herein the

éf(%ﬁ)e )rm)égtqf]hecorrpﬁ@e@g 14| nol eag/oto | ess than|203)isters
nmol e % %{2, 2, 4, 4- t eTempetdture L \83Ium¢c| bbDtaam €)ool
r esi dues |and §)reat Br tm 80 to 8(ﬁ1|_r50 %1 4- (N, L, H)

evel Alhaosy act hakhal ach ol
Tyt il orexXahet IICL rapol resteaues . T IJUI ycal et

conBosi tilon P20 aj m 6216her e N t&%o gl ycol #60ponent H

conpri seg grq:gger han@@ mole % ge525 leddp 2,2,4 4

UJ

A 4
, - cetlhdaifetityr=1",

113 191 179 22 H
D 106 188 0 0 H
E 95 182 0 0 NA
F 90 171 0 0 NA

NA = not applicable. A value of zero indicates that the sheet was not formed because it did not
pull into the mold (likely because it was too cold).

[0198] It can be clearly seen from a comparison of the data in the above
relevant working examples that the polyesters of the present invention offer a
definite advantage over the commercially available polyesters with regard to
glass transition temperature, density, slow crystallization rate, melt viscosity, and
toughness.

[0199] The invention has been described in detail with reference to the
embodiments disclosed herein, but it will be understood that variations and

modifications can be effected within the spirit and scope of the invention.
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cycl obut anedi ol residues and 75 to less than 80 nole %
1, 4- cycl ohexanedi net hanol residues. 16. The pol yester
w@oimpn3iosd on of Claim 1, wherein the dicarboxyPCTUSINE012268
conmponent conprises 90 to 100 nole % of terephthalic
acid residues. 17. The pol yester conposition of Caim
1, wherein the polyester conposition does not contain
pol ycarbonate. 18. The pol yester conposition of C aim
1, wherein the polyester conprises from0.01 to 15
nol e % of ethyl ene glycol residues. 19. The pol yester
conposition of Caim1, wherein the pol yester
conprises fromO0.1 to 10 nole % of ethyl ene gl ycol
resi dues. 20. The pol yest GLBBMPosition of Caimi,
wherein the 2,2,4,4-tetranmethyl- 1, 3-cycl obut anedi ol
residues is a mxture conprising from70 to 30 nole %
Wi cliimgns- 2, 2, 4, 4-tetranet hyl -1 |, 3- cycl obut anedi ol
resi dues and from30 to 70 nole % of
cis-2,2,4,4-tetranmethyl -1 , 3-cycl obut anedi ol residues. _
12 1. ATpolysstee stampesitigns cemprsivg @taleast, oRRemslyesters which
! of the cis/trans ratio of the
C‘%,%E%é,)%-tet ramet hyl -1 , 3-cycl obut anedi ol residues is
ar ec’ga@r t halicdrboxpiceacil cadpoimbet gerhprsingr conposi tion
of aiml, wherein the cios portion of the cis/trans
ratio of bhe 279 1a190inaelezr fgnephthalic agid msiduETedi ol
resi dues fis 95835 30 hbRYeR diBtRtithictpolfit R Y&SdEs having
conposi ti an of arm 1, wherein the polyester
i sanop pd@0arlddn aftimes;oidyest er conposition of Caim1,

wherein the polyester has rystallization half-tine ,
of o eat el han 16 Thraled & iphabEicsBoE i jAis having
con‘pgﬁitcg B aphorPafiis:langvher ei n the pol yester has a
density of between 1. 1 to less than 1.2 g/m at 230C
(b)  aglycol component comprising:
i) 11 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 75 to 89 mole % of 1,4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, and
the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of said polyester is 0.75 dL/g or less as
determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5

g/100 ml at 25°C.

2. The polyester composition of Claim 1, wherein the inherent viscosity is
less than 0.75 dL/g.

3. The polyester composition of Claim 1, wherein the inherent viscosity is
from 0.50 to less than 0.75 dL/g.

4. The polyester composition of Claim 1, wherein the inherent viscosity is
from 0.55 to less than 0.75 dL/g.
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26. The pol yester conposition of Claim1, wherein the

pol yester has a notched |zod i npact strength using a
wQLebei1smob4 bar of at least 10 ft-1b/inch at 230ECT/R$2006/012268

The pol yester conposition of aim1, further

conprising at | east one polynmer selected from

pol yam des, polyesters other than those in daim1l,

pol ystyrene, styrene copolyners, styrene acrylonitrile

copolynmers, acrylonitrile butadi ene styrene

copol ynmers, poly(nmethyl nmethacrylate), acrylic

pol iSr thewhetie the i iscosity i
5 Dol %ﬁyﬁgﬁé&gﬁggﬁﬁgg l({/?‘(’(%lﬁgﬁyﬁg\?{g e inherent viscosity is

framite) tplesgdhgm €nkd Blignds, pol ystyrene resins,
pol yphenyl ene sul fi des, pol yphenyl ene
6.sul fTide/plidstaresomposifior sifeClaimr howheersn the inherent viscosity is

ol rb tes, polysul fones; polysul fone ethers, or
f"‘g’ﬂ@%@ﬁ%gr- /8nes) “or a mixture thereof. 28. The

pol yester conposition _of Claim1, wherein the &I ass
7.t r ankhe i Rslyesien epatnesitiosr of Kdalma| Lewherein sther ghicab cogponent

. ol r LA [ : :
o5 128 AL G4 #0001 L A8 Bl residucs and
79t 88 shcte % 9, 4-cocioRdxdredimethdnohresidi€sC. 30. The

pol yester conposition of Claim1l, wherein the glass

8.t r armphé i gulydeep ebaipdsion§ of [Clapel v,eahereihsth@r gaicel component
than 105 to 115C. 1. The pol yester conpositiaon

f
caiisss 13 b anlet el 3 de taTaHEH| Gy dhppnediobresidues and
74 {598?%%18%qrz%—'c%lfnﬁ@f%r?erﬂirtrugtrija%%?{%s?fgu?sThe pol yest er

IO alm

conposi no , wherern e glass transition

te rat ur f th lyest er~is from 1o,.le
9.1 050Ene paster SHFYREIER bEicaln T olinareiy e 3l bl Emponent
C ?ﬁ@ésﬂﬂ e 28rasle %rAns, 4-tetharhetiyen B-bycolediahBeiol residues and

ester is greater than 105 to 115C 34. The

o
o . -
7&)8 eaeler’ detrsyelphewanesimethanal tesigy@s.her conpri si ng
at | east one pol ycarbonate. 35. The pol yester
1@ onpbké tpalyestér compoasitionwetr@aimt hewbersgissther glycol component

cRAPRLASS? 1§ 531 ues,of 2ol 4 L G256 PN 1L ANGBEAINEER M ediflies and
77 to 83 mole % 1,4-cyclohexanedimethanol residues.

11.  The polyester composition of Claim 1, wherein the glycol component
comprises 14 mole % to less than 20 mole % % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol residues and greater than 80 to 86 mole % 1,4-

cyclohexanedimethanol residues.

12.  The polyester composition of Claim 1, wherein the glycol component
comprises greater than 20 mole % to 25 mole % 2,2,44-tetramethyl-1,3-
cyclobutanediol residues and 75 to less than 80 mole % 1,4-

cyclohexanedimethanol residues.

13.  The polyester composition of Claim 6, wherein the glycol component
comprises 17 to 23 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues and

77 to 83 mole % 1,4-cyclohexanedimethanol residues.
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based on the total nole percentages of acid residues

or diol residues. 36. The pol yester conposition of
W@k@b/37054 wherein the nelt viscosity of the poPgEESEH06/012268

is less than 30,000 poise as neasured at 1

radi an/ second on a rotary nelt rheoneter at 2800C. 37.

The pol yester conposition of Claim1l, further

conprising at | east one additive selected fromthe

group consisting of colorants, dyes, nold rel ease

agents, flame retardants, plasticizers, nucleating

14agen]tr§a p%e%?é}bbbm%)ﬁéﬁlon%ﬁ%ﬂalﬁ T whERSiR tRef g?}@bl component

l'ers, inmpact fiers, mi Xtures thereo
commlqml yésmnle c%mb@shessothemf 20I aate 1% \)%eﬁéa ﬁ%@@ame’[hw -1,3-

ste ses the residue pof at,de
Cygg}bi’?%‘{' déieﬁg gn |r9r‘8%tr%0l}ﬁﬁnor8d %a& oWOIe % 14
cyEfo‘P\‘éétéhe&H%tﬁé’rﬁol réSidués, article of manufacture
conprl sing the polyester conposition of Claim1. 40.

f
éonp03| ;ﬂlo‘% te H"%Pg‘llp%ﬁ{l% mﬁFQﬂBl"n‘n %, n@hbhﬁn %bygﬁ/gsr component

erein the yest er
ccmpniﬂwd greater i thpac 20 s made gioh tof 2%t mb@é)(o 3,344 ﬂebgimeﬁhyl 1,3-

0C ccord| toATM 256 with a 10-m | notch ig
cyblottiaredhl” Frads 7Bt 1998 o RN eff 400G o 14
cﬁmbﬁéawnéthgnmbymbgr comoosntl on of Caim i,
wherei n the pol yester has an notched |zod i npact

16t r r@% edtér c%ﬁgfolgﬁrr’{ ltoT n%{éﬁﬁ' R, %he?réf?\ctﬁécc%gl*b%gyhc acid

to A ina 1/4-inch thick
Cdmponelrﬂ.comﬁrlslem%)rtos‘rﬁiémm%aoﬁ terephthalimagidgesidues.
conmposition according to Claiml. 43. Aliquid crystal

17i spTisy pblylester woprpcsitian af PHEiyes; wherimbios ipoly@ster composition
accordingto Claim1. 44. A liquid crystal display film
dogscRRtHONRIN POICRTBRNASS. wherein the | qui d crystal

display filmis a diffuser sheet
18. The polyester composition of Claim 1, wherein the polyester comprises

from 0.01 to 15 mole % of ethylene glycol residues.

19.  The polyester composition of Claim 1, wherein the polyester comprises

from 0.1 to 10 mole % of ethylene glycol residues.

20. The polyester composition of Claim 1, wherein the 2,2,4,4-tetramethyl-
1,3-cyclobutanediol residues is a mixture comprising from 70 to 30 mole % of
trans-2,2,4 ,4-tetramethyl-1,3-cyclobutanediol residues and from 30 to 70 mole %
of cis-2,2,4,4-tetramethyl-1,3-cyclobutanediol residues.

21.  The polyester composition of Claim 1, wherein cis portion of the cis/trans
ratio of the 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues is greater than 50

mole %.

22. The polyester composition of Claim 1, wherein the cis portion of the
cis/trans ratio of the 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues is greater

than 55 mole %.

23. The polyester composition of Claim 1, wherein the polyester is
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45. A liquid crystal display filmaccording to C aim
43, wherein the liquid crystal display filmis a
waeompas®ation film 46. A liquid crystal di splegT/iB1006/012268
according to Caim43, wherein the liquid crystal film
Is a protective film 47. A polyester conposition
conprising at |east one polyester which conprises: (a)
a di carboxylic acid conmponent conprising: i) 70 to 100
nole % of terephthalic acid residues; ii) O to 30 nole
% of aromatic dicarboxylic acid residues having up to
arfor ﬁgggpn atons; and iii) 0 to 10 nole % of aliphatic
arboxylic acid residues having up to 16 carbon

at ong; C t 4C IS4 ngs 0
26" T1e. Wil JofpfRlort STTCRAR. 17 WRR) i, bolyafief has
crystailidggsn hamdinie of gréater tBan Bohimutesat 170°C.

1, 4- cycl ohexanedi net hanol resi dues, wherein the total

2410l erig ?&ybbt%r SbARIoRRAMY dfClakh d , AMEPSINENRE polyck®s e & density
% and thé total nole % of the glycol conmponent is 100

of iasitween 1vihisr leisa thave 1i2neierl et 23Escosi ty of said
pol yester is fromO0.60 to |less than 0.72 dL/g as
26det €Fhe rpmdyestiec @oatpasitionmof Gladmoll) twhersim|tbeopolyaster has a

et R Rt se8hasid pold TR Bt ot Dfftofinen at 23°C.
R L el S eonlPai oF it oAby B3t ising oh st one
pdtAABF stfécted from polyamides, polyesters other than those in Claim 1,
polystyrene, styrene copolymers, styrene acrylonitrile copolymers, acrylonitrile
butadiene styrene copolymers, poly(methyl methacrylate), acrylic polymers and
copolymers,  poly(etherimides), polyphenylene  oxides, poly(phenylene
oxide)/polystyrene blends, polystyrene resins, polyphenylene
sulfides,polyphenylene sulfide/sulfones, poly(ester-carbonates), polycarbonates,

polysulfones; polysulfone ethers, or poly(ether-ketones) or a mixture thereof.

28. The polyester composition of Claim 1, wherein the glass transition

temperature of the polyester is from 95 to 115°C.

29. The polyester composition of Claim 1, wherein the glass transition

temperature of the polyester is from 95 to less than 105°C.

30. The polyester composition of Claim 1, wherein the glass transition

temperature of the polyester is greater than 105 to 115°C.

31. The polyester composition of Claim 6, wherein the glass transition

temperature of the polyester is from 95 to 115°C.

32. The polyester composition of Claim 6, wherein the glass transition

temperature of the polyester is from 95 to less than 105°C.

33. The polyester composition of Claim 6, wherein the glass transition

temperature of the polyester is greater than 105 to 115°C.
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(a) a dicarboxylic acid conmponent conprising:i) 70 to

100 noie % of terephthalic acid residues; ii) 0 to 30
worioe/194964 ar omati ¢ di carboxylic acid resi duesPtiEHvUE2996/012268

up to 20 carbon atons; and iii) 0 to 10 nole % of

al i phatic dicarboxylic acid residues having up to 16

carbon atons; and (b) a glycol conponent conpri sing:

i) 14 to 25 nmole % of 2,2,4,4-tetranethyl-1

, 3-cycl obut anedi ol residues; ii) 75 to 86 nole % of

1, 4- cycl ohexanedi met hanol residues, and iii) 0.1 to

34 eSSThEgsbIYEstEP lcBnbdRitioR! BY Ictaien dl, Yeethef Q}%'n%i%?n% at least one

wherein the total nole % of the dicarboxylic aci
pelyepibosate.is 100 nole % and the total nole % of the

gl ycol conmponent is 100 nole % wherein the inherent

3¥i scohe tpolyestér oompositioncofOCIEAMdL/ whassideher polpester somprises

60/ 40 h | /tet hl or.oet h .
reESn o ot Ikt BREOTBnG NG GRNT R 2sgaoudh et 2t & 0 weight %

b&sRPSn thisthl ek SEEBRIRIY P aRld iRRIURR! drefibEresidliek! om
95 to 115C. 49. A polyester conposition conprising: at

eas ' [ i : ;
She2=S R RSALESY ROMLELEEBRA £ 5holeh o ol iy of e
polgestetiofessehap3th@d0 posei ab mesisdrexk at il irpd@dnisecdddrar a rotary

%.0f aronmati i carboxylic acid residues having up to
"@(b r[?ﬁ?'&?}?ra"l‘té@;o&and iii) Oto 10 mole % of aliphatic

di carboxylic acid residues ] o
37. The polyester composition of Claim 1, further comprising at least one
additive selected from the group consisting of colorants, dyes, mold release
agents, flame retardants, plasticizers, nucleating agents, UV stabilizers, glass

fiber, carbon fiber, fillers, impact modifiers, and mixtures thereof.

38.  The polyester composition of Claim 1, wherein the polyester comprises
the residue of at least one catalyst comprising a tin compound or a reaction

product thereof.

39. An article of manufacture comprising the polyester composition of Claim
1.

40. An article of manufacture comprising the polyester composition of Claim
1, wherein the polyester has an notched lzod impact strength of at least 3 fi-
Ibs/in at 23°C according to ASTM D256 with a 10-mil notch in a 1/8-inch thick

bar.

41.  An article of manufacture comprising the polyester composition of Claim
1, wherein the polyester has an notched Izod impact strength of at least 10 ft-
Ibs/in at 23°C according to ASTM D256 with a 10-mil notch in a 1/4-inch thick

bar.
42.  Afilm or sheet comprising a polyester composition according to Claim 1.

43.  Aliquid crystal display film comprising a polyester composition according
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having up to 16 carbon atons; and (b) a glycol
conponent conprising: i) 17 to 23 nole % of
WQ2643%54 et ramet hyl -1 , 3- cycl obut anedi ol r esPAIES2006/012268
ii) 77 to 83 nole % of
1, 4- cycl ohexanedi met hanol resi dues, and iii) 0.1 to
| ess than 10 nole % of ethylene glycol residues;
wherein the total nole % of the dicarboxylic acid
conmponent is 100 nole % and the total nole % of the
gl ycol conponent is 100 nole % and wherein the
td @[%grhemt viscosity of said polyester is fromO0.60 to
0. dL/g as determned in 60/40 (wt/w)

4@.??88' ﬁgﬁg {&ggﬂaﬂog%lé‘grfﬁm%c@?rg%c?&té@% Pc{BﬁO\‘ithre'?n the liquid

pol yester “conpositio
criyetapdispiaydfilat isl ediffusenshgstl yest er whi ch conprises: (a)
a di carboxylic acid conmponent conprising: i) 70 to 100

45D! eA%iqfid t@yshtdieplag faei Bcéeainges;Claim 4B,t @hdksitthe liquid
% of aromatic dicarboxylic acid residues having up to
cryetad gisptay s camaensatiortfille 10 nol e % of al i phatic
di carboxylic acid residues having up to 16 carbon
46t omd; liguid qrigytah digptaylfilmoapeerding t@ri@airgi 4y whpreia the liquid
4-tetramethyl -1 , 3-cycl obut anedi ol

Crr%’ggqqglfgé;/‘%‘ g’:cﬁ%i%kr"ﬁ‘féfﬂ@t o 86 nol e % of .
ol AN BRI | EOBBNIENGorRbolRAR. PEC1gENFSHE which
comprises:
(a)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 17 to 23 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 77 to 83 mole % of 1,4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, and the total mole % of the glycol component is 100 mole %;
wherein the inherent viscosity of said polyester is from 0.60 to less than
0.72 dlL/g as determined in 60/40 (wt/wt) phenol/tetrachloroethane at a
concentration of 0.5 g/100 mi at 25°C; and
wherein the glass transition temperature of the polyester is from 95 to
115°C.

48. A polyester composition comprising at least one polyester which
comprises:

(@)  adicarboxylic acid component comprising:
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% and the total nole % of the glycol conmponent is 100

nmol e % wherein the inherent viscosity of said
w@oiogastoses is 0.75 dL/g or |less as determ ned PeT/682040012268

(wt/wt) phenol/tetrachl oroethane at a concentrati on of

0.5 g/1 00 M at 250C, and wherein the gl ass

transition tenperature of the polyester is from95 to

115C. 5 1. The pol yester conposition of C aim 50,

wherein the polyester has a Tg of 95 to 1050C. 52. The

pol yester conposition of Caim50, wherein the

pol'yesterj has a9 1g10b rﬁ?letc‘]% dresephiidicdtidfesiddes; The

pol yester” conposition o aim50, wherein the ) i
pol yest erii)has Gtor30 ofolgrleaf eromatimdivasaxylic aspigesgimesAaving

pol yesi er_ conposi,tion_cqnprising at |east one
pol ))"é%{oeéo Tl QH%SHJ& ﬁgas: (a) a dicarboxylic acid
conponentij;cony s 0 olk)% 69 aliphdfddiatsoxdiotcid residues having

terephthal’ic acid residues; i1) 0 to 30 nole % of
ar orgf2 tac1@lcadnonoatpmse a8di d r esi dues having up to 20

carb at . i) .0 ] le %of aliphatic
di ca@goxﬁoa‘@cgﬁbgnkéé@%rguc& rzilals\(i/)rl1 ig up to 16 carbon
atons; (k) a o4 telR5cmmeerdf Z,0pp-tsiragetty)-13tcydo@Ranediol

nole %of 2, 2, 4, 4-tetramethyl-1 , 3-cycl obut anedi ol
resi'@siiesand ii) 75 to 86 nole % of 1,

?r S%C;?hﬁgggfd%ﬁé L‘?“%gﬁ%lfaﬁgé g)ggﬁ%l-;@e%h%%né&ﬁiéi%I residues,

and

iii) 0.1 to less than 10 mole % of ethylene glycol residues,

wherein the total mole % of the dicarboxylic acid component is 100 mole
%, and the total mole % of the glycol component is 100 mole %;

wherein the inherent viscosity is from 0.60 to 0.72 dL/g as determined in
60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100 ml at
25°C; and

wherein the glass transition temperature of the polyester is from 95 to
115°C.

49. A polyester composition comprising:
at least one polyester which comprises:
(@)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues
having up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues
having up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 17 to 23 mole % of 2,244-tetramethyl-1,3-
cyclobutanediol residues;
i) 77 to 83 mole % of 1,4-cyclohexanedimethanol
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wherein the total nole % of the dicarboxylic acid

conponent is 100 nole % and the total nole % of the
w@bkysab79sponmponent i s 100 nole % and wherei n tPET/US2006/012268

i nherent viscosity of said polyester is 0.35 to 1.2

dL/g or less as determned in 60/40 (w/wt)

phenol /tetrachl oroet hane at a concentration of 0.5

g/ 100 mM at 25C. 55. The pol yester conposition of

Claim 54, wherein the polyester conprises branching

agent residues in the amount of 0.01 to 10 weight %

based on r%@ﬁi lcQt ghg ol e percentage of the diacid

resi dues ('JTl resi dues. 56. The pol yester

conposi ti on oflll)CI ail540 lelser tan t Kk poley Sst of ¢thylens glycol

i nher ent VIS osity of 0.6 to 0.72 dL/g. 57. The

pol yester g Ssition of C aimb54, wherein the

pol ygréRin hestAal r'ﬁbl%f oNbf Hesarattokyié adiead@poh8aNisOt@® mole
to 0.72 dL/g. 58. pol yester conposition cog/rprl Si ng:
1

%¢ BId dhe tcéatsmolm% <pfdh9@y<ml cmmnmeabwpw%@@!e
ol B s Bl TRCAT P Aol b 083183 72 aLio

a%@n‘ermrrwmhl 60/40 mﬂmmﬂeml/a@tratmaaeﬂm dtay covgcantration of 0.5

0 carbon atoms; and iii) 0 to 10 nole % of aliphatic
g/apeami% ©e acid residues having up to 16 car bon
atonms; and (b) a glycol component conprising: i) 14 to

55 n»%l pobyester? compasltumt@@mgmgﬂgwai east one polyester which
co}XS ut anedi ol residues; and ii) 75 to 86 nole % of
%/cl ohexanedi net hanol residues; and (Il) at |east

one (gyer nadicsrediyliczeld Odimbbﬁemﬁ&mhpmin@r oduct
thereof; i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  a glycol component comprising:
i) 14 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
i) 75 to 86 mole % of 1,4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, and the total mole % of the glycol component is 100 mole %;
wherein the inherent viscosity of said polyester is 0.75 dL/g or less as
determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C; and
wherein the glass transition temperature of the polyester is from 95 to

115°C.

51.  The polyester composition of Claim 50, wherein the polyester has a Tg of
95 to 105°C.
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wherein the total nole % of the dicarboxylic acid

conponent is 100 nole % and the total nole % of the
w@bkysab79sponmponent i s 100 nole % and wherei n tPET/US2006/012268

i nherent viscosity of said polyester is 0.35 to 1.2

dL/g or less as determned in 60/40 (w/wt)

phenol /tetrachl oroet hane at a concentration of 0.5

g/ 100 mM at 25C. 59. The pol yester conposition of

Cl aim58, wherein the polyester has an inherent

viscosity of 0.6 to 0.72 dL/g. 60. The pol yester

5%.8 ”gﬁ%gb%s%{ggn?%d‘@iﬁﬁm%ﬁﬁ' 20, Miserdf M%S[,B&F/eéiéﬁ h8s a Tg of

e pol yester conposition of
9 Imless %i8an WABT@i n t he polyester has a Tg of 95 to
1050C. 62. The pol yester conposition of C aim 58,
53her Ehe polyester coaspasitidrast Glaliy 50, vierein thespolybster has a Tg of

grleg?eor(%han 105 to 115°C.
54. A polyester composition comprising at least one polyester which
comprises:
(a)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
i) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms;
(b)  a glycol component comprising:
i) 14 to 25 mole % of 2, 2, 4, 4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 75 to 86 mole % of 1, 4-cyclohexanedimethanol residues;
and
(c) residues from at least one branching agent;
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, and the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of said polyester is 0.35 to 1.2 dL/g or less
as determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
g/100 mi at 25°C.

55.  The polyester composition of Claim 54, wherein the polyester comprises
branching agent residues in the amount of 0.01 to 10 weight % based on the

total mole percentage of the diacid residues or diol residues.

56. The polyester composition of Claim 54, wherein the polyester has an
inherent viscosity of 0.6 to 0.72 dL/g.

57. The polyester composition of Claim 54, wherein the polyester has an
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inherent viscosity of greater than 0.6 to 0.72 dL/g.

58. A polyester composition comprising:
) at least one polyester which comprises:
(a) adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues
having up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues
having up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 14 to 25 mole % of 2, 2, 4, 4-tetramethyl-1,3-
cyclobutanediol residues; and
ii) 75 to 86 mole % of 1, 4-cyclohexanedimethanol
residues; and
()  at least one thermal stabilizer or the reaction product thereof;
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, and the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of said polyester is 0.35 to 1.2 dL/g or less
as determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C.
59. The polyester composition of Claim 58, wherein the polyester has an
inherent viscosity of 0.6 to 0.72 dL/g.
60. The polyester composition of Claim 58, wherein the polyester has a Tg of
95 to 115°C.
61. The polyester composition of Claim 58, wherein the polyester has a Tg of
95 to 105°C.

62. The polyester composition of Claim 58, wherein the polyester has a Tg of
95 to less than 105°C.
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