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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, high 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

based solely on terephthalic acid or an ester thereof and 1,4~



based solely on terephthalic acid or an ester thereof
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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 difficult 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
terhperatures) such that the equipment used in industry can be insufficient to

manufacture or post polymerization process these materials.
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[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:
i) 40 to 65 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and t
ii) 35 to 60 mole % of 1,4-cyclohexanedimethanol residues,



ii) O0to 30 nole %of aromatic dicarboxylic acid
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waomobssso of al i phatic di carboxylic acid resiBUEES2006/011911

having up to 16 carbon atons; and (b) a glycol
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ol ?b)% a glycol component comprising:
i) 40 to 65 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
i) 35 to 60 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 0.68 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 optionally, wherein one or more branching agents is added, but when
the branching agent is added, it is added prior to or during the polymerization of
the polyester.
[011] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(@)  adicarboxylic acid component comprising:
i) from 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
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a pol yester conposition conpr_i sing: (1) at |least one
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(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) 40 to 65 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
i) 35 to 60 mole % of 1,4-cyclohexanedimethanol residues, and
() atleast 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 from 0.5 to 1.2 dL/g as
determined in 60/40 (wt/wt) phenol/ tetrachloroethane at a concentration of 0.5
9/100 ml at 25°C.
[013] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
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wherdlin the inherent viscosity of the polyester is from 0.50 to 1.2 dL/g as
determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
9/100 ml at 25°C; and
wherein the polyester has a Tg of 110 to 160°C or 110 to 150°C or 120 t0160°C
or 120 to 150°C or 120 to 135°C or 130 to 145°C, as well as other glass
transition temperatures(Tgs) described herein, as measured by a TA DSC 2920
from Thermal Analyst Instrument at a scan rate of 20°C/min.
[014] 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;
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) 40 to 65 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol;
and

i) 35 to 60 mole % of 1,4-cyclohexanedimethanol,



ii) 35 to 60 nmole % of 1,4-cycl oh_exangdi rrr,\_t hanol .
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f. aliphatic dicarboxylic acid res[Ques
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up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 40 to 65 mole % of 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol
residues; and
i) 35 to 60 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 0.50 to 0.72 dL/g as
determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
9/100 ml at 25°C; and
wherein the polyester has a Tg of 110 to 160°C or 110 to 150°C or 120 t0160°C
or 120 to 150°C or 120 to 135°C or 130 to 145°C, as measured by a TA DSC
2920 from Thermal Analyst Instrument at a scan rate of 20°C/min.
[016] 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;
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wherein the polyester has a Tg of 110 to 1600C or 110

to 1500C or 120 tol60C or 120 to 150C or 120 to 135C
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Thermal Anal yst Instrunent at a scan rate of 20C/ mn.

[015] In one aspect, the invention relates to a
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[017] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(@)  adicarboxylic acid component comprising:
i) from 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
i) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 40 to 65 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 35 to 60 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



i) 70 to 100 nole % of terephthalic acid residues;ii)
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t conposi tion conprising at
(r)(nﬂe p)ol yésqj(gq BW(‘P?/ES i ﬁﬁﬁ%@?nt ¢RNPESiBgcar boxgll ic acid
conmponent) conpoit§Hpg: md()jlb %roqqéréggh_%“&%% Cﬂgeiszdﬁsg;
terephthalic acid residues |
ar omat i clidi ca® @ 39Imalezbiaf arematiu elfcanboxylie aef] Fsidibs having

hatic
car i) O to 10 nole %of alip
di c{'ilffi?%(’)%)/I(atlgﬁboacggmtl fznﬁiues having up to 16 carbon

o5 oL et 2ot of PASHENE RSEHY B B b
(b)  aglycol component comprising:
i) 40 to 65 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 35 to 60 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 0.50 to 1.2 dL/g as
determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
9/100 ml at 25°C; and
wherein the polyester has a Tg of 120 to 135°C as measured by a TA DSC 2920
from Thermal Analyst Instrument at a scan rate of 20°C/min.
[019] In one aspect, the polyester composition contains at least one
polycarbonate.
[020] In one aspect, the polyester composition contains no polycarbonate.
[021] In one aspect, the polyesters useful in the invention contain less than 15
mole % ethylene glycol residues, such as, for example, 0.01 to less than 15 mole
% ethylene glycol residues.
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[028] 2 4 ] ohetaspeet, |ﬂ¥é }Jél%/e&e‘?é( Gk%yLﬂﬂgqh\ZAntr@ﬁéﬁr%jﬁade Tfom no

1, é.f'iB?é‘?R??ﬂ?”@tQ?O f&eﬂ EUEaﬁl@dtod;t@t_h%tr;ir?gb%g%ectdmbndaﬂ@? bﬂ%;diﬁfe‘?
wSEREAS ORI S0P IRk Bl S0 S Recamireten, may
be usedkinethe making i thye pblgéf?%r&ég%é!ﬁﬂ(rﬁﬂh)é ﬁl)vfaﬁﬁ’dﬂ 0.50 to
[Oz-éhgn oh 8@61%58%&2%31@; ﬁmqa@tlgn thegvalechtofais-a 2, $H4-tetramethyl-
1,3@yéButdnediol 2REful #'Hertain 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-tetramethyl-1 ,3-cyclobutanediol is equal to a
total of 100 mole %. |

[028] In one aspect of the invention, the mole % of the isomers of 2,2,4.4-
tetramethyl-1,3-cyclobutanediol useful in certain polyesters useful in the invention
is from 30 to 70 rﬁole % of cis-2,2,4,4-tetramethyl-1 ,3-cyclobutanediol and from
30 to 70 mole % of trans-2,2,4,4-tetramethyl-1 ,3-cyclobutanediol, or from 40 to 60
mole % of cis-2,2,4,4-tetramethyl-1 ,3-cyclobutanediol and from 40 to 60 mole %
of frans-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-
tetramethyl-1,3-cyclobutanediol is equal to a total of 100 mole %.

[029] In one aspect, the polyester compositions are useful in articles of
manufacture including but not limited to, extruded, calendered, and/or molded
articles including but not limited to, injection molded articles, extruded articles,

cast extrusion articles, thermoformed articles, profile extrusion articles, melt spun
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reater bhan 70 nole % of cis 4, 4-1
inv @t'orb%fr BYR anelatively lawerystallinite Cettain pulyestpes usefuﬂmﬁhe

invéiiticH (%@g%?“hﬁ/t e% %&?hp%(ﬂy grpa%%d Obi\q %/glrr%@?r?éj that the

trans-2
polyepiats camprise substantially unordered regions of polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

[033] Figure 1 is a graph showing the effect of comonomer on the fastest
crystallization half-times of modified PCT copolyesters.

[034] Figure 2 is a graph showing the effect of comonomer on the brittle-to-
ductile transition temperature (Toa) in a notched Izod impact strength test (ASTM
D256, 1/8-in thick, 10-mil notch).

[035] Figure 3 is a graph showing the effect of 2,2,4,4-tetramethyl-1,3-
cyclobutanediol composition on the glass transition temperature (Tg) of the
copolyester. '
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total of 100 nole % [028] In one aspect of the
i nvention, the nole % of the isomers of 2,2,4,4-
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pol yesters useful in the inventionis from30 to 70
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cal ender ed@ég;gé/a%?* Pr%lloggdo‘ l§§t ?ﬂ@ FESF'I%HSH"UBPWQOME% Inygintion are
deggrieddiere. inj ection nol ded articles, extruded
t her nof or med

ti rusi on articles,
::321[ i ch el Rt bolvedoroandibt pobestsr mambosttions(s) useful in
esipvertidn désesib f IR, | - | op. nol ded
afti cles, | nlj ggthi@(;ﬁ?bﬁw meﬁ%ggﬁgr%ﬁo&%eﬁéwﬁfﬂmq ghmore
PhyiGal peppesties/sen asdigh impadt streagth; highoglabs eanembied
EEh-&S, Usion stretch bl ow nol ded articles.
ten%rwéeré@r%ﬁh% e%a)g%%'gf uﬁ)éqrob’&‘f; Sg?@“tbfoioqghm?ﬁ%de'emted heat

stabilityriow Botile4s-bitrctranbinen %p&%&uk%%&&djc&%%?%ﬁ{ny, low

de"%ﬁt“@%b conh_al ners, sheet and/or ers.
ot a PecHystatieagien hakiisres amg@siod mnsesaaﬁf fn_uly théreg asily
| i pus t of filmand/or
PeriTRtAg e (TR mpEfita opiciBl; PLSmgeETas setodmeniss the
kgl L
; ssign ed fi s) . and/ or sheet(s), soluti
'mpggg%eg‘giﬁ‘ﬁ}ﬁag)%%!ﬁ@ﬁ&% chrspicabiesisience dtensity makliorghéi | m
rreohektio bt i ted to extrusion,
oAl endler  no " oS Bf Btbd R Barengfl 1Bt iesiSthnce. and
progessability. andign iher¢arobination o€ s pefiore of hePleédtbed properties,
s

ARV DERRRBReh IR 1) B raksn apahscien |
[038pr oc efr egmandiyestdrn & TS Rerdth, is intended to include
“copolyesters” and is understood to mean a synthetic polymer prepared by the

. reaction of one or more difunctional carboxylic acids and/or multifunctional
carboxylic acids with one or more difunctional hydroxyl compounds and/or
multifunctional hydroxyl compounds. Typically the difunctional carboxylic acid
can be a dicarboxyilic acid and the difunctional hydroxyl compound can be a
dihydric alcohol such as, for example, glycols and diols. The term "glycol" as
used in this application includes, but is not limited to, diols, glycols, and/or
multifunctional hydroxyl compounds, for example, branching agents.
Alternatively, the difunctional carboxylic acid may be a hydroxy carboxylic acid
such as, for example, p-hydroxybenzoic acid, and the difunctional hydroxyl
compound may be an aromatic nucleus bearing 2 hydroxyl substituents such as,
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[032] In one aspect, certain polyesters useful in the
i nvention can be anorphous or semcrystalline. In one
waspeovisseertai n pol yesters useful in the i nvePtT/08200&011911

have a relatively low crystallinity. Certain
pol yesters useful in the invention can thus have a
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[039] In one embodiment, terephthalic acid may be used as the starting
material. In another embodiment, dimethyl terephthalate may be used as the
starting material. In yet another embodiment, mixtures of terephthalic acid and
dimethyl! terephthalate may be used as the starting material and/or as an
intermediate material.

[040] The polyesters used in the present invention typically can be prepared
from dicarboxylic acids and diols which react in substantially equal proportions
and are incorporated into the polyester polymer as their corresponding residues.
The polyesters of the present invention, therefore, can contain substantially equal
molar proportions of acid residues (100 mole%) and diol (and/or multifunctional
hydroxyl compounds) residues (100 mole%) such that the total moles of
repeating units is equal to 100 mole%. The mole percentages provided in the
present disclosure, therefore, may be based on the total moles of acid residues,

the total moles of diol residues, or the total moles of repeating units. For
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?npl e, hydroqui none. e term
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esterl
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n o&ganlc structure havrn I car poxyl 1 Cc aci 8

ans
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t he_di car boxylic

des%ﬁb@& '?ﬁéJré’igyaH& at! Féagtr Hrgec‘ of Jﬁe&mﬁﬁgﬁf €L randes i5ihe cempestions

aci d residues may

desgshederein unlessasthoniisd ethtegi d halides, esters, salts,
Furt her nore, as used

nhydri d or ., m xtures thereof.
o4y b SeHaln smaptents Herarhthalicacid; ar obiet tharest. such as, for

exai’ﬂﬂl% 'S’Cﬂelﬁig)klglér?ph IQ% oF Q mikt PRk ?ereBh% Q'a?: A gtnsester
thereof, makes up most or aII of the drcarboxylrc acid component used to form the

polyesters useful in the invention. In certain embodiments, terephthalic acid
residues can make up a portion or all of the dicarboxylic acid component used to
form the present polyester at a concentration of at least 70 mole %, such as at
least 80 mole%, at least 90 mole %, at least 95 mole %, at least 99 mole %, or
even a mole % of 100. In certain embodiments, higher amounts of terephthalic
acid can be used in order to produce a higher impact strength polyester. For
the purposes of this disclosure, the terms :terephthalic acid and "dimethy!
terephthalate” are used interchangeably herein. In one embodiment, dimethyl
terephthalate is part or all of the dicarboxylic acid component used to make the
polyesters useful in the present invention. In all embodiments, ranges of from 70
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the termdicarboxylic acid is intended to include
di carboxylic acids and any derivative of a
walr@anbszy| i c acid, including its associ ated ap¢TUS2006/011911
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anhydri des, m xed anhydrides, or m xtures thereof,
useful in a reaction process with a diol to nmake

p onesf ef. As used herein, the term"terephthalic
th@ oles%; pf BAded 0Pdnelectei k99 i 08 Mmelei%:; acdQte 182 hiole %:

e 8 4884 BEEbaioal knoc BN Sl o

mixtures éacreef may e méo‘. esters, salts, half-salts,
or m xtures thereof or

TR G e R N M N
co%pdnefrﬁ’ offﬁfiéepcﬂ%%é u[:%ﬁé IH\)énﬂ fi c%m%mgg up to 30 mole

terep ht hal i ¢ acCi used as t
% £ 28Imole Y auptch 40 nmib(%h uretet 5 nmble%ﬁ, loylup to 1 mole %

R R 265 2Bt SRS bbb
0. (arndr eiore ik % 0.8 Hrhgleahsla ™y 1ke rHér%dmﬁﬁa N %@?Férﬁ%le %

material and/or as an internediate naterl a
or 48] qF d8erey Roles Yo ane rempregedifying\arntriaic dngmboayucyamdm

T, AR O BRI AP Bod el

aromatic dicasiexylic atidlst ben pa énfﬁfa oo FBEe ?”F?%éﬁ"‘ér gggpr)lct)mt

orr.e ndi resi dues. esters o
va “ﬁ?xé’?@ﬁ%ﬁg, &%&XQW% froma . Qb 3m<§a Y61 @01 |ta|210ymetw%| from

t 0
O Ay oL D 2 PR BB I e one
emb@gimaets n(ad])f@lng:dare%atmmtamb&yhd &igid$ eitlmapbeusel in the

prdsBRE EveBiad Mg Butetematlidisddedhese haringa i .20 carbon
atonh; ridokBich Ean B@Ilﬁ@a?reﬁal%rb ed 0&3&1. n'i'f‘ﬁleﬁfba?f Eagh]gles of

reS|dues the total noles i Ol S|dues
modifyiag afg[r@@c@ﬁcafbp&)dmatmsuwhtcb méplbexmmil ia,this mventnon

YRR S AT R0 ke 29 oo S, 10

1 &MBalmﬁn&@hﬂ@l@%dléﬁéBkﬁ%‘ éd'?d aa?ricﬂtr ﬁ§-'4d4r'%’%u524ﬁted$€ tgoxync
total of 100 nol e% acid Tesi dues. there ar aé
acidppnd egfers haseeth dm@&a@hbotdlmrrﬂuté@ mnﬂlfngng\aemmaﬂlﬂllcarboxyhc
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[044] The carboxylic acid component of the polyesters useful in the invention
can be further modified with up to 10 mole %, up to 5 mole % or up to 1 mole %
of one or more aliphatic dicarboxylic acids containing 2-16 carbon atoms, such
as, for example, malonic, succinic, glutaric, adipic, pimelic, suberic, azelaic and
dodecanedioic dicarboxylic acids. Certain embodiments can also comprise 0.01
or more mole %, 0.1 or more mole %, 1 or more mole %, 5 or more mole %, or 10
or more mole % of one or more modifying aliphatic dicarboxylic acids. Yet
another embodiment contains 0 mole % modifying aliphatic dicarboxylic acids.
Thus, if present, it is contemplated that the amount of one or more modifying

aliphatic dicarboxylic acids can range from any of these preceding endpoint
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o (ﬂ;;crl bed herein and at | éast one of the nononer

gieeethyy diettyl it dilsaromyk clibuiwd and eré@henyh estess. In one
emBoafdis fedtbSbrachosSn Merg f AT BB felBhings methyt,

ethyl, préwyl, igoprapgk andgswhybesteherei n, at | east one of the
[ and at

inhherent viscosity ranges described herein, ]
w“ﬁﬂast-ﬁ%é%‘?y‘:&ﬁ”@’%ﬁﬁgmth?aﬂ'ﬁgyP@rC'%Héal’lﬁmﬁ’pasmt)(tlb’ﬁﬁhereof,
desshiched | . r W t .
st cert gi n earlr%glr | @J@%Qggﬁﬁh%%@g@aﬂ %%&'egé?%rthg trans-1,4-
cycldhexavedinmibanea canfloe prasentlie andimentydf 60etoegirad 24.¢e,

1047}, o1 SHRR SRSt ot e o Sger pRgan Gahe sepiesteraci d
CofesEIRsIe GSefUbiRdht %Jéﬁfﬁ@@%@d&ﬂt&iﬁ%@{r@l&?ﬁ%ﬂgﬁé gbf g@ls gr more

I_nv_entl on. | n. certaln I ments, erep
modiddng glysolsamhighlase mpt 2, 2vbAttetramethyi1,3ayclobetanediol or 1,4-

oo ERRARE o P IEne it s PoSRrer et 165

inventiol ay 8bni@akiss8Rambefbled, dremelordor@hRdiinglglycols. In
| east 95 nble % at least 99 nole % or even a nole %

anomermbo¢im%rthgimlmm§iLlwifulél_n the tiiventiamsanicontsin 10 mole
% SRRy MRS, T sR ehRBERAC RS o
polyasitarsdisefll s theeinvehiion eameontaii 8phdlBa%icr 1668 6F @slor more
di. et hyl terephthal ate" are used interchangeably
moqqg/,n%q g{%@lﬁ. grﬂ @ngiﬂ%(ﬁm@qlme@;, e pplyesters use?ul in the invention
can contain 3 mole % or less of one or more modifying glycols. In another
embodiment, the polyesters useful in the invention can contain 0 mole %
modifying glycols. Certain embodiments can also contain 0.01 or more mole %,
0.1 or more mole %, 1 or more mole %, 5 or more mole %, or 10 or more mole %
of one or more modifying glycols. Thus, if present, it is contemplated that the
amount of one or more modifying glycols can range from any of these preceding
endpoint values including, for example, from 0.01 to 15 mole % and from 0.01 to
10 mole %.
[048] Modifying glycols useful in the polyesters of the invention refer to diols
other than 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 1,4~
cyclohexanedimethanol and can contain 2 to 16 carbon atoms. Examples of
suitable modifying giycols include, but are not limited to, ethylene glycol,
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terephthalate is part or all of the dicarboxylic acid
conponent used to nmake the polyesters useful in the
w@e@sentsss nvention. In all enbodi nents, rangesPOl/US2006011911
70to 100 nole % or 80 to 100 nole % or 90 to 100
nole % or 99 to 100 nole % or even 100 nole %
terephthalic acid, and/or dinmethyl terephthalate
da’@l{eg{e xtu &s t hereof may be used. [043] In addition
ey ¥eHal #ePraPpaediak i1gdretopanegiali reonsmityliglycacl 4-

bLEaRENIBEAL5- BEnFa'ﬂ@dB‘PW@%Féﬁg/&'@ &%yiér%bﬁ@% %‘tﬁgjr?%thereof.

can conprlse up to

In pperaneodiment, the rﬁodrfylmg/glyool is@thylede ghicel. “nasbithyt ng
aci Certain enbodi ments can

erﬁtﬁ&gﬁ] ﬁ’dﬁ §‘§h€8 )é%/cgﬁ inelu enlaqjtear%nc@ limiigd tap S-prgpanegiiol
antl/er 1, 40 gamddisl. %n amofierBhSodiRcht O/étﬁglleﬁg e )?"TE &R as a

% of one or nore nodifying aronmat’ic
megifyirg dichyln anether erbatiment, 1l S-propaaesgicheed 1t¢+@utariw|ol are

e e P

pr@;aénmollmekdlddécasfa)moalfgn‘gwol from0.01 to 30 m)l e %
le % from 1to 10 nole % fromO.01

01
[0‘&5 : 1% POYYREEETS E‘Bﬁffo@ tha pelycarhemiates usefghie the polyester
RS T BT T

example ifrging ©cDt to 5 rmxe peeosrofrom 0.01 291 Qﬁblb%r@éﬁt"ﬁorrﬁ@ 5 to 5
or synnetrlca

d,
malld berEl TR e ) ﬁgglgﬁr?ﬁfgér'ﬂigéferem B3:4910. € rande @ercent, based
thé%té?lhn@]@kéi@eh‘t%@gs bf‘ﬁ rsmer(&rHCq'o‘?éblh ReLitdss; BYpel Vely, of

not limted to, "1so
ong of'masepRekykes iof arblralmh\mg mainerlalbo feférred & Rerein as a

breﬁcgmn %&é{ﬁ b%ﬁﬁggﬁ%&%g I@L@@? @Jeng.h@ygg&y,l gubstituents,
or & fmeﬁﬁﬁﬁatldn%h@%feW@@éﬂﬁiﬁ@mbb&'ﬁéﬁg'thé't{?%rﬁ’ilﬁqﬁﬁdﬁbmer or

di carboxylic acid is isophthalic aci
agent’AaX Peiaddeg rrias denpodartd usingtars/ proafiershe pelywmerizdtionrof the

T M TN R

bramohed aThehaslycarbbeate kexydiss badindsr 6paﬁéﬁcﬂbag IR céRain
a such as, for exanple, malonic, succlnic,

em@Pémﬁtét %ﬁobranehlngum@mqraer aiagent cay belagidedaior to and/or
during and/or after the polymerization of the polycarbonate.

[050] Examples of branching monomers include, but are not limited to,
multifunctional acids or multifunctional alcohols such as trimellitic acid, trimellitic
anhydride, pyromellitic dianhydride, trimethylolpropane, glycerol, pentaerythritol,
citric acid, tartaric acid, 3-hydroxyglutaric acid and the like. In one embodiment,
the branching monomer residues can comprise 0.1 to 0.7 mole percent of one or
more residues chosen from at least one of the following: trimellitic anhydride,
pyromellitic dianhydride, glycerol, sorbitol, 1,2,6-hexanetriol, pentaerythritol,
trimethylolethane, and/or trimesic acid. The branching monomer may be added to
the polyester reaction mixture or blended with the polyester in the form of a
concentrate as described, for example, in U.S. Patent Nos. 5,654,347 and
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dodecanedi oi ¢ di carboxylic acids. Certain enbodi nents
can al so conprise 0.01 or nore nole % 0.1 or nore
wod0g/084553 or nore nole % 5 or nore nole % oPCILOSING6/011911

nore nole % of one or nore nodifying aliphatic
di carboxylic acids. Yet another enbodi nent contains O

nmol e % nodi fyi ng aliphatic dicarboxylic acids. Tpus
S | ated that the amount of one
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st T o OSSO OSPEYTEREREIGE b i
47081 Qe {8 5% /8 g0 Lvipi @ B5d0 deswothan o 7o dL/g; 0.55 to

0.68 ct/dh.0t5b & Iaushak ¥.ee'alie pab ATBE il 58 ,1@1 2dL/g; 0.58 to

clohexane

1.1g Vsyé);ﬁ%rtcs 11c4610.5Brio tdws thamerndi/gng WOQP?Q Ly '8 to 0.95
dLiGBa3s o 81 2% 0 fne;s"t”omg%g{;y"é,,zﬁgm omdh/g D158 100,75 dLg;

0. 5?70 tbéﬁsbltﬁ@n 8?7;5(:%9@? @:5{13 téﬂ)o ld?_/%rggé%l Ch@?(t dlt/ggs 58 to less than
0. 7%6!-@%%)@50’ to 0:681dll/g) &5erne Iesme.ahuoose anry, o8 & 0,63 dI9h20.60
to 122 8/t B t%f1t 1140 QB8 te 1 lyiged.60 to ﬁe%’sfﬂgarsinw!ég/g?g%a:mo 98
dL/g; nBGatcn0 d5nall/g: efoa@rto'cﬁ% dEig %90 8 088 dL/gP0 6b%b Weo dLg:
0.60°%0'5. 95 HL/g:0.80 30 e than 0.75 dL/g; 0.60 to 0.72 dL/g; 0.60 to 0.70
dL/g; 0.60 to less than 0.70 dL/g; 0.60 to 0.68 dL/g; 0.60 to less than 0.68 dL/g;
0.60 to 0.65 dL/g; greater than 0.60 to less than 0.80 dL/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; 0.62 to 1.2 dL/g; 0.62 to 1.1 dL/g; 0.62 to 1 dL/g; 0.62 to less than 1 dL/g;
0.62 to 0.98 dL/g; 0.62 to 0.95 dL/g; 0.62 to 0.90 dL/g; 0.62 to 0.85 dL/g; 0.62 to
0.80 dL/g; 0.62 to less than 0.80 dL/g; 0.62 to 0.75 dL/g; 0.62 to less than 0.75
dL/g; 0.62 to 0.72 dL/g; 0.62 to 0.70 dL/g; 0.62 to less than 0.70 dL/g; 0.62 to
0.68 dL/g; 0.62 to less than 0.68 dL/g; 0.62 to 0.65 dL/g; 0.65 to 1.2 dL/g; 0.65 to
1.1 dL/g; 0.65 to 1 dL/g; 0.65 to less than 1 dl/g; 0.65 to 0.98 dL/g; 0.6510 0.95

dL/g; 0.65 to 0.90 dL/g; 0.65 to 0.85 dL/g; 0.65 to 0.80 dL/g; 0.65 to 0.75 dL/g;
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enbodi nent, the polyesters useful in the invention can

contain O nole % nodi fying glycols. Certain
wepwodorsent s can al so contain 0.01 or nore nol BCRPSHNA/011911

or nore nole % 1 or nore nole % 5 or nore nole % or
10 or nore nole % of one or nore nodi fying glycols.
Thus, if present it is contenplated that the anount
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[05§T(C| uql;%q ﬁ%?tfwgh{%)ldngﬂgﬂg £ qheI lgv%lgtg:}tq,hgrggegggy%ters useful in the
f|lm(e)j|ah§ildngslfhe$ds) UsHQ] inTh ﬁﬁ)e)‘lﬁ?ﬁ er’ﬁé oG ok W?Iasotngn%fof the

foll carngonat es useful in the po yest r COnposi
© W §fen isersiliefor rse datermideto ih0 6OMO p@vtaetipt ,phenoI/

totra RO RN at ¢ Ycspitatiok of R oS B esie! Wiiiv .08 aLse

mol e percent
0. 19@0 lessothan fe8& dhtg; 0010 to 0/H501Ygt 0.10. 16 1854 & § iL/g; 0.10 to

0. 6@6&3_2(? 05 Eégpatggl‘% th?r{eéﬁéf/ggtps et} 8]:’;}8:(Iiltdger|®o':(bteo tesiscthen 0.58
dL/@f0.20 6 ATEEENG: bss fhatCo E5 faz_/ée(ﬁjgéggrbeé(? al/g .90 to less

ranchi ng age f aving 3 or
thar @a@ ol (gird.30 tby@1|45xdﬂ/gs bt tat g&rsttér tHin 8.4208LiA.A o 0.40

dLg: 61896 0.58 G9! 812 BTBHE dEM: 020 1S tews than 058 dLler 0.20 fo
0.65 dL/g; 0.20 to less than 0.65 dl/g; 0.20 to 0.60 dL/g; 0.20 to less than 0.60
dL/g; 0.20 to 0.58 dL/g; 0.20 to less than 0.58 dL/g; 0.20 to 0.55 dL/g; 0.20 to less
than 0.55 dL/g; 0.20 to 0.50 dL/g; 0.20 to less than 0.50 dL/g; 0.20 to 0.45 dL/g;
0.20 to greater than 0.42 dL/g; 0.20 to 0.40 dL/g; 0.20 to 0.35 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; 0.35 to less than 0.65 dL/g;
0.35 to 0.60 dL/g; 0.35 to Iess than 0.60 dL/g; 0.35 to 0.58 dL/g; 0.35 to less than
0.58 dL/g; 0.35 to 0.55 dL/g; 0.35 to less than 0.55 dL/g; 0.35 to 0.50 dL/g; 0.35
to less than 0.50 dL/g; 0.35 to 0.45 dL/g; 0.35 to greater than 0.42 dL/g; 0.35 to
0.40 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; 0.40
to less than 0.65 dL/g; 0.40 to 0.60 dL/g; 0.40 to less than 0.60 dL/g; 0.40 to 0.58
dL/g; 0.40 to less than 0.58 dL/g; 0.40 to 0.55 dL/g; 0.40 to less than 0.55 dL/g;
0.40 to 0.50 dL/g; 0.40 to less than 0.50 dL/g; 0.40 to 0.45 dL/g; greater than 0.42
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agent may be added prior to and/or during and/or after

the pol ynerization of the polyester. The pol yester(s)
waie@ab1ssh the i nvention can thus be |inear orPCT/US2006/011911

branched. The pol ycarbonate can al so be |inear or

branched. In certain enbodi nents, the branching

nmononer or agent may be added prior to and/or during
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ester conposition(s) of the invention,
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dLigh Ooep t D &8 a0 BB 10 Jasts N 6 bt L5 8. o010 B35 less
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0.67 0,50 t . 65 ,
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[055] In other aspects of the invention, the glycol component for the polyesters

useful in the polyester composition invention include but are not limited to at least
one of the following ranges: 40 to 65 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 35 to 60 mole % 1,4-cyclohexanedimethanol; or 45 to 65
mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 35 to 55 mole % 1,4-
cyclohexanedimethanol; or greater than 50 to 65 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 35 to less than 50 mole % 1,4-cyclohexanedimethanol.; or
50 to 65 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 35 to 50 mole %
1,4-cyclohexanedimethanol; or 55 to 65 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 35 to 45 mole % 1,4-cyclohexanedimethanol; or 40 to 60
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0.55 to 0.85 dL/g; 0.55 to 0.80 dL/g; 0.55 to 0.75
dL/g; 0.55 to less than 0.75 dL/g; 0.55 to 0.72 dL/g;
w0 2®3/001559. 70 dL/g; 0.55 to less than 0.70 dL/BCT/0SH86/011911
to 0.68 dL/g; 0.55 to less than 0.68 dL/g; 0.55 to
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cyePpERabSyRielfarioron 4640 &4 mole 284, -@-t%amethlyl 1;1:1,33S g;
cyclBbbtinediot aﬂH/éﬂs too‘séﬁgtj Qo £ 8 %M@{] Bﬁﬁ%‘ang? @%%{é)ﬁtg? than

dl/g, 0.68 to 0.95
46 up g=pRImale Y2684 ﬂdeﬁa&@tl@MM% chI@Buiemthcﬁ _%m‘éi'—i@to IQSQ $han
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tetramethghd G optaiianedibBindas b fekdnhft sb fibledes faeater
cyckalp_g@qegme@mpl @r 5@rt9ﬁ5emoteh%’12 Q ﬂﬁ-té#émethyl-q 85 du/g;
cycléBahé&diol and 35 to 50 mole % 1,4-cyclohexanedimethanol; or 55 to 65
mole % 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol and 35 to 45 mole % 1,4~
cyclohexanedimethanol; based on the total mole % of the glycol component of
the polyesters useful in the invention.,

[056] For the desired polyester, the molar ratio of cis/trans 2,2,4,4-
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
2,2,4,4-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
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than 0.76 dL/g to 0.90 dL/g; greater than 0.80 dL/g to
1.2 dL/g; greater than 0.80 dL/g to 1.1 dL/g; greater

W b@n/001580 dL/g to 1 dL/g; greater than 0.80 de¢TUS®06/011911
|l ess than 1 dL/g; greater than 0.80 dL/g to 1.2 dL/g;
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dL/g to 0.95 dL/g; greater than 0.80 dL/g to 0.90
f the invention,
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(0]
1809C; 6056/ 70°C: 105 to 160° C; 105 to 155°C; 105 to 150° C; 105 to 145°C;
105 to 140°C; 105 to 138°C; 105 to 135°C; 105 to 130°C; 105 to 125° C; 105 to
120°C; 105 to 115°C; 105 to 110° C; 110 to 200°C; 110 to 190° C; 110 to 180°C;
110 to 170°C; 110 to 160°C; 110 to 1565°C; 110 to 150°C: 110 to 145°C; 110 to
140°C; 110 to 138°C; 110 to 135°C; 110 to 130°C; 110 to 125° C; 110 to 120°C;
110 to 115°C; 115 to 200°C; 115 to 190°C; 115 to 180°C; 115 to 170°C; 115 to
160°C; 115 to 155°C; 115 to 150° C; 115 to 145°C; 115 to 140° C; 115 to 138°C;
115 to 135°C; 110 to 130°C: 115 to 125°C; 115 to 120°C; 120 to 200°C; 120 to
190°C; 120 to 180°C; 120 to 170° C; 120 to 160°C; 120 to 155°C; 120 to 150°C

120 to 145°C; 120 to 140°C; 120 to 138° C; 120 to 135°C; 120 to 130°C; 125 to
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greater than 0.42 to less than 0.60 dL/g; greater than

0.42 to 0.58 dL/g; greater than 0.42 to |l ess than 0.58
walkdogroogseat er than 0.42 to 0.55 dL/g; greaterPChas2006/011911

0.42 to less than 0.55 dL/g; greater than 0.42 to 0.50

dL/g; and greater than 0.42 to less than 0.50 dL/g.

[ 053] For certal n enbodi nents of the invention, the
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t o) I th esters
["6%12??%”8&"3%%!%@ s IRARSE helrSindsn BBy pisrter thpace

mingites)atd 706€ exhibitedhyt & f
sty e 4N P,

it C%Q{a’ 6’83?'&?%@ RIPddeR aggzlqs; mﬂum‘nngénﬂ/mot hmlted to, injection molded
vers, AN AREARIEIA8E iR i B ol Sgvsasties,
extrudeé fﬂmle)&ruds;bsr[dmx@nﬂﬁldfﬁbwmoldéﬁ aficRRHd Fi8. SPhe
pol);e%teGrg orfnt)he |nvenf|on garém1 bteeénggﬁtons or semlcrystalllne 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, meaning that the polyesters comprise substantially
unordered regions of polymer.

[061] In one embodiment, an "amorphous" polyester can have a
crystallization half-time of greater than 5 minutes at 170°C or greater than 10
minutes at 170°C or greater than 50 minutes at 170 °C or greater than 100
minutes at 170°C. In one embodiment, of the invention, the crystallization half-
times are greater than 1,000 minutes at 170°C. In another embodiment of the
invention, the crystallization half-times of the polyesters useful in the invention

are greater than 10,000 minutes at 170°C. The crystallization half time of the
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cycl obut anedi ol and 35 to Il ess than 50 nole %
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nol e % 1, 4- cycl ohexanedi net hanol ; or 55 to 65 nole %

2,2,4,4-tetramethyM , 3- cycl obut anedi ol and 35 to 45
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sampié o $hetf 6 HRRFulRL Bfed Gpiat By sl Stalipwpile o,
tranmissiéfl flnte;s::\y@hehtawredhm s reofunction éﬂgﬁwgz. igititagi/,gg%
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samplg éa'%bf,Vﬁ“%k%é%ﬁh@'@m@?‘ﬁﬁﬁﬁﬁm%‘om@"ldobwrfﬂﬁﬂ @prague
0 = ] 2 |s
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lightransmigsioatis hatfvhy Mef\8eery theoinitizh fradswlissiord a8 thefisal
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, 2,4, 4-tetramet hyM , 3-cycl obut anedi ol and 40 t
heatgsi to Pmax 1o cendition éhexsemplespiiciriolcrystalisation balf iiplee %

mecfyfertofl 4 SRR Bk BRI REhoct e SRl prostion
For erainplbPCTadah Be Redtedl, td-dotihe tarBpdeMirerentdr ahar 200U @ melt
and 46 to less than 55 nole %

the (1",)’2113@9@ PBalSedi et hanol ; or greater than 50 to 65
[062!“3' eA%’s%o@vn“in“T&Hl@Hr f 1i’B§M 1 9F Wigggﬁ?@%kﬁ%ﬁg%@raﬁethyi-

| ess than 50 nole -~ cyclo
1,3-8¢kloloutthedpl B Wi SifdctWetthan abheroovhormers such ethylene

glyc%{%é{%}pﬁﬂ%%é%ﬁ%gmg%fq; ncg'lgsettam)zg’gon half-time, i.e., the time
required for a polymer to reach half of its maximum crystallinity. By decreasing
the crystallization rate of PCT, i.e. increasing the crystallization hali-time,
amorphous articles based on modified PCT may be fabricated by methods known
in the art such as extrusion, injection molding, and the like. As shown in Table 1,
these materials can exhibit higher glass transition temperatures and lower
densities than other modified PCT copolyesters.

[063] The polyesters can exhibit an improvement in toughness combined with
processability for some of the embodiments of the invention. For example,
lowering the inherent viscosity slightly of the polyesters useful in the invention
results in a more processable melt viscosity while retaining good physical

properties of the polyesters such as toughness and heat resistance.
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Wo ot0ai00rsss e % of the glycol conmponent of the pPCHES1006/611911
useful in the invention. [056] For the desired
pol yester, the nolar ratio of cis/trans 2, 2,4, 4-

tetranet hyM, 3- cycl obut anedi ol can vary fromthe pure
In certain
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VMBI b0l 38 hob B5idetis Bongtind & degianiseond s retary
mellm@c@ne% at 29070Cin 8RotHer éﬁﬁ%@ rggﬁ% ttl?ti %‘}%O\ﬁ% &3 to? the

145C, 85 to 1400
pOl)_[%ﬁggI&;S)slg@} gldnjtgem(yerggntl@lessﬁkfan 26,000 dsié9as rﬁéaéd?ed a1

b fbeonfie 4 gl Bt AR 0n U5 150 590
[064]70Cn vBetambiGdAGnt, Qﬁetrﬁellgggé’&% % the gé@é%edf?% Js%§%r&the
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radlgﬁ/sggot}g’ ?C /89650) tc:(r)m alrzo gr? mcgal? rrﬁe()on%gt%r at 290°C. In another
embodiment, the melt viscosity of the polyester(s) useful in the invention is less
than 6,000 poise as measured at 1 radian/second on a rotary melt rheometer at
290°C. Viscosity at rad/sec is related to processability. Typlcal polymers have
viscosities of less than 10,000 poise as measured at 1 radian/second when
measured at their processing temperature. Polyesters are typically not
processed above 290C. Polycarbonate is typically processed at 290C. The
viscosity at 1 rad/sec of a typlcal 12 melt flow rate polycarbonate is 7000 poise at
290C.

[067] The present polyesters useful in this invention can possess one or more
of the following properties. Notched Izod impact strength, as described in ASTM
D256, is a common method of measuring toughness. In one embodiment, the
polyesters useful in the invention exhibit a impact strength of at least 150 J/m (3
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s 25 9 240 e ot 0 gy
bar Hefrfiinddt8cdéardingR0ASTMIED256.200C, 148 to 1900C, 148 to
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[068] 50CIn #80thes emiggiiments Gettaimpalestespuseiubigdbeinvesgiopsan
exhibl i inkrhepdn Tohetbipol ipbgtl iR whibnlebsuiseRal ©C of at
least 8Fper at least $T)r atdeastetC% wirmb tbast 168 as TANPBEGQ &2 the
notched Izod impact strength when measured at -5°C with a 10-mil notch in a
1/8-inch thick bar determined according to ASTM D256. In addition, certain
other polyesters can also exhibit a retention of notched Izod 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 fo ASTM D256.

[069] In yet another embodiment, certain polyesters useful in the invention
can exhibit a retention in notched lzod 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 Izod 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.
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from Thermal Anal yst Instrument at a scan rate of
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0751 Bty bR o B RO e o s R 15
invehiiore mayanse $ FERWIRRSHESREASTWBL BRI 13 tRan 50 or less
fupction of tine. Initially, the sanplé can be
thapi2Q,a | y clear with high light transm ssion, and
[079ECOMeS oRRAMSodiment, the polyesters 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 can be 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 pléques 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
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R e e G S e
metlh IR Rrgb R iriddr Tpor@t&d:h@:@mz peefergrd, strength test as
measured by ASTM D256. Thi s toughness i nprovenent, by

[077} onelt aRptBEr asReds thetinentiongelates to ePapesss R producing a
polyester. The process comprises:

(N 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;

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

(1)  removing any unreacted giycols.

[078] Suitable catalysts for use in this process include, but are not limited to,
organo-zinc or tin compounds. The use of this type of catalyst is well known in
the art. Examples of catalysts useful in the present invention include, but are not
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[081] The invention further relates to a polyester product made by the process
described above.
[082] The invention further relates to a polymer biend. The blend comprises:

(@) 510 95wt % of at least one of the polyesters described above; and
(b)  5to 95wt % of at least one of the polymeric components.

[083] Suitable examples of the polymeric components include, but are not
limited to, nylon, polyesters, different from those described herein, polyamides
such as ZYTEL® from DuPont: polystyrene; polystyrene copolymers; styrene
acrylonitrile copolymers; acrylonitrile butadiene styrene copolymers:
poly(methylmethacrylate), acrylic copolymers; poly(ether-imides) such as
ULTEM® (a poly(ether-imide) from General Electric); polyphenylene oxides such
as poly(2,6-dimethylphenylene oxide) or poly(phenylene oxide)/polystyrene
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W@ 2@0/0ss3 not ch in a 3.2mm (1/8-inch) thick bapCT/US200
determi ned according to ASTM D256; in one embodi nent,
the polyesters useful in the invention exhibit a
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Pl C0/PbaSiitar ) Ralycatb s ode P abisnd i thorppiyasior
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the invention exhibit a notched Tzod" )
the goTgSterezTPaSSTSMSAUILS the riefition 2o edtemigiftedhe exclusion

j ' 4 1/ 4-jnch hi ck bar
o RBEr nAs Rod) &r Fy PAARTHrboaE 1 aotner
[084mb o Ratysarborates aisafup i Mf(‘-;sﬁﬁéﬁtic?jfﬁfa?/'zboé dBli"ek;%g%# 2¢ETHing to
kno @Hﬁ?ﬂuﬁﬁe r SKaENS dyaeaoting the dinytrastrdtatic c@npound

n_exhi,bit an increase in notche
15% as conpar ed

i 9 %.0r at | eas
Wit 8Bl R rd i e i o
oy ot acomt eguitoh, etk ebh bridy FieBf. Methods for

pr e%gﬁ@ﬂ?%%@gﬁ&g%%%%pgwg i dfhe arigmnceaiel describedeforixaatple, in
U Schaeel 4158 e D AL Bl
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(08sf 1 yERTDPlesid #linbR e R miaeusArs i byt aranot Imited
ol yesters 1 ! s
to, caedamyt brymids, cbeRPLHIGE, JFRARiurss T d%ﬁehny?cg%%%ate;
a di(Rglogﬂegglsgarbonate, e.g., di(trichlorbphenyl) carbonate, di(tribromophenyl)
carbonate, and the like: di(alkylphenyl)carbonate, e.g., di(tolyl)carbonate;
di(naphthyl)carbonate: vdi(chloronaphthyl)carbonate, or mixtures thereof; and bis-
haloformates of dihydric phenols.
[086] Examples of suitable molecular weight regulators include, but are not
limited to, phenol, cyclohexanol, methanol, alkylated phenols, such as
octylphenol, para-tertiary-butyl-phenol, and the like. In one embodiment, the
molecular weight regulator is phenol or an alkylated phenol.
[087] The acid acceptor may be either an organic or an inorganic acid
acceptor. A suitable organic acid acceptor can be a tertiary amine and includes,

but is not limited to, such materials as pyridine, triethylamine, dimethylaniline,
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theg&sgggt@?tS@mg@goqrata@wrefememeseh on, with or

(098 ¢ R R oy RS Sl it vkl cim B dvalabien
commercially and/or may 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 chioride, terephthaloyl chioride,
or both.

[091] In addition, the polyester compositions and the polymer blend
compositions containing the polyesters of this invention may also contain from
from 0.01 to 25% by weight or 0.01 to 20% by weight or 0.01 to 15% by weight or
0.01 to 10% by weight or 0.01 to 5% by weight of the total weight of the polyester
composition of common additives such as colorants, dyes, mold release agents,
flame retardants, plasticizers, nucleating agents, stabilizers, including but not
limited to, UV stabilizers, thermal stabilizers and/or thereof, fillers, and impact
modifiers. For example, UV additives can be incorporated into the articles of
manufacture of the invention through addition to the bulk, through application of a
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[093¢i scTh&& ét&!ﬁiﬁié’r‘s”eﬁ*e%ﬁmbounds that stabilize polyesters during

polyester manufacture and/or post polymerization, including but not limited to
phosphorous compounds including but not limited to phosphoric acid,
phosphorous acid, phosphonic acid, phosphinic acid, phosphonous acid, and
various esters and salts thereof. These can be present in the polyester
compositions useful in the invention. The esters can be alkyl, branched alkyl,
substituted alkyl, difunctional alkyl, alkyl ethers, aryl, and substituted aryl. Inone
embodiment, the number of ester groups present in the particular phosphorous
compound can vary from zero up to the maximum allowable based on the
number of hydroxyl groups present on the thermal stabilizer used. The term
"thermal stabilizer" is intended to include the reaction product(s) thereof. The
term "reaction product” as used in connection with the thermal stabilizers of the
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nmet hods is hereby incorporated herein by reference.
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pané &e8Rl Physs turdbkraBd etdrage thores Ohatdebities gfood processors,
blender and mixer bowls, utensils, water bottles, crisper trays, washing machine

O

fronts, and vacuum cleaner parts. Other potential molded articles could include,
but are not limited to, ophthalmic lenses and frames. For instance, this material
can be used to make bottles, including but not limited to, baby bottles, as it is
clear, tough, heat resistant, and displays good hydrolytic stability.

[097] In another embodiment, the invention further relates to articles of
manufacture comprising the film(s) and/or sheet(s) containing polyester
compositions described herein.

[098] The films and/or sheets useful in the present invention can be of any
thickness which would be apparent to one of ordinary skill in the art. In one
embodiment, the films(s) of the invention have a thickness of no more than 40
mils. In one embodiment, the sheet(s) of the invention have a thickness of no

less than 20 mils.
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[0102] 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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NMR spectra were recorded on a JEOL Eclipse Plus 600MHz nuclear magnetic

resonance spectrometer using either chloroform-trifluoroacetic acid (70-30
volume/volume) for polymers or, for oligomeric samples, 60/40(wt/wt) phenol/
tetrachloroethane with deuterated chloroform added for lock. Peak assignments
for 2,2,4,4-tetramethyl-1,3-cyclobutanediol resonances were made by
comparison to model mono- and dibenzoate esters of 2,2,4,4—tetramethyl-
1,3-cyclobutanediol. These model compbunds closely approximate the
resonance positions found in the polymers and oligomers.

[0109] 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
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[0151bi The it iUty de et hofiih WelsThk 8kl -eing 2

stabilizers, thermal stabilizers an
Rheomegics DW'PWYZW&DA H). sTh@mel’ewawﬂl@/ wéA/measured as a

funBieh pL R % oF meBR0BRE Puionfisty ' dBtmdleecost e

tenmara?gtm {e:rpltj)gllegﬁmﬂe i@?g@félag?%esmﬁégoéinga(hb) Ig;th% tf‘ﬁé'rﬂ“‘\%Fcosi’ty at
zero shear rate estimated by extragolatlng the data by known models in the art.
This step is automatically performed by the Rheometrics Dynamic Analyzer (RDA
1) software.

[0112]  The polymers were dried at a temperature ranging from 80 to 100°C in a
vacuum oven for 24 hours and injection molded on a Boy 22S molding machine
to give 1/8x1/2x5-inch and 1/4x1/2x5-inch flexure bars. These bars were cutto a
length of 2.5 inch and notched down the %% inch width with a 10-mil notch in
accordance with ASTM D256. The average Izod impact strength at 23°C was
determined from measurements on 5 specimens.

[0113]  In addition, 5 specimens were tested at various temperatures using 5°C
increments in order to determine the brittle-to-ductile transition temperature. The
brittie-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.
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“TMCD 2,2,4,4-tetramethyl-1,3-cyclobutanediol
CHDM 1,4-cyclohexanedimethanol

v Inherent viscosity

No Zero shear melt viscosity

Ty Glass transition temperature

Thd Brittle-to-ductile transition temperature
Tmax Conditioning temperature for

crystallization half time measurements

Example 1
[0118]  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
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inherent viscosity value of 0.0.652 dL/g. P 1 240°C. The resulfing iim had

A
B
C

D
E

is Isophthalic Acid
is Ethylene Glycol
is 2,2,4,4-Tetramethyl-1 ,3-Ccyclobutanediol (approx. 50/50

is 2,2,4,4-Tetramethyl-1 ,3-cyclobutanediol (98/2 cis/trans)
is 2,2,4,4-Tetramethyl-1 ,3-cyclobutanediol (5/95 cis/trans)

[0123]  As shown in Table 1 and Figure 1, 2,2,4,4-tetramethyi-1,3-
cyclobutanediol is more effective than other comonomers, such ethylene glycol
and isophthalic acid, at i Increasing the crystallization half-time, i.e. , the time
required for a polymer to reach half of its maximum crystallinity. By decreasing
the crystallization rate of PCT (increasing the crystallization half-time),
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B deV|ces and | ogos for hand-held phones [0102]
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isqpithalaie tesitives, gné dAfonclés 1aé°rdy<ﬂolnewanadahethanol reSIdues (28/72
nopi es. [ 0103] Exanpl es of extruded articles include
C'iﬁ?”ﬁre not limted to filmfor graphic arts,
[0Eop! | CAtrhiRfife 0P BB oﬁumhyﬁévépmhé@te f55|2"“8fd?r
| astic glass |am nate crystal display
¥ Emhexanmlmeﬂtﬁr@bﬂrﬂgw aunf drmet%ynl mopbﬂwalaie dind D&@rg g of

o130 G TR 2 A S RS ik B et or

nitfogaing btetd 86061, ahbex §itdrt aigtingtictkéshes ThE fiask was placed in a
illustrate how the pol yester corr_Posl tions of the
a

Woode merfa'rb%arﬁ"@@dmgt%@ %1)%@ g sticging speedi was sakie 200
R RO PR Tho SRS oot gy 210

fordi rmmuvtes a,ndriben ﬂweitempm’etmetwaﬂ\glre@iumlly Iroreasert ior 200°€ over 30
mindte Yok e SHOA R PR o L AR L GBS e and then
vadRii 6t 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 with a
glass transition temperature of 87.5°C and an inherent viscosity of 0.63 dl/g.
NMR analysis showed that the polymer was composed of 100 mol%
1,4-cyclohexanedimethanol residues and 20.2 mol% dimethyl isophthalate

residues.

Example 1B
[0127]  This example illustrates the preparation of a copolyester with a target

composition of 100 mol% dimethyl terephthalate residues, 20 mol % ethylene
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con%p%@ﬁl‘?)'}'nacgf%% r%tol% dimethyl terephthalate residues, 20 mol %
2,2,4,4-tetramethyl-1 ,3-cyclobutanediol residues, and 80 mol%
1,4-cyclohexanedimethanol residues (31/69 cis/trans).

[0130] A mixture of 77.68 g of dimethyl terephthalate, 48.46 g of
1,4-cyclohexanedimethanol, 17.86 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. This polyester
was prepared in a manner similar to that described in Example 1A. A high melt
viscosity, visually clear and colorless polymer was obtained with a glass transition
temperature of 100.5°C and an inherent viscosity of 0.73 di/g. NMR analysis
showed that the polymer was composed of 80.5 mol%
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typically different for each pol yester. For exanple,

PCT may need to be heated to sone tenperature greater

than 29Q0C to nelt the crystalline domains. [0110]
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glass transition temperature of 81.2°C and an inherent viscosity of 0.67 dl/g.
NMR analysis showed that the polymer was composed of 100 mol%
1,4-cyclohexanedimethanol residues and 40.2 mol% dimethyl isophthalate

residues.

Example 1E
[0133] This example illustrates the preparation of a copolyester with a target

composition of 100 mol% dimethyl terephthalate residues, 40 mol % ethylene
glycol residues, and 60 mol% 1,4-cyclohexanedimethanol residues (31/69
cis/trans).

[0134] A mixture of 81.3 g of dimethyl terephthalate, 42.85 g of
1,4-cyclohexanedimethanol, 34.44 g of ethylene glycol, and 0.0419 g of dibutyl tin
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(translated), wherein L* represents the Iightness
weowrdorsst e, a* represents the red/green_ coor dPEEUB2006/011911

and b* represents the yellow blue coordinate. [0115]

In addition, 10-m | films were conpression nolded

using a Carver press at 2400C. [0116] Unl ess ot herw se

specified, the cis/trans ratio of the 1,4
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cl obut anedi o
I-X@nIhe)pres{smlIaDjsde tkwrﬁla?ﬂkywaé flﬁmlry@ﬁééﬂ ® O8m of Hg

OVQ ﬁ{&ﬁ%ﬁ 1@?‘&1% %ed g‘gﬁgwﬁl T?PF‘]?V(‘%@%O ég?'f{a?étiur&rf%r a total
tlmaadbmol Alinuites @ fshot® e%éﬁs"'ﬂjﬁr%iakfé‘a §bisCH hfrllfh 8l %)i%%glty,

e and concentration on nucleation dur
V'Sé'r"‘ ¥ Elear apdicoliess polyreer Was obtained with a gbss tr@fnsttlbﬂ

terﬁ?é]r Wéhs@wgﬁﬁbﬂﬁﬂgeg wsgg’% 696@/;%{1“/9 NMR anaIySIS
shoBed yhatdhe patyeairokas aoﬂ‘r@@@é@ of 3415 E%P%Peﬂiyl ?#I o en ldues

purposes of this exanple, the sanples
1!Far | nherent vi scosities thereby effectively

o Bk u08 et e e AL S0
compasmmrasenoe mdI9HRRhRElepMih QatPRidles, 40 mol %
2,2,4,4-tetramethyl-1,3-cyclobutanediol residues, and 60 mol%
1,4-cyclohexanedimethanol residues (31/69 cis/trans).

[0136] A mixture of 77.4 g of dimethyl terephthalate, 36.9 g of
1,4-cyclohexanedimethanol, 32.5 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 was
set to 200 RPM throughout the experiment. The contents of the flask were
heated at 210°C for 3 minutes and.then the temperature was gradually increased
to 260°C over 30 minutes. The reaction mixture was held at 260°C for 120
minutes and then heated up to 290°C in 30 minutes. Once at 290°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 5 minutes. A pressure of 0.3 mm of Hg was maintained
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ures from 140 to 200 OC at 100C increnents and
fa?gp?[eg:)rted in Table 1. The fastest crystallization
woalo7o0isse for each sanple was taken as the nm PCTUA2006/011911
val ue of crystallization half-tine as a function of
tenperature, typically occurring around 170 to 1800C.
The fastest crystallization half-times for the sanples

TP et L L L
visduity 2vidudilyclé 8t A BHIBNNS éo%ﬁa% 0 opme%}a\{vpli aﬁgas transition

ffective than ethyl ene
teg@@? %HIE,GP ﬁfg 226 am@enammereat viscositytaf 0.65 @l/g. INMRERHIV s

hal f-ti me addi ti on,
SHOW%QC%ﬁ ‘Bd'ﬁ@%h%ﬁ COMRASE 9&&%@5‘?‘8% i ncreases T9
1, roycbhararcdieesidn FedtGoslafdl w01 Pl 3 b o K3l drm binTRS
The bal ance of the di componen
1 %8?’&@99 djohresigwes.1 is 1, 4 cycl ohexanedi met hanol ;
and the bal ance of the dicarboxylic acid conponent of
Exirie po| yesters in Table 1 i s dinmethyl terephthal ate;

[0137] t heTisls @&éhﬁ?fé/ ill'u%tré {9 ?{g%r?ggﬁ % :agc%%blyester Wit o target

nol e, % di net hyl terep
CORP@S et b1|ere thalau:e r&sidse eeadof 9om t he
mpesitips SHERNeldh y rih at 2400C. The Cecul ting

2’%‘:”& ?‘Uml%ﬂ ﬁ%tﬁﬁ?'tnﬁe%(%’%r@@&g |r?§'d9%$ (RS/3cisdtrans), and §0 mol%

1 Aeyaoteanpdinetpdndl RE1dUes (95 @ds@ahypster of Exanpl e
400C. The resulting film i nher ent

[Oléﬂs s& xtyrg ab7 668m of CBB‘@thM/tegrepMmlae 48146 of

1A HeARnelnihintl, 20 77 d it £ 20 b methwh-caobotanediol

ang 03741& @Dﬁﬁilbmyl ﬁnZJxHje Wad plRicdan®st 500- E'Mllllter flask equipped with
but anedi ol (98/ 2 (of s/trans

an E’%Cfﬁ r?@ter'aﬁé@ml\ﬁtlr@rcyed @mhoah@stnmuo@wc%mn The flask was
pla@édSH & W'é&d & Pri'e%él]hb# a@%%%) aegg.{ﬂag n-”ékfél"&fnfg Flf’l{E' % slpeed was
4, 4-tetranet
setéqi QQQtRR’/M thrmughouhﬁm EXPErineErR! STheseBlefisBItRE fagk Werd
heated at 210°C for 3 minutes and then the temperature was gradually increased
to 260°C over 30 minutes. The reaction mixture was held at 260°C for 120
minutes and then heated up to 290°C in 30 minutes. Once at 290°C, vacuum
was gradually applied over the next 5 minutes untii the pressure inside the flask
reached 100 mm of Hg and the stirring speed was also reduced to 100 RPM.
The pressure inside the flask was further reduced to 0.3 mm of Hg over the next
5 minutes and the stirring speed was reduced to 50 RPM. A pressure of 0.3 mm
of Hg was maintained for a total time of 60 minutes to remove excess unreacted
diols. A high melt viscosity, visually clear and colorless polymer was obtained
with a glass transition temperature of 103°C and an inherent viscosity of
0.65 di/g. NMR analysis showed that the polymer was composed of 85.7 mol%
1,4-cyclohexanedimethanol residues and 14.3 mol% 2,2,4,4-tetramethyl-
1,3-cyclobutanediol residues.
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articles based on 2,2,4,4-tetranethyl -1
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AL o O AU K Vechifer e SE0-Mhes fglsteauippod with

: of 1,4-cyclo of v di t4
andplgkfonyitragsmy htmetfbgﬁrgg(@%% IQlﬁtlir? tdgsrtlﬁ%lilcgﬁs E&gmﬂ p'Efg%ﬂask was

pla@v;lépﬁﬁ gﬁﬁfgﬂ&lé%?e%; bath qlerpsty hqata@tcael Glof rTele:éigg@gI Speed was

setsto@00 RPM & thatel rﬁﬁéﬁﬂh%gﬁe‘g@h%ﬁ. Feoentenss of the flask
Wod' s netal bath already hé '

wetg heated @it 2402Q for3 minttesa@rDPeRHE trhpEegH whb Sradyally

incRIEREH 1T2Bb:C LR SATHENES, Ofnd 'Qq%@fﬁ'péfr&a_“ﬁé avas held at 260°C for
i ) e

reaction mxture was he

e teaelrellisplied et (henpllShinues uibes Seoit of 100 mm
of HALBHd % WiHfhb 8RS SHD Tetintadi® 10ERANLS Mhaquossare inside
theflapk weas fudtetciedubed & & SBty8int 8 0% fim GRS 180 nes 5,
mi”@e‘tnsgﬁt’fﬂs fhPiA%@F“EGES SBeedWastreduced te 60 RPN X (e6S pridsaRchad

) R B0 b1 80 AR PR et
wasf RAipe thatdhe vatudm. syStern dairddl foYRAERE Me ¥6B58 enBbndd ggove,
but HHd%Ced enough vacuum to produce a high melt viscosity, visually clear and
colorless polymer with a glass transition temperature of 99°C and an inherent
viscosity of 0.73 dl/g. NMR analysis showed that the polymer was composed of
85 mol% 1,4-cyclohexanedimethanol residues and 15 mol% 2,2,4,4-tetramethyl-

1,3-cyclobutanediol residues.

Example 2

[0141]  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).

[0142]  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
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NMR anal ysi s showed that the pol yner was conposed of

100 nol % 1, 4- cycl ohexanedi nmet hanol resi dues and 20. 2
worelrmaisaet hyl i sopht hal ate resi dues. Exanpl e PEI/pS0A@11911

This exanple illustrates the preparation of a

copol yester with a target conposition of 100 nol %

di net hyl terephthal ate residues, 20 nol %

t hyl enegl ycol resid and 80 nol %

based oy efipneneaarkarichadorydleexanegimetanel wers earamercial
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. iy f,.the flask were heated at.200Q for, ,6
iSRRI S gk el s e tgin daig 2 cetow,
Ekmpféaz@dvéQpr%PQEEa 231 :10) téédjétrthht &Pourt'st 300pphh Mibutyltin Oxide).

m xture was held at 210 OC for_120 m nutes and then
The fipapregueicontained i2953mitinutThe captwaldes fmdte pelyesten of

%3 ' sQVer Xt ' ti
BN DR A€ e LR L Ene ok pRadEEls, 7o THJHNRNs ¢BYAs prepared
withe tarmftﬁnra?nbmidfelgobpnf (Bi?gtyhﬁrsokid@.hihe Tﬁﬁéupﬂﬁiub]?

0..3 0 over__t he next m nut es. ressure o
C@téln?éﬂ%ﬁ ﬁ%nms The eelar walyes &or tﬁetﬂﬂllﬁStQﬁp‘?féEW@é 2D were
[4a 6@'.7933*-—0-1r.?2“§fﬁ @:;(_._Cf@@sunreact ed diols. A high nelt

I'sually clear

viscosity, Vv “and col orl ess pol yner was
[0d#3]ai ddtenialtwargginfextionrmaolsietiinio HarsaadaubseqoéntB7/nateled for

B8k P SRS s ndhse ol 43l ton o
tePipBrbRine aBbHre laldoBBpBHea in Paperb e 1C [0129] This

exanple illustrates the preparation of a copol yester
[Od4]n S araa given samude,i thedrodfmpad stteingtiuunderiypes a major
trér?srit‘fcﬂrfnh?ls%ﬁ tér%ﬁiar%lﬁ?rse’ spza%. rTIptl)r i?l/%tance, the Izod impact strength of a
copolyester based on 38 mol% ethylene glycol undergoes this transition between
15 and 20°C. This transition temperature is associated with a change in failure
mode; brittle/low energy failures at lower temperatures and ductile/high energy
failures at higher temperatures. The transition temperature is denoted as the
brittle-to-ductile transition temperature, Typy, and is a measure of toughness. Tyq
is reported in Table 2 and plotted against mol% comonomer in Figure 2.
[0145] The data shows that adding 2,2,4,4-tetramethyl-1,3-cyclobutanediol to
PCT lowers Tpq and improves the toughness, as compared to ethylene glycol,

which increases Tyq of PCT.
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2,2,4,4-tetramet hyM , 3-cycl obut anedi ol residues, and

80 nol % 1, 4- cycl ohexanedi net hanol residues (31/69
wera7nesss). [0130] A mxture of 77.68 g of di P€r/by1006/011911

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

17.86 g of 2,2,4,4-tetramethyM, 3-cycl obut anedi ol, and

0.046 g of dibutyl tin oxide was placed in a
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wheher t dlglllfg V&,Theflask was placedlna

Wod' s net al '@ @hfﬁﬁ%%gﬁ ﬁgl\#y&hr oug'%d'é[ h@RBO cis/trans)

stirring spee mas set to ghou
Ex i ment. The contents of the flask were heated at
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tork IR SN 4t dihaRo P Boniesbs riaeared i this
exefirﬁﬁltdﬁbrﬁf)rlédgz 2The-eirafremhe-1, .2y eB bl i $4siUBSs in an amount
of 40 mol% or greater.

[0147]  Copolyesters based on dimethyl terephthalate, 2,2,4 4-tetramethyl-1,3-
cyclobutanediol , and 1,4-cyclohexanedimethanol were prepared as described
below, having the composition and properties shown in the table below. The
balance up to 100 mol% of the diol component of the polyesters in the table
below was 1,4-cyclohexanedimethanol (31/69 cis/trans).

[0148]  Materials were injection moided into both 3.2mm and 6.4mm thick bars
and subsequently notched for [zod impact testing. The notched Izod impact
strengths were obtained at 23°C and are reported in the table below. Density,
Tg, and crystallization halftime were measured on the molded bars. Melt

viscosity was measured on pellets at 290°C.
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reduced to 0.3 mmof Hg over the next 5 mnutes. A
pressure of 0.3 mmof Hg was maintained for a total
w0 2002/00f5590 m nutes to renove excess unreact edpdi/OBB06/#11911

high nelt viscosity, visually clear and colorless

pol ymer was obtained with a glass transition
tenperature of 8 1.20C and an i nherent viscosity of

0.67 dl/g. NMR analysis showed that the pol yner was
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D od®: dONA Chbas| Dpa0] | odst | sR7equitnpled W@ h ana 8051
iE:ﬂ.! ot Paor Nptr BeBn 0.560npt A11 S i ee2er| 1a6m a2shor tiers? 5835
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‘E;%t_éj 5% a1 ¥4l F Bepdy hevat bd4gs0 12081100, 1Tkee [Sibd [ ri nga 16537

P88 W&s set to 200 RPM t hr oughout the experinent.
X;,g &)ntents of the flask were heated at 2000C for 60

O 2 0 03 S A R BBAck b 7.0

moh) mcmmameuunemaaap@.ﬁdfw 0d- B3, Wb?a?n@ﬁ&ié?r?\;g &

R P e LT f0ein e s 200
PPPST BERSH8 ATNAG 4 Aot 0 o Do et Boed u
undega mitragen-gasopenetih@amts-yalléh malirué%steél 9!‘@%&#& @eégel fitted
mai ntained for a total tine of
wifl PRI T, SRsum AYSIER: 200 & WELICNRY ypergietor.
W SRt AR 02 RPN, B0 S R Sps
incirRseddo AP0 ° Brandiie pessurs wys dfcréaded 1ol 2@psiYMRhe reaction
mlﬁUPé \X/?lé 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. Then the agitator speed was
decreased to 15 RPM, the temperature of the reaction mixture was then
increased to 290°C and the pressure was decreased to 2 mm of Hg. The
reaction mixture was held at 290°C and at a pressure of 2 mm of Hg until the
power draw to the agitator no longer increased (80 minutes). The pressure of the
pressure vessel was then increased to 1 atmosphere using nitrogen gas. The
molten polymer was then extruded from the pressure vessel. The cooled,
extruded polymer was ground to pass a 6-mm screen. The polymer had an
inherent viscosity of 0.657 dL/g and a Tg of 119°C. NMR analysis showed that
the polymer was composed of 56.3 mol% 1,4-cyclohexane-dimethanol residues
and 43.7 mol% 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues. The polymer
had color values of: L*= 75.04, a*=-1.82, and b*= 6.72.
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showed that the polymer was conposed of 34.5 nol %
et hyl ene glycol residues. Exanple IF [0135] This
wesz@mpdesss | | ustrates the preparation of a copoP@EEEE6/011911
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terephthal ate residues, 40 mol % 2, 2, 4, 4-tetranet hyl -
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ols. A hi nelt viscosity, visua
m"%‘ieoWﬁ%é@'dp%lr?H’murﬁ@é 250f GianeR psig piegd;tares Iheapmssumﬂwas

C n i nher ent |sc Sit f 0.65
nehRAER & Opob AR AN SR, MR el 5T vas
dearea;smadmRFB\ﬂ heredpdratureyest tﬁ@@éé&ﬁﬁi Wtﬂ@‘\%s then

40. 1 m)I%Z 2,4,4-tetraneth
mcrfe@egife %@ugm&h& Pressyrguias desigased to 2 rpmlefl7ﬂ+g THihe

t f 0 ter,.
eeENATRIRLIS WSt 8E00% 80 oty o EORF Y PR G e
powesrdrpint fodthetagitatesimulesge2 credseld (50 minutes). The pressure of the
pressure vessel was then increased to 1 atmosphere using nitrogen gas. The
molten polymer was then extruded from the pressure vessel. The cooled,
extruded polymer was ground to pass a 6-mm screen. The polymer had an
inherent viscosity of 0.604 dL/g and a Tg of 139°C. NMR analysis showed that
the polymer was composed of 40.8 mol% 1,4-cyclohexanedimethanol residues
and 59.2 mol% 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues. The polymer

had color values of: L*= 80.48, a*= -1 .30, and b*=6.82.

Example 4—Comparative Example
[0152]  This example shows data for comparative materials are shown in Table

4. The PC was Makrolon 2608 from Bayer, with a nominal composition of 100
mole% bisphenol A residues and 100 mole% diphenyl carbonate residues.
Makrolon 2608 has a nominal melt flow rate of 20 grams/10 minutes measured at
300C using a 1.2 kg weight. The PET was Eastar 9921 from Eastman Chemical
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2,2,4,4-tetranethyl -1 , 3-cycl obut anedi ol residues
(98/2 cis/trans), and 80 nol %
wa e7oysbdhexanedi nmet hanol resi dues (31/69 ci SPCT/EARD6/011911
[0138] 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- tetranethyl 1, 3- cyclobutanedlol and 0.046 ¢

Coptpatiyhutiti a nominaii atenpasition] et aD rm)I@%&@Eéﬁﬁthélid éél§r3 5 mole%

°V‘£'?ﬁ?¥aé}e%@%§ﬁ?r9h&$t®a@san b@go'{?ﬁﬂ'c}eleghﬁienerﬁblcpl ddie PETG

wagdEaddhPE SR FranfEXRSRRars C Hﬁéal@érﬁp?ﬁoy %Wﬂgﬁﬁ?ﬁlﬁgl ¢Sposition

2100C. The stirring spee was se
of 109 m;gﬁ%uterawfﬁhebtcpemdnﬂmtrnolé%ecynbafheaMdgﬁehﬁhﬁnbl @HDM) and
| then the
69 ?ﬁcﬂ%j S fdng} ?RT% HeP ety Bl obd foro dstaen
CheiriicdleSompagy, f\ﬁmblrfﬁr‘mﬁhl’(édl‘hﬁo%ﬁén gggg%%olégqéﬁeé%ahc acid,

120 m nutes and t hen heat ed

62 Ehle? ca@yci@m@@naqﬂmuﬂnamu@mawandys&mle 86l ethyiend flycol. The

POTEX g FPeh) ANoHT Mg EARePRE R ient ompabi. it Sarminal

compdsitien of 651A6/cBPéreffhthallt @8/L3S bR ﬁ’sddh%élicga%fd WA3 100

Fﬁrthe&)reducdtoOano over the'n
MOJE"4 fvE &ﬁan% inejithangl g HNE I heaBolyediiereaiwas mem from

So}teiag,; i %gr%rﬁfna@cgn%‘sﬁ’gn & \}\gﬁjg@%fbalﬁpﬁggg[géeﬁpgpg ang 100

mnutes ' to reno

mofsi% 4 4relichlarios ubisnylsulfons vedityes: | bdel 1300 e @ hbAFiSal melt flow
I ass transition

ratd Bt el B PR SenanehTad Al derchiing e d8ikg weioht B SAN

siLG ' MOk ight 9
vasLLsrs b L8PS o R i e s

and 24 waight %rapmlmgenlienL%h?amM Hastaehomired] lnyé(z)Ii::L g%w r§|1_the of 7.5
t
arafisA1 G iR BPRlBy o 23 R

ues. Ex le IH
rEpay 3?418 ifdoveig bdﬁd’@l geamples of the
invenition shdvairgptoveartBaghiésying. 4%@th% B}ﬁ% E’t%b‘ ared (gl of

ter epht hal at e resi dues, 20 nol
the otherfePBSut anedi ol resi dues (5/ 95 cis/trans), and 80
nmol % 1, 4- cycl ohexanedi mat EP resi dues (31/69

ci s/trans). [0140] A m xt Uf 77.68 g of dinethyl
t er €mpitatimneof viiole Bopérties for certain commercial polymers
Notched | Notched
Pel Izod of Izod of Crystallizati
ellet | Molded | 3.2mm | 6.4mm | Specific -atization
Example | POMMer |y TBariv | thick | thick | Gravity Tg | Haltime from
(dllg) | (dig) | barsat | barsat | (gimL) | °C) melt
23°C | 23°C (min)
(J/m) (J/m)
A PC 12 MFR NA 929 108 1.20 146 NA
B PCTG 0.73 0.696 NB 70 1.23 87 30 at 170°C
C PCTA 0.72 0.702 98 59 1.20 87 15 at 150°C
D PETG 0.75 0.692 83 59 1.27 80 2500 at 130°C
E PET 0.76 0.726 45 48 1.33 78 1.5 at 170°C
g SAN 7.5 MFR NA 21 NA 1.07 ~110 NA
PSU 6.5 MFR NA 69 NA 1.24 ~190
NA = Not available MA
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1, 4- cycl ohexanedi net hanol, 20.77 g of

2,2,4,4-tetranethyl -1 , 3-cycl obut anedi ol , and 0.046 ¢
w@pRoodiomssy | tin oxide was placed in a 500-m | | PCT/US2006/011911

flask equipped with an inlet for nitrogen, a netal

stirrer, and a short distillation colum. The flask

was placed in a Wod's netal bath already heated to

2100C. The stirring speed was set to 200 RPM at the
Exdmgleini ng of the experinment. The contents of the flask
[0 e rTém examploilpgiates the effechafdbe amburtiof 2114, 4-tetramethy|—

SIRCLAHROBSA BNt RGEER 1 bVASE B eiShvon o

thémss trarisitforefethdraturd @ﬁtl'@lpcblpeét@r@ 9p@ye§te$9 pP@;ﬁ#&G% this
Once at 2900C, . vacuum was gradually applied over the

EXIRIe SOMPHISE 2.4 4-teteanaethyhbidreycibutanediel residugsdnan amount

oft4temaioh o | eed was al so reduced to 100 RPM The
pressure Ibrﬁ%t%g the flask was further reduced to a set

point of 0.3 mmof Hg over the next 5 m nutes and the
ExamplesA 9 speed was reduced to 50 RPM This pressure
03R4 ndi hﬁﬁamé@ster 3 V@remrapanedrm/ @ﬁrrﬁl@g m.lhtheeesteoexchange and

d di d t hat
pdl J?@ﬁrgn”%}(‘@} r%a#ﬁ@ﬁsi@t %Joa}r@ Cﬁag S 4 tr?ﬁxchaﬂgﬁa gﬁ@gnments
warb@oadubtet iprostitiadoas mbem@%é (‘Cmpl‘élé‘é&)ra 'I*H&Q@TR was a

O&Sﬁl t. Vi SCOSI ty, visual ly clear and col orl ess polyne
Hags rastoreguippedwith énsiaglgrahadt Impegeobjadncamnator

coV@lté%lr\ﬁlm aH'é&cﬂ?ﬁé h@aﬁ’rfl% ﬂla%%ecgr(dgqtt%@m%o%éfaﬁeg pac BRYE fofiux

Vel Wwas
comdmw@oﬂmmaﬁ'héwattbam@s cresget agthI T glSf divletay!

terBRftEalo ST Akt b do g Cy'ﬁ 3 ?q?/gféjﬂaﬁ%géeﬁ&%%* 7g of
cydoRefarfs Glﬁﬁétﬁ%ﬁélrég{aclfsg (]2@ o‘?lﬁfn il fri%@%'tl@{lhéi%ﬁo%\’eefsdcnqhat

t oughness of opo ers
they @rwlkhbﬁl%)@ppm ’erpmd’(al lndhatﬁlndl poigmer). The heating mantle was set

M5 100 % BDiorg o Points FEi istd ShlAlon wiedaciated by
a G&mﬂ’@bﬂfbeéﬁ c@ﬁt‘r@[ $)b§é¥nbf(bﬁc\!é th-éhr%aﬁta?{té WRPE nicheldOs @f ing was
- cycl ohexanedi net hanol was appr oxi mat ely U'gé/v

lnltfeged gmj sg,ca/y.lw@cgea@@m $8@rems ﬂ'd@e@nmeretungz lof tres reactar
gra%f‘u%llylm%rgé(scécowﬁ% A& HHEE t L \(/)vlelg ?me%meol cozﬁected was

recorded via balance. The reaction was stopped when methanol evolution
stopped or at a pre-selected lower temperature of 260°C. The oligomer was
discharged with a nitrogen purge and cooled to room temperature. The oligomer
was frozen with liquid nitrogen and broken into pieces small enough to be
weighed into a 500 ml round bottom flask.

[0155]  Inthe polycondensation reactions, a 500 ml round bottom flask was
charged with 150 g 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 controlied by the Camile software for
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pol yesters. The copol yester of Exanple 2A (Eastar PCTG
5445) was obtained from East man Chem cal Co. The
weopaloysss er of Exanpl e 2B was obt ai ned from EBGT/DH2006/011911
Chem cal Co. under the trade nanme Spectar. Exanple 2C
and Exanple 2D were prepared on a pilot plant scale
(each a 15-1b batch) foll ow ng an adaptati on of the
thgrocedur olescrl bed in Exanple 1A and having the
Tih EX_MPIeP I8 £eredin thedolipwing tablenanless bitaniss spatifsd
bdlgxcri bed in Table 2 bel ow. Exanple 2C was prepared
wth a target tin anmount of 300ppm (Di butyltin Oxide).
The final product contained 295 ppmtin. The col or

val ues fo(r:amiie Snﬂqmmwford?olﬁﬁaﬁ‘ﬁbﬁsaﬁow&dt ons’ /- é

1; and 5-/79. Exanple 2D was prepare
wi t Ptage gi’me tmimu tTempc(Bﬁbm ( DVacuim n |Oxi Sty
The final |product cont@i ned 307 ppnt'
val ueg forl the ppl yester of anpte—2 et 56612
28X 2D R d
hl Fal
g

at= -91.2724; and o= 16[ 28 A3T—{vat-er WEH-e
i ] eCél on ot de 53| nto—bats 203 tbbequch \:’/ notlched0
3] oal DHZ$54 ouu;l\., uu..ﬂb
f pr—tzod—testing—Fhe—not R | zod! i npaéPOst r engt h§0
S DO Pt unction?@R tenperat 8% and|ar e50

a._s,.g_Eepnrtpd i1d0Tabl § 2. [2014] Fpr _a @0ven sanpl 60
t 1 8ad il npact Sstrendt h ur2Br goes| a maj@r tramsitpgn
in_a ghortl tenddbaturg sparpgdror 1 nst ancg, the |zog5
i npact strength of a copolyester based on 38 Tut96

[0186hy| dPamilg BeqUencesfordesnplBs ©,twansytion between 15
and 200C. This transition t enper ature i s associ at ed

Wi t h ar de Tt aw-efne
fal?ta?geg ”Bll?nbf‘(rrﬁﬂﬁ rperq-a U g%d L)’éé# l%l"gy
flaiures—at higher tenperatures. The t(té)rlfs)tl 01 (rpm)
t atufe is denoted as 246 britltl e-tge@ucti|e o

t ns?tlon tenp®rature, Th@45and i[s a mEgure pr  5g
tloughthess| Thd 30s reportedogg Tablle 2 afgh pI ot el 5;
dgai st npl % cogononel I N begure 2. [Ulge] The dats?b
ghows; thaf adoj{g 2, 2{% % 2§b' ametrhy -1a

|3-CYgTob IaneusUl toPEF by 'be—ang aproves e
troughness—as—gamparet—o vlend gl yr‘;a which 25
nerdases. FThdot BCT. Thol e 2907 6 25

[0157] For Examples A and C the same sequence in the preceding table was
used, except the time was 80 min in Stage 7. For Examples D and G, the same
sequence in the preceding table was used, except the time was 50 min in Stage

7. For Example |, the same sequence in the preceding table was used, except
the time was 140 min in Stage 7.

52



Not ched |zod I npact Energy (ft-1b/in) 1 The bal ance of
the glycol conponent of the polyesters in the Table is
wa 2eb7/0ey63 ohexanedi net hanol . Al l pol yners wer eP@T/8a0€a11911
from 100 nol e % di net hyl terephthal ate. NA = Not
avai | abl e. where: B is Ethylene glycol Cis 2,2
,4,4-Tetramethyl -1 , 3-cycl obut anedi ol (50/50
Ci s/trans) Exanple 3 [0146] This exanple illustrates
[0458k 2 CamilerSeguengaiorjExamplg By cl obut anedi ol can
i mrove the toughness of PCT-based
copBtame e s'l'wnéy(mire)w d'@mrj) (AC ltef\kaxl:mumi c| acStir
0

and 1, 4- cycl ohexanedi nmet hano yest r epgr j
t his t'T\clllp e—con rise 2274 12‘ tett IIELII@? )O ?Pph{)
3 ebui-aned 5. +esi Huesz' 5 aR—a B o —-40—pol 9/ oF
gr_eaf [0147] Eopol yester 34k$a,g_ed_ hy| 50"
tereptd hal hte B 4 4ltetr 200t hyl -|1 _, 3-760 50

cylcl obhit anedi ol 3 and 1, 4- c@6Bohexdnedi n@Phanol | wer%0
priepar®ed ag desddObed bel ow300avi ng t he 80nposi i on50
and pr@perties sgown i n the3pabl e fQel ow. 7The bal ances
up t'0 700 ol % gfgt he @i ol gpgponent of the polryestsys
the table betowwas 1, 4= CyCI onexanedi et rano
/ 69
[Oglrg?j od F%Fﬁ))ém): ’tl'%orTm fle 3@@5%1‘1&@‘ g?(gihgocébl@%as used,
exaeips tupreatuuym matsch e indBtages & amrpachdr &saimpde LTthe same

not ched &zod act E%o ths wer e g tai ned at 23C and
SeAUENCE 3 e pracrdinga HEPEVEXGERA LG YACUHEN WS torT in
Sl‘ébé§t69éﬂld 7aFR Ex%%ﬁlé Wh%éﬁlé@é’cﬁl&rﬁ:@ i rl‘hé Bﬁad@ahrﬂﬂéble was

bars. Melt viscosity was neasured pel l ets at
usegioprcapidhe vacusmpvasiditors inStages 6@®dp7f oE@lr ExaympledN, the same

sl B ARG YRR Whalel SV A |8t lor i
S@?gmd 7di met hyl terephthalate, 8.84 Ib (27.88
g

[0160] Camile Sequence for Example E

Stage | Time (min) | Temp (°C) Vacuum Stir
(torr) (rpm)
1 5 245 760 0
2 5 245 760 50
3 30 265 760 50
4 3 265 90 50
5 110 280 90 50
6 5 280 5 25
7 110 280 5 25

[0161] For Example R and X, the same sequence in the preceding table was
used, except the vacuum was 6 torr in Stages 6 and 7. For Example S and T, the
same sequence in the preceding table was used, except the vacuum was 6 torr
and stir rate was 15 rpm in Stages 6 and 7. For Example V, the same sequence
in the preceding table was used, except the stir rate was 15 rpm in Stages 6 and
7.
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1, 4- cycl ohexanedi net hanol, and 10.08 Ib (31 .77
gramnol) 2,2,4,4- tetranmethyl-1 ,3-cycl obutanedio
woweee/0osart ed together in the presence of 200 PENUSH006/011911
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 condensi ng colum, a vacuum system and a
[ome2]] COREmMilepBequence for EXdigle Hhe agi tator running at
25 RPM the reaction mxture tenperature was increased

tcgiggéa i r ogr 6as PBT Oa¢:
The readcti ﬂ-'ﬁigt@@s sTﬁ\gﬁgq‘g’? y. hc;Vé!i:dsl?u ZSOOfSé'ﬁS
2( i ssure. The nressure was fhn:t Qﬂgr easled\k
psig dt a rate o 3 psig/ni RAPe. Then t1®0agitator O
speed Avas ldecreaBed to|15 RRHH t he |t enp&iB&t ure |of t5G
reactidon m xtur80was then i @86eased to Z&HPOC and t hgp
priessudre was decgeased|to 22g@ of Hg. Thggreact|ion g
mixtume was hel gq@t Z900C anpgpat a|pr essghe of (2 mrgPpf
!—Ig UnI6ii I[ i;lsnpOY\gr dr::uv Er(: %66 dgitdiui po—tonget 15
res e esSste—of—thRe—Ppressur
i/[:;:l ev;s,\?:‘lclnIJI ..crefa;ed tQUL at m,spher:g’ ucipn 15
1.Lrogen gas. Th | ten pol yner was then extruded
OF%3m T her BYenels & hesente Saaencsdndee Pesaeding tabip wasaised.
exos &¢6

t eakdedubPwBa SStofr ift- -7.TR8 RS h
inﬁere_nt viscosity of 0.657 dia?g and Be% Pfl@%c%e
seqnNenes il thei resedingdableavas ueedh @xgept theasctionpwsed tofr in
1.9 1, 4- cycl ohexane-di net hanol residues and 43.7
Stgrg?gg%/zt 4-tetramethyl -1 , 3-cycl obut anedi ol
resi dues. The pol yner had col or values of: L*= 75.04,

(ofefT50) O3 Fipbeeede” BatPlBdd aA Qeampi o 38 o

anple 3B to
apple—3D were nrep dfollowing a procedure simlar

“ T A N a'r—? J "
to Skagend deme (min)f or Temp{PG)3A. Vaeuummpodi t i Stir
and proper|ties of thesp polyestersiare i1 t(ﬁpm)
t abl'eq1bel gw. Exaipl € 3E [U1p4d 2 1724 ii§9649. 71 0
gyam pot ) [drmet iyi ter [;J)?lt ilzl{glt € 5 4§ %soggG; 28 50
H—i4=cyeh ghexanedirer hanol—and 49— {3037
o am o2 e i R S
4 5 290 6 25
5 110 290 6 25
[0165]  The resulting polymers were recovered from the flask, chopped using a

hydraulic chopper, and ground to a 6 mm screen size. Samples of each ground
polymer were submitted for inherent viscosity in 60/40 (wt/wt) phenol/
tetrachloroethane at a concentration of 0.5 g/100 ml at 25°C, catalyst level (Sn)
by x-ray fluorescence, and color (L*, a*, b*) by transmission spectroscopy.
Polymer composition was obtained by 1H NMR. Samples were submitted for
thermal stability and melt viscosity testing using a Rheometrics Mechanical
Spectrometer (RMS-800).

Examples AA to AH ’
[0166] The polyesters of these examples were prepared as described above

for Examples A to Z, except that the target tin amount in the final polymer was
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tetramet hyl -1 , 3~cycl obut anedi ol were reacted together
in the presence of 200 ppm of the catalyst butyltin

wao 200302563 hyl hexanoate). The reacti on was car r PEUS2006/011911
under a nitrogen gas purge in an 18-gallon stainless
steel pressure vessel fitted with a condensing col um,
a vacuum system and a HELI CONE-type agitator. Wth

u t 5 RPM the reaction mxture
%ﬁp@g:eg%@{pvés RR g”?‘!’/ﬁ@(‘ﬁaﬁm dessripedbsur e
temeratu@m@seld’emlri‘@tep@ hbg fdre was hel d
ihdQr .2 hours at 250 0C z;ﬂlde ZOsggﬂﬁélzJépe%ﬂﬁ%e amlg software for
?ﬁee?@m@eﬁtas then decreased to O psig at a rate of 3

psi g/ mnute. Then the agitator speed was decreased to

15 e SRR AL S AR L

d inn mxture s held

at @S@g %ng"y@ th}ESSJm (C) rmViacuymnt || Ser
ower draw to the agitlator no | onger i sed| (

P trorepec (Tom)

[

inut&s), | The pbessurd of i@ pressure Y& Ssel
redsed|to 1 &t nospher e @BNg N7 0geppdas. [fe 5
plteh polyner 3Was thén extasaded Tjfom i@ pressuresg,
v The cooBed, et rude®5pol yrier Waspogr ount tO5q
pu scAdé®en. The pol2gfrer hgd an 4goher en 50
i vof 0. 804 dllg an®98 Tg df 139GC, 50
o -5, S Uhmmﬂﬂq hat the p@9nmer vas corgposed pf 48h 8

4= xanedi met hanol resi dues and 59. 2 nol %
["1@32 4'1E ER Fﬁegﬁyt hejstirgerayas tisaecbeas opmrwith 9garin &fian
Stagel7yner had col or values of: L*= 80.48, a*= - 1. 30,

and b*= 6.82. Exanpl e 4-Conparative Exanple [0152]
This exanpl e shows data for conparative materials are

[0163pOWNChERilIE 'ﬁB Makr ol on 2608 from
@gyer V\Altaggq%r?ér%er@\—{]gx% @2}?\% on of 100 nol e%

residyes—and—100-npl e% di phenyl carbonate
egmgé 'ICHM%K 36081‘%353 £°G)r] naVaceluny | dw rStie
20 qrcmB/ 10 m nutes neasured atf 30 i ng g
ight. The PETO was Hastar2Z92T fyom E?B?Zu.. (}p%nb<
n2cal Conpany, w tH a nogasnal CPRPOSHEG O Of 10%0

wledtefepht hd ic adid, 3288 mol epb 760 50
yelBhexanedi mnt handl _(CHE) and| 96. 5@l €% et hykgme

\E’Pw

') T+ (D

() I0]

<
£y
o
|3
|
I

g ycgg — The PEFG 283 5 50
5 283 1.2 50
7 71 285 1.2 50

[0170] For Example AH, the same sequence in the preceding table was used,
except the time was 75 min in Stage 7.

[0171] Camile Sequence for Example AD

Stage | Time (min) Temp (°C) Vacuum Stir
torr r
1 10 245 ( 760 ) ( r:)m)
2 5 245 760 50
3 30 285 760 50
4 3 285 175 50
5 5 285 5 50
6 5 285 4 50
7 220 290 4 50
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was Eastar 6763 from Eastman Chem cal Conpany, with a

nom nal conposition of 100 nole%terephthalic acid, 3
wa.ewleEsxycl ohexanedi nent hanol (CHDM) and 69 P@i/ESH6/011911

et hyl ene glycol. The PCTG was Eastar DNOO1l from

East man Chem cal Conpany, with a nom nal conposition

of 100 nol e% t er epht hal i c acid, 62 nol e%

cl ohexanedi nment hanol and 38 nole % et hyl ene

[017&¥yco@amﬂﬁé§qﬁ@ﬂic Qr @é@'ﬂﬁ"e 01 from East man

m cal Conpany wth a nomnal conposition of 65
roStagecr]eFhntea{min)cj dTeAtp r(%?% i sacuhan c |aciStiand
LOO nol e% cycl ohexanedi ment hano CHDMorr)'he (rpm)
-’OrykaTLlle WZ:I&STJOEI J.IU(.FEASUIII So vay %lll a nmonTardi
Conpesi tijon of 500 eY% bpgphenol A Tegj dues [and 5400
TOI €%0 4, 4-di ch@r oSul[fonyl zg fone TeskHgges. Ydel 54700
as g nomnal mElIt TTOW rapgs Of ©] 5 Or aggs/ 10 1ji NUBES |
reasared |at 3430 usinlg a 2286 kg Wei ghtgp The $AN was
Lustean 3 1 fram Lanxless, p88 h a pom nab conpasi tison
pf 78 _weijght %6t yrenle and2d4 weil ght % acryl oni trisbe.

Lustran 3 1 has a nomnal nelt flowrate of 7.5
[0178t ansCalileiSeguencetarsExamiplatAG30C using a 3.8 kg

wei ght. The exan‘pl es of the inventi on show i nproved

toseages= gﬁmz ﬁg ‘ve?s Vagitm © 12 'sfit

[ he other| resin bl e 4 tion arious

r{,\pnriti gs for certail -=—(|£B!P—L—‘

avaibabl-eExampile 50153 313 s—exanple /P us tiategithe

effeft—ofl—the '5“.’3%‘{ of 2‘%4%%%34%# 0

n_ 12 ‘,nl Al ol ’ ad <’F 5 i]c\n rnnnygg? oan_onf |§g

L, 9% &ybIQDUTall UTUI ocu. r%5 L i A |C|Ju:|g.611 Ol Qﬁﬁ. 5
sters—of ,llec |||vci"|tiU£go“U‘ th gla‘sg% t+anstt Fgg

enpgratygreofgthe—p iyesfzgos. Pot-yest €S prepareggin

i S7exar pre—Tg pT S 2, 2 %Sﬁ-tet anmet ngﬁn 25

, 3- cyclobutanediof residues Tt am anount —of 40~ Tot 9% or

Exang,ne@m&,rAKExanpl es Ato Z [0154] These polyesters were
[0174] EPBIrREtNYY tefEpHthaREe, ONE-dyBRhBRAREdIRMEMNAY] S d

2,2,4,4-tetramethyl-1,3-cyclobutanediol were weighed into a 500-ml single neck
round bottom flask. The polyesters of this example were prepared with a 1.2/1
glycol/acid ratio with the entire excess coming from the 2,2,4,4-tetramethyl-
1,3-cyclobutanediol. Enough dibutyltin oxide catalyst was added to give 300 ppm
tin in the final polymer. The flask was under a 0.2 SCFC nitrogen purge with
vacuum reduction capability. The flask was immersed in a Belmont metal bath at
200°C and stirred at 200 RPM after the reactants had melted. After about 2.5
hours, the temperature was raised to 210°C and these conditions were held for
an additional 2 hours. The temperature was raised to 285°C (in approximately 25
minutes) and the pressure was reduced to 0.3 mm of Hg over a period of 5
minutes. The stirring was reduced as the viscosity increased, with 15 RPM being
the minimum stirring used. The total polymerization time was varied to attain the
target inherent viscosities. After the polymerization was complete, the Belmont
metal bath was lowered and the polymer was allowed to cool to below its glass
transition temperature. After about 30 minutes, the flask was reimmersed in the
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pol ycondensati on reactions in separate stages. The

ester exchange experinents were conducted in a
weoonwiomictis tenperature rise (CTR) reactor. TheCTZURMWM&S11911

a 3000 m gl ass reactor equipped with a single shaft

i mpel I er bl ade agitator, covered with an electric

heating mantle and fitted with a heated packed refl ux

condenser columm. The reactor was charged with 777g of
Bealmantimpétat batbdthehtenaperatuae $\@dd:feen iDeraset do 2O5RCE lipring this 30

it el SRR TR o mery Be8 hellid ARBIRRE fEaefofe oless

fladke rEnepblymzs n?4XaPRas slimedrat Alid idvel fethil Mk i me-?ﬂsalymer

The heating mantle was set manually to 100 % out put

hatheoaled. Joernalyraptvwastrameyed &em the ﬂm%@amcégrqundammsbw 3
mth g@r@bhle t\@rf&‘ﬁgﬁ ;«? ﬂﬁé 'b\%?seﬂﬁé ﬁ/g\'ef* F%%% tybjpgeac & Spolyesters

desuribed Hetbw wﬂhE&OtargenedemposlﬁtﬁT@MB mads. t he reactor
d wth run tinme. The weig

%ﬂdu?ll ‘]g i ncr eas, of
[0k &rlharBherest Viscoetiensers Bigasyen ap Qesamm@ thprbleasurement
"
i e e L S Y
l'bNNﬁ’baarequti beﬂmae gema/hﬂeasmemant dMethogsisgetiom dThe glass

ed to ro t enperat u ner  was fro
RO el oS BB caleiiosk B, DS RGeS Segmnd bt after
qUEMRHA & Iaitderf 289RAE. i nto a 500 m round bottom fl ask.
£0155] In the pol ycondensati on reactions, a 500 m
[0} Mind Thet tebla belavishayes thlsaep@ednwrfcai desa for the piyesters of this

o BhHE T RARE B 8 el 3t S RS b

1,Blcasiobatmatis raisks tie ghass thakfioRRbm _F@%M@?rn anh QInAdst linear
the Cam | e sequence was initiated. The stirrer was

fagfyen. iop Aconsiant inherent viscasitymAigwer3 alsk shomsotiestapendence of
; nper at ure/ pressure/ stir
Tgt2’?383ggﬁg@@ed@o'hﬁgﬁq-{ggcé§ﬁ$he Cam |l e software
forthese exanples is reported in the foll ow ng table,
unl ess ot herw se specified below Camle Sequence for
Pol ycondensati on Reactions [0156] Cam |l e Sequence for
Examples O U, Y, Z
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[0157] For

precedi ng tabl e was used,

WO poogexgs3 7. For
t he preceding table was used,

mn in Stage 7. For

the preceding table was used,

Exanpl

Exanples A and C the sanme sequence in the

except the tine was 80 mn

e |

mnin Stage 7.[0158] Cam |l e Sequence for

Exanples D and G the sane sSePUBISE06/011911
except the tinme was 50

the sane sequence in
except the tine was 140

Exanpl e B

[0159] For Exanple F, the Eabke %equence in the
cuum 8 torr
(IBIEQ% ?gggigoh @&hgeiﬁﬁrﬁ}‘ %Iuﬁ&[b@p{f lrtﬂF glﬁgogg?@% gampgsition
t he ot nb d ude except nf &€ VacuUy Was 6
Exagiple i ﬁrﬁngjﬁég Dgﬁ%r §, )Fcr TE(?th e ZT]VJD%I he S% ;?]9003:2
seguenceinthe prec 59 tabl e was(Ras), |eXP&ipd) t hqpPoise)
VAU nn\‘?r?% 4l ¢ 363 in @§51ags=s 61%nd 7. Nor Bxanpie N NA
tCIC oa”E&:ng |e$%’[;\ Hn g$119 pr Pﬁaﬁ‘“ g téﬂ?ﬂ e S N}@ed NA
Cﬂbcpt 2\3@ V’aCZ?': s“ \ as&;g torr 12?’1 St Hgé\g\ 6 a_nd NA [ )160&IA
G He—5g “‘chEa'LC’ I_q\%rrpj@_ﬂ?zfﬂ1 61] NAar Examyd e R anwA
Xt e 252[7”: acﬂ}{i,un\:g d@ the ¢§5QP dind"A ablle s used,NA
EXCENT LJTF VACAEEM Was, G —tpri TSt a.’v‘i’u“ S—gnd f¥For__TA
EXam €453 AN Jp g t e S Seqenae ’;Nﬁ‘ horprqieding T
tabl & Wags USElzp EXTER 5t NP Vifstt-wag 6 tois N pLicA
r.Bi € e ¢15 [T T 4 T1] Steages| 6 fid—1—Fgf Bxampl Vo thal
SNe | SELENTE 470 TNE (y7ECEU it gbtegas—tsed, —exeepti
tthe sti45.2 atle 488 [[5 o5pM [ T plages Gyand— [‘NA,“z] NA
®ani | e $equence.7f of eanp| € 1351 0163} ygor txanpte—d—
the samd.isequeltde | nolsBe pr epedi Ny TRRIE Was ysed; NA
Ecept 44le vacidm Wa9.58 ToT ri8N St agRx © @Nd A Hof NA
Exanpl 46, {hetédane sequenceizrn {he RAeCediMgatatte
fas [sct87 excdf® theowdcuumiams | TORA T N| STRACS (6 g
2 D168l cani®Bd Seqaedcd fowsExanpl Bs P_ANdNW [JI65KaA
Phe 945, ti mjﬁél vimeP§2 werr e 128coyer edAfrom tRe TTasSkna
grepped isihg Thyldr 8681 d cl#@ppef. anl grpundAto |a BNA
rseraf8- sl 280-7Sanm P62 df  &48h fr ouNG NA NA
v 46. 46.8 " 0.65 129 NA NA NA
X 45.9 46.2 0.66 128 NA NA NA
Y 45.2 46.4 0.66 128 NA NA NA
Z 45.1 46.5 0.68 129 NA NA NA
AA 46.3 52.4 0.52 NA NA NA NA
AB 45.7 50.9 0.54 NA NA NA NA
AC 46.3 52.6 0.56 NA NA NA NA
AD 46 50.6 0.56 NA NA NA NA
AE 46.5 51.8 0.57 NA NA NA NA
AF 45.6 51.2 0.58 NA NA NA NA
AG 46 51.9 0.58 NA NA NA NA
AH 45.5 51.2 0.59 NA NA NA NA
Al 45.8 50.1 0.624 125 NA NA 7696
Al 457 49.4 0.619 128 NA NA 7209
AK 46.2 49.3 0.548 124 NA NA 2348

NA = Not available

Example 6
[0177]

This example illustrates the effect of the predominance of the type of

2,2,4,4-tetramethyl-1,3-cyclobutanediol isomer (cis or trans) on the glass

transition temperature of the polyester.

[0178]

Dimethyl terephthalate, 1,4-cyclohexanedimethanol, and

2,2,4,4-tetramethyl-1,3-cyclobutanediol were weighed into a 500-ml single neck
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pol ymer were submitted for inherent viscosity in 60/40

(wt/wt) phenol/ tetrachl oroethane at a concentration
W@2000/081583 100 ml at 250C, catalyst |evel (Sn) bYT/KS108§/011911

fluorescence, and color (L*, a*, b*) by transm ssion

spectroscopy. Polynmer conposition was obtained by 1H

NVR. Sanples were submtted for thermal stability and

nmelt viscosity testing using a Rheonetrics Mechani cal

rodpd dotigrefiask. (FaspelyesterErhiiis e)samAIet WeV&Jpr{e@éE&i with& 1.2/1

IRVEETL B0 Bl B3 Rp S Coeim Baccph 4 nttereeiby

1, Bﬁuygkeibutaned&rm%ugfl'l_ %&l?yﬂlh&w\;mldn%’@éﬁé \é\)élgescr | Eérql\aéJEOO ppm

tiry 'Qﬂﬁg f 'H@b%lmgés dhe dlaskwasr mc&er@@,a;ﬁﬁs@ mtngg%ezm bl With
Gy exanpl es
Vagbguenc ehﬁ%r? 8@(%1@3 ?es EAﬁ a&%%?a rrg TE?S% rl(fametaf bath at

ORaresidestinrgd attROGSRPM aftemihe reHERat had AReliclM Atdrhpat 2.5
Cam | e Sequence for

ho %é!a‘gié'ﬂlég'[agir?gyaﬂﬁé@(%%i @Cagnd thrseseonslitionguwerseheld for
anﬁtﬁﬂﬁr@% gggcgss t ?Fb%%% C%iﬁ?efwage&ggé b Eﬁgfé @aar%rgxmately 25

t d ¢edtoaxa reoffg bV 3lperadidf &
TRUESLRRY UaRressuGeyas Tody esrmAl tgFF%K 0174

migitle TR otEfinghEeduect 55 ThEyEranbxiaRenset: WARGIS Rehtbeing
thézm'mlﬁn St fn@ﬂ]ﬁeﬂyl'rﬁle t&alcﬁ&}bfﬁgﬁé o gt'irﬂ% vg%{(\?ar)%ﬁ B5thin the

500-m ngl e neck round m
tar Iﬁgﬁt ‘?ﬁbgfeﬁﬂ é"S&pSEllﬁS g Adtes it polmmeaslzptlenp arascomplbted te Belmont

el 5 ) i M A RER S Bt oass
transition Yémperanmed %ftataiomBO\%ﬁE\u?&ggﬁe \F/I\gsslgigég mpmg%%‘d in the
Be ot n t h l?ﬁ,te{j)'(@);lagﬁgte&fe had been increased to 295°C during this 30
minute walt) and the polymer mass was heated until it pulled away from the glass
flask. 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 45 mol%.

[0179]  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.

[0180]  The table below shows the experimental data for the polyesters of this
Example. The data shows that cis 2,2,4,4-tetramethyl-1,3-cyclobutanediol is
aproximately twice as effective as trans 2,2,4,4-tetramethyl-1,3-cyclobutanediol at
increasing the glass transition temperature for a constant inherent viscosity.
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vacuum reduction capability. The flask was i mersed in

a Bel nont net al
wa@tdaogotshe reactants had nelted. After

the tenperature was raised to 21Q0C and these

conditions were held for

an addi ti onal

2 hours.

bath at 2000C and stirred at 200 RPM
about 2PSI/HAUNE011911

The

tenperature was raised to 2850C (in approxi mately 25

m nutes) and the pressure was reduced to 0.3 mm of Hg

over a period of 5 mnuteslabigd stirring was reduced
the viscosity increased, wth 15 RPM bei ng the

ﬁffﬁwﬁiﬂﬁ'ﬁaﬁ@{miﬁéﬂﬂ Foyclobitsneni] SAraAS LbRIOSHIBR on T,
Was— yared—toattai-n—the—target :n'.éf%fn:hél ;glo I:mlbeast'
i thegh¥l yneri 4%t i gn conpl ) f o
Exa@fé{lgl barmomas | opdiygy |andeeghe pol ASE \\eR759C oveeDD T@C'S
coollto below itls gl ass transSiti adiseh¢(Roised. (Pois®) MCD
 Aboul 20 %%uted. GRb 1|l aski9as |1 eNdrer e AN NA. 41
BheBel morfiB2net all b&Th (|t hel2enpér aNX € haduREeN NA 2.0
Gncrpasedibtédo 2950.6rijng 179 5 30 2BBIBIT € YEHz4) | algept e >
Dol yper ma9s was heet ed Un{gds 11 Behdedansy T o 431 e .8
Bl asp Tlagk. TNe PRy Y TTET 1TSS vma1oq1t0b5r:d62ﬂ7%%.. d Vel 23.8
g N The figgk untifyghhepotyger—ha -5 lol e| pA3yfe 24.5
avers cuuzg-@L From-theHaskand g QIHE B34 5 380Am 26.4
B ereer—\Variatibns '$5n tthis g raoc =du’?‘é\-vvere%de t dLA. 27.2
broduce cophl V&3 ers dW8cri bed!24€l ow W5Th A NA. 29.0
i ar get ed*¢6npos| t 1% of 451280l % [MA75]| | nbRT €Nt NA, 354
Ji scosi t &4 werp Me@sufed @8 debcrNbed | NNAE | NA v
K' Measur edBt Mef hade™ $ectqion aboviga, THe WOIIPOST i oms 0
Lof tihe ped.yesters ower el detgpm ned oyt as — 36.3
MEXPI|al negs Bef or[e Tglszt e MeggurefreniMethogs sect N 7.7
NTE [0 8535 § ransitigay—t erpetatures—yiere deldl ni ne /by 72.1
ODSC1 st Eg%t ke Seﬁhgd 1eat “after IJ nc a{\IAa rlat éIAOf 72.3
ngc/ i n4 1761l T 28t ahl e 88| ow sHRAS t/hd 0858per i 4asat all 88.7
d or#t¥ie ndl y8&Ferk ofi38 hi 5| exe@ndl d. 102@6 datepss 89.6
Qshous_t W40 an i|ncP8ase| i n 1ehe ||eved2iof 351 2261 90'4
R2, 24, 4-4%4 r angt h9b6 1| 3- dg«T o[ut anedi 9T KAl SES e '
Sgl ags tr48di ti gn degperat ugz i1 amgsy 1M bt46i26||ta|2120 90.6
Tfashi on,4Fpr a |Copss MEET et —wgss oSty =+ GuEe 3 90.6
ual'sp shasg the deb’-‘a‘éi“' neegf—tg—oen—composition 4 91.2
NA 1___% rava‘am scosity—Fable ég ags 1N|"1§nci t Ir}‘)‘ﬁ N.A. 98.1
tenperagur% as a function of inherent viscosity and -
conposi tion
Example 7
[0181]  This example illustrates the preparation of a copolyester containing 100

mol% dimethyl terephthalate residues, 55 mol% 1,4-cyclohexanedimethanol
residues, and 45 mol% 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues.

[0182]

1,4-cyclohexanedimethanol, 34.07 g (0.24 mol) 2,2,4,4-tetramethyl-1,3-
cyclobutanediol, and 0.0863 g (300 ppm) 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 200°C. The contents of the flask were heated at 200°C for 1 hour and then the
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NA = Not avail able Exanple 6 [0177] This exanple

illustrates the effect of the predom nance of the type
wW@R002/0@1543 4- t et r anet hyl - 1, 3- cycl obut anedi ol | SPOEUS1006/611911

or trans) on the glass transition tenperature of the

pol yester. [0178] Di nethyl terephthal ate,

1, 4- cycl ohexanedi net hanol, and 2,2 >4,4-tetranethyl -1

, 3-cycl obut anedi ol were weighed into a 500-m single
tenaRarabiie wasdnereased 4 R107Ge Thel rgastiar mixitre was helcap2 0°C for

it h b QIWC cid~rati | t he
2 WOUR AN ftredtbl tporof e, i 2U3RUE, “Obb b 2Bhis. & Vaouum of
0.01 sy whs lyrécuresilyi applieBroveg thelhdit /o 5 Migvtede FeAtvalciin (0.01
added to gjve 300 ppmtin in the final polyner.

pqmrﬁ)zw% Q@“W@C{fﬁﬂ &rtotal gme Sroui“orBieiesier pmave excess

Qeduat § AV ' rsed in
R ot PR TR Icob ), yis By CleBF B0 e wes
okifined withea igéaest teantsitidratbrmdrante oAfl267C abduin RhErdiWistosity of

oggﬁi ben‘perature was raised to 21Q0C and these
) gti ons were held for an additional 2 hours. The

tenperature was raised to 2850C (in approximately 25

Examplec8)-Co pafgtive Exakiplewas reduced to 0.3 nm of Hg
over a period of 5 mnutes. The stirring was reduced

R e ERPP RIS S TR 2 BolrosErdel PRk 23 40
tetxameﬂwﬂ-i; éﬁcy?olaﬂha'edioﬂ hes b%l@\ﬁtcry"sjlmlﬁmﬁdnhwélgﬁlﬁ@.t It es.
051 ARt Bt pele oo arma ol el amb2ai4 dretramstny-
1,829biobtahebRMWesTrhafs) AR LANIBIRIHR Mefoc ik &ribed in

about 30 minutes, wWas T el nerse
ExaanpieAA with the peapiertieshshavempe Tble &, Wads pelgasichweasade with

i ng .t hi 0 mi,nute wajt) .and the pol ynmer
055t el Qg e Sansiel i Shibb 512 Gni-eiroe vt >
cytlobataneditt weele8r8s. mass was stirred at mid level in

the flask until the PO| ynmer had cool ed. The pol yner
o

[0185 gwmé/@rem;rﬁswb Matble gradng polymertat 3245€. eCiystattization
naBiEhoa VBRI ARARNE fud B RO B SRS om 2201
250 getl 6t trwrpeintd and afe ASpddih Table 7. The fastest crystallization
~ half-time for the sample was taken as the minimum value of crystallization half-
time as a function of temperature. The fastest crystallization half-time of this
polyester is around 1300 minutes. This value contrasts with the fact that the
polyester (PCT) based solely on terephthalic acid and 1,4-
cyclohexanedimethanol (no comonomer modification) has an extremely short

crystallization half-time (<1 min) as shown in Figure 1.
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[0179] Inherent viscosities were neasured as descri bed

in the "Measurenment Methods" section above. The
weowposisss ons of the polyesters were deternm neRCHYSB/011911

NVR as expl ained before in the Measurement Methods

section. The glass transition tenperatures were

determ ned by DSC, using the second heat after quench

at a rate of 20C¢ mn. [0180] The table bel ow shows the

experinmental data for thqaméyesters of this Exanple

The data shows that cis 2,2 t hyl - '

4-tetra 1
, 3-cycl obut anedl @Wst%"%@ﬂ%’xHﬁ%It'mef mge as effective

ac_tr o

S as—ta 2; + Ad=tetTranethytF I g8- cycl chut anediabl at at
on:;gomeasq\pg",% > gl @ep [1.anecy | omeoPenpenaritr e f240°@ | 250°C
(mebPdt apt I 'nherent vi sicosi ty. Takhia) 6 | Ef (et pf (min) (min)

100 ok & - (87 anretdigh- 1, Zsoyc| olsaetanedi ¥66ci 5/ t'P&hs 1888
conpos|tion on T9 NA £ not aVaiIabIG Exanple 7 [0181}

Thi's exanple.i '

Wth%p_oI yester &b @ajﬁlﬁ"g?%%%ﬁo %glﬁe@élrggé%?ﬁglr%qséC'S)
resi dues, 55 nol % 1, 4-cycl ohexanedl nmet hanol residues,
and 45 nol % 2 2 4 4-tetranmet hyl -1 , 3-cycl obut anedi ol

Exampple § G ar
[0186] ﬁe—%{%ﬂq E?éﬁﬁ%lﬁ\g@ap%lyg%t%r ﬁ{)at%zc\zjg)@% ySr%PéréH)Mth a target
conipq% AlRslbrRirbgnBblic 3didésigues, a@mee)%

44tetrarrethy|-1 3- cclobuta iol,, and 63
1 4g:ycmextpped|¥rmﬂmnq}|re$|ﬂue$))@mieZQ\,ggol%| g gr ggfdg)%

er
A By S s,
extfud@s K ANGifedt Wapsesktiudeal mmmuw;mumw @thl@lq@gﬁsrfgawgdml
to 2000C. The contents of .the, fl It g

andztbmclamus,sm@tﬁW&Fﬁﬁ%ﬁ%‘ﬂé@é@hﬁ%ﬂi g'ﬁ%gg ty and glass,
tratt}s?%qzj‘fljf) ﬁ&%@ﬂ}% %Q%}Jr@ﬂ’é)tn%rﬁa ¥Rsethafte stieel LiLehbr

up to 2900C 30
VisCIHHG Vids ﬁ%sﬂ@d (%) b@@Lﬁfmdllg‘ W@glm.ténnﬁggrgnm%pigﬁwe of the

shq@%elg@%\éﬁrrqg;gehﬁj (ﬁé &3 ége?‘[g é}éttg? Cgﬁphﬁé’ﬁgﬁ%@b% relative

I e
o GRLATS BTt e ety e o

feniale r@dﬂﬂmawtg a\ndmwaiafgo ab2.5:1 HpiEDE BFPW%FH%W‘SW@XS{“““‘”G

1250C d
The thermo%grmlﬁg olvrérﬁ eear’}(tarsv\}vgr%ogétttg 7@?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 (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 these
sheets having at least 95% draw and no blistering, without predrying the sheets

prior to thermoforming.
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0.64 dl /g. Exanple 8-Conparative Exanple [0183] This
exanple illustrates that a polyester based on 100%
WQ2740¥53 t et ranet hyl -1 , 3-cycl obut anedi ol hasPer/E506/011911

crystallization half-tinme. [0184] A pol yester 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 1A with the

properties shown on Table 7. This pol yester was nade

with 300 ppm Thémhofbrring oxi de. The tran /CI S ratro of
the 2,24, 4-t etcowtfidnd - 1 , 3-| cycl obut aneait &u

measur ement s(s)rom it p)/é? uregN, L, H)

fraom 29 +n 260NC

%@%r[aiﬁe@tm}l@ G[;é(rﬁg%llil:r;ts?%g rPBE“e B Blisters

Fraom-22 to 50 Cat ek aq% an are repo ted
i n2!|ab| a 7. g‘ e fast ocj $IUIQ1' all L-;]“ on| hal ]64“ mel| for N

t hB sandl e W99 t aken a359he i ni @98 vallue 063 N

cr@stal lli zatli18n hal fti MB6as d furfiAd on [of t 86per af ure.N

Th® fastlest 185ystal |l i z46B8on hal f -A36Te of thog

N
poEyest gr i Si4a& ound 139fs m nut es.7gbhi s val ugzcontfast s

W N The T agisd hat Thegg! yesfer FACT)paseg sot e}y on

[eGep'n[ aIIC] amd 7% ctot nmedirnet rot—(no L
Ao

'S hn
CoOtoNot IIUUI | | €a LI UII)

< ime (< Ilmca;lggcls?}o;\;r;d; n Figure
FO]?S%M ésg %{;’?gﬁﬁ én%ﬂg ae:x; X&%f&%@?ﬁ ;}‘)ﬁeﬂrbrgﬁgedt \}vﬂﬁ% target

combosmdnmfmt(mmdle)% I(eﬁédlﬂﬁal'ﬁ acid résidheS>S0MIOR %
Sheets conpr

- t le [ 0186
1,46V Bk AT reskiias apehadmor 1 A hdderametnyk
1-5emmapiE e oA gBUR, HioeesRTLE 4 .l SRk 358 4
sheeil wa%axtradad ¢ent’emwcwsi3t lg;abged ttSadpl[clmbss ehedr alil and then
varlous S gg’tsmv%r% s%re%reu(f Fod3|g3 lPrgneren’t vnscl:ons(l;tt)]/ asr{dn glass r%%gltlon

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 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 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 (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
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extruder. A sheet was extruded continuously, gauged to
a thickness of 177 m | and then various sheets were

W@ b@aiersss o size. | nherent viscosity and gl assPCT/US2006/011911
transition tenperature were neasured on one sheet. The
sheet inherent viscosity was neasured to be 0.69 dl/g.
The gl ass transition tenperature of the sheet was

o suresgpto bﬁ 1060C. . Sheets were then conditi oned at
NS ISLoMRedslaw; ap eyidenaed by he droduatiealaf shebreiaving at least

9586 kigaww WP Bt inl fegmal e nol d .
having a draw rat?%%#@& gféﬁglsnb%ggﬁgpg,mmrto thermoforming.
t her nof ormi ng_nmachi ne. The t hernof orm ng oven heaters

were set| to 7THERIAGOMiAYT put [UST Ng Top heat onty-
Sheet s were | efQoriditidriae oven |for vari ousPantr@uality of
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thicknezsof 173141l bh81hen 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 pért volume
divided by the maximum part volume achieved in this set of experiments
(Example E). 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
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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 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
(Example H). 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 100°C can be thermoformed under the conditions shown below, as evidenced
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refjatlve humld ity an he m0|slf|ure level was measured to be
0.17 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 (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
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6(RE for 4 weeks. The moisture level was measured to be 0.25 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
(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
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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 (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

68




69. 85 wt % PCTG 25976, and 0.1 5I wt % st ont 6136}/\63
roduced using a 1.25 inch single screw extru .
W(gbtﬁlemalsss)nsi sting of the blend were then prodPCEUS2006/011911
using a 3.5 inch single screw extruder. A sheet was
extruded continuously, gauged to a thickness of 118
and then various sheets were sheared to size. The

t was neasured on one sheet
p%hasﬁ%rgoéé‘ze‘eg 86§ Grerier tnamOS Yt am o aliseaMg, without
p@gwg%mtg pmrmegr%@q@’i 4 weeks. The noisture

| evel was neasured to : %t % Sheets were .
subsequently thernoformed into a female nold having a

draw ratijo of Thebmdfotfiify a Bf own thermof ormng-
machi ne. | The thgbﬁgﬂ,gh@ ng OVEN heaters WareQualityt o

. : teft
0 tput U hreqm Sheets—we
E%'ﬁ le5 Z!%Ja’tgl?lm@a é"#| melipn order t|o Blisters

inthe o g ts\;) ders
i ne skef f T (% st uf e Do W pariy | H
d(;:tlelr;n n(,btiwfn)e . J.ec. I(Bk) Part quality \Na(i\l )
ge:ﬂ:r nﬂ;yn,d b i nr:]gfl‘hp viol un%54)f the t ﬂl@@m)f or medH
part — calcul #ing the dBAw, and vB8ZLal I i ng¥ecting L

th& t her f ofed part. 168e drjaw ve@ cal ful atggd as|the
palt vol une @fvi ded by{#he maxi mgngart| vol §F [ N
acli eved/in BBis get Off 4§ XPET|I e s (E:xanyuning-\im re—N
t her mof of ned4part |was Y4§Udl : Tmgpect ::gf ;:. AN T
ol Gsters andsgie Leglc bt ster A " OVQ\LMQ NA

ﬁ—egj
W S5 2610 ihdic hal
R T ST S e

gl ass transition terrperat ure of 99C can be
ExanipRrisnicempidiwdehpt he conditions shown bel ow, as

[0163] deAcsidcible blaﬂarc@%i%flhg B 2b vﬁ@e‘?éﬁingluﬁ%t? pdl 53@%

an_95% dr aw and terin
59.58% 0

&8 PhrTile 25086t anst Bdbowtith Mdestdih 61 9no4s pRRY UC@G]EEJOS?;% 81.25

that, th eet was not
inclfSiikfs Seref LK, Hisile brigstntEotibrcbiend kers thertatmsbiced
usimg a\@s inarosingledcreextrber, 14- %‘é@?%@@)ﬁ@d&?%gﬁygﬁsly,
sci bl e bl end consi sting of
gaLk; 1132*8@ @@ﬁ%@ﬁ? 9648 énil god @W%@@ﬁ@@%,re ﬁhéal%o?fé size.
0 usi n inch single

Thé;\%l%%%/[v\ﬁgbtg @8 ﬁ rm\ﬂgﬁaee s\g'ggﬁg?%ﬁqrﬁ °8f° gatand Wis 405°C.
Shegfiewepe thierceahditioned at 50% relative humidity and 60°C for 4 weeks.
The moisture level was measured to be 0.265 wt%. Sheets were subsequently

(S-'J

P T

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 8A to 8E).
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
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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 to D).

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 111°C can
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into a female nold having a draw ratio of 2.5:1 using
a Brown thernoform ng nmachi ne. The thernoform ng oven
whearoossyere set to 70/ 60/ 60% out put usi ng t oPCTE81006/011911
only. Sheets were left in the oven for various anounts
of time in order to determ ne the effect of sheet
tenperature on the part quality as shown in the table
bel ow. Part quality was determ ned by neasuring the
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Th%oélggé B9¥ition temperature was measured on one sheet and was 117°C.

Sheets were then conditioned at 50% relative humidity and 60°C for 4 weeks.

The moisture level was measured to be 0.215 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 (Example A). The
thermoformed part was visually inspected for any blisters and the degree of
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out put using top heat only. Sheets were left in the

oven for various anounts of tine in order to determne
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The glass transition temperature was measured on one sheet and was 120°C.
Sheets were then conditioned at 50% relative humidity and 60°C for 4 weeks.
The moisture level was measured to be 0.23 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 (Example A). The

thermoformed part was visually inspected for any blisters and the degree of
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t hernof ormed part. The draw was cal cul ated as the part
vol unme divided by the maxi num part vol une achieved in
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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
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cannot be thernofornmed under the conditions shown
bel ow, as evidenced by the inability to produce sheets

whaoo7ngsgs eat er t han 95% draw and no bl i st eri nBCT/US2006/011911
wi t hout predrying the sheets prior to thernoform ng.

NA = not applicable.

the sheet was not forned because it did not pull i

the nold (likely because it was too cold).

Exanpl e

A val ue of zero indicates that

nto

thal tHeReRRE M PIgsti sHadts wWillP SlasShesistiondteripsratige of 123°C

Teljin L-

canngh beithgimeofeaned, uader theseondifienssgiowia below,

ey G

1250

3% sHaug

ous” shée

STk

teF

98500kt 8

to size.

pol ycar bonat e were produced using a 3.5
rAsgaddenced by the

pflgio fierin.

witheutpredging hesteatsipdomastherasiormihgon one sheet and
was 149C. Sheets were then conditioned at 50%rel ati ve
hunidity and 600C faor 4 weeks

The moisture | evel

Was

measur ed
t her nof o1

to bdhgrmefarpipg shee
med i nConditibsgal e no

[S were sub
d havi ng a

F’%%@Uéiit .

raw ratl

o of

Exambpleisi
t her nof o

out put usi

Hieid 1368
ng (bp h

n t [&hawatf or

Temipersture
pat S

m ngPamchi |
[ € \&agimieo |
heet(glver e

ne. The

7ODREWG99P
left in th

Blisters
e (N, L, H)

OVEN T Or

Uﬂl’1§801." [

e &4 Or d§

el 19qpget e

m ney

t il@Bef fet

varhggls a
1

ITeST

€ ugzé

O} 1

N
LML

SUH

hl o
T oTC

n he.\

=" e+ ~

U
o
<
a

tet Tatu
'88
17

I Doy

1)

LY}

-

raIDuI at i

i Ty

q

e
ad@6vi su

2t tho thi3

)

e
Az
vy

)alt:lb at Tt
S eretm
rt’

oo

al | ;J/I'T":S'anp

‘tingghp

t hefe nof on

med S%art .

The 18daw w

as cal cul at

ed a8 the

par tNA

vol fame di

vi ded by

[ he rMd@i mun

partOvol uf

me achBi eved i n NA

NA Rinst applicable. @xyziel afeard Sndidatea it ehe/Sheet Wes riohfermeaf loecawse it did not
pu énta theveldyikelydetause inwpebeddf.or any blisters and the

degree of blistering rated as none (N, low (L), or
Exampls 21+ omppisadive Exammles bel ow denonstrate that these .
[049%r mophesis censipbieg of Weiiin La1gpQipelycathesiale wigre produced using a

o SOFRF S 80 AR ook G R AR B oo

ns snown elow, as evi
thicknps® diit €8 aileaids tHemwarp ugrsieiets werash@rdddoaiveantheaglass

blistering, wthout predrying the sheet rior to
trangdiiorhiemRaratire MAS-MggsUISH AN €38 shechand s 1O §er%heets were

th%ﬂ?oﬁﬁﬁi%ﬁe& REG0Y ReISREAUMREY MHd BECTRS LREBKSEThE nbidture

level was measured to be 0.16 wi%. 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 (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 149°C cannot be thermoformed
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pull into the nold (likely because it was too cold).

[0199] It can be clearly seen froma conpari son of the
wa@la40a/001553 he above rel evant wor ki ng exanpl es tPer/Usive6/011911

pol yesters of the present invention offer a definite

advant age over the comrercially avail abl e pol yesters

wWth regard to glass transition tenperature density,

C t
oM AR SRRl s TRAeAUESPRI ol prguce
shdet‘sehdvnvg greaterf ihaarsx tdval emdandblisterng, Swnjh@uil predr/ing the
erein, but wil] be understood that variations and
Shﬁ%@lﬁﬂ‘l’fé?ﬂ'@ﬁﬁ“@ﬁﬂ“@@ effected within the spirit and
scope of the invention.CLAIMS W claim 1. A polyester
conposition conprising at | east one polyester which

conpri sep: (aTherndofoembgxyl i c| aci d conpo
conprisihg: i) @énditlod®0 nol g % of terepﬁ?ﬁacllllj%“hém d

Exefhelees| 11) O td 30gnelee %of grgpmti £ di car boxy

aci dgres e Tiraei ng?] e;aqu,%o csyrotmﬁeat DB )§ ters
to 10 mo| e %UDf al ciar bg acid T esi dueéN L, H)
hrayi—g—tup tquz) c IUUIIZTGUIAD al;: r):} arot 2’%’0 H

cof oRen on 1 CJ yi| i N )/ Fa

2, 4. _4- efr rgf hyl Eji :IQSP\J/PI ohut@ntdio reé_%ueg,’_a_n.dH___
ii L35 th 60 % of 1914- cylcl ohb¥&ined| net H#hal H

re€ dues V\h‘EQGal n t he 188al nple % of the di@arboxylicH
aciEd conpone®6 is [100 fBRe %| and @ he tptal @ole % of NA
the gl ycpl cogponent 147300 nple % and whergin the NA

NA! DIR& 28RIcable S AQBIUE Yof 28ro FricEied Hay the [sBéet wfas ol Bécase it did not
pullihto@hexdold @ikely Bedaask it WaHb 46d)( Wt / wt ) phenol /

[0f9%ﬁ ' a?thclzaonr gg tc: eaa?ltfl saetenq’ré:l% %Cgonr%aa rtlsloonnomp the da%a 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.

[0200] 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.

75



g/ 100 mM at 25C. 2. The conposition of Claim1,

wherein the inherent viscosity of said polyester is
WO e@m00Ls590 to | ess than 0.68 dL/g. 3. The conppP&I/USN6/011911

of Caiml, wherein the inherent viscosity of said

pol yester is from0.50 to 0.65 dL/g. 4. The

conposition of Claiml1, wherein the inherent viscosity

of said polyester is fromdjl.Aimgo 0.68 dL/g.5. The

conposition of Claiml, wherein the inherent viscosity

of said polyester is fromO0.58 to 0.68 dL/g. 6. The
W%_efgﬂﬁsi tion of Gaim1, wherein said polyester has a

of "85 to 2000C. 7. The conposition of Caiml,
wherei n said polyester has a Tg of 110 to 2000C. 8.
The co 03|t| on of Claim1, wherein said est er has
RelVester cempesitiongompising ablsast P@mpeg'eei/ ivhigh

?rsgén said polyester has a Tg of 110 to 160C. 10.

e conposition of Gaiml, wherein said polyester has
a Ta)of ialcﬂcald»oi(ﬁmﬁbmdlboniﬁmemﬁpnmrltsmg‘l of Claiml1,

wherein said I e ter ha 20 t 160C. 12.

The conplsiti %?? %f (@ e %’ gfvtﬁgqu]ﬂﬁa W‘H FBPidHsser has

a Tg of 0t m BT Wy :
wherein g):_ll d ‘gotléyesté)?eg 8_1h§ro_|_ o?ﬁgéw%)%?% 1%@8%%1?133 having
Theupda@dstarbon abdme) aiman 1, wher ein said poI yest er has

anerein 837 o by ALl 1 e abRRER RO acd eRidues naving

up to 16 carbon atoms; and

CO

(b)  a glycol component comprising:
)] 40 to 65 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 35 to 60 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 0.50 to 0.68 dL/g as
determined in 60/40 (wt/wt) phenol/ tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C.

2. The composition of Claim 1, wherein the inherent viscosity of said
polyester is from 0.50 to less than 0.68 dL/g.

3. The composition of Claim 1, wherein the inherent viscosity of said
polyester is from 0.50 to 0.65 dL/g.

4, The composition of Claim 1, wherein the inherent viscosity of said
polyester is from 0.55 to 0.68 dL/g.
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145C. 16. The conposition of Caim1l, wherein said
pol yester has a Tg of 140 to 1500C. 17. The
w@oooposisss on of Claim 1, wherein said pol yest ePCTras2086/011911
Tg of 135 to 145C. 18. The conposition of Caiml,
wherein the glycol conponent of said pol yester
conprises 40 to 65 nole % 2, 2,4, 4-tetranet hyl -i
, 3-cycl obut anedi ol and 35 to 60 nole %
5.1, 4_-'E|ye:j:L bohmﬁmami_edidfﬁllaiﬁr ] w{'xél%in ﬂH@inhefﬁJgSﬁisIdogmy ef said
aiml, erein e gl ycol conponent of sai
P‘SE?V@E,{SJFOFB&%? F%ése&ﬁ%-/@io 64.9 nole %
2,2,4,4-tetramet hyM , 3-cycl obut anedi ol and 35.1 to 60
nol e % 1, 4- cycl ohexanedi nmet hanol . 20. The conposition

of [ [ he gl ycol conponent of sai
6.Iool )ﬂé@% g%"@Sﬁ@?f‘?@?'éﬂB" E%Né%f%ﬁ%l 0;golyestter has a Togl; of 85 to
200°C.4, 4-tetranmethyl -1 |, 3-cycl obut anedi ol and 35 to 60
nol e % 1, 4- cycl ohexanedi net hanol. 2 1. The conposition
of Claim1l, wherein the glycol conmponent of said
pol yester conprises 40 to 55 nole %
7.2, 2, thelcompositien lof Kiait: tywhereint said¢ioyestarchakba Ty &0110 to
Zd;&)be % 1, 4- cycl ohexanedi nmet hanol . 22. The conposition
Claim1, wherein the glycol conponent of said
pol yester conprises 45 to 60 nole %
2,2,4,4-tetramethyl -i , 3-cycl obut anedi ol and 40 to 55

nmol er & LV ' 0l .:33. i t]
.07 Q' cofpGUEoRar CRIRE! TR s bohie GREE Ty oo o
1#5Cyest er conprises 45 to 55 nole %
2,2,4,4-tetramet hyM , 3-cycl obut anedi ol and 45 to 55
nol e % 1, 4- cycl ohexanedi nmet hanol . 24. The conposition
of Claim1, wherein the glycol conponent of said
9.pol yihex eampesitien s&Elaim 1,0viEFeinsaid golyester has a Tg of 110 to
,4,4-tetramethyl -1 , 3-cycl obutanedi ol and 45 to
esSs than 55 nole % 1, 4- cycl ohexanedi net hanol . 25. The
conposition of Claim1, wherein the glycol conponent
of said

10.  The composition of Claim 1, wherein said polyester has a Tg of 110 to
150°C.

11.  The composition of Claim 1, wherein said polyester has a Tg of 120 to
160°C.

12. The composition of Claim 1, wherein said polyester has a Tg of 120 to
150°C.

13.  The composition of Claim 1, wherein said polyester has a Tg of 130 to
160°C.

14.  The composition of Claim 1, wherein said polyester has a Tg of 130 to
150°C.
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pol yester conprises 46 to 55 nole %
2,2,4,4-tetranet hyM , 3-cycl obut anedi ol and 45 to | ess

W b@n/os6553ol e % 1, 4- cycl ohexanedi net hanol .  26. PAT®S2006/011911
conposition of Claim1, wherein the dicarboxylic acid
conmponent conprises 80 to 100 nole % of terephthalic
acid, an ester thereof, or a mxture thereof. 27. The
conposition of Claim1l, wherein the dicarboxylic acid
conmponent conprises .90 to 100 nol e %of terephthalic
acid, an ester thereof, or a mxture thereof. 28. The

180nphisé tompositioFlofiORifn 1 \\MRERIM shilg N EAEPRAY b |

1‘%%ggonentmciibonprises 95 to 100 ng?qug%%ﬁ§e$§%h{$%jﬁiébto

i, an ester thereof, or a mxture thereof. 29. The

conposition of Claim1, wherein said polyester
conprises 1,3- propanediol, 1,4-butanediol, or

I Xt e er.eof . .The conposition of Claim1l
L éﬂqer@f%‘%@@gfﬂs‘ﬁ% fggil%m io‘ﬂlﬂ?n']i%%?'p&"éy qstenhasa g @f H40 to
180°Cr esi dues from at | east one nodifying glycol. 3 1.
The conposition of O aim 30, wherein said pol yester

conprises less than 15 nole % of ethyl ene glycol
resi dues. 32. The conposition of Claim 1. wherein said

17001 yd#t eomposifion se€ldm2] Avdereiresdidpolysterlhas a Tg of 135 to
14,t53-cycl obutanediol in the pure cis form the pure
rgns form or mxtures of the cis and trans formns.

33. The conposition of Caim1l, wherein said
2,2,4,4-tetranethyl -1 ,3- cyclobutanediol is a m xture

CO S : ] mole, % of cis-2,2,4.4-
18 ot rece PO SL CAMDY WhelBirdine sl cdiircrist gbsai o
potgestertaommsrists 4040465 hriflé SRIY Y=tbtrafictbi@l LB ARRMtMHediol and
4. The cgn‘{)osu tion of Claim1, wherein said
3530 50mglg & [.Arryvclahexanedimetbanelout anedi ol is a m xture
conprising greater than 55 nole % of cis-2,2,4,4-
tetramethyl -1 , 3-cycl obut anedi ol and | ess than 45 nol e

0, - _
190 0tl'h%rc"’brpt‘ct'pozsi’c‘?dn401‘4 Claim 1, wherein the glycol component of said
polyester comprises 40 to 64.9 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 35.1 to 60 mole % 1,4-cyclohexanedimethanol.

20.  The composition of Claim 1, wherein the glycol component of said
polyester comprises 40 to 65 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and

35 to 60 mole % 1,4-cyclohexanedimethanol.

21. The composition of Claim 1, wherein the glycol component of said
polyester comprises 40 to 55 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and
45 to 60 mole % 1,4-cyclohexanedimethanol.

22, The composition of Claim 1, wherein the glycol component of said
polyester comprises 45 to 60 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and
40 to 55 mole % 1,4~cyclohexanedimethanol.
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tetramethyl -1 , 3-cycl obut anedi ol . 35. The conposition

of aiml, wherein said 2,2,4,4-tetranethyM, 3-
weyoromssanedi ol is a m xture conprising greatRCT/URZNG/011911

70 nole % of cis-2,2,4,4- tetranethyl-1

, 3-cycl obut anedi ol and | ess than 30 nole % of

trans-2,2,4,4- tetranethyl-1 , 3-cycl obutanedi ol . 36.

The conposition of Caiml1, wherein said

2,2,4,4-tetramethyM , 3- cycl obutanediol is a m xture

conprising 30 to 70 nole % of trans-2, 2,4, 4-

odetr ditin 3 iRput k 0

S P Gobgsior o CRRP Y RSt e b ol orffB) Said

polyestenoprapiise D45 &6 5&inadlen% 2,24 ef-tatransethgti-1,3-cyclobutanediol and
2.4 4-tefrapet hyM , 3- cycl obut anediol is a mxture

4%%? ?T%ﬂ"ﬁgﬁ’ édﬂ‘t%%a%e’??&eg"é@@ﬁnf’t ans- 2, 2, 4, 4-

tetramethyl -1 , 3-cycl obut anedi ol and 30 to 50 nole %

of cis-2,2,4,4-tetranmethyl- 1, 3-cycl obutanediol. 38.

rel P e . . _
24, s BADRbLAn o IR, I vine iP S dySA\demstnkiR EF Said
pdlyesteotoraptisss 40 10p65inale 9o @f 2,4 stetramethyik-1 Besyclobutanediol and

risin t |l east one pol ymer selected from nyl ons;
4%@%'”8?3 g?ﬂeégf’w%;%ﬂd}'%ﬁﬁ nediNe@dpPene; pol ystyrene
copol yners; styrene acrylonitrile copol yners;
acrylonitrile butadi ene styrene copol yners;

2% YHLIKOBENNAS Ul wAGEH b PPt gt oae

palyesté2camprises 46 tp BB mydle 96 20X i dedstrapiicthgl ¥,GRe b Rasediol and

oxi de) / pol ystyrene bl ends; pol yphenyl ene sul fi des;
4591 Ig8h &N 55 e % derydiohexangdimethanol.

pol y(ester-carbonates); polycarbonates; polysulfones;
pol ysul fone ethers; and pol y(ether-ketones) of

26, G R o g

coPIAYRsBTBto (U A PASF RESIHthAIRT adiBCaP @5¥e $héieof, 4t-a HidGure
corrgo& tion of Claiml, wherein sald polyester is
R

thenegkar .

27.  The composition of Claim 1, wherein the dicarboxylic acid component
comprises 90 to 100 mole % of terephthalic acid, an ester thereof, or a mixture

thereof.

28.  The-composition of Claim 1, wherein the dicarboxylic acid component
comprises 95 to 100 mole % of terephthalic acid, an ester thereof, or a mixture

thereof.

29.  The composition of Claim 1, wherein said polyester comprises 1,3-

propanediol, 1,4-butanediol, or mixtures thereof.
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4 1. The conposition of Claim1, wherein said

pol yester conposition conprises at |east one
w@odoyoarsbbnat e. 42. The conposition of O ai m 1pCTI82066/011911

sai d pol yester conprises a branching agent for the

pol ycar bonate. 43. The conposition of Claim1, wherein

sai d pol yester conprises a branching agent in an

amount of 0.01 to 10 wei ght % based on the total nole

3per cEhe Ea_gmpof:.‘:ctitoheaf_cﬂ,‘;lairn mmuem daidqsdrilybl?wr é(fmpﬂi_é@s less than
2 on. alm erel n salil 0 ester
1%g‘@?i/%@ref'@eiﬁ&?{ﬁ?é}%?g%ﬁﬂeifﬂo%d ing8lysel of 0.01 to 5

wei ght % based on the total nole percentage of the
S{ii ol__or diacid residues. 45. The conposition of Caim

. whe epmpppidionsf Clainms3Q,svigredt saidiplyastgresdmprises less than
b 0 ' .as _neasured at 1 radi an/ second
13 fiidte Y4 ?Fetﬁg'eng‘gtg'f‘gdéi?e%?‘é S.at 2000C. 46. The

on a rotary
conposition of Claiml, wherein the nelt viscosity of

32(siai drkpeg%gest er is_less than 20,000 poi se as neasured

t 1 ARPeitien ff Claimal mhesein seid polyrsiemsomprises 2,2,4,4-

telt ATs j i Al awherein said
oS a7, LaBoEERER b Mk Bl R A RS LBrTom.ar

mitures of d cis ahd@Ds #BnsThe conposition of daim 1,
wherein said polyester has a crystallization half-tine
of greater than 1,000 m nutes at 170Q0C. 49. The

3300 at ey . i o a
crystal (Isc{r?g??%%&hgpgnﬁ e o%rSignPseag?ez?z fg hzié%e%%%'?%}agﬁ’&
cyaPRutanedial is 7 ouigiure compmisingogreatdrttham 50fmélesdorofkis-2,2,4,4-

[ j ol.yester c ogj ti has a density of
telf 51 RELIRLRGHBI g BRsthon e meierh arifgns-2.214.4-
teteamnpivyl-t |[Poyadbthaédibll, Wherein sai d pol yester

conposition has a density of 0.01 to less than 1.18
g/m at 230C.52. The conposition of Claim1l, wherein

sai d pol yester conposition conprises at |east one
34t heilhelcompsitiarzai Claim rie atisrsin Ridd\x4 g-fehanrfRIhyl-1,3-

cyclobutanediol is a mixture comprising greater than 55 mole % of cis-2,2,4,4-
tetramethyl-1,3-cyclobutanediol and less than 45 mole % of trans-2,2,4,4-
tetramethyl-1,3-cyclobutanediol.

35.  The composition of Claim 1, wherein said 2,2,4,4-tetramethyl-1,3-
cyclobutanediol is a mixture comprising greater than 70 mole % of cis-2,2,4,4-
tetramethyl-1,3-cyclobutanediol and less than 30 mole % of trans-2,2,4,4-
tetramethyl-1,3-cyclobutanediol.

36.  The composition of Claim 1, wherein said 2,2,4,4-tetramethyl-1,3-
cyclobutanediol is a mixture comprising 30 to 70 mole % of trans-2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 30 to 70 mole % of cis-2,2,4,4-tetramethyl-
1,3-cyclobutanediol.
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53. The conposition of Claim1, wherein the yell owness
i ndex of said polyester according to ASTM D-1925 is

wo e@g/ootsan 50. 54. The conposition of C aim 1, PeiTEsm06011911
the b* value of said polyester is fromQo | ess than
10. 55. The conposition of Cdaim1l1, wherein the L*
val ue of said polyester is from50 to 90. 56. The
conmposition of Claim1l, wherein the b* value of said

pol ygpt erThéccﬁthHélﬂoﬁ ®f Chsim 1 haﬁerb% aaid 2 het dtetvahemyl-1,3-
of said polyester is from50 to 90. 57 The conposi tion

cyslohuitanedial, is @idirg coaprisieg §@§@ &P male "é Qfdfame%lzl%d

te!{ggr@eﬁﬁyl 5%99&@.&% ngoé e\MatS\{Q tg) %anJol?e? 6/(') c i ,3’ 991 tetramethyl-

13l@cldminaﬁéu|(§1k bar. 58. The conpositi on of CI a| m 1,
wherein said polyester has a notched |zod i npact

strength of at |east 10 ft-1bs/in at 230C according to

ST
SSTURE St f i, S APt bl comprs
atdebstamieepolgmep ches=n from #aspolgastec aomppsttlomrfrﬁlasm Agfuather

corBRHSIOG St (st 8¢ PobBror SEBHIG MitS Plesrdralyesters;
p(y]egt eﬁi 3, b J %%%@Wst%ﬁ'@rdo%ﬁln?érsl ﬁ?%n@ﬁ@ryﬁﬂﬂhlé

conposition of d 1, whérein the
cqmilyeetseacrydnmmila;bstadrer@dﬁytene&QnMarsr rom at | east

pelyEnbysan@vialsh AaviE CoBp PR rp ifnERgS) PRBhenyiene
0888 tsuch ¥ pdivbia- Uﬁ‘ﬁé’[ﬁymhbﬁ?ﬁﬂb OSGC&Q' of §@V®W1We

reaction product s thereof | ers, and i npact

oxu@@l)/mléstwerezolemd%cno}wl%@@d&dqs @ﬁlmyle@ieng (1)

sffie/SRfR Bolfrat SRt abahEleE LS Rates! ovguoness,
palpsifdieadthést and odl(btherkietbriess bfldrsnatic dihydroxy compounds or

mixtures thereof.

39. The composition of Claim 1, wherein said polyester comprises a branching

agent for the polyester.
40. The composition of Claim 1, wherein said polyester is linear.

41.  The composition of Claim 1, wherein said polyester composition comprises

at least one polycarbonate.

42. The composition of Claim 1, wherein said polyester comprises a branching

agent for the polycarbonate.

43.  The composition of Claim 1, wherein said polyester comprises a branching
agent in an amount of 0.01 to 10 weight % based on the total mole percentage of

the diol or diacid residues.
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ii) O to 30 nole % of aromatic dicarboxylic acid

resi dues having up to 20 carbon atons; and iii) 0 to
waomobessdo of al i phatic di carboxylic acid resiPCEES2006/011911

having up to 16 carbon atons; and (b) a glycol

conmponent conprising: i) 40 to 65 nole % of

2,2,4,4-tetranet hyM , 3-cycl obut anedi ol residues; and

ii) 35 to 60 nole % of 1, 4-cycl ohexanedi net hanol

residues, and (ll) at |east one branching agent or

resi dues thereof; wherein the total nole % of the

iC [ ] e j | & .% : :
4ot o e bpeEseh B EHRS T helstn S A8t Stk piBitsiSa branching
agart inaaraghountiod OL0heY & leights)l dsiskty oof thedothl pully petaamtage of
1s 0.5to0.1.2 dL/g as determ ned in 60/40
the\diph@ngineid $e9id¥s-r achl or oet hane at a concentration of
0.5 g/100 mM at 250C. 63. The conposition of C aim 62,
wherein the inherent viscosity of said polyester is

43, T Parioetian R ke whei FRTRER iatidlsr Sal| Bvester s
lek§ tharP80 008G dise ds Medislisedat 1 TAadiaf/2epond bharotaryGhelt m
62, wherein the inherent viscosity of said pol yester

rhieometen@2¥BC o 1 dL/g. 66. The conposition of Caim

63, wherein the inherent viscosity of said polyester

is from0.50 to 0.9 dL/g. 67. The conposition of Caim
464, ThecempotitieniofilGiaient, whershs they meft \iscodity olf gaick molyester is

is from0.50 to 0.8 dL/g. 68, The ):ongo(iition of Clﬁ\im
legy thathé? S0R Raike 29 oq, A5t &RYIRN/SELORG PR HIAIPYSTE

rHe%n{étQPé&WF o 0.75 dL/g. 69. A polyester conposition
conprising: (I) at |east one pol yester which

conpri ses:

47. The composition of Claim 1, wherein said polyester has a crystallization

half-time greater than 5 minutes at 170°C.

48. The composition of Claim 1, wherein said polyester has a crystallization

half-time of greater than 1,000 minutes at 170°C.

49. The composition of Claim 1, wherein said polyester has a crystallization
half-time of greater than 10,000 minutes at 170°C.

50. The composition of Claim 1, wherein said polyester composition has a
density of 0.01 to less than 1.2 g/ml at 23°C.

51. The composition of Claim 1, wherein said polyester composition has a
density of 0.01 to less than 1.18 g/ml at 23°C.
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(a) a dicarboxylic acid conponent conprising: i) 70 to

100 nole % of terephthalic acid residues; ii) 0 to 30
wodg/086563 ar omati ¢ di car boxylic acid resi duesPéiEUS2906/011911

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) 40 to 65 nole @6of 2,2,4,4-tetramet hyl -i

520? 1‘M% Paﬁﬁgh%lf ﬂano e?rpgalh'ﬁolﬁétércbcﬁ@pdﬁ?ﬂé@n ¥omprises

exane residues; and (I
atIstitthetmalrstablllzeram reagtion produ@ﬁ:’tl”uempfpr oduct S
thereof; wherein the total nole % of the dicarboxylic
acid conponent is 100 nole % and the total nole % of
t he ycol conponent is 100 nole % and wher e
53 nheﬂﬁ@omp%'@@ﬂﬂfCﬂﬁ'”b&l‘d“%"&"}/&‘seﬂéﬁno"‘g‘eés %Ogl sajd

pdiiddlePSeARhRETH NS 48544, (ads/ihbn BOSNO! /

rac concentration of 0.5 g/100 m
at 250C.

54.  The composition of Claim 1, wherein the b* value of said polyester is from
0 to less than 10.

55. The composition of Claim 1, wherein the L* value of said polyester is from
50 to 90.

56. The composition of Claim 1, wherein the b* value of said polyester is from

0 to less than 10 and the L* value of said polyester is from 50 to 90.

57  The composition of Claim 1, wherein said polyester has a notched Izod
impact strength of at least 3 fi-lbs/in at 23°C according to ASTM D256 with a 10-

mil notch in a 1/8-inch thick bar.

58. The composition of Claim 1, wherein said polyester has a 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 1/8-inch thick bar.

59. The composition of Claim 1, wherein the polyester comprises at least one
catalyst comprising a tin compound or a reaction product thereof and/or residues

thereof.

60. The composition of Claim 1, wherein the polyester comprises at least one

chain extender.
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61.

PCT/US2006/011911

The composition of Claim 1, wherein the polyester comprises an additive

chosen from at least one of the following: colorants, dyes, mold release agents,

flame retardants, plasticizers, nucleating agents, UV stabilizers, thermal

stabilizers and/or reaction products thereof, fillers, and impact modifiers.

62.

()

(1)

A polyester composition comprising:

at least one polyester which comprises:

(a)

a dicarboxylic 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

iif) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and

a glycol component comprising:

i) 40 to 65 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and

i) 35 to 60 mole % of 1,4-cyclohexanedimethanol residues, and

at least one branching agent or residues 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 0.5 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.

63.

The composition of Claim 62, wherein the inherent viscosity of said

polyester is from 0.50 to 1.2 dL/g.

64.

The composition of Claim 63, wherein the inherent viscosity of said

polyester is from 0.50 to 1.1 dL/g.
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65. The composition of Claim 62, wherein the inherent viscosity of said

polyester is from 0.50 to 1 dL/g.

66. The composition of Claim 63, wherein the inherent viscosity of said

polyester is from 0.50 to 0.9 dL/g.

67. The composition of Claim 64, wherein the inherent viscosity of said

polyester is from 0.50 to 0.8 dL/g.

68. The composition of Claim 67, wherein the inherent viscosity of said
polyester is from 0.50 to 0.75 dL/g.

69. 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) 40 to 65 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 35 to 60 mole % of 1,4-cyclohexanedimethanol residues; and
()  atleast one thermal stabilizer 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 said polyester is 0.35 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.

85



