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

them to be easily formed into article_s.

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-



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

, 4- cycl ohexyl enedi net hyl ene terephthalate) (PCT), a
wp@oioymeetssr based solely on terephthalic acid oPCEHIS2006/011910

ester thereof and 1, 4-cycl ohexanedi net hanol, is known

in the art and is commercially available. This

pol yester crystallizes rapidly upon cooling fromthe

nmelt, making it very difficult to form anorphous

articles by nmethods known in the art such as

extrusio i.pjection noldi

d.the
cx%ofﬁ@mﬁamétﬂaﬂ%l it I Giarbd i Eopmepeialy alhifeble. This
Car KS@S Izes38 #a*ry Qb@rﬁ’ ebsmngm@ﬁﬁhelrﬁ@lt afldkihg @n@ry difficult to

|c acl s or glycols such as isophthalic acid
fomm wnhr;dheue agisles by m&ﬂasés &nowhdmgheyarisoich agrextrusion, injection

i BhG AiLe RErmia PRI b aohutE SySRuEARLg TR

CONBIESI RIn b prbgaPed b@ﬁtéﬁlﬂné laUdﬁlonah@leérbwyllcaadds or glycols
nol ded articles is made fromterephthalic acid

suchiag isopbihalia seid erethilese olyaal dhese elfayiens ghycol- Wiu'?r@hthahc
R
[09YEN aeﬂglf\:ﬁﬁrﬁn@m aopolyester uset ¢ ptodueediihsi sfmemmg, an_d molded
LT T T TRATIERTE SR G
glga%!:t\/?hilé ﬂ*féts'eoéq%;&ﬁ}elfs’tér‘s@é éjsgﬁfl PRI hd-G8P apPREIBAS, they

romtere
exhildit dgﬁd:mhcmamenrd;mrhmsmch aslglasshgar’slt@r‘gﬂeyrmramre and impact

stpsih R fisienEmaranp g SBenlsiinbTEd if B formutation to
Wdeeféf—‘fbr{gocr?@tamﬁﬁéh 'I'\%ﬁltbr‘né’é o] T e%&tﬁble' BopSlyssterd hfade from

tranS|t|on t énper at ures and | owner g ass transition

terephtbalic amds’ll Areyelahexapedimethanoin end @jiayleee ghvepbwih
SN e T L A

exhibie What isviselfe¥ed RO Ibgasidisralsiyhighémdidiite-go-brittledtrarssition
wel | known engi neeri ng_ nol di ng pl astic. Bi sghenol A
a

tq@mqrawg%ﬁadéowgr glags nSItlﬁnéﬁmaéra’tuf%ﬁH@@t ¢ £empositions

d physical properties such as di mensional
rehv%él)l I |etgr8ﬁl] hi gh heat resistance, and good i npact

[0D5] engfﬂhe polydurbghatel sfid)4Hebprdpylidervsdtiblusrad] ¢bisplsemery
pglyggrbg%i?el) %%ls b%re%pt?sretdl gss an aﬁterna ngt By Sloi\{/estegs known in the art
and is a well known engineering molding plastic. Bisphenol A polycarbonate is a
clear, high-performance plastic having good physical properties such as
dimensional stability, high heat resistance, and good impact strength. Although
bisphenol-A polycarbonate has many good physical properties, its relatively high
rﬁelt 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 high glass transition
temperatures such that the equipment used in industry can be insufficient to

manufacture or post polymerization process these materials.
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melt viscosity leads to poor nelt processability and
t he pol ycarbonate exhi bits poor chem cal resistance.
wo roo7moEsso difficult to thernmoform [006] Pol BeEDS2006/011910
containing 2,2,4,4-tetranmethyl -1 , 3-cycl obut anedi o
have al so been generally described in the art.
Ceneral ly, however, these polyners exhibit high
i nherent viscosities, high nelt viscosities, and high
gl ass transition tenperatures such that the equi pnent
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is believed that certain conpositions made from
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[009] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(@) adicarboxylic acid component comprising:‘
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  aglycol component comprising: :
i) 1 to 99 mole % of 2,2,4,4-tefcramethyl-1 ,3-cyclobutanediol
residues; and '
i) 1to 99 mole % of 1,4-cyclohexanedimethanol residues,
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(a) a dicarboxylic acid conponent conprising: i) 70 to

100 nole % of terephthalic acid residues; ii) 0 to 30
woredoe/08t565 ar omati ¢ di carboxylic acid resi duespdiEUS2996/011910

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) 1 to 99 nole %of 2,2,4,4-tetranethyl -1

, 3-cycl obut anedi ol residues; and ii) 1 to 99 nole % of
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mol e % and wherein the inherent viscosity is 0.10 to
whersin theainherent visogsiy isddf Brteilessdthan 160446y gsvdetarnined in 60/40

(vBPEDBhahSitpR SR hal R F oo RodRBAER 2Le 81 Rl 2t 2g°C: and
whérefbthieopdiZester he9 &0lg bhgBee1281®ct, the invention
relates to a polyester conposition conprising at | east

(040 pdnyans aspaghithe invRSiengelate 9 a polyestar soRIRqsiiclc d
oA ERTBEb Sl T B 0L
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r esi dutes20 garban atoing; an@9- nol e % of
1, 4-cycl cxlﬁ)exan&gci) TG0 of %ﬁ;i)kﬁja%%sdicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  a glycol component comprising:
i) 1 to 99 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 1 to 99 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 is 0.35 to less than 1.0 dL/g as determined in 60/40
(wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100 ml at 25°C; and
wherein the polyester has a Tg of 85 to 120°C.
[011] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(a) adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and

(b)  a glycol component comprising:
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wherein the total nole % of the dicarboxylic acid

conponent is 100 nole % and the total nole % of the
w@ekopcob1se6pnponent is 100 nole % and wherei n tPEI/US2006/011910

i nherent viscosity is 0.35 to less than 1.0 dL/g as

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

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

wherein the polyester has a Tg of 85 to 1200C. [011]

In one aspect, the invention relates to a pol yester
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conyiciibifianéddiol fesidliet 08hdol e % of terephthalic acid

residues; ii) O to 30 nole % of aromatic dicarboxylic
aci d resilbues gragtaigham50 do 96 realeforof drbeyclohasanedimethanol
to % of aliphatic dicarboxylic acid residues

having up to 16 carbon atons; and (b) a glycol
witerejrothentbtal onglei%iofighe dicarioxylieasidtdompdriertd ¢06medle %, and
2,2, 4, 4-t§/tr nmet h%I -1, 3- cycl obut anedi ol residues;
thg fefal mpleyreat e glvenl comnanenbistfimgle,fe; and
& I gt ' , r e t I
e AR SRoBBh Al PR SHTS BN &1 2505
deternaingd tirn 60146 @t/wid bbepdldttratidogietieane abaponeantrationldf.5
e % _wherein the inherent viscosity of the
9’@{}3&%339853 ‘?om 0.50 to 1.2 dL/g as deternmined in
wr%}éﬁpthé%dly\éétepﬁﬁéloggv‘%?ﬁgﬁﬁﬁ26°@et hane at a

concentration o _ 100 m at 25C; and wherei n t he
[0B4l yedn eneraspest, Tie divedtion selatesda.a paiyester scompesition

coitg et Bisk SHEBP UYL ERbBeReELY oS i o
CONge) sesd dicatbokylic aaivmpdriereorRifigRnent
compri st r:)g 70 to 100 mole % of terephthalic acid residues;
i) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  a glycol component comprising:
i) 10 to 30 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
i) 70 to 90 mole % of 1,4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.50 to 1.2 dL/g as
determined in 60/40 (wt/wt) phenol/tetrachioroethane at a concentration of 0.5
g/100 mi at 25°C;‘and
wherein the polyester has a Tg of 85 to 120°C.
[013] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:

(a) adicarboxylic acid component comprising:
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i) 70 to 100 nole % of terephthalic acid residues; ii)

O to 30 nole % of aromatic di carboxylic acid residues
whawirnogisep to 20 carbon atons; and iii) 0 to 1BCTHOE®08/611910

of aliphatic dicarboxylic acid residues having up to

16 carbon atons; and (b) a glycol conponent

conprising: i) 10 to 30 nole % of 2,2,4,4-tetranet hyM

, 3-cycl obut anedi ol residues; and ii) 70 to 90 nole %

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

total nole % h i carhpxylic i d conponent is 100
ol o 96 dha t heD ol i & o lsrSebalis 88TeE hBsont

is 100 mje %q &flgomﬂé%%fbhﬁnaﬁw&rcsmoxwéaeﬂ r@éid?fgs having
the polyester 1is from0.50 to 1.2 dL/g as determ ne

i n 6ap #02Q warben) atphwnandt et r achl or oet hane at a
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conposi tion conprising at |east one polyester which

conplb) ses? glyap! eorapeagmsomprisingi d conponent

corvi s 1) S8 b2 2 R i

aci dresiltiedyand having up to 20 carbon atons; and iii) O
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t

havi ng upto 176'5_ E?_a@ 6?P_|§t°/®ﬁ§;1 Aapriohgxaneginethanol residues,
WHSIER i PLARe e Uil sBidRip 1 200 molg %. anc
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wlrmgrselind%%sihherent viscosity is from 0.50 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; and
wherein the polyester has a Tg of 85 to 120°C.
[014] In one aspect, this 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) 5 to less than 50 mole % of 2,2,4,4-tetramethyl-1,3-
cyclobutanediol residues; and
ii) greater than 50 to 95 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 total nole % of the dicarboxylic acid
conponent is 100 nole % and the total nole % of the
w@ekopcob1se6pnponent is 100 nole % and wherei n tPEI/US2006/011910

i nherent viscosity is from0.50 to 1.2 dL/g as

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

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

wherein the polyester has a Tg of 85 to 120Q0C. [ 014]

In one aspect, this invention relates to a polyester
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met h cl obut anedi ol residues;
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1, 4-cycl ghexa ﬁém [ total
mol e % of ;]t hervgﬂﬂc:mboxyl I C aci halgg]ngglta rlgglh9§8’ mol e
% and tHB totGalo 3bhwleéFebdf altmenqﬂwahoarhnxwmaeldtres'siuﬂ;@(}having

nol e % dwherei.n the i,nherent viscosity of the
pol )}ﬁ%ﬁoeé)d]% PPGHPHSEBNY o 1.2 dL/g as deternined in

60/ 40 ( Wty ) WH&@% Bﬁglﬁﬁéﬁétd?@élﬁoﬁ%caamd residues having
concentration of 0.5 g/ 100 at 250C; and wherein the

pol yistoet6 parboa atgmst agds to 1150(: [015] In one

compbi 1R bt BRI one pol yest er whi ch

conpri sesy (a)10eoBE RSN bf 2,295 4defamMRENAN 3-cyclobutanediol
conpri si ng J 70 to 100 nol e % of terephthalic acid

r esﬂ@ﬁ'@é‘es an
ii) 70 to 90 mole % of 1,4-cyclohexanedimethanol residues,

wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %; and
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 95 to 115°C.
[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;
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) 15 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
~ residues; and
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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
waomobssDo of al i phatic di carboxylic acid resiBPCEES2006/011910

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

conmponent conprising: i) 10 to 30 nole % of 2,2

,4,4-tetranethyl -1 |, 3-cycl obut anedi ol residues; and

ii) 70 to 90 nole % of 1, 4-cycl ohexanedi net hanol

resi dues, wherein the total nole % of the dicarboxylic
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1.2 dL/g as determned in 60740 (wt/w
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oA ACHE i o oo s s 1o
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ot o8 A ALIERRIVIA S| CoRRRTR RGN s ng- 1) 15 to
25 mol e % of Z2iodob dld %@f}t&%?ﬁé?al%&éﬁ@'r@&%é&ed' ol

resi dues; andi i%p| 75 to 85 no
1, 4- cycl dihexarfelo Ibmodnis of aromaties]icatbexglicatit eesiduas having

o Slocln Bl AR e 2cld component s 100 ml e
mole % af)}d 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  aglycol component comprising:
) 5 to less than 50 mole % of 2,2,4,4-tetramethyl-1,3-
cyclobutanediol residues; and
ii) greater than 50 to 95 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 corhponent is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.50 to less than 0.75 dL/g
as determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C; and wherein the polyester has a Tg of 85 to 120°C.
[018] In one aspect, this invention relates to a polyester composition
comprising at least one polyester which comprises:
(a)  adicarboxylic acid component comprising:
‘ i) 70 fo 100 mole % of térephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and



wherein the inherent viscosity of the polyester is

from0.50 to 1.2 dL/g as determned in 60/40 (w/w)
w@b@nobysset r achl or oet hane at a concentrati on oPCDUS2096/011910

00 mM at 250C, and wherein the polyester has a Tg of

95 to 115C. [017] In one aspect, this invention

relates to a pol yester conposition conprising at | east

one pol yester which conprises: (a) a dicarboxylic acid

conmponent conprising i) 70 to 100 nol e % of
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conponenti s 1}&)%% Y aﬁf:l ﬁn@yqlfeheaianﬁe!reeﬂ?@w kegidues,

Wi PIheCB TR A58, io? tlﬂ&@ﬁ%ﬁﬁy% a@i@ldcdl’l‘@&? r om'%hg8 mole %, and

i nherent viscosity o e polyester
theéetgl mwm%)ofmeomymmnuﬁnmntﬁmwo mole 04; 4Md( wt / wt )

B g B S R R A B o
as%etbﬂnﬂr\%QQEGO[/m &lt/t) ﬂh@zﬁoﬂt%ﬂ%@hlorééthéné 3Y 8Hdr@ntration of 0.5

relates to a ster conposition conprising at | east

o/bp@ npicﬂt>2§§€eandw reio dhe ppwyester hap aTgiof ﬁﬁdoﬂﬂ(f@ aci d
OF T o ont AaeiPRel 3¢ fventid olbfos s FBBsigt Bampositon
comnmrisiig at ldiasto he plyesteraitich esmpriess:navi ng
(a) adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
i) Oto 3Q mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  a glycol component comprising:
i) 15 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 75 to 85 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 less than 0.75 dL/g
as determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C; and wherein the polyester has a Tg of 85 to 120°C.
[020] " Inone aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:

(a) adicarboxylic acid component comprising:
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up to 20 carbon atons; andiii) O to 10 nole % of
al i phatic dicarboxylic acid residues having up to 16
w@ 200000552 ons; and (b) a gl ycol conponent conpPCHUSZNN6/011910
i) 10 to 30 nole %of 2,2 ,4,4-tetranethyl -1
, 3-cycl obut anedi ol residues; and ii) 70 to 90 nole %
of 1, 4-cycl ohexanedi net hanol residues, wherein the
total nole % of the dicarboxylic acid conmponent is 100
nole % and the total nole % of the glycol conponent

is 100 % d ipt ' t viscgsit f
the ol yabcer 708 1isTad bhforeddfaftaol 55%esy as
determ nqy i n G 40 Mok ool aRdeaRs dicakd: fci:'é Qgiggbgﬂ%s having

at a concentration of 0.5 g/100 m at 25
wherd 1 2heaipenyadems: ands a Tg of 85 to 1200C. [019]

comosi ¢ 10 cionst TR RAE 2 of A ciearbBdic &g Fihes having

conup ®etd cédpnaatdimsanhdxyl i ¢ aci d conponent

con‘pg' si ng: i& 70 to 100 nole % of terephthalic acid

r esi(@lies: 2 lYSOIEABPARETHEORMASEIY: ar onat i ¢ di car boxyl i ¢

aci d resiydues favi ) QLR ijg) O

fo 10 molle. % of CaPraidh 50 gde PR EFoR B hanitifiyid 2l

haviayglobptanedid residhes; aricbns; and (b) a gl ycol

conponent.. conprising: i 5 to 25 | e % of .

2,2, 4, 4-figt r a@é%t;?m%?%l %9%‘? 85&?‘3‘%@%&1 ,‘#SX?'BD%@n%@e’fhanO'

i 1) réSidties,85 nol e % of 1, 4-cycl ohexanedi net hanol

resi dues, wherein the total nole % of the dicarboxylic
wheretn theripiah male s ofl he dioarboxyliaacidtdomnpartent isTd0@ ntdle %, and

i Pt SRR et Ro oo A 51 o'
whezsin theathdterbvidbddty of the polyester is from 0.50 to less than 0.75 dL/g
as determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C; and wherein the polyester has a Tg of 95 to 115°C.
[021] In one aspect, this invention relates to a polyester composition
comprising at least one polyester which comprises:
(a)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  a glycol component comprising:
i) 10 to 30 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
) 70 to 90 mole % of 1,4-cyc|ohexénedimethanol 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
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as determined in 60/40 (w/wt)

phenol /tetrachl oroet hane at a concentration of 0.5
W@L2@m000¥552 at 250C, and wherein the pol yester heST/ES20g6/011910

of 85 to 1200C. [020] In one aspect, the invention

relates to a polyester conposition conprising at | east

one pol yester which conprises: (a) a dicarboxylic acid

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

terephthalic acid residues; ii) O to 30 nol e % of

wikBIEoenBrEtt S’(%é%ﬁi%%ﬁ%e?qﬁ@%t%ﬁs o35 S B han 0.75 duig
agléiserhmed ih®oaso M\ﬁglpcﬂm@ﬁél/wbﬁ@rwhbﬁe 16 alvnlBRtration of 0.5
atonms; and (b) a glycol conponent conprising: i) 5 to

0/1188 enltai 5°6nand Whevsinfthe pelyssterthasrafgtah g5-to 1 1§?°C

034" ot GH Ry 5 Entebe o AREYeRler Afosticed

comhgrigihd) at kst 6h@bolekier%iath tbmptikesr boxylic acid
conmponent is 100 nole % and the total nole % of the

gl yda) coa@@ﬁéquyh% a@'@io:qmp@%t CRMPIiAH ei n the
i nh 0 t
nerent S 2 108 i 0B KeelhaicabamAuag | ©

phenol / t @t)r achd tnrmstﬂtﬂ@% af arncaticceichrbaxylnacit r@sﬂuglshaving
00 m at_250C; ad\Mjer in the polyester has a Tg.of

95 t4P ‘%’1%%0 %wla}%irﬁ aﬂ aspect, this invention

rel ates tjp a 0 Hdti‘é%&é’f?@ -
one pol yé@terqugﬁhﬁg%p/?@g@ Ia gigrﬁﬂbﬁgﬁ%ﬁggégavmg

conpiintont6 carponi atbmg; andl 70 to 100 nmol e % of
ter t hal i idues: iL) O to 30 nmole % of

id
aroriti c %9@83‘3‘%8(9‘5‘?6@&&&08‘% %ues having up to 20
carbon atlfms Y 28 mold % @f 20 amlgtriprietngl1 Begtlobutanediol

di carboxylic acid residues aV|ng
residues; and
ii) 75 to 85 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 less than 0.75 dL/g
as determined in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C; and whereih the polyester has a Tg of 95 to 115°C.
[023] - In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(@)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms: and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 15 to 25 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and |
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up to 16 carbon atons; and (b) a glycol conponent
conprising: i) 10 to 30 nole % of 2,2,4,4-tetranethyM

wQ 3eocpelsebut anedi ol residues; and ii) 70 to 90PCDIUS2006/011910
of 1, 4-cycl ohexanedi net hanol residues, wherein the
total nole % of the dicarboxylic acid conponent is 100
nmole % and the total nole % of the glycol conponent
is 100 nole % andwherein the inherent viscosity of
the polyester is from0.50 to less than 0.75 dL/g as

oF" < Dondlnt ¢ ¥ 0 0 Yo by OGRS B6 SR bR,
whidrelreihia foket nieie)s o @i BidarbxYiic atid%orhsorddi s 10047die9n, and

one aspect, this invention rélates to a pol yester

the daitgbaiale & ot thepslyee!vgmuoneshist 1@hmop Paiander whi ch
. _ . . - )
WG RelM VgL irO08 e F CRTBIT e 72 dlio s
de‘tel_si&ided?im 60740 ﬁvﬂv@t) @ﬁeﬂ@l{’tetrg%mbrcmgbm 'tat?a d:bﬁ@élblmﬁjdd 1 ri) @f00.5
aving up to carbon_at ons; and iii
o/f60 o et ed wheraindbe poUeSIs GRA T8 o4Bd0 KB Gues
' t . : -
038 Pl S0l 44 5B o BB K cson
comisingat sashore pelyester 3vhige cotmpriaesdi ol r esi dues; and
ii) 75 to 85 nole.%of 1,4-cyclohexanedi met hanol
resi@les,@ aﬁ@%)ﬁ“? ﬁ@'dtwori(ﬁﬂtézo%%is"}%e di carboxylic
aci d Conn?)nent 70% %00 d‘i&b%%ft@%ﬁhfmﬁctg%&oﬁ}es’m&; % of

the glycol conponent is 100 nole % an erein the

i nher ent i} scdkta 0 ofole fieobatoyraticedicabokylicracidgesidues having
phons B Pabnsralen i o a concentration of 0. &
g/ 100 nl it 2%0( 1@ AbIePEbEANPHHE dArBERYIRY adi@FedidUés having
of 95 to 115C.
up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 1 to 99 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 1 to 98.99 mole % of 1,4-cyclohexanedimethanol residues,
iii) 0.01 to less than 15 mole % ethylene glycol;
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 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; and
wherein the polyester has a Tg of 85 to 120°C.
[025] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(a) adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
i) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
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[023] In one aspect, the invention relates to a
pol yester conposition conprising at | east one

wpodogmeetser whi ch conprises: (a) a dicarboxyli cP@DUS2006/011910
conmponent conprising: i) 70 to 100 nol e % of

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

dicarboxylic acid residues having up to 16 carbon

25 moi e oot 2 B, 3 idleof SRR Aol disiitis khsigies Raving

resuﬁb@sm aaﬁbdn)ataﬁlst ang> nol e % of
1, 4- cycl ohexanedi net hanol resi dues, wherein the total

mol €bY ofa GNEOIFURPRRICOMNPLISING: conponent is 100 ol e

% and U tolalo SRl dopbr bbes ALXEOh SAIPLRSHECbBHo

nole % d wherein efent VI Sco
pol yrestiees;emdrom 0.60 to 0.72 dL/g as determ ned in

60/ 40 (vvt/vvt) enol /te ahlorothane at a
concent rd®i on ﬁp’ %QF @!ﬁ?@neﬁﬁﬂemﬁﬁf’@ﬁﬁ'w

wfﬁ’élje}fﬁﬁb%td“ Aolé 9 %f fﬁe di éan%xgﬁ&ld[é&%@rloﬂéht%‘?oﬁmé% and

the invention relates to a p onposi t
the doitpl moilan % aft theeglptol compookentist K10 midlecPo; @mdpr i ses: (a)

0]
wibsBlr B et uREadn 8 e B LATB s detBimiseadn g6 T4 verwh
pH¥nel/tctfa@ARirbSthahe 2t lacaaﬂceﬁtraﬁcbrdof @SSI Qw 66 it Z5CYBnd O

20 carbon atonms; and iii % of aliphatic

whereisrihepalyesterchas adg of tOh‘a’Rﬂ Eg ang leonallnamfm@mn one or
5 WEnaRE ot E  TRR b G 8B B bt e
polyester.
[026] In one aspect, the invention relates to a polyester composition
comprising at least one polyester which comprises:
(@)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
ii) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; '
(b)  a glycol component comprising:
i) 1 to 99 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and ) '
i) 1 to 99 mole % of 1,4-cyclohexanedimethanol residues; and
(c) residues from at least one branching agent;
wherein the total mole % of the dicarboxylic acid component is 100 mole %, and
the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity 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; and
wherein the polyester-has a Tg of 85 to 120°C.
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residues; and ii) 1 to 98.99 nole % of
1, 4- cycl ohexanedi net hanol residues, iii) 0.01 to |ess
wa b@mn/odBsnol e % et hyl ene gl ycol ; wherein the tPCHUSI006/€11910

% of the dicarboxylic acid conmponent is 100 nole %

and the total nole % of the glycol conponent is 100

mol e % and wherein the inherent viscosity is 0.351t0

1.2 dL/g as determined in 60/40 (wt/w)

phenol /tetrachl oroethane at a concentrati on of 0.5

0811 55 ForasgettiaBaiatiesTobes b f PoliRaleenlRodion

cdrﬁlbﬁélﬁ to a polyester conposi t| on corrprl sing at | east
one pQ yester whi ch conprises: (a) a dicarboxylic acid
conpdfrieast ansnnlyestagwhich coonpriseso0 nol e % of

terepht )¢ apbitarinlibaga ddnpthd® ARl O

aromatic oxyl 1 c acl resi

carbon atomns; ipndii 7) t® 100 rﬂ&e%bﬂéﬁe@hthﬁhbl@bﬁ! réS|dueS'

di car boxylic agld resi dues having up to 16 carbo

atoms; and (b)Va gIG/u$0 %dﬁ@ﬁ@rw¢'§ﬁﬂ@XYI'9 agldtr§3|dues
99 nol e ¢ cycl obut anedi ol

resi dues; fiedin nguﬁt&%ﬁ Ja?%cﬁ@gn%ﬂ‘é’,gngf

1, 4-cycl ohexanle)dl el toat® maie $ diiakiphaticaetdieamokyie acit absidues
rmle % of,_the d| rBo I|c ?md corrponent is 100 nole

% and tﬁ@fr&‘éﬁ’ conmponent is 100

mol e % gpyl wheg) bélddh?péﬁé?ﬁrém Mirposity is 0.35 to
1.2 dL/ga(agI detéer?m ned in 6O/C4O p{vvt’%vt
phenol / t et r ach) or oél iea®Rmade % obaé’eﬁﬁftatrametlmyl -1035

o 85 ro DoisBareIsHEREI R "aner el none or more

branchi ng agens i sl ®@dgeehaks | bPbf 4 a-gfclshéxangdirigthanol

pol yneri zation of the polyester.

residues; and
at least 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 the 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 mi at
25°C; and
wherein the polyester has a Tg of 85 to 120°C.
[028] In one aspect, the polyester compositions useful in the invention contain
at least one polycarbonate.
[029] In one aspect, the polyester compositions useful in the invention contain
no polycarbonate. ‘
[030] - Inone 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 “
[031] In one aspect, the polyesters useful in the invention contain no ethylene
glycol. residues
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[026] In one aspect, the invention relates to a
pol yester conposition conprising at | east one

wpodogmeetser whi ch conprises: (a) a dicarboxyli cP@DUS2006/011910
conmponent conprising: i) 70 to 100 nol e % of

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

di carboxylic acid residues having up to 16 carbon

0T S A 3 BB OISR b S contan
atilesdtdmestheand! dtabilidertand?dr rlcBofpedducts thereof.
4- cycl ohexanedi met hanol residues; and (c) residues

1
[0331om dp onesPesh dhe palyesiany Ussihin theHevention eentaistng

gL eBlot BE ABFRARENY B e e BOTRANEE ok A 00RB
prionlte obglueng potyenerizatibhef thdpolgesteyi scosity is 0.35 to

2 dL/ determ ned in 60/40 Iwt) ,
l“%‘ﬂenm P DBEASPRC i PRNRELSS uaef@bf‘nb gtip¥ention eantainzat least one
e | . - :
s gt B 38R, VBSOS RO €Ty U M.
[034! at ek ore aspedtytstpaiyestersassefuldn tiee inpensibn gire atade from no

1. 3 3PBBRIPT & Ho R el RRELHBRN Y. Combinetian Inggher
e A o nedioh HRSE Sinch O oty may
beagpeskinibn reaking of epalyestors wesfalonbisdnventional I phat i ¢

‘ [0%141] gfr; bl‘?‘@n oé gsﬁecoit %f Eheesfnggﬁﬁor{ﬁwa old I%to? C}SQZ,Q?A{,QggtramethyI-
1,3-cyclobutanediol useful in certain polyesters useful in the invention is greater
than 50 mole % or greater than 55 mole % of cis-2,2,4,4-tetramethyl-1,3-
cyclobutanediol or greater than 70 mole % of cis-2,2,4,4-tetramethyl-1,3-
cyclobutanediol; wherein the total mole percentage of cis-2,2,4,4-tetramethyl-1,3-
cyclobutanediol and trans-2,2,4,4-tetramethyl-1,3-cyclobutanediol is equal to a
total of .1 00 mole %.

[037] 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 mole % of cis-2,2,4,4-tetramethyl-1,3-cyclobutanediol or 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 or from 40 to 60 mole % of
trans-2,2,4,4-tetramethyl-1 ,3-cyclobuténediol, 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 %.

[038] In one aspect, the polyester compositions are useful in articles of
manufacture including, but not limited to, extruded, calendered', and/or moldéd
articles including, but not limited to, injection molded articles, extrusion articles,
cast extrusion articles, profile extrusion articles, melt spun articles, thermoformed

articles, extrusion molded articles, injection blow molded articles, injection stretch
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(b) a glycol conmponent conprising: i) 1 to 99 nole %
of 2,2 ,4,4-tetranethyl-1 ,3- cycl obut anedi ol

wo e®rdessy and ii) 1 to 99 nole % of PCT/US2006/011910
1, 4- cycl ohexanedi net hanol residues; and at |east one
thermal stabilizer or reaction products thereof;
wherein the total nole % of the dicarboxylic acid
conmponent is 100 nole % and the total nole % of the
gl ycol conponent is 100 nole % and wherein the

blaw}gE)gi?dcgéJ{ é’l%os' qlqp é@))NLLI%O%dS@f S:Ielssan% g’)arusmn st%etch blow

mltiRRicdrtitiet! ahREe PRsIESBEN Mclddd D aké hat lifRe@to, annfas bottles,
g/ 100 i at 250C, and wherein the polyester has a 1g

CQiTta'%r&,@hQQb@@/O[ﬁlZ@]S In one aspect, the polyester

O39S oHe BB Uk B S e B5) B B eaone
momnms&etndaﬁmselmmétds the driiagisteieptioioid ®eliproteddthg and/or

ar bonate. [030] In one aspect, the polyesters
thE ¥l9|r MiNG-t he i nventi on cont ain less than 15 nole %

[O%]hyI ARG bRkt 1R r’c Eg!%% @ﬂ)o%?t,orfs reﬁ)é% {5@ gh{g&%jﬁion

| ess than 15 yCco _ _
mEvi beruseddpeatipus tw)qsccbf)fmntmd%ormhﬁehl inchudirfzebutmet tiimitea to

oAERER Tl B850 ol B 6l el comprssion

mbINSETlirn Q) eI radHeel(s),| SAHorPOssEd ﬁ[rngg aPHAR éh‘eéﬁé{)eMethods

and/ or reaction products t her eof . I'n one as
oftaking filfe engdfar sheet iniclude hutare mot limited to @xtraisionnoalendering,

ternatively, at |east one

%ﬂggﬂbﬁ%@ggﬁt aﬁg Sgﬁ‘g@@ Céqsﬁ'ﬂg‘r prior to or during

[01] y M, diione peth @s@Qif)tl@ééeepartubQ%bol s oRHRRStons
t he, pol yesters useful in the invention cont ai n at

mingpizes gh eliminates the drying step prior to melt processing and/or
thermoforming.
[042] In one aspect, the polyesters useful in the invention can be amorphous
or semicrystalline. In one aspect, certain polyesters useful in the invention can
have a relatively low crystallinity. Certain polyesters useful in the invention can
thus have a substantially amorphous morphology, meaning that the polyesters

comprise substantially unordered regions of polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

[045] 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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branchi ng agent wi thout regard to the nethod or
sequence in which it is added. [035] In one aspect,
wo b@7palsyest ers useful in the invention are nMaRET/U806/011910
no 1, 3-propanediol, or 1, 4-butanediol, either singly
or in conbination. In other aspects, 1, 3-propanedi ol
or 1,4-butanediol, either singly or in conbination,
may be used in the making of the polyesters useful in
this invention. [036] In one aspect of the invention,

Dﬁ?gllgé%o%/%egmﬁcﬁ: iﬁg W@gﬁ'ﬂl n pol yesters

n the invention is greater than 50 nopl e % or

f ul
[053 cat eTNE REFSeSS MHEMEON BAY B inderstaod mase raAdibHyy reference to
thg ?%IIC%/V gb %QE&H@B%S% n Bf 8@@55 etrm%%nf?bﬁhé’lﬂ\ﬁntlon and the

etrame ut anedi ol
waerking etamhples! én pecncmﬁana@mthfthelps}rmse(é) df thiet ingertidny lcettain

ernBoq Pl Bt R aRY T arcave AsENBad 17 st SPBRary sy thlvepgion and
ark @Sriher desefiBed PRRSH Helow. hﬂléd“b?r%r" é?ﬂboélHﬁarﬂQ beth? iRlention are

the isoners of 2,2,4,4- tetranethyl -
desgflb‘?@h@fﬁjlﬁanedl ol useful |n certain poI yesters usef ul

04" 555 BBt et B NSRErS t Byl o8 ivmdtiB caseripe perein

ca&Chetv@ & Bormblratith of tvo aﬁ?&‘mé’re?p g?dpﬁfﬁéQﬁbcHas high impact
cycl obut anediol, or from40 to 60 nole % of

Str@ﬁst@ poderatedglassirangition teraperatuissy cherminad resistaneam

i, S80I ol ! AP o e BN ez, soo
cobmr andsclanty I@Mdémltiemmﬂig/bryktall&aﬁimmhdhfumrﬁégdarﬁd g@@di
trans tetraneth - cycl obut anedl ol

Pf%%ﬁﬁé@bff by @eféhya?a% Wﬂgéhe/m tpd)@sfprmﬁ dnle %[Bﬁ'@f»it In some
of H’E@eﬁ@oﬂ%&% o??rﬁ@f?ﬁ/bhhgﬁ‘sth@ g%l)?é%?él‘él h(fv% é‘[lﬁfqt%@?%ngglnatlon of

manuf acture 1 ncludi ng
the prapettesaof geottingpacistreadthahieat resistance, Latiengicalresistarice,

I t t | ded I trusi
delbly bt the totBiaRE At e plorirties of Gond Tabadtishinagt, heat
resistaheé £5nd ﬁﬁicbs%’é«i terfrfd/&rI B2 cdnﬁlﬁhaﬁ’ér%f*ﬁ\% BF Fﬁo‘f'é 8fthe
ext rusi on icles, injection blow nol
degefibhed @@peﬁlﬁse t:hatd\avgmeefec befayes haelndmjleaed ite Ibespresent ina

o&é‘sfeltls' on bl ow nol ded articles and extrusi on stretch
P oW ol ded articles. These articles can include, but

[048] e NCThd ter ‘Palyiesterf | ddBsedBéidigSs 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 dicarboxylic 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 hydfo’xy 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,
17



contai ners, sheet and/or fibers. [039] Also, in one
aspect, use of these particul ar pol yester conpositions
worw7ses and/ or elimnates the drying step ppCDDS1006/011910
melt processing and/or thernoformng. [040] In one
aspect, the polyester conpositions are useful in the
invention may be used in various types of film and/or
sheet, including but not Iimted to extruded films)
and/ or sheet(s), calendered filnm(s) and/or sheet(s),

fof SERDERS hyreFinaie: dhedhih: BB 50 654 Bhraidankghe Prv,
organictrueifetinédtpbraied b aqcscﬂymet tHrbagﬁ adhdigcondehuatieh and/or

cal endering, conpression nol 8 nd sol ution
anesterifieptionogartiop Fem the Qmeesa@p g, mgeemer. Thederm “repeating

urf?lla.réné] ﬁ%%@ﬁe{*éﬁﬁ yrﬁgér.?s aff %?@é)r%tsirBEt?Jtrghg\/ﬂgzaealcgfboxyh% acid

process
reamldéwndt@drdlmésidme bqndéd)ﬂf&bughﬂ aambasyiexy groupe Thus, for
ol er eful in the invention can be anDrphous or

e %f St W Ryylic|3pig F%Sl%%‘emay hesderiyad Eg@rmységp@flgoxyllc acid
m&S&hek f fis 59?06%%8 erlcPHaﬁ(fésé RaMRs Adife Qﬁh?’cﬁjicﬁs'é BPWmixtures

crysta I'ni't rrain sters usefu
theneménﬂlsmseddrereimu ﬁldnafoee atheliblsm ailtIarlad)XWmfmiﬂ jshintended to

ing 8 ke St Sty ahe B3 Feiahe UF3 HERhBTIE BrRkincluding ts
as@&‘ﬁ@%dz’gél@ﬂaqﬁeg '&t%ﬁ*@tér@"@dltf 'hgh'-rs%lté éﬁhﬁir@’éﬁpﬁlxed

how ng the effect of conpnoner on the
anhyylsdass |arzaixtusas Hagreof, iuseful b arreati:tfor‘eplropeﬁs Wlth a diol to make

oY Sk o oS R BR AR Woiuces
miltiRmtibhAMdigsIer &tample( BRfhchiny agditts Creddetiotbrel #§é term
strength test ASTM D256, 1/8-in thick, 10-m | notch)

"tqrepisthalie gqu @mt@d@dgtpapﬁlugﬁ mspgthq{@ asid #eelf and residues
thgre%{ és w%ll HQH’V tive of te'::népber a%i %ﬁg@bg@%ﬂ%gésstoc%ed acid

ass ansiaroen te
halides, esters half—esters, salts, half-salts, anhydrides, mixed anhydrides, or

mixtures thereof or residues thereof useful in a reaction process with a diol to
make polyester.

[049] In one embodiment, terephthaliq 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.

[050] 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,
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copol yest er. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[046] The present invention may be understood nore
wo e@diobyssby reference to the foll ow ng detail ePCT/US2006/011910

description of certain enbodi nents of the invention

and the working exanples. In accordance with the

pur pose(s) of this invention, certain enbodi nents of

the invention are described in the Summary of the

I nvention and are further described herein bel ow

trRapBn AP R %) AR P Bt racteRar yetedli® GSEF ot n
exdmplend palyedferdisifaihPRBIO /IR M iSashthateadid COMUIG i total
of two or nore physical properties such as high inpact
ag F@ﬂ@ﬂ%,mﬁ%ﬁ‘ﬁ Rolyesiescantainsi 30 mole%ripenhihalicacid residues
ofiSALR! o JOpIhERIT PP EED: ToRSTler bl 0 BHOBEEES
isopihtbali@adidaksiduey anav esryit00aoldsafhiolt ksidids. Zatdrother

hal f-tines, and od, processabi|ity thereby easily
e@é\?ﬂﬁt%in@@@?‘%ﬁ%'a@%&ﬂw %&,%,45&1@@@@% Fh3sone of
: i ; | .
IS Eg 8 S bIBI e o HE TS i
3G modefipth2, dvb-detrarasihyt-dy3eeyclathdanedibl restdussautef a total of 100

mf %A ol sS0HUSE TR PeRLAR dQRks L 24 ARt amaty 13-
cyRlobeRssibl rebiiudB Hnbng Eery AR MdldsWT didl rebRues. nor e

of the described properties, that have never before
[05Hen b pthes@specisef theisyention, thepy gitbeqrolygstars]useid in the

nb 8 K53t o8 o S B il s B o o 1257
854M2E0; 850! VIBC; B6apareeChss td1¢05e2c8s /M OI° R B3 19r95°C; 85
nore difunctional carboxylic acids and/or
to 01 C; POt 13871 9@ 0 BBR3EI Y0 11285 Giia0HoGHE 6: 9Rde d 10°C; 90 to
1 L0011, 081 U045 VKl SOOI WP Ko €08 o
11&ACH OS5 b i1d 04C) 85 ¢an 06%C;205itac 80RO, VI0Octoak30dCan a0 thid 25°C; 100
tod20ean 08T 11 BLC PO o TET 400 4o 106G a8 et DA tamto
1252€M 08y 92b°C 2805 to 115°C; 105 to 110°C; greater than 105to 130°C;
greater than 105 to 125°C; greater than 105 to 120°C; greater than 105 to 115°C;
greater than 105 to 110°C; 110 to 130°C; 110 to 125°C; 110 to 120°C; 110 to
115°C; 115 to 130°C; 115 to 125°C; 115 to 120°C; 115 to 130°C; 115 to 125°C;
115 10 120°C; 120 to 130°C; and 125 to 130°C.
[052] In other aspects of the invention, the glycol component for the
polyesters useful in the invention include but are not limited fo at least one of the
following combinations of ranges: 1 to 99 mole % 2,2,4,4-tetramethyl-1 RCE
cyclobutanediol and 1 to 99 mole % 1,4-cyclohexanedimethanol; 1 to 95 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and 5 to 99 mole % 1,4- .
cyclohexanedimethanol; 1 to 90 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 10 to 99 mole % 1,4-cyclohexanedimethanol; 1 to 85 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 15 to 99 mole % 1,4-cyclohexanedimethanol;
1 to 80 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 20 to 99 mole % 1,4-
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used in this application includes, but is not l[imted

to, diols, glycols, and/or nmultifunctional hydroxyl
weopoursss, for exanpl e, branchi ng agents. PCT/US2006/011910

Al ternatively, the difunctional carboxylic acid may be

a hydroxy carboxylic acid such as, for exanple,

p- hydr oxybenzoi ¢ acid, and the difunctional hydroxyl

conmpound may  be an aromati c nucl eus bearing 2 hydroxyl

substituents such as,for exanple, hydroquinone. The

ol B e S i 52 3 TR ILE8 T Bobutancail

aritb2s €909 ensia % av-apslbRexaiedipbeianol;chid PO Mci@oh 24, 4-
fromthe correspondi ng nmonomer. The term" repeat| ng

tetramethylds3-gyelabianediol and 30stoA9 Bk b & 4seydlehaexasedimethanol;

I R T

cyclm]eckanedlhmm:hm@l ato 80rmsiedyes2, m@mﬂemv% (ﬁyckbbtﬁanedlol
xylic mononer of its associ ated aci

’}?la‘ﬁ(? § "@Q?e/a -syflebexanadimethansl; do ﬁ@melee% 2,2,4,4-

‘cegI ek -Xy:f‘-iéxéléﬁﬁ BRI %ndt %erg@cg)ﬁl%ie B/h?dftg)f Bhe» xane imethanol;

acid 1s inten to I nclude
1 tchQisncde Go 2184 detetrantathng- bS-cackbbutmtmb@larrd mtleQ mole % 1,4-

oS 3l s PR upotutancdio

arkinby & Qg%le o 1%-&?&6ﬁéxéﬂwrﬁ@fhan%$efl b 40%6@%@9'4%
rocess with a to make yest er Furt her rmre

tetigmethyr 1thrcyclabpieanediol and GLOHQ Gemole’ i édi-@vclmhmdamledgnethanol

1 QL R T By SRR et He A S8 Wil % 1.4-

cyclherdesdifrethard]udeot3T gibld fad 2 aqeﬂaiﬁewhﬁ @-&%Iobutanedlol
resi dues thereof as well as an%gl erivative o

andef@nP9male Yadi4tcyeliabexanasimpthangl sbée 2bgv0lectod,2,4,4-
tef?ine gﬁl?a éfﬁy(%ﬁutgtﬁ I?}gﬁ{i? 550 SPnbi o flal ﬁé eécgpegpnethanol;

anhy or mxtures
1 ioe:s@ chods % EQ49df-teﬂaa‘feﬂhylﬂ%&yclebotar@d|cﬂrarmiewstol\w ale % 1,4-

CYElEREsHARME AT iy BBDIR A2 2 DR STaaeE  clobutancdio
andPé£td h@?]an?dlé‘ 9%RAY- B Ioﬁ ldiRBfhandl: " EMb mole %. 2,244~

t er epht at e nray used as the starting mater
teiymnethyd}ﬂ tﬁecycéobmtanardm andiogttard&smofe Vet dpd:ydirﬁlemnadlmlethanol;

anﬁl,a{j 9 $ gneélg)r% pof ﬁggpef;%?rli&hyl m-cycﬁ)bu?ane(? ol etmhde 9§ ttc{;l bblrrqgle %
1,4-cyclohexanedimethanol; greater than 0.01 to 10 mole % 2,2,4,4-tetramethyl-
1,3-cyclobutanediol and 90 to less than 99.99 mole % 1,4-
cyclohexanedimethanol; and greater than 0.01 to 5 mole % 2,2,4,4-tetramethyl-
1,3-cyclobutanediol and 95 to less than 99.99 mole % 1,4-
cyclohexanedimethanol.

[053] In other aspects of the invention, the glycol component for the
polyesters useful in the film or sheet of the invention include but are not limited to
at least one of the following combinations of ranges: 5 to 99 mole % 2,2,4,4~
tetramethyl-1,3-cyclobutanediol and 1 to 95 mole % 1,4-cyclohexanedimethanol;
5 to 95 mole % 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol and 5 to 95 mole % 1,4~
cyclohexanedifnethanol; 5 to 90 mole % 2,2,4;4-tetramethyl-1 ,3-cyclobutanediol

20



internmediate material. [050] The polyesters used in

the present invention typically can be prepared from
wael@aniiszy| i ¢ aci ds and diols which react in PCT/US2006/011910

substantially equal proportions and are incorporated

into the polyester polyner as their corresponding

resi dues. The pol yesters of the present invention,

therefore, can contain substantially equal nolar

proporti ons of acid residues (100 nole% and diol

atd 0 1R ssdhblechhf kBN Pithark Rt 8 Pholk 36 i 14
tetraimathyist, Siby@lobhfanb@ibl pders to 198 v ¢ net-@mémeﬁwedumethanm
5@60\” ded in the present disclosure, therefore

be
8RaNQJa % 1Re2 6 dir-tetramathyl-hB-eyelabutanadieland 2 ta 86 amole % 1,4~
%d%&heﬁ@lsﬁqg &% m8|re %@2t4°%-?%/téé$&rﬁ§/éoh?i c¥crllclai%técanedlol

r epeati ng un
arRD 25t e%mslep&at1h¢4cyclohexahedjmeﬂihnm; 5 he70 otalé %@ 214, 4-

tehSBIsYISl SevapButaresia aba HLio $ Mols ok 414-eYclalzeranstigthanol;
5 8568 m&aioles 4 4Tié%%méthg ,%gdgelo%gltéﬂ%lcﬁél 4Hd 35 /P85 RE, 1,4-

aci d resi'dués anong eve nol es acl d residues
cyciofmxanbdlm@hamil 8to 60pnb|ee%t232 4oeteametingl-3 (B- oydlet%tanedlol

A S AT e S 2

teffﬁhfe%ﬁ 234 %lélob@iarnéﬂﬁil By 4% to3953ﬁﬁilé’%'tl am@;ﬁiﬂéﬂexaned|methanol

resi dues ou a total of nol EA)dIO resi dues.
anthdo SPraele %rZ2 ém-tﬁirametbyl 232c;wjabutem¢chnbamq/50 to 98-mole %

1’§y°§}0@’%§§gﬂ?%bﬁth§ ﬁl dues anong every 100 nol es of d|t gle

ot her aspects of the invention,

[054 of tm@tﬁwlasﬁéétew thes Bivehtiom, thBgylydor e f@ﬂeﬁafa)rlﬂ@e at
| east one of the follow ng ranges: 85 to 1300C, 85 to

pojyestersgusafil in dhginvegtion includschutgarer rot fintted togs least one of the

oGBS e P i S BB B g

1,3@yClobBbartenlid GHE, gréfter th&Y 6D t695tmolk3%(,495 to 125C

t 12 0C.. 95 t 1150C; 95 to 1100C 95 to 105C
cyEhesatadImEinapl SAS b mote tod 2ok d tetramaleyi iz ssusiobptanediol

@7 t104.. 3
otES158Eng80 ke AReHRE: 195 dmdicho.10e
tetamatieyl- 1t hrepclabstanedivBaay 60 to 95 mole % 1,4-cyclohexanedimethanol;
5 to 35 mole % 2,2,4,4—tetfamethyl-1 ,3-cyclobutanediol and 65 to 95 mole % 1,4-
cyclohexanedimethanol; 5 to less than 35 mole % 2,2,4,4-tetramethyl-1,3-

cyclobutanediol and greater than 65 to 95 mole % 1,4-cyclohexanedimethanol; 5
to 30 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 70 to 95 mole % 1,4-
cyclohexanedimethanol; 5 to 25 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 75 to 95 mole % 1,4-cyclohexanedimethanol; 5 to 20 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 80 to 95 mole % 1,4-cyclohexanedimethanol;
5 to 15 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 85 to 95 mole % 1,4-
cyclohexanedimethanol; and 5 to 10 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 75 to 90 mole % 1,4-cyclohexanedimethanol.

[055] In other aspects of the invention, the glycol component for the

polyesters useful in the film or sheet of the invention include but are not limited to
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greater than 105 to 125C, greater than 105 to 120C
greater than 105 to 115C, greater than 105 to 1100C,
wai®7pesiB0C, 110 to 125C; 110 to 120C, 110 t ordI/B£2006/011910

115 to 130C; 115 to 1250C; 115 to 1200C;, 115 to 1300C
115 to 125C; 115 to 1200C; 120 to 130C, and 125 to

130C. [052] In other aspects of the invention, the

gl ycol conponent for the polyesters useful in the
invention include but are not limted to at | east one

atfoort Pp & Y BRAER FRiEatBs S sandfeat 010 Badndlerh 944
tetrah@t%l%,&cydlébgtaﬁééwdhﬁqtthagﬂ)}nolel% 9 @éydmh&a%edumethanol
4-tetramet hy 3-cycl obutanediol and 5 to

1%‘1 @ tofe % 2344, Hdﬁb'ﬁmeélwlﬁewaﬁlobutaneumlwdrﬁatoe9@/mole % 1,4-
h 0.t
orPelafed TG ooy, o2 R 1% i
arel 1) t 20 rchde P/al’ra¢h byd:leﬁ%xahﬁﬁéﬂfmb?rﬂ?ﬂﬂoc% fmﬂie %32t294,a9
ex I et hano
te{%o'@eﬁ’ﬂ]"t%tc%lﬁéofﬁpﬁalogae dbded0mels % 1dn@°kﬁﬁq>@ngdlmethanol
| o

1910 il 4 L ALE R S80S e

1 mvaobrexameobmtmmem T trivden &b 2, 21,414ete’(r@me:thyﬂl 8-
xR SRR e oSS S et 'S S imol
%252444-@@&&&9191 BYA(clobut iR ERNSH 't&bo %@S‘\e% 4. 99

mol e % 1, 4- cycl ohéxanedi met hanol l'é %
cleobenanedlme.ﬂmml hiMo, 65 ool 64»atzmeldwanmtuwmsmcmutaned|o|

a2t Y0 mElg Ve A TR B Bse 10330 BRIE tsb et g

tetrm‘netl'f% 1 %cW@b@tbﬁé@nBEﬁhdﬂD hg190l rhofk 401 ﬁ%ﬁmr%x%edlmethanol
4-t et ranet hy . 3-cycl obut anedi ol and

10&85@ mple % 2, 8%46%&@@%1 fet-ayclobutanediol ﬂBdrﬁﬂ fe % mole %
e AT, e S R0 R
cydpButanédial ehd Hdetolg0 mbie % tyct\yivticaeddphetdadob0 to 99
105 5 1 e ek b e, 0vy O1o a4 aheal GAmangemidor Heos
polfr oty UGBS b 380 0 oo o e
follewiing %mbmactrposmﬁeamgmsdl ‘rﬁatchless ltharl 50 ndle %, 2,4%-tetramethyl-
1,§CyCIé]bu4caned|ol and greater than 50 to 90 mole % 1,4-
cyclohexanedimethanol; 10 to 45 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 55 to 90 mole % 1,4-cyclohexanedimethanol; 10 to 40 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 60 to 90 mole % 1,4-cyclohexanedimethanol;
10 to 35 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 65 to 90 mole %
1,4-cyclohexanedimethanol; 10 to less than 35 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and greater than 65 up to 90 mole % 1,4-
cyclohexanedimethanol; 10 to 30 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 70 to 90 mole % 1,4-cyclohexanedimethanol; 10 to 25 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and greater than 75 to 90 mole % 1,4-
cyclohexanedimethanol. 10 to 20 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and greater than 80 to 90 mole % 1,4-cyclohexanedimethanol; and 10 to 15 mole
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tetramet hyM , 3-cycl obut anedi ol and 75 to 99 nole %
1, 4- cycl ohexanedi nethanol; 1 to 20 nole %
wWQ2@740¥51 et r anet hyl -1 , 3-cycl obut anedi ol and BOT/US2088011910
nole % 1, 4- cycl ohexanedi nethanol; 1 to 15 nole %
2,2,4,4-tetranethyl -1 , 3-cycl obut anedi ol and 85 to 99
nmol e % 1, 4-cycl ohexanedi nethanol; 1 to 10 nole %
2,2,4,4- tetranethyM, 3-cycl obut anedi ol and 90 to 99
nol e % 1, 4- cycl ohexanedi net hanol; and 1 to 5 nole %

2 Tab TS b T 2 SRk %) B 1.0

cylﬂbhmbﬁeam?etﬂaﬂgm tetramethyl - 1, 3-cycl obut anedi ol and
to less than 99.99 nole % 1, 4-

lﬂé%l oh&xaihes ?ﬁ’é@ﬁ&r%rthe mvénwéath@rglyq%ﬁomp@menbf% thel e

oy Ttk o 890 0865 o o e
follOBBY domisnsonsaaizeages; 0f 16 @0 MR 20,4 M@tr@hw@d 1,3-
ovhREEq R 1 iead male ¥h 34 avshexanasimahanoh vio $mole %
2, 2t4 4 %‘é’t‘ﬁémé‘ﬁ'ﬁgl -9f3 é}f@oﬁlﬂéhé’d}b%&gr@%@ b%”% Ph. ranges:

- tetranethy cl dbut anedi ol
Cy@mexaﬁedlgmtlrmd % IQ QO me%%ne@tmmw ,3EcytctoAfanediol

BN Gl 49 gl 32 1 Fer Bkt L & omie ToPad”

te&a%e%y%‘ﬂ@by@lﬁ@@tﬁh%bo%ﬁ& qlsqbtgga:%% % @'Zfdcﬂs%ﬁ&(a%édlmethanol

nol e % 1, 4- cycl ohgxanedi net hanol ;
1toBymele t%ezx2a4rétta§ramth>8-1c&@y@lbbum@diqi Iandrﬂﬂ) tD589 S %

1SR BeR e R I T PRL PR RS R el oiihgsl %, o

cyeilbetdetict-andyas t@*@(ﬂ‘m@%mm hexarie@limethabe 1% to 70 mole

0 2,4 4-tetranethyl -1 cclo ut anedi ol and 25 to 9

% ok 4 %eiram%twlrbﬁéw&mtmdi@md 36 ta 89100l d 45
cygbo%efégﬁjed@% ohexanésdﬁr% ha?b Ht@éﬁ‘%‘l Aghﬁlgﬂg?’c&)c‘o%u?gnediol
arel, 35 b, 89 etle Slmﬁtmgyelohem¢ﬁheﬁbiahanadl tol60amdis3% 2.2,493-

BRI e T IO P T —

I oo 20k B AT DSy kT Bl g
1 %V@O%Karﬁduyletmkaﬁmm it Hanwle % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 50 to 89 mole % 1,4-cyclohexanedimethanol.

[058] In other aspects of the invention, the glycol component for the
polyesters useful in the invention include but are not limited to at least one of the
following combinations of ranges: 11 to less than 50 mole % 2,2,4,4-tetramethyl-
1,3-cyclobutanediol and greater than 50 up to 89 mole % 1,4-
cyclohexanedimethanol; 11 to 45 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 55 to 89 mole % 1,4-cyclohexanedimethanol; 11 to 40 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 60 to 89 mole % 1,4-cyclohexanedimethanol;

11 to 35 mole % 2,2,4,'4-tetramethyl-1 ,3-cyclobutanediol and 65 to 89 mole %
1,4-cyclohexanedimethanol; 11 to 30 mole % 2,2,4,4-tetramethyl-1,3-
cyélobutanediol and 70to 89 mole % 1,4-cyclohexanedimethanol; 11 to 25 mole

% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 75 to 89 mole % 1,4~
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and 5 to 50 nole % 2, 2,4, 4-tetranet hyM

, 3-cycl obut anedi ol and 50 to 95 nole %
waehroysknhexanedi net hanol . [ 054] I n ot her aspRCt/BESWN6E/011910

the invention, the glycol conponent for the polyesters

useful in the invention include but are not limted to

at | east one of the follow ng conbi nati ons of ranges:

5toless than 50 nole % 2, 2, 4, 4-tetranet hyl -

1, 3-cycl obut anedi ol and greater than 50 to 95 nole %

BB BUHRR TEL B0 2 i spanedo

amest&/ag nﬂ:l@%ﬂafl@y‘cﬂ@ﬁé&df@dhﬁéﬂianoﬁ drid 14'pto”13$ ﬁwoqt’é % 2,2.4,4-
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paluﬁseer%l.ls;emlm thet iaventiot herd,e%utCarélr@bUtrﬁt@Gdo@t leidtl one of the
reater than. 65 to 95 nol e

foffowgn efemf@ilmgafmmom t@gwn@l@ e B Aoh-tetramethyl-1,3-

cy@lo%uf’arfb‘dﬁcﬂtaharﬁellbf‘%é\%o?e oy n@lﬁ@@g@duﬁ%@aﬂgl 9%0}8535 mole %

exanedi mat
2 %M-tetnann@hylahﬁtdyplmbtmammm B 88 sholertd 175- t o 95

S ke R P PR CRL N, R S—
anaoioet @8:7\%1@%341 qb@mé}%idarﬁ%anﬁ@mbnoﬁ 1§qoan Jﬂeieefy/sz 284

-tetranet hy - cycl obut anedi ol
fetfam@ﬂ% i mcy%qhutan@chah@m Bt @8anpledtod! 8- Qyolo]:@xaned!n%thanol

2R 220 i P A 1 7 30

1,4spelohexarfedirhethavE M 10175 ok 9 ¥ 2 4qeffaméw| ffigr the
in the filmor sheet of

esters usef.ul
Cyg'ﬁb tanegiol ARE kade 8Sumols % Mfcyqlqhqxeaedwmtha@@ksﬂ%ﬁao mole
% 82 g ORI il LERORE 9,27 ' ©
cy@Ohaxartech&thenoy di2oloessmedt %92Jiam,dl-tetréﬂmétlﬁ)yl~9153-lmbbb@(@anedloI
anflssSsitumale Gy brobicioticsantareiiiang: 18 te S0g0oiRcHic k-
tet?arﬁe%yﬁ'ﬂ Betg){:cﬁ{:&gé‘%(cgﬁlea rrg? %ggﬁﬁ&%gﬁ;{@h ggEI%h%Qarg/é’d iM&thanol;
12 29 554112116 %, 2 An%tet;amethym Sycyaidhutanedibband A8 td B8trmoR0%
1,4'18yc“:fohexanedﬁ'Xé:th8H8 ; an 2”’% gba Pn%llé % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 50 to 88 mole % 1,4-cyclohexanedimethanol;
[060] In other aspects of the invention, the glycol component for the
polyesters useful in the invention include but are not limited to at least one of the
following combinations of ranges: 12 to less than 50 mole % 2,2,4,4-tetramethyl-
1,3-cyclobutanediol and greater than 50 up to 88 mole % 1,4-
cyclohexanedimethanol; 12 to 45 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol ..
and 55 to 88 mole % 1,4-cyclohexanedimethanol; 12 to 40 mole % 2,2,4,4-
tetramethy!-1,3-cyclobutanediol and 60 to 88 mole % 1,4-cyclohexanedimethanol;
12 to 35 mole % 2,2,4,4-tetramethyl-1 ,3-cyclo_bﬁtanediol and 65 to 88 mole %
1,4-cyclohexanedimethanol; 12 to 30 mole % 2,2,4,4-tetramethyl-1,3-

cyclobutanediol and 70 to 88 mole % 1 ,4-cyc|ohexanediméthanol; 12 to 25 mole
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10 to 80 nole % 2, 2,4, 4-tetranet hyM, 3-cycl obut anedi ol
and 20 to 90 nole % 1, 4-cycl ohexanedi net hanol, 10 to
wWQq 200mobess526 2, 2, 4, 4-tetranmet hyM |, 3- cycl obut anePCDUSANE011910
25 to 90 nole % 1, 4-cycl ohexanedi net hanol; 10 to 70
nole % 2,2,4,4-tetranet hyl-i , 3-cycl obut anedi ol and 30
to 90 nole % 1, 4- cycl ohexanedi net hanal; 10 to 65 nole
% 2,2,4,4-tetranet hyM , 3-cycl obut anedi ol and 35 to 90
nole % 1, 4-cycl ohexanedi met hanol; 10 to 60 nole %
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2,4,4-tetranmet hyM , 3-cycl obut anedi ol and 65 to 90

Cyﬁ{ﬂhéqudlmeﬁly@mih’b& 8QiMeIe A Re?. 4, 4 Btramethyk Bmyckﬁmtanediol
0 o | o
an'gr)'ie(g e{ ?72 Ié’ Bgtzﬁéyc?@ﬁ%?r%g rget,y hql%uto%mo e 9% 5% 4,4-

tetramleﬂ’fwna}leyblﬁbﬁltbﬂééiol ak8 16003y mlleev"/q 4-c Olyclohexaned|methanol
4-tetramet hyM , 3- cycl obut anedi ol 70 to

1%*8@ mple o %%,éﬂ@t@w&w&éﬁw@pbumw@l ledr?(ﬂ t9 8% mole %

1 cheobran SURIERIS B PV EIRY 2 SRS,
cyelbbotanediol 2n2, 26 -8 B hicdered hwvbyéehe!)(dr@duhathﬁﬁbmﬁdﬁd?o mole
% 3 53 letimaataneh Brrve e ediokandy30 & 88 mele b1, 4
cy@loﬂeﬂaﬁa%l@feﬂgé}ﬁﬂo l"’léi 5%1615 ﬁncﬂé A %g%ﬁg@%&?ﬂl%gf&iﬁutanedioI
and 35 to 87 mole % 1,4- cyclohexanedlmethanol 13 to 60 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 40 to 87 mole % 1,4-cyclohexanedimethanol;
13 to 65 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 45 to 87 mole %
1,4-cyclohexanedimethanol; and 13 to 50 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 50 to 87 mole % 1,4-cyclohexanedimethanol.

[062] In other aspects of the invention, the glycol component for the
polyesters useful in the invention include but are not limited to at least one of the
following combinations of ranges: 13 to less than 50 mole % 2,2,4,4-tetramethyl-
1,3-cyclobutanediol and greater than 50 up to 87 mole % 1,4-
cyclohexanedimethanol; 13 to 45 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 55 to 87 mole % 1,4-cyclohexanedimethanol; 13 10 40 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 60 to 87 mole % 1,4-cyclohexanedimethanol;

13 to 35 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 65 to 87 mole %
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[057] In other aspects of the invention, the glycol
conponent for the polyesters useful in the invention
w0 p@oeksshbut are not |imted to at | east one OPCT/082006/011910
foll owi ng conbi nati ons of ranges: 11 to 99 nole %
2,2,4,4-tetramethyM , 3- cycl obutanediol and 1 to 89
nmol e % 1, 4- cycl ohexanedi net hanol ; 11 to 95 nole %
2,2,4,4-tetramethyl -1 , 3-cycl obutanediol and 5 to 89
nole % 1, 4- cycl ohexanedi nethanol; 11 to 90 nole %
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nole % 1,

cycl ohexanedi net hanol ; 11 to 60 nole %
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fom.ﬁg%ohmnawsoméﬁasgl Fmtta @mhmea%dz 214 Meﬁié}na%m %-

tetranet hyM ; 3- cycl obut anedi ol " and 50 to

cysisbetanedial -angct tméﬁMeu%éuﬁamdohegmlmethamhe‘m to 95 mole %

2. 33 E et RE A VR BURBesh (g AR 2o BORRE EH Lok not
cybldﬁekéﬂedlme%hahcﬂaﬂ t® 00 ndieth e 3 al 4-%5?@9&9!1’0 '30@3Idlcﬂﬁﬁanedlol
ranges: 11 to less than 50 nole %

ar@l 10 tp @6 male a/néﬁryvclotn@same;ﬂdm@mr&hem i 8anwle) Vel .4-

e BBSR ol PR, 0 e R T IR AR prdnano
14aoBHmole %Q,Zm,uaeﬂfamah)ﬂ-}ﬂ%-@bemauwemﬁil lamdol 4 10186 hvie %
% tetrapeth ycl obut anedi ol and

1. 48yeRhgsnslimeshancl. T4 ks Chewin St HeisIBmatai b as
cyERbtaRedich dhd2s & 86O 114-cycISHE MUHiRBERENS!: 2d APmole
to 89 nmole %

% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 30 to 86 mole % 1,4-
cyclohexanedimethanol; 14 to 65 mole % 2,2,4,4-tetramethyl-1,3-cyciobutanediol
and 35 to 86 mole % 1,4-cyclohexanedimethanol; 14 to 60 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 40 to 86 mole % 1,4-cyclohexanedimethanol;
14 to 55 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 45 to 86 mole %
1,4-cyclohexanedimethanol; and 14 to 50 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 50 to 86 mole % 1,4-cyclohexanedimethanol;

[064] In other aspects of the invention, the glycol component for the '
polyesters useful in the invention include but are not limited to at least one of the
following -combinations of ranges: 14 to less than 50 mole % 2,2,4,4-tetramethyl-
1,3-cyclobutanediol and greater than 50 up.to 86 mole % 1,4-
cyclohexanedimethanol; 14 to 45 mole % 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol
and 55 to 86 mole % 1,4-cyclohexanedimethanol; 14 to 40 mole % 2,2,4,4-
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1, 4- cycl ohexanedi nmet hanol ; 11 to 30 nole %

2,2,4,4-tetranet hyM , 3- cycl obut anedi ol and 70 to 89
worei0e/084532 4- cycl ohexanedi net hanol ; 11 to 25 noPET/¥52006/011910

2,2,4,4-tetramet hyM , 3-cycl obut anedi ol and 75 to 89

nol e % 1, 4- cycl ohexanedi net hanol ; 11 to 20 nole %

2,2,4,4-tetranethyl -1 , 3-cycl obut anedi ol and 80 to 89

nol e % 1, 4- cycl ohexanedi net hanol, and 11 to 15 nole %

2,2,4,4- tetramethyl -1 ,3-cycl obutanedi ol and 80 to 85
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[066] e %Irlpmeryaspebtsmnbel imeentianothe gly’chtl «xoaﬁ)dmlnefor the

pfipgeis dserihihINERNenton RS hop Sreaot listes foa@est oné of the
foﬂo@m@ GbrishaasRS BY Mngds; %%@é“ﬁ-@[@% 9'2 @met%érrfe%ﬁfﬁ 3-

% 1, 4- cycl ohexanedi nmet hanol
Cwltﬂ)tﬂtamedl@ltammﬁﬁ moles%cyémybl@hanamdjme&hm@m&s to 88 mole %

23 %Rl YR AERG AR AR Brp amoth 585 o o
cyﬁlﬂr%x%nédﬂnéthéh@lh ¢5a0 ©0i rivleaDb 4, 4—¥eﬂfémé@1ylrﬂ’|3°-c%lobutanedlol

- tetranethyl -1 3-cycl obut anedi ol and 40 to

am%rl Q t@/@i ruol@yémaﬁ@yalﬁs@xm imedhancl:14 tp 85 male 86 2,2.4, y
A SN (0 DA A B
1213288 mblé é4 Q@QImwan&athylynBaiwto@lmmwiolm Ptd 85 ole %

1. 0 ElaearediEtiaans i rHae ghyzef CSHEBRE A & ¢ he
SRS A48 1435 81 1S ST T
%a2 ZrWEamemyt-dx J-ewdolitanedio! and 80% 85 mole % 1,4-
cyclo%iexaneélmet anol ¥15 to 65 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 35 to 85 mole % 1,4-cyclohexanedimethanol; 15 to 60 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 40 to 85 mole % 1,4-cyclohexanedimethanol;
15 to 55 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 45 to 85 mole %
1,4-cyclohexanedimethanol; and 15 to 50 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 50 to 85 mole % 1,4-cyclohexanedimethanol.

[066] In other aspects of the invention, the glycol component for the
polyesters useful in the invention include but are not limited to at least one of the
following combinations of ranges: 15 to less than 50 mole % 2,2,4,4-tetramethyl-
1,3~cyclobutanediol and greater than 50 up to 85 mole % 1,4-
cyclohexanedimethanol; 15 to 45 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol

and 55 to 85 mole % 1,4-cyclohexanedimethanol; 15 to 40 mole % 2,2,4,4-
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1, 3-cycl obut anedi ol and greater than 50 up to 88 nole
% 1, 4- cycl ohexanedi nethanol; 12 to 45 nole %

WQ20740¥51 et r anet hyM |, 3- cycl obut anedi ol . and BGI/US2088011910
nol e % 1, 4- cycl ohexanedi net hanol ; 12 to 40 nole %
2,2,4,4- tetramethyl-1 ,3-cycl obutanedi ol and 60 to 88
nmol e % 1, 4- cycl ohexanedi net hanol ; 12 to 35 nole
%R, 2,4, 4-tetranet hyM , 3-cycl obut anedi ol and 65 to 88
nol e % 1, 4- cycl ohexanedi net hanol ; 12 to 30 nole %

teffgfishy Sl OEBuRIR IRt an XD A PO S8Rl eashedinethanol
1540238 fbld 94 lz,am,utté{ramet |W§Jc9abbafw@uml aﬁﬂ$57t@ 8D nitte %

nole % 1, 4- cycl ohexanedi net hanol ; 12 t 0O nole %
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ects of the invention, onent for th
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okt 80 ot g HSPHE A el AU GRSy 020

tetrgmietiylilzBredclobutanddibl and 7 to@3emide % 1 4-cyc|ohexaned|methanol
4-cygl o xanedlme to 9 le %

lﬂéﬂz = fin QBF BRaceS o 1R vy Tan, thie SR GomaRnest fop they
ster¥oubeful i§ wd PRENRGE HAIRIBIRAre nb? llhﬁte%Qo@?ll@asq/‘bne of the
2,4,4-tetramet hyM , 3-cycl obut anedi ol and

folnlmmag gombinatjarisaifeangesti 36 ta 98cnole1s 2 2 484}tetrﬂree%yl -1,3-

oyRPlyiSid AP B e Rl ka0 Rl BB R 210 Vs mole %

2,2 A4- #etl‘érh@thylaﬂ%téWMbL@aﬁé/dibl%ﬂ 87¢80Gholed 24-to 87

mole % 1 ycl ohexanedi net hanol, 13 to 75 mol e %

Cyszlotexaaedlmaﬂaaml Mo 80 maje|% Bk 4reistigmethil-b§-ayslabutanediol
Ay 80 T Jhd ORI anhio] © el 2 4
tehminetrﬂﬁ-i,MCydthahedmhadd rmettb ®0ainplel % 1,4- (ﬁ&ld‘tdxen@dlmethanol;
2 e 5T s EaABbS Ro s g ) 695 ol
1’%8 gé&é{aﬁﬁﬁgwane | mﬂ&@% anedisfetdnhil-1,8- 87
cyclobutanediol and 25 to 80 mole % 1 4-cyclohexaned|methanol 20 to 70 mole
% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 30 to 80 mole % 1,4-
cyclohexanedimethanol; 20 to 65 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 35 to 80 mole % 1,4-cyclohexanedimethanol; 20 to 60 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 40 to 80 mole % 1,4-cyclohexanedimethanol;
20 to 55 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 45 to 80 mole %
1,4-cyclohexanedimethanol; 20 to 50 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 50 to 80 mole % 1,4-cyclohexanedimethanol; 20 to 45 mole
% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 55 to 80 mole % 1,4-
cyclohexanedime’thanol; 20 to 40 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 60 to 80 mole % 1,4-cyclohexanedimethanol; 20 to 35 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 65 to 80 mole % 1,4-cyclohexanedimethanol;

20 to 30 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 70 to 80 mole %
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13 to 55 nole % 2, 2,4, 4-tetranet hyM, 3-cycl obut anedi ol
and 45 to 87 nole % 1, 4-cycl ohexanedi net hanol ; and 13
W 2003001562 e % 2, 2,4, 4-tetranmet hyM , 3- cycl obut BCEUS06/011910
and 50 to 87 nole % 1, 4- cycl ohexanedi net hanol . [062]
In other aspects of the invention, the glycol
conponent for the polyesters useful in the invention
include but are not limted to at |east one of the
foll owi ng conbi nati ons of ranges: 13 to | ess than 50
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foloRing, cbnieihatiores @Mﬁhgés cgsltowmol@d%om 24-tétparnetBir-1,3-

0 e O
oo, DI I LA 02T 48 ol
| 0 %
2 s @W%@%@?ﬁ%mzﬂ Bl 1 o

cystshexanad lmetbarmblb {2Exta r8edimiobs %aﬁ @l 4,448tramediylin3-eyétobutanediol

arf fa.14, 05 0 AT At ma g Aol s ©18G BoiS Y 2o

teﬁa%eﬁiy‘r‘l 3-@§/éléﬁﬁiafhbbrol and-20Ve| PR el Ql'-%ﬁ/cﬂ’&%%eﬁﬁnethanol

nmole % 1, 4- cycl ohexanedi net hanol .

25at9pE5: mlefb 21Red Artetraniadhyl- k&@yglpputanedmimde?ﬁ tor % mdie %

1 RRYEBRE e Sedli Bl 25 870 I8 % 2 4ete bl BB one.
cyc];glum :gmlﬁotllm’gﬁgS mdtlg 0/?8/01 %ngYéoHeieﬁiédﬂﬁ@tHWM 5 to 65 mole
%

24drtetearesihve binadiinbanedial and 95 tegpanole % 1,4-
oresfetafied RN F 1080 A A2 R Fhe B rgigbltanedio
an?l, 4) tb 45 nadle ammwm«m&mmmmg ol 53nld % 22, 83-
telR i i3 AHGPRSTIOLaNg 45yel stielint] dr vl orgneginagihanol
B e e
1 myeloh’exanedmethanol 25 to 45 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 55 to 75 mole % 1,4-cyciohexanedimethanol; 25 to 40 mole
% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 60 to 75 mole % 1,4-
cyclohexanedimethanol; 25 to 35 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 65 to 75 mole % 1,4-cyclohexanedimethanol; 25 to 30 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 70 to 75 mole % 1,4-cyclohexanedimethanol.
[069] In other aspects of the invention, the glycol component for the
polyesters useful in the invention include but are noth limited to at least one of the
following combinations of ranges: 35 to 80 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 20 to 65 mole % 1,4-cyclohexanedimethanol; 37 to 80 mole
% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 20 to 63 rhole % 1,4~
cyclohexanedimethanol; 40 to 80 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 20 to 60 mole % 1,4-cyclohexanedimethanol; 45 to 80 mole % 2,2,4,4-
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1, 4- cycl ohexanedi nmet hanol, 14 to 75 nole %

2,2,4,4-tetranet hyM , 3- cycl obut anedi ol and 25 to 86
worei0e/084532 4- cycl ohexanedi net hanol ; 14 to 70 nOPET/¥52006/011910

2,2,4,4-tetranethyl -i , 3-cycl obutanediol and 30 to 86

nole % 1, 4- cycl ohexanedi net hanol; 14 to 65 nole %

2,2,4,4-tetranethyl -1 , 3-cycl obut anedi ol and 35 to 86

nol e % 1, 4- cycl ohexanedi net hanol ; 14 to 60 nole %

2,2,4, 4- tetramet hyM , 3-cycl obut anedi ol and 40 to 86
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cybﬁﬁ[]ta'?\%diﬁ? ahe 2‘3)@023?134 ﬁ}ol(% ?%1 ﬁé—%cﬁ*ﬁ’é}?dﬁ%ﬁ cycﬁﬂ%ut anESG)% o 86 mole
%&12145&@!@”%?1%1 8- Cﬁjﬁhbuim}&ﬁlmil‘andamtb Getnhaladh ;1,44 to

BTN A A TR AT T T
andeto /@(Qﬂ%léf %1 téﬁéycﬁtﬁf?é%éﬂedimet%aﬁ?zsp | AP@EH 25 ‘ﬁ%l@'% sl 4Qﬁ

to 86 nole %1, 4-cycl ohexanedi net hanol ; 14 to 30 ol
tetygrethyk 1 B-eyalobutanedipl and 25 te Bl mble ¥nbdiayiclahesaned nmethanol

4538 7 & EXSLOBRANR] B 800 oty oS A%

1 mydoﬁ/eﬂarédlmnﬁamexatDWVﬂﬁhdﬂ@%'Z 2 anltdtfarhethyR 1l e %
4, 4-tetranet hyl - - cycl obut anedi ol and 80 to 86

CV%PHtWQIOAaBQQ%h@e%ﬁ@éﬁ e Ha%&lohqms]ilmﬁth@mbr% to 75 mole
% @%22% t%tr%fnétﬁg e 658hloRRanddis) dHdYS8t0 ESWO&EQPH jor the
po rs usefu e

este n the invention Inc bat "are not
cyd:lbhexanéchmeﬂtarioeaso to78 mblethe2,2 dl, 4-wwargeﬂmml346yd@bl$tanediol
0,
ang)ﬁé é/cb oaq%(gj;lcaw l)éng/oglzrﬂ%thgn%t% troaggtm le % } 2,2,4,4-
tetﬂarﬁeﬂ?\yp*l @W%H@&BP&% 2?%@ 3‘5%8%i A ,a-ncgblé)hteéag%dnmethanol;

47 4-tet’r anet -Ccyc ut ane
40rtQI7@ mr@te %-2,2,4,4- tetramethyl -1,3-cyclobutanediol and 30 to 60 mole %

1,4-cyclohexanedimethanol; 45 to 70 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 30 to 55 mole % 1,4-cyclohexanedimethanol; 50 to 70 mole
% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 30 to 50 mole % 1,4-
cyclohexanedimethanol; greater than 50 to 99 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 1 to less than 50 mole % 1,4-cyclohexanedimethanol;
greater than 50 to 80 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 20 to
less than 50 mole % 1,4-cyclohexanedimethanol; greater than 50 to 75 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and 25 to less than 50 mole % 1,4-
cyclohexanedimethanol; greater than 50 to 70 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 30 to less than 50 mole % 1,4-cyclohexanedimethanol; 55
to 70 mole % 2,2,4,4-tetramethyi-1,3-cyclobutanediol and 30 to 45 mole % 1,4-
cyclohexanedimethanol; 60 to 70 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
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cycl ohexanedi net hanol ; 15 to 90 nole %

2,2,4,4-tetranethyl -1 , 3-cycl obut anedi ol and 10 to 85
worei0e/0846532 4- cycl ohexanedi net hanol ; 15 to 85 nOPET/¥52006/011910

2,2,4,4- tetranethyM, 3-cycl obut anedi ol and 15 to 85

nol e % 1, 4- cycl ohexanedi net hanol ; 15 to 85 nole %

2,2,4,4-tetranet hyM , 3-cycl obut anedi ol and 15 to 85

nol e % 1, 4- cycl ohexanedi net hanol, 15 to 75 nole %

2,2,4,4-tetranethyl -1 , 3- cycl obutanedi ol and 25 to 85

P8 130 B PO IRt 4b%a 68 Bl g -
'tetfgh@tﬁ@lm,,ﬁ-cy@mshmm RHUBE e Phiold 8 4 ai- l@ﬁ’é)één%dlmethanol
-tetramet hyM | 3- cycl obut anedi ol and 35 t

4%4 %5 %018 Yo a;ze%f@;@mthm Bayelobutanadinl emdnds tp @@ ole %

i e
c}@ldbudamdldta]w?eﬁtéﬂthég Gﬁct?ammlarw% g|4 @m:bhfﬁg(gh@d?@thanol'
% 0 mole %
45855 molls 8 2 AnisHAmsing o PG RMENSIOl & Fota 85 grwle %
1 Wyélo%é%aﬁéd%ﬁ@t iéﬁﬁﬁﬁ%@' to E{SOﬁ\@]e o Qt{‘,ﬁrtetran'lﬁthyl
[ nve for the

aspects of oneh
1,palyglobutanediad @hd| 35 to lelae thmarv'é@irmcde % nm-uydobEXamobmed’(anol ;

s 4k % 224 el 5P s 54 2

1,4~ o@rcl%héxéﬁédlﬁiéﬁiéhdl 5, t§'65Yrﬁb@3%t@Q,Qﬂh%tré‘tﬂ€t |9ad.er

than 50 up to 85 mole % 1, 4- cycl ohexanedi nmet hano 15

cypl@bmganﬁﬂl@ a8 iu4 s male r°/ar‘ha4 hWh&MII@Bth&nméd#@lto 60 mole

higo AP SRR 3 ikl iaiEypl A6 K BB liR Ao | ona

cyShieraBedimeltisarisl;l 45-t6 Y60 RBRX 2 DI ABitERAREthy 3-@y€ﬂ5butaned|ol
nol e %2244tetramethy|-| L 3-C clobutanedlol and

andA @t S moleds 14- @W@B@@mﬁi@vemanéﬁ to b5 meledh 2@44e4-

I d .
ey 5 SUEAEH 0N i SIE SPHOAS0H LBy BRBnanot
gréater thah 48to aﬁmm; 1% 2,2,4; 4}§E£ttamelh§h$ @l—@)cldndaﬁédlbk? 4890 less

exanedi net hanol ; to 20 nole

th3i 55 ol arty v lﬁgwa@ﬁ i 2 ABE 40 OIS P2t 4
BRI oSSR RSk ndgdc il 23 1ol e
cyaiohexsnddimetharialiranch4@ do 66trhaledl.2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 35 to 54 mole % 1,4-cyclohexanedimethanol.

[070] In addition to the diols set forth above, the polyesters useful in the
polyester compositions of the invention may also be made from 1,3-propanediol,
1,4-butanediol, or mixtures thereof.

[071] In addition to the diols set forth above, the polyesters useful in the
polyester compositions of the invention may also be made from 1,3-propanediol,
1,4-butanediol, or mixtures thereof can possess at least oné of the Tg ranges
described herein, at least one of the inherent viscosity ranges described herein,
and/or at least one of the glycol! or diacid ranges described herein. In addition or
in the alternative, the polyesters useful in the invention can be made from 1,3-
propanediol or 1,4-butanediol or mixtures thereof may also be made from 1,4~

cyclohexanedmethanol in at least one of the following amounts: from 0.1 to 99
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[067] In other aspects of the invention, the glycol
conponent for the polyesters useful in the invention
w0 p@oeksshbut are not |imted to at | east one OPCT/082006/011910
foll owi ng conbi nati ons of ranges: 20 to 99 nole %
2,2,4,4-tetramethyM , 3- cycl obutanediol and 1 to 80
nmol e % 1, 4- cycl ohexanedi net hanol; 20 to 95 nole %
2,2,4,4-tetramethyl -1 , 3-cycl obutanedi ol and 5 to 80
nole % 1, 4- cycl ohexanedi net hanol ; 20 to 90 nol e %

o e T AL DN FALEYs T 181 998 ol

frcﬁnZl #1080 hedle J0EAMN. 1 3o quh@bt%aﬂ@m @I1 t@rmb rhold % #dm 0.1 to
% 1, 4- cycl ohexanedi net hanoi ; 20 to 80 nole %

Somper 7o Tiosh BLvio A MOl Ve TR a8 retlo ShcF o 4.6 (860 mole %;
frdfgP 6,25 AL SL RGNS B FHmaR Yo ieh 0.7 €75k % pm 0.1 to
10mmiote %; Trofn Oybioo@mcﬂ@e’stlfmmatmﬂg mole 28 1760 %hﬁ)lé/t% from 1 to
9 i5pls %, o 1 40 SouHRlehe DL 8 B0 molsde; Bows! fRor mgle %; from
1860 thofle bEMHSHTALBE0 thol de'*%%ffdn?hi%é@eﬁ#bfé %RR0?1 1h B35%ole %;

mol e % 1, 4- cycl ohexanedi mét hanol
frqmz to 30mo& Ve fioinin ¢ Nb 25- ropl %bfmanécﬂa) @0 rmolé %Ofrbm 8o 15

mgjé gzﬂ/a L1 Atole v 0y bl ol o 2 10 98 B % 4y 95 mole
%n%m B4olod neole |°/9h?®?ﬁ'53t@' OB A9 frotf 5119 SPmTR %,Oéto 70 mole

4 4-tetraneth 3- cycl obut’anedi ol and 50
%nis@@ 540160 moje %o mﬁef@u Drieden 86 fraro Stto %mmas %om5to 35

36 AT 510 R e AT % o Sl T 6 an

frol"n B,14.1% meter wreohy Blto J0a16leolayiranep @ 98mEolECs! 90 & 95 mole
e % 1, 4-cycl ohexanedi net hanol : 20 to 35 nole %

ol G0 Y& serdhrgm 19, By @i i G 10 da@OgBolecsigrom 10

to Z,Bfﬁal(goﬁt eer am?ﬂgﬁngﬁ’?ﬁ 2@ anegfo‘? Sjgfr}c%glot/f)g %Cbmole
%o;rfodre %to@&yﬁl@h’@fmmdortetmw Y2 fdn2a0tto 2B8motel %; Hom 10

o B0 . R TT Lk A1 0 b B s e
Aot Stk K0 9o 0 8 HERl 20 RTBORRIL Lol o
male b1 feamt2 tax 60 sade Yarfeor20tteb0 mole %; from 20 to 40 mole %; from
20 to 35 mole %; from 20 to 30 mole %; and from 20 to 25 mole %.

[072] For certain embodiments of the invention, the polyesters useful in the
invention may exhibit at least one of the following inherent viscosities as
determined in 60/40 (wt/wt) phenol/ tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C: 0.10 to 1.2 dL/g; 0.10 to 1.1 dL/g; 0.10 to 1 dL/g; ; 0.10 to less
than 1 dL/g; 0.10 to 0.98 dL/g; 0.10 to 0.95 dL/g; 0.10 to 0.90 dL/g; 0.10 to 0.85
dL/g; 0.10 to 0.80 dL/g; 0.10 to 0.75 dL/g; 0.10 to less than 0.75 dL/g; 0.10 to
0.72 dL/g; 0.10 to 0.70 dL/g; 0.10 to less than 0.70 dL/g; 0.10 to 0.68 dL/g; 0.10
to less than 0.68 dL/g; 0.10 to 0.65 dL/g; 0.20 to 1.2 dL/g; 0.20 to 1.1 dL/g; 0.20
to 1 dL/g; 0.20 to less than 1 dL/g; 0.20 to 0.98 dL/g; 0.20 to 0.95 dL/g; 0.20 to
.0.90 dL/g; 0.20 to 0.85 dL/g; 0.20 to 0.80 dL/g; 0.20 to 0.75 dL/g; 0.20 to less

than 0.75 dL/g; 0.20 to 0.72 dL/g; 0.20 to 0.70 dL/g; 0.20 to less than 0.70 dL/g;
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foll owi ng conbi nati ons of ranges: 25 to 99 nole %
2,2,4,4-tetranethyl -i ,3- cyclobutanediol and 1 to 75
worei0e/084532 4- cycl ohexanedi net hanol ; 25 to 90 nOPET/¥52006/011910
2,2,4,4-tetramethyl -1 , 3-cycl obutanedi ol and 10 to 75
nole % 1, 4- cycl ohexanedi net hanol; 25 to 85 nole %
2,2,4,4-tetranethyl -1 |, 3-cycl obut anedi ol and 15 to 75
nole % 1, 4- cycl ohexanedi net hanol ; 25 to 80 nole %
2,2,4,4- tetranethyl-1 ,3-cycl obutanediol and 20 to 75

0598 b i AT RIS AR 20 4 2L o2 oL

0. Gﬁlt@ 1% &4y 0y38 @hmarged@ 136ttb 6ud tharS d10/g7 0. 3’5)&060 % dL - 0.35

2.4 4-tet t - cycl obut anedi ol and
torﬁa% dbdg; Q 03 éangﬁ@ldaegﬁﬁpﬁa%dugz@ 3tes. S@mwg%) 35't0 0.75

didg29 464 tlgéé ﬁ%ﬁtd‘ Y¥ i 088 UYL 20 38 070 1D/ 9.35 to less

- cyclo exa
thanZ) 70 dL fge Oc36rit 0.BBI dugweswwmadn@ 6&6[1/94@ $€9to76 65 dL/g;

35 25,315 00 o L6 Ab R HLacdbito Jess e belrig; 0.40 to
%'&ﬁ‘flf@zfgm@pa@% 9098l A ep ™ dBbE0R o .00
dldgl @& 40cte 0475 glbiad Iﬁ)e4&h’r®el@sarmara®ﬂl5 dL2§; ©.4046 OnT2 eILP@ 0.40 to

oAt BB i R D8 o B i on o

dl2g;20.4040 10665 arRf: ByddtestHan. nb% ameaugj tg?élﬂeﬁfhatnoo 4910 1.1

nole % 1, 4- cycl ohexanedi net hanol

dlgg ar@amrttb@m Qrﬂe& t«deLtg oyeatebthamdd2do l@sajthaa (0 dL/Q5 greater

g%y 0 Lo IRDR D4R AR el b ordie Ha 430 0.00

dlig] gredfet t%nwmmasﬂ/gf&jrbémﬂhad CﬁﬂtolmSO %? greater than
t he ycol _conponent

f the invention
.32 6 7B oi,gmmtar PANHZ hipsn havm 0l TdI/BEO R ERBNIDAZ to
0.18 HUg%gréé’te FindrPags 18 W?s%ab@?é%&yqogrggtﬁgw %g 868
dléy,drebier dna DEI2 terids® tharn0.68 diodly:eartd greater than 0.42 to 0.65 dL/g.
0515, & BRI SnES & 6 b RrEBro PR esfors Useful in the
ln\ré?"ﬂ@n%é¥ BxhiBHHt q’ék?s% %‘i‘l%ddf '?ﬁé E@F&Wm% ﬂ’Q]etrQntg\ﬁséBglt?es/és

et ranet hyM , 3-cycl obut an
determined in 60/40 (wt/wt) phenol/ tetrachloroethane at a concentration of 0.5

9/100 ml at 25°C: 0.45 to 1.2 dL/g; 0.45 to 1.1 dL/g; 0.45 to 1 dL/g; 0.45 to 0.98
dL/g; 0.45 to 0.95 dL/g; 0.45 to 0.90 dL/g; 0.45 to 0.85 dL/g; 0.45 to 0.80 dL/g;
0.45 t0 0.75 dL/g; 0.45 to less than 0.75 dL/g; 0.45 to 0.72 dL/g; 0.45 to 0.70
dL/g; 0.45 to less than 0.70 dL/g; 0.45 to 0.68 dL/g; 0.45 to less than 0.68 dL/g;
0.45 10 0.65 dL/g; 0.50 to 1.2 dL/g; 0.50 to 1.1 dL/g; 0.50 to 1 dL/g; 0.50 to less
than 1 dL/g; 0.50 to 0.98 dL/g; 0.50 to 0.95 dL/g; 0.50 to 0.90 dL/g; 0.50 to 0.85
dL/g; 0.50 to 0.80 dL/g; 0.50 to 0.75 dL/g; 0.50 to less than 0.75 dL/g; 0.50 to
0.72 dL/g; 0.50 to 0.70 dL/g; 0.50 to less than 0.70 dL/g; 0.50 to 0.68 dL/g; 0.50
to less than 0.68 dL/g; 0.50 to 0.65 dL/g; 0.55 to 1.2 dL/g; 0.55 to 1.1 dL/g; 0.55
to 1 dL/g; 0.55 to less than 1 dL/g; 0.55 to 0.98 dL/g; 0.55 to 0.95 dL/g; 0.55 to |
0.90 dL/g; 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; 0.55 to 0.70 dL/g; 0.55 to less than 0.70 dL/g;
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and 20 to 60 nole % 1, 4- cycl ohexanedi net hanol ; 45 to

80 nole % 2,2,4,4-tetranethyl -1 , 3-cycl obut anedi oi and
WQ0r00552 nol e % 1, 4- cycl ohexanedi et hanol ; 50P€DUSD06/011910

nole % 2,2,4,4-tetranet hyl -1 , 3-cycl obut anedi ol and 20

to 50 nole % 1, 4- cycl ohexanedi nmet hanol ; greater than

50 to 80 nole % 2, 2,4, 4-tetranet hyl -

1, 3-cycl obut anedi ol and 20 to |l ess than 50 nole %

1, 4- cycl ohexanedi net hanol ; 55 to 80 nole %

) ) _ | 2

o 5a, s UEGE R Bbad it 51001 088 % Blag g B 4P 2 oL

0. 88204 14dt_@1t oaﬁaetdw ML/B0.58 & l@bgﬁwqho@/g emgsit’&ot% d9g; 0.58
le %1 ohexanedi net hanol ; 65 t

tof095 4l Ui 0c55 b ORI 0:58d9 01 65 dlLign Scboio A0 didgr 5830 0.75

OB 58 e SUEEPS ORI 81080 D08 0 DL o ke
thanlOe?@/dn/géfO@a:too(DLGSaﬂegl res8 PngS,JEgglaé?B aﬁﬁcjw)l 58 6 0 65 dL/g;
0.t 12 gLl DI Br b i GBI T046 68 o Tess e HELg: 0.60 to

0.88 By ‘bégicf: éﬁﬂy/y'angg% 964 fdl%d%d’to 838 dl3g! 6.68% 0.80
dLig;zQ £040 OctT dhﬁgl; 6,60 tdslessj?fmmﬁﬂﬁaﬂdg; @B0dad. mdt@ 8060 to

0 30g ol is ks tRAR 2 v0B: B0 .88 oL o8k fassian o.c8

dLﬂ@|@6@(0téO”65 swgl gfwwﬂﬁéld% h@eelt@ 1610de§; [i 3@5?9?6/994 965 to

-tetranet | obut anedi ol
lesioiFanh GLig: OV o5 B bEAnL05 Goiot 0.6EOBAB d: 0.65 fo

o83t o B0 BTN o UFLEHELE0 PR o o0

0,722 L4 085 mvan/g .65t MU ABAD. T dB cﬁéB fcp1 @%L/g, 0.68
4- cyclohexanedlnethanol 45 to 70 o
to go 4zdlft/gwtﬁs?t foahelLfey10.68 tglessyaar bLAgcP8Ito Qrﬂﬁ Qb/gl: 8.685to
095 HEI g Y A BRLTH A0l 030 K0 ATy By o 07
dL#ng(bSS’ddle&s thane Do?&dbﬁgedlﬁﬁetdmmldu@rg?éhwr th&éva 0. 780d1IL/g to 1.2
LS5 Bhe e B g e e B 50t
o3t S £ @R derednt foKELEIELIA: grentr
the1r} QJ@deJ,/g tie fedLige gheatel thagr @76 ell_/g tad.90d1t/g; greate than 0.80
dLVﬁ to 1.2 dL/g; greater than 0.80 dL/g to 1.1 dL/g; greater than 0.80 dL/g to 1
dL/g; greater than 0.80 dL/g to less than 1 dL/g; greater than 0.80 dL/g to 1.2
dL/g; greater than 0.80 dL/g to 0.98dL/g; greater than 0.80 dL/g to 0.95 dL/g;
greater than 0.80 dL/g to 0.90 dL/g.
[074] It is contemplated that the polyester compositions 6f the invention can
possess at least one of the inherent viscosity ranges described herein and at
least one of the monomer ranges for the cofnpo‘sitions described herein unless |
otherwise stated. It is also contemplated that the polyester compositions of the
invention can posses at least one of the Tg ranges described herein and at least
one of the monomer ranges for the compositions described herein unless
otherwise stated. It is also 6ontemplated that the polyester compositions of the

invention can posses at least one of the Tg randes described herein, at least one
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2,2,4,4-tetramet hyM , 3-cycl obut anedi ol and 25 to | ess
than 50 nole % 1, 4- cycl ohexanedi net hanol ; greater

W0 b@an/odB51 0 70 nole % 2, 2, 4, 4-tetramet hyM , 3- PCT/US2006/011910
cycl obut anedi ol and 30 to |l ess than 50 nole %
1, 4- cycl ohexanedi nmet hanol ; 55 to 70 nole %
2,2,4,4-tetranet hyM , 3-cycl obut anedi ol and 30 to 45
nole % 1, 4- cycl ohexanedi net hanol; 60 to 70 nole %
2,2,4,4-tetramet hyM , 3-cycl obut anedi ol and 30 to 40

0 - : h | ;.40 5 le %
ofRs Toten USRI AR oS it bt =t s o the
maabme%éngdem ltlﬁdweofmp@@ﬁtlané taseibedifereth @RlcE® bthe%wlse stated.

4,4-tetramet hyM , 3-cycl obut anedi ol and 45 to

[0%1 e J%or the cigsiret delviestarnthermalar ratimot eisftians 2, aa1n4-45
tef@h?eﬂﬁl 2 ﬁdcxcléghfatr{eg@tcgﬁ Ma&?froﬁyfﬁleoﬁ% 356415952l Ar mixtures

reat
thérefbfcyrm tetiainaambodiriamnés)dhe rddiat pergentagjes for cis and/or trans

2,55 Brgiramalid 3 Shlebitan ol aimreekt dapesOunale Beis and less
théﬁ 500h8le //oztr%nén}' gy%gg@% mole % hé%rm ﬂ‘?ﬂ%aﬁk 5E %

35 to less t 1, 4- cyclo exane nol .
tra®s; 0o 3630 MO mobs %, éis and-A0ctor 304t ﬂnamﬂ;,,cﬁ@tol aﬁaume’dcsland 60

o2 SR o £ Bl SR e el 5L 50 0 70

méfe %Q:.éanar@oeto%ol%%rwbp@@wm%&Et%%ﬁ@énd é@ th éﬁﬂole %
nole % 2, 2,4, 4-tetranet hyM , 3-cycl obut anedi ol 40

trans; g0 grasiter tian, 70 mele: Votis anddessithamad®d mole S6 tranSthereén the

ol i RO R S O 21 2R b 2.5

cyelobutarfedidles egUEltoyId0 Poky%. othe ARl atio A Siskpak o 1 2
nol e % 1, 4- cycl ohexanedi net hanol ; greater than 45 to

cysiphgyprdisgethanal cansvary witkinmifie.range of P &hin 3/168i for-example,
nol e % 1, 4- cycl ohexanedi net hanol ; and

bei@e%@i@ééd&ﬁ%@/@gz 2,4,4- tetramethyM

[07a- cy ¢h cbrtaimnerdbodiinsemts, 46réphtitedicradié, Sban dster thereof, such as,

Tob Aol 6ee MCIeFRAN 3 P B wiecl IBropiveRlicacid ad an ester
R, Y5 0PRSS R e
polyestgrsluseful én thmmpeeild)m ohlscertain leenbadiments) terephttelis acid
res*38u<rarsl,a ggn frrrla ke up a pDorrP r? glggh o!f 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 100
mole %. In certain embodiments, polyesters with higher amounts of terephthalic
acid can be used in order to produce higher impact strength properties. For
purposes of this disclosure, the terms "terephthalic acid" and "dimethyl
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
to 100 mole %; or 80 to 100 mole %; or 90 to 100 mole %; or 99 to 100 mole %;
or 100 mole % terephthalic acid and/or dimethyl terephthalate and/or mixtures

thereof may be used.
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1, 4-butanediol, or mxtures thereof. [071] In addition

to the diols set forth above, the polyesters useful in
W0 b@7palsyest er conpositions of the invention nBYT/EER06/011910

be made from 1, 3- propanedi ol , 1, 4-butanediol, or

m xtures thereof can possess at |east one of the Tg

ranges described herein, at |east one of the inherent

vi scosity ranges descri bed herein, and/or at |east one

of the glycol or diacid ranges described herein In

1077 Lo a0io 8 Rafrt B AA fBsigheS, B8 Aeabelainafd o,
compgorurit af ¢l pblyestens KbsfuRm thb@tﬁ\ﬁé?ftloﬁ&iénaé(ﬁﬁ 7€ 0BE6 30 mole
from1,4- cycl ohexanednet hanol in at | east one of the

%f BP0 RD RO %uH 40 1DBAETh1UR & GaTeledknor Hp aranaler% of one
oot O Ao Y, B o
0 thole t’/onﬁﬁhfmbear&(mahbamagtédxyh? Eﬁﬁ}iﬂ]})ﬂ@u%&f ;?Lretwhg (I;[]ISt IO
9 nol e
Q%fe#‘%ﬁ?ﬁf@ft HiF pichpk &t 9he {areRPES, modiying arematiogligaremyic
sidedraibes 4y dEehdpiekareslsntialOieishd top
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snibREmay be usedin thel presentinventam inoludedaut bre noBllmde@(Do

8 Ralinc 45 S BB e b8 AR eFat R o
syfrmaetribal cExdmprekof Modifying SrontatRAdisaiboxific éél@g‘v@hlér@n@ be
usggle % from5 to 25 nole % from5 to 20 nole % and
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o TRl 480204t s AR e
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. from10 t % fromlOto 35 nole % from10 to
iSO i g RaGTYIBT SETBI LA 26 s 20 Mol o 06

07907 3R\ Srassebidfotbp s 9y fookl i hventon
can berfurber maogiffietowith Up t6 riérmale %o sdch as up to 5 mole % or up to 1
mole % of one okr 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 %, such as 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 values including, for example, from 0.01 to 10 mole % and
from 0.1 to 10 mole %. The total mole % of the dicarboxylic acid component is

100 mole %.
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nole % from20 to 60 nole % from20 to 50 nole %

from20 to 40 nole % from20 to 35 nole % from20 to
w@0mbss524 and from20 to 25 nole % [072] FoPCT/ES1086/611910
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o R B3 58 8 Lo o

molle/ od ﬂ)ynfl@ ghyzols Whid:h/ e ridt 4 ﬂq-tbtr@hﬁ@hylm QQ:ch!bHL@éﬁedlol or
than%dL/ 0.40 tg 0.98 dL/% 40 to 0.95 dL%
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0. 68 0.40 to eater tha . to 1.

%0 0 febs e, & o ogpa @ la. It Agstngr SRR Az s 42
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cab (PDraty Admbl P St ofand 57 61078 riedyingabpBr Tniaether
entbatimbat, ti8s polyeaters usefullid the VA ma)drtaiAd fBle %
modifying glycols. Certain embodiments can also contain 0.01 or more mole %,
such as 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 0.1 to 10 mole %.

[082] Modifying glycols useful in the polyesters useful in the invention refer to
diols other than 2,2,4,4,-tetramethyl-1,3-cyclobutanediol and 1,4-
cyclohexanedimethanol and may contain 2 to 16 carbon atoms. Examples of -

suitable modifying glycols include, but are not limited to, ethylene glycol,
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0.72 dL/g; greater than 0.42 to less than 0.70 dL/g;
greater than 0.42 to 0.68 dL/g; greater than 0.42 to
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[083] 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 compriser0.1 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 polyeéter in the form of a

concentrate as described, for example, in U.S. Patent Nos. 5,654,347 and
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paftss dielian blenwenaldedartieles ciniactionstigich blevwhpe articles,

o ERERTITE o SRR bitan SR POIBRL AR, St EER sreten

blpwlnelstdrarticlepoantl ifibass. ofThehmlyesterst afthe mmloam loe
Ieg’i,tp one of the Tg ranges described herein and é%
AMURIOUS 9 S@mv@mte\lﬂmod@ron%@% fesraimBolysRisss Ueebhin the
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conte e pol'yester conpositions of
invertiomt cmﬁlmarhawesesesbsianﬂlaﬂysamomm rmophdtpgyangemning that the

Q?e%sg“ bed herellib | east qg];neof the i herlen
PRYEEYSi 4]y %%%tl?r“b’t&lélﬂ’r IegirRaions élom%t one of
[086‘]9 R YR erhBA@RTent Mn 4o pPoRes Bbg@&%r ¢aAHavees

herei n unl ess ot herw se st at ed. For the desired
crygihllizstian halfimerol greatertthan 6fmmu§es afah'éO°23 Qr gregter than 10

mibEHFEI TR Ot Tl ShTRBE af B ¥C b oleatBh g 100

MigRSAIET0°E., m%d@nébdmrﬁemmqﬁvérﬁrorﬁtﬁe afyétallization half-
trans 2,2,4,4-tetranethyl-1 , 3- cl obut anedi ol are

tingearecgreatethso 10 miswes kil aOf s $n 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
polyesters, as used herein, may be measured using methods well-known to
persons of skill in the art. For example, the crystallization half time of the
polyester, t 1,2, can be determined by measuring the light transmission of a
sample via a laser and photo detector as a function of time on a temperature
controlled hot stage. This measurement can be done by exposing the polymers
to a temperature, Tmax, and then cooling it to the desired temperature. The |
sample can then be held at the desired tempefature by a hot étage while
transmission measurements were made as a function of time. Initially, the.
sample can be visually clear with high light transmission, and becomes opaque
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than 50 nole %trans; or greater than 55 nole %cis

and |l ess than 45 nole %trans; or 30 to 70 nole %ci s
waaa7/A0ssD 30 % trans; or 40 to 60 nole % ci s POTUSHOE/@11910

40 mole %trans; or 50 to 70 nole % trans and 50 to 30

mole %cis; or 50 to 70 nole % cis and 50 to 30 %

trans or 60 to 70 mole % cis and 30 to 40 nole %
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mole %trans; wherein the total sumof the nple
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thecryasalling donm@aimsent pol yester at a concentration of at
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Al Sy T o e
1,8RyBloYutdredidliié Aldre ML RIZNSOthEPENRBhEMmerd\stith Biriisie

amounts of terephthalic acid can be used in order to
glyec @nd ésonhjhalic acig & inareasingthe prystaliizatieos.hatfeime, i.e., the time

BRI Bl SIS Ty e g
thé rhstallizataeaiite ohPOTI, Ne. inBredidthgtieosty siNizatich Malfiivhe,

terephthalate is part or_all of the dicarboxylic acid

areempBHE Atlidles Bases Rakeodified PETT, weydeabsenied hynmeeods known
n 5538 SO Bl b FBNFL TR e (2985 0 T 1.
these matérials caf exbibiifighet glass transilio temberdtures and lower
degelieR dear plter doeciiag Hoel coealVedor | n addition to

kg o ek e A aRor 30, SRR A bR
toughneassmombined withoprdBessdtality for some of the embodiments of the
invention. For example, it is unexpected that 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.

[089] Increasing the content of 1,4-cyclohexanedimethanol in a copolyester
based on terephthalic acid, ethylene glycol, and 1,4-cyclohexanedimethanol can
improve toughness can be determined by the brittle-to-ductile transition
temperature in a notched lzod impact strength test as measured by ASTM D256.
This toughness improvehent, by lowering of the brittle-to-ductile transition
temperature with 1,4-cyclohexanedimethanol, is believed to occur due to the
flexibility and conformational behavior of 1,4-cyclohexanedimethanol in the

copolyester. Incorporating 2,2,4,4-tetramethyl-1,3-cyclobutanediol into PCT is
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% up to 20 nole % up to 10 nole % up to 5 nole %
or up to 1 nole %of one or nore nodifying aromatic
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[092] In one embodiment, polyesters of this invention exhibit superior notched
toughness in thick sections. 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 ft-Ib/in) at 23°C with a 10-mil notch in a 3.2mm (1/8~inch) thick bar determined
according to ASTM D256; in one embodiment, the polyesters useful in the
invention exhibit a notched Izod impact strength of at least (400 J/m) 7.5 ft-Ib/in at
23°C with a 10-mil notch in a 3.2mm (1/8-inch) thick bar determined according to
ASTM D256; in one embodiment, the polyesters useful in the invention exhibit a

notched Izod impact strength of at least 1000 J/m (18 ft-Ib/in) at 23°C with a 10- ,
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fromO.1 to 10 nole % The total nole % of the

di carboxylic acid conponent is 100 nole % [079] Esters
w@booreoxspht hal i ¢ acid and the ot her nodifying PCT/US2006/011910

di carboxylic acids or their corresponding esters

and/or salts may be used instead of the dicarboxylic

acids. Suitabl e exanples of dicarboxylic acid esters

i nclude, but are not limted to, the dimethyl,

di ethyl, dipropyl, diisopropyl, dibutyl, and di phenyl
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[094] In yet another embodiment, certain polyesters useful in the invention

can exhibit a retention in notched Izod impact strength with a loss of no more
than 70% when measured at 23°C with a 10-mil notch in a 1/4-inch thick bar
determined according to ASTM D256 as compared to notched 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.

[095] In one embodiment, the polyesters useful in the invention can exhibit a
duétile—to-brittle transition temperature of less than 0°C based on a 10-mil notch
in a 1/8-inch thick bar as defined by ASTM D256.

[096] In one embodiment, the polyesters useful in the invention can exhibit at
least one of the following densities using a gradient density column at 23°C: a
density of less than 1.2 g/ml at 23°C: a density of less than 1.2 g/ml at 23°C; a
density of less than 1.1‘8 a/ml at 23°C; a density of 0.8 to 1.3 g/ml at 23°C; a
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precedi ng endpoi nt val ues including, for exanple, from

0.01 to 15 nole % and fromO0.1 to 10 nole % [082]
woai7oyisey gl ycol s useful in the pol yesters useéTiUSion6/011910

the invention refer to diols other than
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cycl ohexanedi net hanol and may contain 2 to 16 carbon

atons. Exanpl es of suitable nodifying glycols include,

but are not limted to, ethylene glycol, diethylene

d%{%{“@?ﬂf 0.80 i Py /Eﬁ%ﬁ'ﬁ%l’c déng ngq@a'tghessntﬁoﬁenﬁy'/ml at 23°C;

a aeﬁs.gﬁwme) 9l 3 Rkt BE; g g@;@k%@'f 110 fbt HDEH| %@Q@@é a density

e enbodi neft, the nd 'S etyene
ofdl.g ¢ol.1 ghmlaatcﬁa‘i@: actemsdy obmt13 mHEBrgbmi 823 density of 1.13

re not limted to 1, 3-propanedi ol and/ or
ngszﬁﬁg%l Cg I n anot her enbodi nent, ethyl ene gl ycol
[09?;09XC|IN6ISQ e"r‘ﬁ?bcﬁjlﬁi@ﬂt fitvd pelydsirs of fhig fiviehedn can be visually
odi nent -propanedlol and 1, 4- but anedi ol are

clestc| Thre teras' wmmllf/ycieeg’ sidefined herainaman apptrsirble absence of

clﬁgé@p%gﬁ%eoqjsj a%ﬂ/g‘? W‘%@r gv aeﬁ dﬁ%@é#%‘g QHS%%II?. In another

erﬂbbdmrhOWhéﬂheJﬁefy@btématehblehdb&l Qﬂﬂﬁp@ly@@ﬁpﬂatd iiroieding, but
of the invention can conprise fromO to

nqjdiaitast to, b@ph@;aawp@lyoamﬂa@emh@ @'93‘4&93@ bR r\/@éﬂﬁ{'y clear.
f .
[0%%]?0egp%lpfe%e%ﬁglggg%‘?ﬁﬁﬁ%ess Jri b OmBre BP?%O@%@T% properties.

rom ercent,
InMbtiienenbodines] theqiolyestetsausafd mtbfhemrwenhenma)bhamja

velblieegs TS I8eB etleRs thast S86 1% R s dues
[Og§] a bWﬁBﬁQ'éﬁ%dﬂ?H\‘éﬂ? "the gbg@sfé?é eERA |ﬁ ﬂmehlﬁ(/éht"brﬁén@/or the

ranchi ng agent, having nmore car boxyl
palygsier ca:mposﬂwhs of tbg/lhvemlmm iwiteont withauit tanekspisan deaive eolor

t h nb t t he br hi
vAPSLES " 4 B Eh Bt B o Pbashii0s SannieG LA BAocan
Sﬁéétﬁi Cbhﬁlrﬁé?tbv FRINuERitLRA 19f HURRREsveRrites Lal lnm: Reston Va.
| yester(s) useful in the invention can thus

po
The aeler d@mrwmtm@reﬂv@rqgﬂwmma@medao@ @Itber pellets of

thsrpg)i)gﬁtf%rg (ﬂgﬂ%%?es ar &tﬁg? E%%%HH e g‘\ d&ﬁp?’f 8%(1}F$ded from them.

Tiseday détéfmnﬂadandﬂ@rL*@f‘b’eéolbrh@Swﬂnmhe GIEi (Intenfatiohel
Cgr%lrr%/lgggrb]%r;laltllummatlon) (translated), wherein L* represents the lightness
coordinate, a* represents the red/green coordinate, and b* represents the
yellow/blue coordinate. In certain embodiments, the b* values for the polyesters
useful in the invention can be from -10 to less than 10 and the L* values can be
from 50 to 90. In other embodiments, the b* values for the polyesters useful in
the invention can be present in one of the following ranges: -10 to 9;-10 to 8; -
10to 7;-10to 6; -10to 5; -10to 4; -10 to 3; -10 to 2; from -5t0 9; -5 10 8; -5 10 7;
-5 10 6; -5 to 5;-5to4;—5to3; —5t02;0t69;0to8;0to7;0to 6;01t05;01t04;0
t03;0102;1t010;11t09;1t08;1107;11t06;1to5;1to4;1t03;and 1to 2.
In other embodiments, the L* value for the polyesters useful in the invention can
be present in‘ one of the following ranges: 50 to 60; 50 to 70; 50 to 80; 50 to 90;

60 to 70; 60 to 80; 60 to 90; 70 to 80; 79 to 90.
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[083] Exanpl es of branching nononers include, but are
not limted to, nmultifunctional acids or

worzdovioérssrt i onal al cohols such as trinellitic BCi/AS2006/011910
trinellitic anhydride, pyronellitic dianhydride,
trimet hyl ol propane, glycerol, pentaerythritol, citric
acid, tartaric acid, 3-hydroxyglutaric acid and the
like. I'n one enbodi ment, the branching nmonomer
resi dues can conprise 0.1 to 0.7 nole percent of one

or nore residues chosen from,at | east one of
[0489) ovinigme Pm%@ﬂ!m?nté %\%9@16@ YW?bﬁgﬂppgtlens useful in the

indb At AfiRfze a5t Slmins@icinetrying steP pfigk &Nficl Mocessing
ard/odthefmefdrmimg@hi ng nmononer nmay be added to the
ester r tion m,xture ended,.w t
OBBHY, & A Blouich ik waRie silsEnd in Bus TMeroohchpd e qrymoisture
cArRENE RO mbodikest, ) @Al H¥e.a mobdtdre3dohtent of 0.02 to 1.0
and5, 696, 176, whose di scl oSure reafrdln branchlng

wmhbnemnt of thedetal aveighif Hiae eplyesiermsios ie et progeasing.

o], P BEEEBP PR TR e T Fod P ponyoptioni
meﬁh'dm far Té%sliﬁé‘n 2%uré aoepTh ey MeO°CApHb Iy mbnfptromh'(g at
scan_rate of 20C/ m n. [085] Because of the |lo

[0é9§/lst allheRglyasienssefili (né/e@tlon gaeaeématﬂﬁam/ pcesses

t
k@s@?tﬁﬁ?tﬁé "nér'%1 resen? %ﬁ@ﬁ?ﬁnﬁsr%ﬁban ééég?;’i@.{’@\%’e{‘%”s
sqjutlxmlucb@' taanserstersﬂ,catmm bratesges it theotelt] and by twvo,phase interfacial

in ect i o arts, ction bl .gl.de .
PiaPe S SoufFhIS S tBadS Howd, Tt AP ot BESZ 101 teaieps of reacting
ok bf ‘?é’ dfiahiBx estarcwi%ﬂ.tﬁ BR&r n%%rqu%cﬂ@ a%qyﬁﬁelrﬁaﬁé of

artic extr sion stretch bl ow nolded articl es,

100%19’(0531 5Pﬁ‘ea1m) byessuez of 0f1 tolvé60i muehlgifonadiame befﬁment to form a

oePssBa: epe UiSePRITtRG: e {4 0R{atRman St Eodae Pobesters.

thb%&éé/tﬁé%ééfalﬁ%su He%dlis%'ﬁé?é&ﬂ oWs&hted hé‘re‘ir’i‘By

i nvention c ave a substantially anorphous
refierepbel ogy, neani ng that the pol yesters conpri se

R o ot e oL 4 Roen e 4 PRlcarsa broglhoing a

pagé@bal Thg@pd,(gggswrﬁpﬁge@e of greater than 5 m nutes at
1700C or greater than 10
)] 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 fer 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 glycols.

[0105] 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

limited to, zinc acetate, butyltin tris-2-ethylhexanoate, dibutyltin diacetate, and/or
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m nutes at 1700C or greater than 50 m nutes at 170 0C

or greater than 100 mnutes at 170Q0C. In one
weerwodiysent , of the invention, the crystallizap¢Dms2006/011910

hal ftimes are greater than 1,000 mnutes at 1700C. In

anot her enbodi nrent of the invention, the

crystallization half-tines of the polyesters useful in

the invention are greater than 10,000 m nutes at

17Q0C. The crystallization half time of the

ROMMEEAREE] Pt T P P A P W o
or?‘?ﬁ]%mrﬁ zlﬁ@irﬁrgé’aﬂeﬂe' hgﬁi Q‘et’h@éﬁluﬁi BRd@obkite Catal st amounts

pol yester can erm ned by measurin
cdni igmgetfraam 4 0i ppsn tn 265008 prmeir d OvpAa0 H003m, antd gh’é@QD ppm or

1P el arcrd G BB o 118 2P e BPAE 18 20 bamscigp the

cRXN9EInaehI e R TR thelieight SMREITRIaNpSlymBFEXhe pretdsaasan be
cool i ng it to the desired tenperature. The sanple can
i

carries oy ﬁ\%ﬂtﬂ@tba’fﬁbodégﬂﬂwlﬁe@fpﬁﬁ‘éﬁ .ure by a hot stage

. B, 3D R AR o, i or more or e

2, 2idstrabtrametheii, %ﬁdbltutehedhbgh@s bean seactsd oste;a(iqi may be
‘becones opaqueas the sanp I e crystallizes
carfigd oxf HRSeTRrGRSUHE) fa'”tg"i*& frogn @ﬁyﬁreo%nh%lca&remreﬂotmg psig. The
teklhg'%acﬁlbﬁ RO GR Q?H {)Wctﬁﬁtmﬁnﬁ B?%Hé“bét‘ag)sts useful in
ransm ssi'on and |na transm ssion. Thmax I
thderhver&mmasferhéo bRy pesdual oé arpedydaneiénsatiorebt estesfication reaction

aII rraln of the sample (if cr
SatelyPEat GOkt e modogiRised ih mAK I o Estor ag well
a§ f?\ecﬁlﬁgbé‘ﬂ & n%&?c&%!’&?{s%tleﬁ 0P lesteifichiish AéAdtibntbetebaltihe
I Me measur e he absolute Tmax tenperature is
calalslstearezd}any othemme chagditive.i on. For exarrpl e PCT can be

0258 Cr iy Siridhar s ep gD hRb o Skl e
THFéﬁJét@pé« cah beh@irfik@opt B§ methdd€ kdowatin evehRsuch as by placing
3-cycl obutanediol is nore effective than other

th@dﬁ@@ﬂﬂfemd@l@clﬂﬂdﬁprl@%u@ I;ammgaiﬁ@mu & 8RR Msi tocbelewd

atﬁo&gﬂ%@é %?%%gj é tbrer by %Iéfm?r{rgeh&f“lf@ %5% gMaP'ﬂ}e l'ntlﬁure the

[on®8]i MThecinyehtidr furihey relBiestecs pa@ee@rblr@duct made by the process
crystallization rate of PCT, i.e. increasing the

descyibed|aboyat i on hal f-ti ne,
[0109] The invention further relates to a polymer blend. The blend comprises:

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

[0110] Suitable examples of the polymeric components include, but are not
limited to, nylon, other polyesters different from those described herien, nylon,
polyamides such as ZYTEL® from DuPont; polyesters different from those
described herein; polystyrene, polystyrene copolymers, styrene acrylonitrile
copolymers, acrylonitrile butadiene styrene copolymers,
poly(methylmethacrylate), acrylic copolymers, poly(ether-imides) such as
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anor phous articles based on nodified PCT may be

fabricated by nethods known in the art such as
we@aoreisen, injection nolding, and the |ike. ABCHISMN6/011910

in Table 1, these materials can exhibit higher glass

transition tenperatures and | ower densities than other

nodi fi ed PCT copol yesters. [088] The pol yesters of the

i nvention can exhibit an inprovenment in toughness

combi ned with processability for some of the

the . in

uﬁﬂ%&&&e Eél?/(eﬁggr-qn@q@( Sy ﬁ@erai E&cir,@n‘gplé/@ggwl?ne oxides such
a§b6l8{§ 5 ¥4iREt e‘?]?le)h%sdﬁc'ié) nttlphbﬂ yiehe dx&}éf)fﬁdlﬁiﬂyrene

results 1n a re processabl e t viscosity

bleedasncrngs ONRY b HPOD®H(a pleng of polyé2, 6fd|meéh¥jpln%é@@e gxide) and

PSR, g TR Caiate! ook et BRTestris Habmhenylene,
SUMide ‘E;b)%‘li:teﬁE/Ieﬁe’éss‘éﬂfl’ld@&"sdﬂ%rn@@hi)dil?\i1 dsteracdrdongtely,! ;ﬁl'ﬁ:arbonates

gl ycol , "and 4-cycl ohexanedi net hanol can i nproyve

suc@mhsgél\@(a b@lqub@nﬁiewféqrnb@enw@ Bieatiic)e polysHifiRnss; e

o s R LAy RS B RS compnpcs o

mixiires \¢f R tof thy otrengsregoiref pdlixeeks.i Thé didraisdeart bé erepared by
transition tenperature with 1, 4- rv1cl ohexagedi ne

l,
cqnyeplipnahRsaCessing: laFnniwesioMREintNg arbiste )?Sam%ltt biéhairig or
so‘?@ﬁqrﬁ[)l@ﬂﬁlngnq %WF@&lnfgntlp&}/c?é/rﬁbHQ@(@rfﬁﬁ RS iPthe

copal yest er ncor
pcﬂyé.’st?r éemposmcmt IIf;pol)anrBenatel i® lusedmem bdénd int tbwngioTyester
i she {eve

A PeS N Gselilbi the vestions Tia bish e Beus ' ey, However,
thgﬁﬁ feectra(gﬂnﬁ oSG dsétlil ihftfe %ﬂ?lbﬁsalsa_ BbAtehtplate the exclusmn

ven the rigidity of 4, 4-tetramet hyM
of?,xﬂwarbomtaraajwell as [tt@@ﬂ]clusmmnép@lm@onetﬂ t he nelt

R T T T SUNE

kriGyH Efdo%agﬂm feex@nisie aby réditingrthe eliidesxyairo 2RI Gompbund

anot her enbodi ment, the nmelt vi scosHy of the
wihh Bycasbengte precwBor such s ehpsgesa. ishalpformate of ggarbonate

ol g PoafFASHERE 2ol aghaPaRIS el ol o
préphfiny ipobeartionaés aiekmomy asther 41$ pndseé destribédidor example, in
U.S. Patent 4,452,933, where the disclosure regarding the preparation of
polycarbonates is hereby incorporated by reference herein.

[0112] Examples of suitable carbonate precursors include, but are not limited
to, carbonyl bromide, carbonyl chloride, or mixtures thereof; diphenyl carbonate;
a di(halophenyl)carbonate, e.g., di(trichlorophenyl) carbonate, di(tﬁbromophenyl)
carbonate, and the like; di(alkylphenyl)carbonate, e.g., di(tolyl)carbonate;
di(naphthyl)carbonate; di(chloronaphthyl)carbonate, or mixtures thereof; and bis-
haloformates of dihydric phenols.

[0113] 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.
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invention is | ess than 15,6000 poise as neasured at 1

radi an/ second (rad/sec) on a rotary nelt rheoneter at
wWQMO@ 155N one enbodi ment, the nmelt viscosity BPET/UR®06/011910

pol yester(s) useful in the invention is |ess than

10, 000 poi se as neasured at 1 radian/second (rad/sec)

on a rotary nelt rheoneter at 2900C. In anot her

enbodi ment, the nelt viscosity of the polyester(s)

useful in the invention is |less than 6,000 poise as

OGEIS A3 S0 oA M SR o BF b TS
ad%BﬁﬁS%@Qu&dtﬂé/ 0 Og 4 gé‘iH RRLPIFR can g tertisBOamireeandincludes,

| ess t han se as neasured at 1 radi an/ second
bquenohlua&em b:d sanchtm@terlabraﬁcraergilm@ triethylaraingr dimethylaniline,

bR R, Aaf % 1 Fe arge BEREGEGRIp 08 f SR

hyd'réﬁ@é' 4 Yafjonhid, adbisamhovbte drigppiicdphbie okht afkativerraditatine
po ycarbonate is 7000 poise at 290G [092] In one

atent, polyesters of this invention exhibit

A oIS s st AL 5P R s
typu@aﬂmandrtaéfpmyménz?im?f the rm(mc?hetagﬂh phosgene. Sultable catalysts
INGRAPOPA FHEiNRSATIRGD cieeray aiges pusBes Hetyiamng.
trlﬁ)?‘odgpéldwi'ﬂb RFN%%Ge‘g‘\gﬂéhéﬁhelwémQﬂl &t‘?‘mﬁdhuﬁm%o%%@unds such as,

nchj thick eterm ned according t
fobasample; tetrestbyinodnominm bromideotsatgldriethy! ammlumqbnon@de

teirgg‘gﬁé%tg/ eé\phibdr% |Q§1|$<? tt(p: %?méné%%é%@%élvﬁtérg%g&g tlg raﬁ'fethyl
arfiffomilrh 'éhﬁ)riaezf@'ﬂ'a( flethyItpivhohiling n%@mld@&@cmmﬁmﬂyl ammonium

accordi n ASTM D256° in one enbodi nment, the
|o¢miey bsnar tﬁlm@bvlmmm@mum chiprigetanshaeatertany PRosehemEm

capfBRu i 35 36 BiPle, BTt Hhsh Phokicidin bromide and

méfH rnpnéml phidispkomiam Bieinsidel ned according to ASTM
6. I n one enbodi nent, the polyesters usef

loment iThe Rolysasbenaten sisefilin thfo@olv%sﬁeowpéﬁaﬂﬁ OB%heat
m%/%r"i't%rb&lgg rﬂ%ﬂiéi F)Bg/]ﬁ?{ér rbEE% cW' éﬁh@sé%‘e@bhbé@?ﬁb S.

eterm ned accordi ng
PatentsSI 6D, 3i,2070884; e4m%068n4,,156t0690(4| 4345484 ,54,468/620, and

4, 981 tS?Q% {N?x\é?en Etrlleoglscf(()gItjlpel tt'eg%rcﬂ% %%%glJeépercgrb %g%es from each of
the U.S. Patents is incorporated by reference herein.

[0117] Copolyestercarbonates useful in this invention can be available
commercially and/or can be prepared by known methods in the art. For example,
they can be typically obtained by the reaction of at least one dihydroxyaromatic
compound with a mixture of phosgene and at least one dicarboxylic acid chloride,
especially isophthaloy! chloride, terephthaloyl chloride, or both.

[0118] In addition, the polyester compositions and the - polymer blend
compositions containing the‘polyesters useful in this invention may also contain
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 of 0.01 to 5% by weight of the total weight of the polyester

composition of common additives such as colorants, dyes, mold release agents,
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strength of at least (400 J/m 7.5 ft-Ib/in at 230C

wth a 10-m| notch in a 6.4mm (1/4-inch) thick bar
waledogomssed accordi ng to ASTM D256; in one enbPdi/Dg2006/011910

t he polyesters useful in the invention exhibit a

not ched 1zod inpact strength of at |east 1000 J/m (18

ft-1b/in) at 23C wth a 10-m| notch in a 6.4mm

(1/4-inch) thick bar determ ned according to ASTM

D256. [093] In another enbodi nent, certa| n pol yesters

useful in the invention can exhi bit an Ncr ease

fiaipe creiardpaisy nlﬁﬁmeré,t n@&'&@ﬁnwrﬁ%ﬁ trest @6@8}9 but not
llrﬂ@%}l §8S U\ % 4iii ﬁ%gﬁwaﬁoétéﬁmz%trs éjﬁ‘%r 6N Q'r'odu%t?ss‘thereof

as’ conpare not ched | npact strength
f|lmne,namtéanpa@tornadlfle&c mixampdesl Of fyipical @ootmerciallylailahishimpact

k bar det ed di ST,
iy B LT 58 BS54 U5BR 9 ASTIVERER: il g e ot
nrhﬁédfrtbl Cé%hgaénefmmﬂéné Zt@godlymaﬁé fiincosalized biydlgfingssuch as
m nus 5% when neasure O0C t hrough 300C wth a

thpeenmntalotngw metlayl 12@Yiate randserc llyswwl deetbesnilg; Styrene-based

0 D 9 I
o5 b UM RRRE e kol A4 Bl s moect
modfficexhi Pot @(éﬂﬁél@ntU‘(ﬁnaddﬁIV@ﬁ @aed betrd:drpmatﬁd into artlcles of
stre th with a loss of no nore than 70% when

d
rei thFpughy addifien fattha hwhk ath&qwh ABRliGANRIOt2 hard coat, or

0 c(gfng d
thﬂ@%@t?g‘é ?gg%‘éﬁn%gcafgca{po Iﬁ}%th for essarrea%'gl?/(?adg%l\é(ars are also
cwﬂtemﬁuiadasqmrmfthb@o@mmen@mmsﬂnme with a 10-m |
not.c 8-inch thick bar determ.ne to
AR SHeRsPolBeETS Phins BVeRBBLSATLFe LG 2 BEsLeng gal
ﬁéﬁ&é’r‘ SHtdde chQYleé}&éﬁHbrg%lﬁéfé“Bﬂttaré not I|m|ted to multifunctional
uctile-to-brittle transition tenperature of |ess than
(imdalibg skt rot limiteo-toi bifunctional )isecyanatds, anultifuinctional epgxides,

. defi by ASTM D256 96] ' .

ingEiRE s BeRBly APoxate b R IR/afe i I (o TERS 4f Sertain

eﬂngaatmémg éﬁanﬁ ertdhnelet Oy elatged atemet@ndwgf meqwoﬁﬂheﬂzauon
density colum at 230C. a densit | ess than

prgeass at afigoibe QDME%ZQ@DFDPFQC%% %mdeﬂ aitejthe pgtynﬁ@atlon
o8 i st 438e htfndefbo B oo gk b ptitor
d@ﬁng?a&ﬁfergodeCéSSe@fSL@h&& lhjedleﬁmdlbmg dr.éxtafsion. aThe amount
of chaln extender used can vary depending on the specific monomer composition
used and the physical properties desired but is generally about 0.1 percent by
weight to about 10 percent by weight, preferably about 0.1 to about 5 percent by
weight, based on thé total weight of the polyester. A .

[0120] Thermal stabilizers are compounds that stabilize polyesters during
polyester manufacture and/or post polymerization including, but not limited to,
phosphorous compounds includirig 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 poIYester
compositions useful in the invention. The esters can be alkyl, branched alkyl,
substituted alkyl, difunctional alkyl, alky! ethers, aryl, and substituted aryl. In one

embodiment, the number of ester groups present in the particular phosphorous

48



a density of 1.0 to 1.3 g/m at 230C, a density of 1.0

to 1.2 g/m at 23C, a density of 1.0 to 1.1 g/m at
WQ@3©7/oms8ensity of 1.13 to 1.3 g/ at 23C, a PEnss1096/011910

of 1.13 to 1.2 g/m at 230C. [097] In one enbodi nent,

the polyesters of this invention can be visually

clear. The term"visually clear" is defined herein as

an appreci abl e absence of cl oudi ness, hazi ness, and/or

nuddiness when inspected visually. In another

cq?gngé,)dl %g@r@( ?c?rﬂthgﬁaﬂ l ?@%%&}Wﬂ‘@q %liqv@g:ﬁ? gaseg on the
E@Ih W@rﬂi &%éh%n th'thpin@ngtabiizer bsed] Thaltbdm

ear he present polyesters possess one or
"ﬂl’l@ml@f(ahlhﬁel’f isl m’@ndag tpiinghede thesreactionpreducts thereof. The term

" d t he

A RRLTBALE, e Rt EBThekdort Rk the isbif stBYRSES B o

m5@ntﬂin EE) tb'ﬁr? pt8dudtQFY podlgcerikerration Ioﬁesterlﬁbbﬂon reactlon
yesters use in the i nvention and/ or the

b@tweyzagh@ﬂh@maé@amlmﬁ@nsfaw thaveeraraars yiadingpaking the
pcmqlé%tg}" s Wee{sgh{egﬁﬁguﬁgﬁ Ooefugﬁ?(%lgéoﬁ’%n%?ﬁoﬁ g@ﬁr@@gtl&w reaction

b&m@@hrtaeﬁeta)ystmﬂ@nmhef aplewfediditivelunt er Associ at es
ton, Va. The col or. determ nati

[%%Hr ad%@,mt;frcw niateriAsHaY &¢ WieTdi b e CRRIPPSY 19ns 10" g
inPOhIES ﬂg réipfo%ﬁg eﬂ%ﬁ%gf fndl%@éT%dt Bk & ﬁbt I‘Prﬂltg@ kslehrbon
hem e ete th

or extrude rom ar e rm ned
filatnehis;, siichies, sﬁsa,miay)ﬂalchﬁta@lum dionide, r\é{t)llmtahlte glass flakes,
Conmi ssion.,an |l lum nati on trans wherein L*
oleen Pedds, 80 fRers, i bunshs sbhfsad. SmblnagbRg ot  Inone
erhﬁgéﬂﬁéﬂ”trfe%fr%r‘&;ﬁigema@éﬁélg’aré Ié‘s@sﬁﬂil'ﬁaé H®rous glass filaments,
w bl ue coordinate. In certfain enbodi nents, b*

ye
mv@tur@esnffgcb@saam t@dn ylasseand (ied,and glassang mpé\rmeﬂﬁﬂbgrﬁ

108 7m 58 %y e Briel ada ik Brher g e e o

mbh@fd@mmmr%mgféﬁ}d bf thHe pdipestareand breml@rdé%%nbé&abm/e
in one of the follow ng ranges; -10 to 9; -10 to 8; -

[0123]t 0 The pmeﬂbp@lyestfos ﬁed/@r polygstey blend ggmpgsiiions tgn be
%e?ulzlg f{)rgrﬂlﬁb ﬂ%g?{’ gﬁrg; , ﬁg c{%gs%r?nc% st BO%talr@?st; té@oGslaeéur{g? The
metHoelstof formingdhe Potyesters nto fibers, films, molded articles, containers,
and sheeting are well known in the art. Examples of potential molded articles
include without limitation: medical devices such as dialysis equipment, medical
packaging, healthcare supplies, commercial foodservice products such as food
pans, tumblers and storage boxes, baby bottles, food processors, blender and
mixer bowls, utensils, water bottles, crisper trays, washing machine fronts, and
vacuum cleaner parts. Other potential molded articles could include, but are not
limited to, ophthalmic lenses and frames. For instance, this material is
envisioned to make bottles, including, but not limited to, baby bottles, as it is
visually clear, tough, heat resistant, and displays good hydrolytic stability.
[0124]  The invention further relates to articles of manufacture. These articles
include, but are not limited to, injection blow molded articlies, injection stretch
blow molded articles, extrusion blow molded articles, extrusion stretch blow
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to 3; 0to 2; 1to 10; 1to 9, 1to8 1to 7, 1to 6;

l1tob5 1to4;, 1to3; and 1 to 2. In other
wepdodirsent s, the L* value for the pol yesters BPGSEUS1006/611910

the invention can be present in one of the foll ow ng

ranges: 50 to 60; 50 to 70; 50 to 80; 50 to 90; 60 to

70; 60 to 80; 60 to 90; 70 to 80; 79 to 90.[0100] In

some enbodi ments, use of the polyester conpositions

useful in the invention mnimzes and/or elim nates

roceSS|

oKt AR RIS 88 Ao e HBILA SeREnOP Pag Y SEs 2, polution
cddled Bitild da“VI@IBEHd?B cﬁ?ﬁamﬁdﬁwé‘ﬁﬁlc@ éﬁrﬁéﬁufé@ﬂﬁ?@tmcluﬂe but are

one e ey may have a npi sture content of
nat. lidterdoto] egtrusion lowp sralding, extrusien stretoh hlewgneldstg, injection

oGR8 P oI RS8R ook 358 e foin

armegag@i@ntggt,ﬁgass than 2 hours at 6(})C to 1000C pri or

to nmelt processing. [0103] The esters useful
[Mhﬂ i nmﬁﬂpmr@mbq%ﬂﬂau&%mvsn @l@ reaEes for @fﬁip%éﬂf

r e
maBhBisEE Erifhd e MR fRIBL oo RoRATRGETA aster,
corpdéiiometéscrived Hereinwo phase interfaci al processes
Sui t abl e net hods i ncl ude F‘-&L‘it"a t[}ﬁ not limted to,
itcar

[042@ps D filsas @ndiproshests uss MBS IveRiQR Cﬁptthe of any
thﬂﬂ(‘ﬁegg WHER \%M?%Oes fﬁ{)g%}'@%ﬂp@@b‘ﬁr&dm@r}%ﬁ inothelaRC In one

pressure o for
embbﬂmer&nthet GilMh(®) mfathpohymitcmr hamea thlémeFeat eihnoNpore than 40

mg%ZnZgé%,Seggt?%br ?1 gﬁwg(ﬁ.?ﬁgﬁ'}% gp@ S\Z%?tﬁrckness of no more
thiaResy Hﬂéatlﬁ@nﬁeérﬁbéﬂlmén"c ethérfﬁr'ﬁ?@ ofltHé Qﬁ'\}eritlﬁn&mie@ thickness of

aspect the invention relates to a process
nCpmmi‘@cﬂhﬂg 30 pailsy e ene ambo@nmsﬂwezﬁhmsb %éhe (imyention have a

W55 T, SRR SRR B L erSRESEiHa: e Do) o e

m%ﬁﬁcﬁ*ﬂﬁév@é thickvésy ofsio ﬁbr@théﬁ@@rnﬂtsure of 150 to
2400C for a tine sufficient to produce an initial

[033Tly esinemne embpdimeenti e sheet(siiof {1 inysnjiea have s thigkgigss of no
b8t 28 MASPSH Hrdtferdmbafintdht, the sheet(s) of the invention have a
thickness of no less than 25 mils. In another embodiment, the sheei(s) of the
invention have a thickness of no less than 30 mils. In another embodiment, the
sheet(s) of the invention have a thickness of no less than 35 mils. In another
embodiment, the sheet(s) of the invention have a thickness of no less than 40
mils.
[0128] The invention further relates to the film(s) and/or sheet(s) comprising
the polyester compositions of the invention. The methods of forming the
polyesters into film(s) and/or sheet(s) are well known in the art. Examples of
film(s) and/or sheet(s) of the invention including but not limited to extruded film(s)
and/or sheet(s), calendered film(s) and/or sheet(s), compression molded film(s)

| and/or sheet(s), solution casted film(s) and/or sheet(s). Methods of making film
and/or sheet include but are not limited to extrdsion, calendering, compression

molding, and solution casting.
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3200C for 1 to 4 hours; and (lI11) renoving any
unreacted glycols. [0105] Suitable catalysts for use

WO poovhdsspr ocess i nclude, but are not |inmted POI/US2006/011910
organo-zinc or tin conpounds. The use of this type of
catalyst is well known in the art. Exanples of
catal ysts useful in the present invention include, but
are not limted to, zinc acetate, butyltin
tris-2-ethyl hexanoate, dibutyltin diacetate,

of28] orExaabiesiaPolRNEL ariblsaBaga e Sl enalan et sickde, but
alfPRSARGRS, 1o uhﬁktgn}/ s%fdﬂéﬂ'ﬁim bﬁd%iawc&@.@téheo(?mhalsﬁﬁhk film

amounts can range from 10 ppmto 20, ppm or tol
(vthedber ppmot uniaxidlivt or tﬂemallppm’mhed)) Irqwdlwstab{dﬁplﬁv filgn

EEX TN R TR R D R

fllﬁ@)ﬁﬁéfmoﬁ?‘meﬂré}’@%@Sgrééﬁlc@?ts%ﬁf bﬁtﬂd@iﬂslgr& kall‘gﬁts Q:oa’nng(s)
batch or continuous process. [0106] Typlcally,

ccqatyd adicles nanted adtices, lamnategd%rwyatﬁé|agir*ﬁle%>ran%¢rem§ftlwa"
fil h?e 4-tetramethyl -1 , 3-cycl obut anedi ol has been
act tep (1) may be carr| ed out under pressure,

[013010i NExdrmplesaf pagphic arte firmdncude, but k8 hab dilmited Toenameplates,
term"reactjion product” as used'in connection Wltg
mgmhrgage §&/ﬂtﬁh39é/?§|a¥% goint-girpurehasedispiayveniiatardpmel fgﬁwraﬂve
t d 0
PAIGE LR wethiy o ARE Bl BRbIca! Ritipeafiretfat panel on
overes| decorative igetibetripo forestemobiesidhstrament@ugtecsifort  of

a&ﬂ&%ggrﬁl{ ation or%'t st lr| fic t| E%;reac%orfpbeﬁv\een
aut ﬁﬁicﬁﬁé'cﬁnsocfe%r{élé )auﬂ‘é\%oﬁ@@eél‘ éﬂn?‘t ;fé@l‘élé@%oﬁﬂaﬁd@%@?s or

at the same tinme. These stepS can carried out
watihg dignkatsoian automm%lnstrsltmeht asn@ly f[acmgsnglalengr dlsplays on

ol Aplleblelh R ok o B B SRS PR iRl R dcings,

diist 6rofishlaga sn AsHwasHers Reybads fcf)roéI@Sﬂroff Beleviteenkeypads for
further relates to a polyester product nade bly t he
St

mebie ebeneadUPAB fhandrbels! cqmn'aiQIS)merem% geNtalst displays for
e!%girgﬁlg%e'\/fbe%, ARbMTE o PhERE he N Gellr6E f20B8S! S35 as phones and

PDAs; panels and housings for mobile or standard phones; logos on electronic
devices; and logos for hand-held phones.

[0131] 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. '

[0132] Examples of extruded articles comprising the polyesters useful in this
invention include, but are not limited to, film for graphic arts applications, outdoor
signs, skylights, multiwall film, plastic film for plastic glass laminates, and liquid
crystal display (LCD) films, including but not limited to, diffuser sheets,
compensation films, and protective films for LCDs.

[0133] As used herein, the abbreviation "wt" means "weight".
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(a) 5to 95 weight %of at |east one of the polyesters
descri bed above; and (b) 5 to 95 weight % of at |east
we@p@706155he pol yneric conponents. [0110] Suit abdBUS2006/011910

exanpl es of the polyneric conponents include, but are

not limted to, nylon, other polyesters different from

t hose described herien, nylon, polyam des such as
ZYTEL(r) from DuPont; polyesters different fromthose
descri bed herein; polystyrene polystyrene copol yners,

[oiﬁf{; 'Iﬁ}gef%ﬁ%/\ly%lrégl o ylg,@?%nﬁussfratg rél éormp03|tlons of matter
ofﬁﬁ{eYrE\fé‘F\hBW Ok éﬁéaatrﬁ)evafl’@dtéﬁ' &nd¢ ?Fé’lrﬂémiéd to be purely

et her-1 m des
exgohplapt dfdhe imieshéipnfanshargerod matlenﬁe@m fimif)the scope thereof.

BB SRR AE RS e e g e JPRSFRNG s ceoroe

C @riigigd o Wephperafife basd ﬁﬁes‘w?@ Pt VPR sLPR8pherid. a
bl end of poly(2 6- di met hyl phenyl ene oxi de) and

pol ystyrene resins from General Electric); other
pol yesters; pol yphenyl ene sul fides; pol yphenyl ene
sul fide/ sul fones; poly(ester-carbonates);

pol ycarbonates such as LEXMMPLESa pol ycarbonate from
Cener aI El ectric); polysulfones; polysul fone ethers;

[Oi‘§ﬂp iﬁh@?e’rft KRice8Ry bf e ﬁdl?é@éfscwgé e rived in 60/40 (wt/iwt)
s or mxtures of any of the other foregoing
ph&)’lo}/tMrax:hloTbetHaheratlﬁ eancebtratior p&ﬂé:’dgfdﬁodbh&‘eﬁé’ﬁonal

OB5B SERE ARSI e AR P s

ddiemiinet RRIRY & TASDBY 282®Rsflumdht flden rrabmaammawst Instruments
conposition. |If polycarbonate is used in a blend in

atiehecgroraje of 80° @Oﬂﬁ@pﬂfdﬂmtmé&TM D3418he i nventi on,

R e A
dét@ﬂﬁmé‘wtﬁftmotd?ﬁnwéémmegheﬁé reEeinpeise kQNMR)&emtmbd)pyﬂsAll

t he i nclusion of pol ycar bonate Iﬁ i‘n‘% 8&8' ar bonat es
NN&%WC’%W@W@C@M P8R JRYL Felip %EE’ @ rrgagnetic
regﬂﬂé\ﬁ‘céjg r ugi‘ﬁhp ?Eh%’r%ﬁ}‘mrtﬁﬁg&‘o‘é@eﬂ@ﬁcnd (70-30

dro yarorra c coffpound wth a carbonate precursor
vcﬂumb/wﬁurphpmg @olym@rsrmrl fm‘r@hgamnorsaanmias tﬁﬂi&ﬂ(@\ft@ﬂb ehenol/

teggggll eC ar Wﬁb%@etq%r,a e tI%Fdform a g for ﬁ)cﬁt (Iyeai aSS|gnments
for 2,2,4,4-tetramethy|—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 compounds closely approximate the
resonance positions found in the polymers and oIigomers:
[0138] The crystallization half-time, t1/2, was determined by measuring the
light transmission of a sample via a laser and photo detector as a function of time
on a temperature controlled hot stage. This measurement was done by exposing
the polymers to a temperature, Tmax, and then cooling it to the desired
temperature. The sample was then held at the desired temperature by a hot
stage while transmission measurements were made as a function of time.
Initially, the sample was visually clear with high light transmission and became
opaque as the sample crystallized. The crystallization half-time was recorded as
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preparing polycarbonates are known in the art and are

descri bed, for exanple, in U S. Patent 4,452, 933,
wab@reotske di scl osure regardi ng the preparati oPCDUS2006/011910

pol ycarbonates is hereby incorporated by reference

herein. [0112] Exanples of suitable carbonate

precursors include, but are not limted to, carbonyl

brom de, carbonyl chloride, or m xtures thereof;

di phenyl carbonate; a di(halophenyl)carbonate, e.g.,

OB b S e b PR TR e
trﬁngnﬁ,sﬁin(érﬂi w fﬁfdi RaRaiRisich.(na xhé BtinéR b @& inperature

| 'or onapht ) carbonate, or m xtures thereof; and

rdqwbdltofrmnlﬁ&ﬁasystfalhdet@amalns plﬁmﬁ)s@np[edﬁlcgystgwamﬁqmams are

o ogHo T Frr e BHERPAUYET BB Iebre St i gftBerature o

whlckydzaheshriie W Shested o @8nakibytheeaaiple prior to crystallization half
para-tertiary-butyl-phenol, and the |ike. In one

timgtpeasarament.ngh mect@raperaiirg s depandantan sampagition and is

OB Tl 7 e Wt

t@wmebémpef@@@i greaterdhas 20O to awmit the catystallmeaioynans ne
i ncludes, but is not limted {o, such teri %33%%

mé??] di @@”S'B’r\fv@% Hoteamingd ugings glgﬂdgﬁnt deRgity co urnn 3
[Otlﬁcf;uwlll@m st %/ﬁ@?orlté%ﬁgre-m JYRESEINeR RFisng a

pt or ca rOXI a carbonate,
Rbeomehma;d])mamlc mmymﬂm,‘h [Ipf Tha radelkwlscosﬂy \aaskmeawred as a

Th |
Rl abSheRri el &t MU repsany Dy T dco R rRRsRC At e
te"f‘h rbﬁﬁe@?éﬁ’df?erd Zfhe QQrooéhéal?‘?nélPOﬁﬁﬁélty"crfohsﬁh@&ﬂ@ﬂlecoaty at

Itable catal ysts 1 nclude, but are not Timted
zerersheazr yataras’mm;ated: o a@applaélngyhamatﬁsby knpynopydelsiiméne art.

Tﬁllgcs[;g%gseélf IFnaagl)c@ p%rfo (f bg?fﬁ%@ ciels tﬂﬁEﬁ @?ﬁ%ﬁgcggﬁalyzer(RDA

[IFedfbarel | et hyl anmoni um br omi de,
t et ra- n- hept yl anmoni um i odi de, tetra-n-pro anmoni

[03#dli dEhe p@b/rreaféwgre S S A A Jm@pﬁwmo Cina
BT YR A O S IR e SR B2 ficling mactine

toRdios AVex1i/2xB-inch and 1/4x1/2x5-inch flexure bars. These bars were cut to a
length of 2.5 inch and notched down the %z 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.

[0142] In addition, 5 specimens were tested at various temperatures using 5°C
increments in order o determiné 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,

[0143] Color values reported herein were determined using a Hunter Lab
Ultrascan Spectra Colorimeter manufactured by Hunter Associates Lab Inc.,
Reston, Va. The color determinations were averages of values measured on
either pellets of the polyesters or plaques or other items injection molded or

extruded from them. They were determined by the L*a*b* color system of the
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conpounds such as, for exanple, n-butyltriphenyl
phosphoni um brom de and net hyl tri phenyl phosphoni um
wheomioakss2 [ 0116] The pol ycar bonat es useful i n PEEUS2006/011910

pol yester conpositions of the invention also may be

copol yestercarbonates such as those described in U S
Patents 3,169, 121 ; 3,207, 814; 4, 194,038; 4,156, 069;
4,430, 484, 4, 465, 820, and 4,981 ,898; where the

di scl osure regardi ng copolyestercarbonates from each

clkpfimayasiel Forapissicreat EGUPRimhendela T ARam LS
re'g?é’s%ﬁ‘ﬁé g{ébh;;?rﬂn@@s BYSH |k, ea*% ehtiHeYrednsteen c@@fdub@te and

repare nown methods in the art. For exanpl e,
bﬁne@yesmﬂsﬂlﬁygltmwhluewo@lﬁdlaﬂtﬁed by the reaction of at

04F8S g e orot B Wi cEgsoh Moidefulhbis B pross

atesgeeci. al |y i sopht hal oyl chlori de, terepht hal oyl
chloride, or both. [0118] In addition, the polyester

loééﬂposhlmlem@tmfwlaa@qm%ﬁae Biséranscigiip 9% the ons

S5k M0 oAl B UL Il

307’7 0 V\&m@ bbuldrrafgé fron® 3565 toy2 SAES g hlnlews dthedvise speeffibg, the

or 0.01 to 5% by e tota
m%@ﬂﬁdﬁ%@fme %%@W@@Wq&s %@&P@ﬁ%?ﬁ%ﬂbﬁﬂ affgllowmg
ease agents flame retardants,

%@F?&&a}e?@%nuc ﬁ%gbagent s, stabilizers,

[Ollmjl udr h&gfdrblqugJablbﬁematledstappI)Ublrmngitmut rthzssmrkmg\ examgiples and
stabilizers and/or reaction products thereof, fillers,

fIgi8Si npact nodifiers. Exanples of typical commercially

avai 'abAe 1 NParepiAblic 85 Wel T Known 1n the fart and

useful in this invention include, but are not| limted

to, @MYl ene ;ﬁhmmfh)élﬂmrephtmllqﬁefers functi ong‘l i zed

polyal-efins- 856—€ &t hg et hy—acryl at e
and/T)IIM\Qj:I'> yci ol?l2 Mfﬁﬁwtgw o vf}’é@rb‘%& d b ock
COPOEWRR T C |qp@% cIBR&KAA , et%warl ous acrylic
core/shell t | f,pact no Lers. For exanple, W
addi tilVes canhhhaerentmsmml’@t ed i nt o art| cl es of

manif actiira fthraouah addit an a ol + hy Ugh
aRdHact+di—e

\Z A" A D] II\, Uul LAY Tl

appl i ¢kt ion F2eH0 RhEAr %@QMSC&S‘{th ough coextrlsion of
a cap 7 ayver- | agLdtERsitbn 1elPeridid T Ves are aso

Thd Brittle-to-ductile transition temperature

Trmax Conditioning temperature for

crystallization half time measurements

Example 1

[0147] This example illustrates that 2,2,4,4-tetramethyl-1,3-cyclobutanediol is
more effective at reducing the crystallization rate of PCT than ethylene glycol or
isophthalic acid. In addition, this example illustrates the benefits of 2,2,4,4-

tetramethyl-1,3-cyclobutanediol on the glass transition temperature and density.
[0148] A variety of copolyesters were prepared as described below. These
copolyesters were all made with 200 ppm dibutyl tin oxide as the catalyst in order

to minimize the effect of catalyst type and concentration on nucleation during
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contenpl ated as part of the pol yester conposition.
[0119] The pol yesters of the invention can conprise at

wo e@3nodsEe chai n extender. Suitable chain ext ePdEDS2006/011910
include, but are not limted to, multifunctiona
(i ncluding, but not limted to, bifunctional)
i socyanates, nultifunctional epoxides, including for
exanpl e , epoxyl at ed novol acs, and phenoxy resins. In
certain enbodi nents, chain extenders may be added at

the end of the nmerj zat i roc S fter the
cryaiay alIpn Sidies. i BE SRUTARY I Edna zipyqlaﬁexaned‘lmethanol was
3PRONIRI t%@tdé?gaﬁé PRRSSH thelBb 4*«¥ét Eh§i-# 3o fobutanediol is

I ncor porated by conpoundi ng of d| I on during
repomtedrig iTablept.ocesses such as |njection nmol di ng or

(AL ol RO e SL Bk pRaEb o e ey e S fine ARy i
inhBferRNistosilies @lﬁé’déﬁ!;/téﬁ%%tl@@ ieliefhdtiny this @sasadbble inlpgt

0.1 percent by weight to about 10 percent by weight,
ciystallization yatghpgeswemanis.about 5 percent by wei ght,

IR Rl e RS ok MEDhmace o

tapMeraiires foehi140 ¢ RO0IC 2t ¢0° @rmwémehwama:u mpqmsltm Table 1.
Bolynerlzatlon i,ncluding, but not limt

The fagiecisvstabization hak-timg.fan géasp ssmP!s as\taS| tﬁk?re &g thg minimum
VA8 SRR A iy nA AR FHincoh i {GRAERAAY, et acouring
amuthdsiFO te 180@OeoThe fékm oqaaialh:eatmrelsaiﬁtlmas fohthe samples are

pol yes er C 05|t| sef ul i nven
oblted iz Fiws eber iyaci,of et soepnomel et cilion 1o PCT.
[(ﬁkg ! Ti‘?é b fécéﬁ&w{ha@bkz l,4- @tﬂé&‘r‘netﬁ%lhﬁfssoycﬁib‘ﬂtaném@l is more
stltute aryl. I'n one embodi nen he nunber of
efiattive than eﬁwlm@gbﬂol amd tsnehtlnahc iacid afrdecreasmg the

h har ouscompound can v, er
AP AT G e S odhe nistlAEr Pl pacition
2,92Ir &Hﬂétrﬁm%ﬁﬁﬂm %gélb@utdﬂ@ﬂlmin(ﬁé@ééé dgzétﬁd \nests dB'ﬁ’Slty

term “thernmal stabilizer” is intended to include the

reaction products thereof. The term "reaction product”
as used in connection with the thermal stabilizers of
the invention refers to any product of a
pol'ycondensati on or esterification reaction between

the thermal stabilizer and any of the nononers used in
maki ng t he
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pol yester as well as the product of a pol ycondensation

or esterification reaction between the catal yst and
w@aro7001362 type of additive. [0121] Rei nforci nBCT/US2006/011910

materials may be useful in the conpositions of this

invention. The reinforcing materials may include, but

are not limted to, carbon filaments, silicates, mca,

clay, talc, titaniumdioxide, Wllastonite, glass

fl akes, glass beads and fibers, and polyneric fibers

and conbi nations thereof. Ln nF enbodi nent, the

reinforcing materials are t?ggé, such as, fibrous

glass filaments, mpkigiiestioh |.@|13§§e§r(|lql,iﬁgal c, glass and
m ca, and gl ass and”polyner| i ber [0122] In

anot her enpodi hent| the i ﬂw%pti ontfurtper ’r; llatgs [t ¢
ExciplaPeN@emey INRPRIBIaE (Tar STa ORgaioE $habgc 2300 °0f 170RE 180°C | 190 °C | 200 °

pol y &8¢ &' s| iRy WMRWHY Hed¢ rimibed (mibby @min] Q¥@R] | (Fing | (min) | (min)
- present—polyestersland! orpolyesterblend—coenpostttons

2an B wisefdbso | ok PEAS Nebofli ber s, 2fi | mes noldedog | 114 | 15

articles, containers, andlsheeling. | The nethaods of

form ng the pol yesters|into_fibers, |filng, | ded

1l R e LR 7 L SRGel RS ar &7vdi 14 kndan |1 44 | 7

the art. Exanpfes pf pprential (nol ded ar{icl es I ng¢l ude

Wt hewd % Ci a4l 1168 10a@ 20 al >18feyi t8s | sedh | 3-3d)i &1-§gi 333 | 252

aaul nnmant nmadl cal nackaail na hoal +t heraro toin HIP

COOiT PTTETT ] mTeuf—oot [SASISE AN =AY LINEAY F] e Triocaur ©T roSupy T TS,

OBy O, A | FeoPPSeE Vete| Moodict $ suwch o flasd [pans,| s99 | 96.1

tunbl ers ahd storage boxes, baby bofitles,| food

ocessors | e [ d, mi| X bowl s, ensL ks, te
ﬁ%ttszg%?%crqﬁlsa‘be&% rgzsg 26@518%”9 \rgznchi zé frjé'!?}ts,& ar dlio'0 4
vacjuum cl epaner| par (X her poiential nolded Jarticles
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toul do-1 hel [RRE3 | biTe | r.8| 20119 fans| tesdysy o dersy 2R iy >6 days | >5 days
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ent urther rel ates to articles qf

1 MaR&basAcd bethe dioEmpafidnt 6f tesSpdlyasletsde Talkit isal, &-ciddhexanedimethanol;
| iand the halafce df the @lizaiboxylib badcamdoded odithé pdyestsrs infable tliisodimethyl

. Stareghtialad; eridachedyliaatii &l resdesentedLitis 600 ibbleie ditethderephthalate.

2 arlf9 mpless 1.4xyeiehskanedigretreneh bl owrol ded arti cl es, o

3 c Al fimues aigssed ﬁ‘rpwﬂéesgrowrfagge@gﬁ b Rx3reniRiE@ 2401 ¢ | B resuitpg film had

N IANPIGAL issatitsyalug pfi%7ad! ' i
4 Z%f{f‘%lwég prgisseﬁﬁﬁ ﬁg%éggffgolyfg/ﬁ%rrog gge’lrr?pg%{ﬁ gﬁ,ﬂglg%t,hﬁwe resulting film had

an inherent viscosity value o dL/g.

where:

is Isophthalic Acid

is Ethylene Glycol

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

m o O W >

[0152] As shown in Table 1 and Figure 1, 2,2,4,4-tetramethyl-1,3-
cyclobutanediol is more effective than other comonomers, such ethylene glyqol
and isophthalic acid, at increasing the crystallization half-time, i.e., the time

required for a polymer to reach half of its maximum crystailinity. By decreasing
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not limted to, extrusion blow nolding, extrusion
stretch bl ow nol di ng, injection blow nolding,
WO pjoeooisen stretch bl ow nol di ng, cal enderi ng, PCT/US2006/011910

conpressi on nol ding, and solution casting. [0125] In

anot her enbodi ment, the invention further relates to
articles of manufacture conprising the filnm(s) and/or
sheet (s) containing pol yester conpositions described
herein. [0126] The filnms and/or sheets useful in the

B ryalalien (Rie GRE L (Brapg,heivRanaa o naimeTn
alﬂﬁﬁplﬁf@ |g§§tbasba%nf2 hrﬁ(&)tet?émbﬂﬁ/l H@@%Ib&iﬁahé&i@l-ﬂ]odlfled

no nore than 40 mls. In one e nmbodi nent
PCead des:(rm)eddfereimsnayiberfabmataa\bg raethiods kimows iofthe @rt As
nore.t

i h
ST i 8t D tMkses malhiand Gaf 2eBRiler difss fahfftiay ©
tefhperaturs BAE IGO0 T8HIYSs thtahebtﬁeﬂ r‘ﬁba}fle@fP@W%olpE)W@@te@n

have a thickness of no nore than mls. In
[08A%lodi H@wratmeoffthemp&aesmmﬁh@wn%ﬁablﬁﬂ lﬁa@@swbed below.

t hi ckness of no nore than 20 mls. [0127] In one
E?ﬂp&( gant, the sheet(s) of the invention have a
ness of no less than 20 mls. In another

(O RFckndTl Brampe LI5S #ie Boerafor 4 ABpAliESie? with a target
ccﬁﬂb@ﬁtlﬂﬁ of sotm@%ameéthgl)teﬁégpﬁmﬁatéﬂﬁé%nme%n 20aM6! B dimethyl

hi ckness of no less t mls. |In another
lS@ﬁhﬁb@iﬂ’i@ﬂi@SIdUﬁ% aneetq B0l%f 1, dnyclohexanedimaibgrolesidues (28/72
Clé&ﬂg&g ess of no less than 35 mls. In another
i‘'ment, the sheet(s) of the invention have a

[0&55]ckne$mnaﬁrdw@f 5®68 tckfaﬁm@ﬂwynté@ hit128] 53 12eg of
i nvention further relatestot [ or

1.4ressiqhexapsdimetbang, {fd %pi/@m%hyldmm?aatat%@%@oﬂﬁ@ g of
d'PUMWW‘ o9<gie d\ﬁgg BQH%)%or Frﬁﬁl Fﬂﬁ%@%ﬂ@@h&?ﬁ@ﬁg ?1? il Cror
nittogen) & metél sﬁtlrrerr( al)d amdlsmmmhsjolm‘hnt Hénel ﬂasknﬂésnplaced ina

wersdes el bedh alieesiebateridp ot officr e Hiias Gbpbd Wes St to 200
RERBIrESSHAR the eBrithehf($he contents of the flask were heated at 210°C
for 5 minutes and then the temperature was gradually increased to 290°C over 30
minutes. The reaction mixture was held at 290°C for 60 minutes and then
vacuum was gradually applied over the next 5 minutes until the pressure inside
the flask reached 100 mm of Hg. The pressure inside the flask was further
reduced to 0.3 mm of Hg over the next 5 minutes. A pressure of 0.3 mm of Hg

~ was maintained for a total time of 90 minutes to remove excess unreacted diols.
A high melt viscosity, visually clear and colorless polymer was obtained 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.
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and/ or sheet(s), solution casted filn(s) and/or

sheet (s). Methods of making filmand/ or sheet include
wheio7aessnot limted to extrusion, cal enderi ngPCT/US2006/011910

conpressi on nol di ng, and sol ution casting.[0129]

Exanpl es of potential articles made from fil m and/ or

sheet include, but are not limted, to uniaxially

stretched film biaxially stretched film shrink film

(mhether or not uniaxially or biaxially stretched),

rystal display film (including, but not
EF?'%P&%agt di ffuser sheets, conpensation filnms and

pr ot ective fil ne), t her nof or med sheet, graphic arts

[0156lm dismmpleghistraiey thegpreparajisar ¢frage@,goly@$gf with a target

coj’b%sg{ &i of gﬁ% Prﬁ)oﬁ‘g @Hét%%érephﬁfﬂlé‘%ﬁr@é due?”ﬁ@ %@ 3/6]ethylene

glthﬁﬂffééldalearﬂf 80 Mal%at Uscylcidhexanetinsksthaholtresideies §82/68
ted to, nanmepl ates, nmenbrane switch overl ays;

Cig/§@RB)- of - pur chase di spl ays; flat or in-nold decorative

[oegge' S %m% |a?@§ane etHvl ?éregﬁmgiateaww P

rlgera ors; on-oven ecorat’i v
1 nmyercheo(ahedlme‘tbancduﬂbﬁdtg bfesthyielmetglymﬂmnd: D =38rgs of dibutyl tin

aut bi | ph
oxdn RRIage i pPoIm O Gy TaSE colintemwi e et farpitrogen, a
mBeedl elifer, aawd%ﬁw %lﬁiﬁéﬁoﬁ Bbm]énrpa-nﬁé fasicABEMhcet PP Wéod's

or warning signals for autonotive instrunment panels;
metat batsalreldy Beateddo 2P0EGs The siving speed sl 3t ite 290 RPM

f di al di-spl ' ' ; °
i QARBT e o irionty; B G Refh HERR% IR HREGad atgqsc for
6@ hfSitESRing tHEN e fem swdgramemily mdaé@mﬁsto PIRE over 5
(hand-hel d conputers renmote controls; displays for

méiuies.r Hhe ceartipndaiiurg; \&@fﬁ holdl at@103&ar ﬁabdm@u anshhen
T A T e

agisiedeper tie dekiod pindtes umtintheheredsymednsisle the flask reached 100

i ot Mo TsrapSENTRgBRe 0 (K Basdyane! tadsced fa 0.3 i of Hg
oggﬁ‘@ ﬂeﬁfj‘l(? ﬂ*uﬁﬁélgﬁ PFE,][sispkrine gf@?ﬁ'gg{ of’lfig aLr{tQ@reg for a total
timetof BDnhlnebbsI 0 preaehacess unnehcteddiols. Al hlghnm@t wiscosity,
visually clear and colorless polymer was obtained with a glass transition
temperature of 87.7°C and an inherent viscosity of 0.71 dl/g. NMR analysis

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

Example 1C

[0158] This example illustrates the preparation of a copolyester with a target
composition of 100 mol% dimethyl terephthalate residues, 20 mol %

2,2,4 4-tetramethyl-1,3-cyclobutanediol residues, and 80 mol%
1,4-cyclohexanedimethanol residues (31/69 cis/trans).

[0159] 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
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[0132] Exanples of extruded articles conprising the

pol yesters useful in this invention include, but are
wmoedo7iorsst ed to, filmfor graphic arts appli cap@DNS2006/011910

out door signs, skylights, multiwall film plastic film

for plastic glass |lamnates, and |liquid crystal

display (LCD) filns, including but not limted to,

di ffuser sheets, conpensation filnms, and protective

films for LCDs. [0133] As used herein, the

bb "wt he fal i1
W3 Brgpased Frﬂgm%mn@nalmﬂ@rrf&tvﬁaﬁawqr%%der\faéﬁm?ﬁﬁsow melt
viSBadi§" v@ﬁ%yaeépéﬁa‘bb%ﬂegégo%émﬁﬁs éﬁfélr@é’cﬁwﬁtaeglasé%nsiﬁon

are rnten e purely exénplary of the invention
teanperatuse 0bt 00.5¢ radean nherenttvisdosity ©6 e’ 3 dikg.eDIVR analysis

UnI e dic ted ot herw se arts by wei ght,
Bt B Boly e W tbBSie B 6853088 om ¢ emper at ur e,
1 a%i/dlflﬁiélﬂlé@lrheﬁthé\ﬁol%sﬂﬁéé Rt MIEH Aes1%62, 22XANBr B ethy-
5&35] The inherent viscosity of the poI yesters was
yelahuhanediel residyes(wt / wt) phenol / t et rachl or oet hane
at a concentration of 0.5 g/100 mM at 25C [0136]

tated otherwi se, the glass transition
Egghn@gég ure (T ) was determ ned using a TA DSC 2920

L b Bl RS RTES P o
ccﬂh]zi@é]‘uoﬁ end @@hcﬂ%ddﬂ‘éihﬂ'téféphﬂﬁéiafear@smugs Hb nol % dimethyl

onpositions were determ ned roton nucl ear
'Sﬁﬁbﬂﬂéiat@ residdem ang ‘(QWI%pbétqyé panedimetngurolspaidues (28/72
m%@{ﬁ ecorded on a JEQL Eclipse Plus 600MHz nucl ear
&ti ¢ resonance spectroneter using either

[oqbi]or ofpomiRttite &f 4@8@@C@td|meﬂWI @bréﬁﬁﬂ%mosﬂ w6/ ¢y of urrE)
ol ynmers, or i goneric sanples, 60/40(w ﬂé g of

ﬁ heXﬁee@llamh@mQJe?ﬁA@@ af @Imeﬂawtlé@mtbalaéw ando@@ﬂ
dlgggﬁﬁ 5& del Pa& AE:%?KE%S@ )F}ﬂiﬁﬁ%? 159K quipped with an inlet for

etra ane resonances
nlvnegenmd&atbl)stmmpmd acsmatodmtIiMMnmmiwnnaﬁ'dhecﬂa’wn/zmpkaced ina

Wk mRB Rt BheRs RSB g 210" G 5 UIDg SPRES Was Set to 200
Rpﬁgomrg?o&%é EkBETMERU M Bohf2Ptd8t tHEBT2kare heated at 210°C

- for 5 minutes and then the temperature was gradually increased to 290°C over 30

minutes. The reaction mixture was held at 290°C for 60 minutes and then
vacuum was gradually applied over the next 5 minutes until the pressure inside
the flask reached 100 mm of Hg. The pressure inside the flask was further
reduced to 0.3 mm of Hg over the next 5 minutes. A pressure of 0.3 mm of Hg
was maintained for a total time of 90 minutes to remove excess unreacted diols.
A high melt viscosity, visually clear and colorless polymer was obtained with a
glass transition temperature of 81.2°C and an inherent viscosity of 0.67 di/g.
NMR analysis showed that the polymer was composed of 100 mol%
1,4-cyclohexanedimethanol residues and 40.2 mol% dimethyl isophthalate

residues.
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[0138] The crystallization half-tinme, t1/2, was
determ ned by neasuring the |ight transm ssion of a
wa@20uploelsyi a a | aser and photo detector as a fuPCt/Usw06611910
time on a tenperature controlled hot stage. This
nmeasur enent was done by exposing the polynmers to a
tenperature, Tnax, and then cooling it to the desired
tenperature. The sanple was then held at the desired
tenperature by a hot stage while transm ssion
nmeasurepgents were made as a function of tine.
ExampleilEy, the sanple was visually clear with high

l'i ght transm ssion and became opaque as the sanple
[0263ist aThiszexammirdliustrpiesithe prepaemiionffa eopalygsar with a target

L
glitalabsitines a6 aivl%lrexcyickhhixbhedithethahdleesidops(3t/60e

required to nelt the crystalline domains of the sanple
Cig/frang}yst al | i ne dommi ns are present). The Tnax

[oggﬁgf t %\%wurtef@f iy f%‘?m@ﬂ*a%%réﬁﬂfh%?ﬁ@} b7 55 & of

erature at each's € was heate
1,dayd|chemanédimeatihamd| e3444 a ot ethylenstglyddl zand 0:04181g of dibutyl tin

KT NG e
mBe| ¥8FEEL Tand P 5hé&rk Angaliftior EdIufY ﬂ?@ﬂaél@w@? Hlet%hﬂcﬁiﬁ d Wood’s

sone tenperature greater than 2900C to melt e
meta} bath dlreradyloeated 4o 2001G9[Thestisiing speed wesaskind80 RPM

iR 1 S Mheor s LoripuitPhAR RSk usrehRaled dizp-g for
eRARAIRE HnehEN ficmpsratureatad Giatiublly incFégseteiot210°C over 5

viscosity was neasured as a function of shear rate, at
minuiefe A eeactiongnixiurersas heldatI° Edar 420 miautesiand then
R T3 0 B0 OnE 0 2B ki Vst

amﬁbﬂrﬁve@ﬂjréh)pieﬁm I‘rﬁtﬁl;itbetljnﬁgtﬁ'efmedisl?re ibsid%ﬂb&ﬂasbt@cﬁeidﬁl 00

the art, is step i.s automatica erf or y. the
mphebiRe: MhePresHARi lesidpdng Hapk pRSAUGT sk ?%B-?[ o of Ho
oIS AR, 24 kell 0 0 SRR STG S 6 ot
timejof @0iminutes Wadnmuovese)Beps 208 aaiéd idicds. MAdtighenalbvigtasity,

vi%&éaﬁ@lcéké%(rgérl?gﬂg&paggs %élg'/)r(nle/rzv&(ass: cl)t?t%lhnc—zfd with Eeglggsr ﬁanéﬁﬁgﬁ ©
temperature of 82.1°C and an inherent viscosity of 0.64 di/lg. NMR analysis
showed that the polymer was composed of 34.5 mol% ethylene glycol residues.

Example 1F

[0164] This example illustrates the preparation of a copolyester with a target
composition of 100 mol% dimethyl terephthalate residues, 40 mol %
2,2,4,4-tetrémethyl-1 ,3-cyclobutanediol residues, and 60 mol%
1,4-cyclohexanedimethanol residues (31/69 cis/trans).

[0165] .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 dibufyl 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
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length of 2.5 inch and notched down the VT. inch width
with a 10-m | notch in accordance with ASTM D256. The
w@r@ragesi zod i npact strength at 23C was det er PeTES2006/011910
from nmeasurenents on 5 specinens. [0142] In addition,
5 speci nens were tested at various tenperatures using
5Cincrenents in order to determ ne the
brittle-to-ductile transition tenperature. The
brittle-to-ductile transition tenperature is defined

PlBRed Top W obs stAErelaci ety hedtan oo £t g wsbeed was
%36 %ow: lfgw.&% Q%é-’rirﬂeﬁ‘(erﬁéjéérﬁémsﬁﬁ‘ihé?ﬂb@ﬁ were

nter trascan Spectra Col ori neter manufactured
hdzatewlawéf) @ésro&namelssmﬁ then the Reopenaturéavaspeadi@ilyincreased

togf RGO AR TBE TR Bhel B wiaR nERER 45 e s 20
mMiALRES ahAitiesr héate@m;dwizm@mtzmﬁlmﬁhtés Omrideesn29they vacuum
were determ ned by the L*a*b* col or s%stem of theClE

was grasusdly iappéied @Nﬁﬁﬂ&n@ﬂ Sominutes Htildhe prgssure inside the flask

BB o AT ETEAOEBI A A Bacoc 002

m&ndf HY ovepties aexiss irigutes! lAopvebbure ofihs dhmadfa-g [A/é%%élntalned
In addition, 10-m | filnms were conpression

nol d
fof gitatal iIme-phRQ Minwes t%ferzam@@xmm@]ea@jﬂde@@lsot/he gigm @@lt
f
SR S DBt R34 EERARe] Alrantd Bpkideg wit & lecs ransiton
tempera’mne ok 1 AAt@ bnd 2V inAeramh d|scosultyjof aﬁgedl/fg dﬂl\/m:saﬁayﬂe

25/7 ess ot herwi se s C|s/trans ratio
fﬁ@agr}f aoqueétwwfnpg 0%3?@39 Bt anedi ol used
epib/aLt _ -
N g ST

1,Breyclabukamepieivasidues. and figures: Exanple 1 [0147]
This exanple illustrates that 2,2,4,4-tetranethyl-i

utanediol is nore effective at reducing the
E’é%'yﬁ% ?ibzati on rate of PCT than ethyl ene glycol or

[0166] This example illustrates the preparation of a copolyester with a target

. composition of 100 mol% dimethyl terephthalate residues, 20 mol %
2,2,4,4-tetramethyl-1,3-cyclobutanediol residues (98/2 cis/trans), and 80 mol%
1,4-cyclohexanedimethanol residues (31/69 cis/trans).

[0167] A mixture of 77.68 g of dimethyl terephthalate, 48.46 g of
1,4-cyclohexanedimethanol, 20.77 g of 2,2,4,4-tetramethyl-1,3-cyclobutanediol,
and 0.046 g of dibutyl tin oxide was placed in a 500-milliliter flask equipped with
an inlet for nitrogen, a metal stirrer, and a short distillation column. The flask was
placed in a Wood's metal bath already heated to 210°C. The stirring speed 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 and the stirring speed was also reduced to 100 RPM.
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I sophthalic acid. In addition, this exanple
illustrates the benefits of 2,2,4,4- tetranethyl-
wQ 3soepelsebut a edi ol on the glass transition teP@EEUS1006/€11910
and density. [0148] A variety of copolyesters were
prepared as described bel ow. These copol yesters were
all made with 200 ppm di butyl tin oxide as the
catalyst in order to mninize the effect of catalyst
type and concentration on nucl eation

THOBraBoATe psitsribe diRset REReT redbos i 363 miTas o aver the next
5 ﬁ*\lﬁﬂltbé%ﬁr@ théts‘tlgurfq spet wad réddtddeior s RPY. A]preSSl]II'e of 0.3 mm

3-cycl obut ane Is reported in Table 1.
offdy pesevaintained forextoipl time of 80 seinplesdorathoyefexcese nnrqacted

il Rl Mg vitosih Y 2T QS G s gbgined
Wit b& | SRPFHRSHEN tmp&idtie] of G0BSC alndi Frdinherertalidcdsityef
measurenents fromthe nelt were nmade at tenperatures

0.6p sivg1 MMVRammiysis sheweddlat the moheheswas §oROSed 9 8Petimol %
, egbé/%ﬂme?( ﬁ%dlméqh%ﬁ?jtrgglﬁug Fh3ld 4 Fr?c}l%ofg éh{;c?ttrémétﬁﬂr

en as emnnuma

1,erog@tcmiultaﬂaf¢lcre3|hlabé time as a function of

tenperature, typically occurring around 170 to 1800C. .
Thep&?i est crystallization half-tines for the sanples
Examg ed in Figure 1 as a function of nole%

conononer nodification to PCT. [0151] The data shows
[01681t 2 Thisiexarmpleribuaitaigs the prepevatiosueftaperpiyestes witbrastarget

oaRpStiet f | MR te An Ry JRipRinae JoRRRRS" 0 o2 !
2 Q!YE‘4%W§MQ’[H)AI—ZI @-typclobatahetiionrdsidues (&AB8 tisftrans), and 80 mol%
4, 4-tetranmethyl -1 , 3-cycl obutanediol increases T

1 &Wcl%\%ﬁﬁe@@ﬁihﬁwwﬁﬁ'ﬂ&ei (@/ﬁgt%?/ﬁrﬁ'i@tl on Hal f-times
ol ARG ot sprmantal siesr
1,4reycidnexbaédinwthanolf EO 7(7 g:af B(2;4/44+tetrameu1)d-dn?p}cyelnbuta‘nediol
ok B T G R s M 0 i RO Bt it
A AR AR R . Tt
plabed gmw@bqbsmmat kathafIreadymelated o 210°24ADlae stitring speed was
setto lélob ﬁlg ttWe beglnnmg of the experiment. The contents of the flask
were heated at 210°C for 3 minutes and then the temperature was gradually
increased fo 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 with a set point of 100 mm
of Hg and the stirring speed was also reduced to 100 RPM. The pressure inside
the flask was further reduced to a set point of 0.3 mm of Hg over the next 5
minutes and the stirring speed was reduced to 50 RPM. This pressure was
maintained for a total time of 60 minutes to remove excess unreacted diols. It
was noted that the vacuum system failed to reach the set point mentioned above,
but produced enough vacuum to produce a high melt viscosity, visually clear and

colorless polymer with a glass transition temperature of 99°C and an inherent -
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an inherent viscosity value of 0.575 dL/g. 4 Afilm

was pressed fromthe ground pol yester of Exanple 1H at
wWQ2@0@15Fhe resulting filmhad an inherent vi SBOFUS$2006/011910

val ue of 0.0.652 dL/g. where: Ais |sophthalic Acid B

is Ethylene dycol Cis 2,2,4,4-Tetranethyl -i

, 3-cycl obut anedi ol (approx. 50/50 cis/trans) Dis

2,2,4,4-Tetramet hyM , 3- cycl obut anedi ol (98/2

cis/trans) Eis 2,2,4,4-TetranethyM, 3-cycl obut anedi ol

SIS B AR R SR SR e Bofogec of
8§Héﬁ9t1 MEy AR X BH ARSI 98B Ges BHEM FHhBI, 2118 40t -itRimethy-
I sopht’hal ic acid, at increasing the

16FW®U’C&1QQI1I0|G‘BSIHHES-—U me, i.e., the time required for
a polynmer to reach half of its maximumcrystallinity.

creasi ngthe crystallization rate of PCT
E%%Wg?eegsi ng the cryst aI lization half-tinme), anorphous

ticles.b d
0¥30lcy o TR SRATBRIROI iR fa 2o e ARty syl fanediol
o AR o P TR AR RIS (beBlers pOffaiming
tegtphibalia acidiandoh4+aynlobeaanedimetinahdlbwer densities than

O ey estEr bt On 2E et ametadl sy BBy sio here
pr’ébal’ébl 8s 48stibtbeldtv Sr@agmae‘sl rb’ué;'%f fid ¢t he

preparati on of a copol yester with a tar ?et conposi tion

cmorwan@dweﬁwaﬁolnyas aepmmafﬁlxawfiaéf@r alisampies. neppolyesters

oS il P 55 i BB o
pdilgéﬁéi‘s ATte &bpd(i:lﬁiftfglrf] Sﬁggig?g%ﬁ glri]g?ﬂahFC'lt@ TSGMBD halsaslained
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Example 2D were prepared on a pilot plant scale (each a 15-Ib batch) following
an adaptation of the procedure described in Example 1A and having the inherent
viscosities and glass transition temperatures described in Table 2 below.
Example 2C was prepared with a target tin amount of 300ppm (Dibutyltin Oxide).
The final product contained 295 ppm tin. The color values for the polyester of
Example 2C were L*= 77.11; a*=-1.50; and b*= 5.79. Example 2D was prepared
with a target tin amount of 300ppm (Dibutyltin Oxide). The final product
contained 307 ppm tin. The color values for the polyester of Example 2D were
L*= 66.72; a*=-1.22; and b*= 16.28.

[0172] Materials were injection molded into bars and subsequently notched for
Izod testing. The notched Izod impact strengths were obtained as a function of
temperature and are also reported in Table 2.

[0173] For a given sample, the I1zod impact strength undergoes a major
transition in a short temperature span. For instance, 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
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nitrogen, a netal stirrer, and a short distillation

colum. The flask was placed in a Wod's netal bath
wa@bkoeaapsheated to 2100C. The stirring speed WesST/B81006/@11910

200 RPM t hroughout the experinment. The contents of the

flask were heated at 2100C for 5 mnutes and then the

tenperature was gradually increased to 2900C over 30

m nutes. The reaction m xture was held at 2900C for 60

m nutes and then vacuum was gradually applied over the

xt 5 nut es un res ur side the 1| ask

MPGCHIHOHON Sera Talkresal e ehreraflies autdhistisTigh eneray
faYl@ﬁesfé’crrﬁé}?ér tb ?ﬁtﬁréso ﬂﬁe?trﬁﬁé@én empYRftuichs depstedPas the

m nutes.” A pressure of 0. Hg was mai ntai ned for
bmttlefbo—aiuctuiertearmﬁtncsotempanam;e,t'&dr @rnd)wea oasssise ohtasghness. Tog

isgepatsain PR AEnd plarRiRtanst pioif4 fombpSeEn PRliee 2 on

[Oﬁmer'ﬁﬁélﬁétaoého%\k Hiat abding2, z,mnﬁt@tmméﬂhgpw éw@tsutanéanol to
NMR anal ysi s showed that the pol yne

P@E@W@@Tmammm@m memoggan@weﬁémnmmﬁéﬂ siihylene glycol,

% di met hyl isophthal ate
Wb?@i %gésgih%&e&fgo[ 0156] This exanple illustrates
the preparation of a copol Yablee2 With a target
conposi tion of 100 nol % di methyl terephthal ate
resi dues, 20 MOINGRiRidIoANModcy ERbrdyARLIBHEP, and 80
nol % 1, 4- cycl ohexanedi net hanol resi-dues (32/ 68
4""1 A\ a¥al IEL Iyi

bl bl L raltlrs UJ.D A1 I )\l W1 U I O UI U
y—T 1 ar ét it g ﬂet “? at | at | at
20 [ 25 | 30

|
t er epliohehatier,| BO.[77H, d Bf | 1, 4- cylcl-oh&karfedi
EX3PPIE ] gmofobt Nydiienec)l [yt 20 aris 0104 gzcécfocdi tvd | o | % | °c
tin gxide was!placed iin a lﬁﬁr-ﬁilTQ iter fll

equi pped ui § h al)rhs' nlget! §01 tl\[Aoglg}ﬁh 1.? MRt A STET580 82| 32 [NA

and a short distil]atilon ¢ol ym ask was pl aced

il
in alWwod's netal bath alrneady heated tto 2000/C. The
9B 11 1§ 03pRed Wis| 81| | 260 NN hNOUGHAN | b | NA | 24 107267

experiment e contents of —tjhe taskwerg tepted a
200 0Czkor. &0 |m.asuf € (arsd | t1BEMNA he2 | eBrpesatNy e23valA | NA | NA | NA

gradyally incneased tg 2100Clover 51 mnputgs.—The

gzﬁg‘:: Lgtg.s% Xt Urgsonagssiiel sl |3t | 210 PC| (RN 122QAT AT RR | NA | NA | NA

1 The balance of the glycol component of the polyesters in the Table is 1,4-
cyclohexanedimethanol. All polymers were prepared from 100 mole % dimethyl
terephthalate.

NA = Not available.

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

Example 3

[0175] This example illustrates that 2,2,4,4-tetramethyl-1,3-cyclobutanediol can
improve the toughness of PCT-based cobolyesters(polyesters containing
terephthalic acid and 1,4-cyclohexanedimethanol). Polyesters prepared in this
example comprise from 15 to 25 mol% of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues. ,

[0176] Copolyesters based on dimethyl terephthaltate, 2,2,4,4-tetramethyl-1,3-
cyclobutanediol , and 1,4-cyclohexanedimethanol were prepared as described

below, having the composition and properties shown on Table 3. The balance up
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heated up to 280 0C in 30 mnutes. Once at 280
OClvacuum was gradually applied over the next 5
wormavesssunt il the pressure inside the flask repemism06/011910

100 mm of Hg. The pressure inside the flask was

further reduced to 0.3 mmof Hg over the next 10

m nutes. A pressure of 0.3 mmof Hg was mai ntained for
atotal time of 90 m nutes to renbve excess unreacted
diols. A high nelt viscosity, visually clear and

toy QAR B icBoomEoastl hine prbiestr Sl 258 04 0. 71
14L ér}%lohug%ga\ﬁ%exﬁéﬁolS(Q%@dcls/hahs)t he pol ymer was

ose 8 nol % et hyl ene gl ycol residues.
[oma]nm Mate@a[somsa m]mtusnem@idpd mtmhqhbﬁr%mesamdw@ 4mm thick bars

ar) S8ty BondertyBr [ 2oEahRankieainG, dRjetrefeg AR el

st?er?gtHsl &/ew,ebbmdwi 23°G §n§}a¢é paporiteia Table S5 Dietesity, Tgdand

4- cycl ohexanedi met hanol resi dues (31/69
cr&stelltzaamiwalfnmmremw&uraﬁ@ndhemolésdd)%$ qleYipgesity was
t g of 1, 4-cycl ohexanedi net hanol
mkggg’%ﬁg&gb&%% ﬁggéﬁ:etranet hyl -1 , 3-cycl obut anedi ol ,
and 0.046 g of dibutyl tinTakled® was placed in a

500-milliliter flask equipped wth i nl et

[ . .
framBkztion of viasioHp peeparties forgrataln BANPSIST? gﬁ?{q?m fhgrnvention
n

cotgmr. Tt REGEa a nner simlar Melt

t O t hat d | Azod £f el t Crystallization | Viscosity
£ Vi sdomicy, Edrpr %%gs DIy TeHalttiv@gom | at1

oDt dimetel OBrs B @ihﬂt UQ’ dflelt at 170°C rad/sec

100./50C 4

TR | i)
[

.F

>|Fi}2§o1 0. 73| dl /|g.

d (a¥aVlaaal [aWaVa.
g

%n_al\/cic
HYs+-S-S

ol o 1154. fol 88| b8l shitilg 5 15};! 0pl 5649
2 214 8- tleiNpaqeirepy] 071 hhiRBANbd1-188 | 208il dye 2 6621
Exarplae 1DNAO16GYe [Tl ple 130 ust tHE es10Ble 52 6321

Pr eparaat ijomAof] ogzclopabsyestesy wi t9BB alt Gi7get 108dnpasi®t i o 7161

&f  101nol ¥adil metshy lo.st2e epbt hal asx t esizdubsio |40 36l %) 6162

di met hyl |i swphtohed atosrr ¢sisdaies, ssnd| 10@o nplddo 58 6282
E 4-|cysl dhexanedsoketlanol sresi dues ( 281872| 107 46 3172
H 23 479 | 95590 | 0.549 769 274 1.181 | 108 47 1736
' 23 481 | 05531 | 0516 696 352 1.182 | 105 19 1292
J 23 | 478 | o364 | NA NA NA NA 98 NA 167

NA = Not available.

Example 3A

[0178] 21.24 b (49.71 gram-mol) dimethyl terephthalate, 14.34 Ib (45.21
gram-mol) 1,4-cyclohexanedimethanol, and 4.58 Ib (14.44 gram-mol) 2,2,4,4-
tetramethyl-1,3-cyclobutanediol were reacted together in the presence of 200
ppm of the catalyst butyltin tris(2-ethylhexanoate). The reaction was carried out
under a nitrogen gas purge in an 18-gallon stainless steel pressure vessel fitted
with a condensing column, a vacuum system, and a HELICONE-type agitator.
With the agitator running at 25 RPM, the reaction mixture temperature was
increased to 250°C and the pressure was increased to 20 psig. The reaction
mixture was held for 2 hours at 250°C and at a pressure of 20 psig. The

pressure was then decreased to 0 psig at a rate of 3 psig/minute. The
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cis/trans). [0161] A m xture of 42.83 g of dinethyl

terephthal ate, 55.26 g of 1, 4-cycl ohexanedi net hanol
wQeabogsnf di net hyl isophthal ate, and 0.0419 PCD1S2006/011910

di butyl tin oxide was placed in a 500-milliliter flask

equi pped with an inlet for nitrogen, a netal stirrer,

and a short distillation colum. The flask was pl aced

in a Wod's netal bath already heated to 2100C. The

stirring speed was set to 200 RPM t hr oughout the

RSB B o BEP P e o B S L e

pidlsagiealvhY deBEaRa8 96 obnrP80Gy Ogier 80 RbINKEE timd &t 270°C and
reaction m xture was held at™290C for 60 m nutes and

9@ hen of ktgy dine agitatgr spleed Masaigsreaseddectd RR&,nthe remction mixture

el it WasghorpaBeR IE2BHIG. oRElrechrbnBue B8 CREREREE o <1 mm
off Mg TRe regetisiemiitoreOwas WBldoat 24D°0vand bha pressurd of <1 mm of Hg
m nutes. A pressure of 0.3 mm of Hg was maintained for

uniiltle apwer deavpio the agiiaierro langes insreassd dsminitesk B

[ . [ ' ' V] I :
oy ool SHONATEL AL b AR o | Aoiles i
nitregpr gak L Mheaholerd pamerwhasithennddreied froradhs iprgssufre vessel.

0.67 dl/g. NMR anal ysis showed that the pol yner V\@ﬁ
The fpeISEdCHrudgsHhPARIRY Wak ¢rpdNe ke Ra8e & Bretm sisegen. The polymer

' ; ' [ bat -
hé(géb ues?@gﬁ%%é%ﬁz@[%%%g idsae aﬁﬁ%ﬁi?'l ﬁlsl\{ll?{aatneaéyas
shdveeptre dnapolymeriwas campbses 0E85.virmbl% 1t4cgeaohexane-

conposi tion of 100 | % di et hyl tereph at .
iR SeSRESHANdokick IR b 2 L SmE T e OV dnhuiggediol
refd] u‘&i,ﬁéy&%m%?haa%@umdm%f: Lesi7durs o314 89, and b*= 6.23.
cis/trans). [0163] A mxture of 8 1.3 g of dinethyl

terepht hal ate, 42.85 g of 1, 4-cycl ohexanedi net hanol
Example gBdo ExampladDgl ycol , and 0.0419 g of dibutyl

tin oxide was placed in a 500-mlliliter flask
[0879]i ppdthevpdiyesiarsi deseribedin Exampde BB te Evemaples3D weee prepared

foflAWira3 BEbcedure Similar 1o e 6t YaSerived for Exampla A #7&¢

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

Example 3E

[0180] 21.24 Ib (49.71 gram-mol) dimethyl terephthalate, 12.61 Ib (39.77
gram-mol) 1,4-cyclohexanedimethanol, and 6.30 Ib (19.88 gram-mol) 2,2,4,4-
tetramethyl-1,3-cyclobutanediol were reacted together in the presence of 200
ppm of the catalyst butyitin tris(2-ethylhexanoate). The reaction was carried out
under a nitrogen gas purge in an 18-galion stainless steel pressure vessel fitted
with a condensing column, a vacuum system, and a HELICONE-type agitator.
With the agitator running at 25 RPM, the reaction mixture temperature was
increased to 250°C and the pressure was increaéed to 20 psig. The reaction
mixture was held for 2 hours at 250°C and 20 psig pressure. The pressure was
then decreased to 0 psig at a rate of 3 psig/minute. The temperature of the
reaction mixture was then increased to 270°C and the pressure was decreased to

66



netal bath already heated to 2000C. The stirring speed

was set to 200 RPM t hroughout the experinent. The
weonrentss2 of the flask were heated at 200 OC fRPCT/682006/011910

m nutes and then the tenperature was gradual ly

increased to 2100C over 5 mnutes. The reaction

m xture was held at 2100C for 120 m nutes and then

heated up to 2800C in 30 m nutes. Once at 2800C,

vacuum was gradual ly applied over the next 5 mnutes

til h [ ide th k hed 0 f.
o e S 4160 R B SR o Bt
sﬁg}%dglva} ﬂ%&% S% t®YSRPINE tAE¥backBnThiXirtSenePate s Was

was mai ntained for a total tine of 90
incrieased $0 260@nancthexuessurerwasideeigaged te <1Anm ¢fiHgeThe

roBic At WS 3ol AL ELART S ERretae PRl niERr 8 Ry 0
mibifeANThe PRssitite BF Sreasrebyuref vddserwes tigen INVR el tps s
showed that the polymer_was conposed of 34.5 nol 9

)t
atgosphereeuging cdrogassgai eEhe maligp RolYmef w@g@errﬁ;xgu&ed from the

T R
sdresepiThbaofimer Ied gt @sherdft vistosityf D, 71 3l dLigt aradvatTgyof-110°C.
, 3-cycl obut anedj ol resi dues

X ] , ﬁn& gg rmlg,o .
-fay,apglypisiRheeskingt theaprlvestes had e<3pm 89 NMRgnghsis
. 7 . b _ |
stigksPhali Biror flas corfip el of TATB Y, | S-ERIONRBLMe .
d iﬁ}eﬂgglqbod,maléd?mnﬂ)m :41n1,o$%c2|/,214o¢3@ztmelﬂ'kg|6,1 ,%nxplcléi?lgiaaeglol
[ i n oxide S ac n = | e
reficugk. dib patugeh R ol VARl oL 178 B0 gr L bR b= 6.47.
stirrer, and a short distillation colum. The flask

Ex@nblagpd in a Wod's netal bath already heated to
2100C. The stirring speed was set to 200 RPM

23 85 BB SRR OB ot o o
proeapareasimilar wethegreddeddriped for Ezsmple 3A2 dbeCamposition and

m nut es. The reaction m xtur s_held at 260C for 120
PIRPAIESOT WS RONESHIAIESTOWR NoT3BGE i n 30 i nut es.

Once at 2900C, vacuum was gradually applied over the
EXSmpl&3fi nutes until the pressure inside the flask

[0182] 21.24 |b (49.71 gram-mol) dimethyl terephthalate, 12.61 Ib (39.77
gram-mol) 1,4-cyclohexanedimethanol, and 6.30 Ib (19.88 gram-mol) 2,2,4,4-
tetramethyl-1,3-cyclobutanediol were reacted together in the presence of 200
ppm of the catalyst butyltin tris(2-éthylhexanoate). The reaction was carried out
under a nitrogen gas purge in an 18-gallon stainless steel pressure vessel fitted
with a condensing column, a vacuum system, and a HELICONE-type agitator.
With the agitator running at 25 RPM, the reaction mixture temperature was
increased to 250°C and the pressure was increased to 20 psig. The reaction
mixture was held for 2 hours at 250°C and 20 psig pressure. The pressure was
then decreased to 0.psig at a rate of 3 psig/minute. The temperature of the |
reaction mixture was then increased to 270°C and the pressure was decreased to
90 mm of Hg. After a 1 hour hold time at 270°C and 90 mm of Hg, the agitator
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reached 100 mm of Hg. The pressure inside the flask
was further reduced to 0.3 nmof Hg over the next 5
worwavess2 A pressure of 0.3 mm of Hg was mai nt BETER0HE011910
a total tinme of 90 m nutes to renbve excess unreacted
diols. A high nelt viscosity, visually clear and
col orl ess polyner was obtained with a glass transition
tenperature of 122C and an i nherent viscosity of 0.65
dl /g. NVMR anal ysis showed that the polyner was
co f 4- I
SRR s degtepond 12 TogRbMh, BESSACtaR MiipIbeTature was

in?:re%s% %@E"@nﬁﬁd ﬂjle gtée\ﬁlas xRl fd]t§<[1oﬂaﬁ§])f Hbi SI' he

exanp ustrates preparatlon of a copol yes
rasictibn mmﬂr@etasdmiqbakfwﬁ)?ﬁ] anfl at apressWredif et my of Hg for 12
e aIatereS| ues mol % 4-tetra h
ml@f@%} THE P saulis B e Brasstce Tenseb Wb afied s sl o
I Svals3
o s%tgﬁgfmgjgfﬂ“lt@%@"%gtn”itﬁﬂk“%%” B3P el thoR exiruded from the

prespuishiasseht ehe @eolqasl gxisded polymer yas@ivsarie iggs@ 6-mm

oGl hageyhup frdah AR Db A0 AR ot rowc
NMR analybis| showved thas theepiolymee dasi ddmmssd\d)fex? fl cmnol% 1,4~
nitrogen, a metal stirrer, and a short distillation

cyciphaxanedimethangl rogidues abe a2 mel b didsRerame . >
R RBRRRES R, FHRObolRE A doldr YRR MBS, 212 1,34,

amd bk 508 e heat ed at 210 OC for 3 mnutes and then the
tenperature was gradually increased to 260C over 30
m'nu eﬁ The reaction m xture was held at 26C0C for

bt es and then heated up to 2900C in 30 m nut es
Owce at 2900C, vacuum was gradually applied over

[0r1§3<]t 5 Zm%tbe@gt?nt gran-neoly @sejhvléer&r&tth@at%é%%m39 ”
IR SO PR 40 By 2.0
teitnamdtleyl 1r ,Bdyclethutanddlid wereo‘éablgddngethehm thexqgpreSence of 200
PR 458 Gt DOLRIH oGRS ererioatoh ol ifcteckon Jaspeatied out
ur‘idlétea RitroB8n PR §e P ah Ay Rl SSRTe st dt88 8Ssure vessel fitted
with a condensing column, a vacuum system, and a HELICONE-type agitator.
With the agitator running at 25 RPM, the reaction mixture temperature was
increased to 250°C and the pressure was increased to 20 psig.The reaction
mixture was held for 2 hours at 250°C and 20 psig pressure. The pressure was
then decreased to 0 psig at a rate of 3 psig/minute. The temperature of the
reaction mixture was then increased to 270°C and the pressure was decreased to
90 mm of Hg. After a 1 hour hold time at 270°C and 90 mm of Hg, the agitator
speed was decreased to 15 RPM, the reaction mixture temperature was
increased to 290°C, and the pressure was decreased to 4 mm of Hg. The
reaction mixture was held at 290°C and at a pressure of 4 mm of Hg for 30
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
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diols. A high nelt viscosity, visually clear and
col orl ess polyner was obtained with a glass transition
wao esopeeasur e of 1030C and an i nherent vi scosi tRCDUSDIGE11910
dl /g. NMR anal ysis showed that the polyner was
conposed of 85.7 nol % 1, 4- cycl ohexanedi net hanol
residues and 14.3 nol % 2, 2, 4, 4-tetranet hyl -
1, 3-cycl obut anedi ol residues. Exanple 1H [0168] This
exanple illustrates the preparation of a copol yester

sqfgrRpihRaohBer 8y andahS8atHisroun e 55, BEle ¥idata g 105 °C.
NME 5M§|&§@L§h@%@l Akt magﬁér Gr'é‘s%%n@pbc%eﬂrcﬁ"m 9 nﬁ’dﬂ% 8Q-

nmol % 1, 4- cycl ohexanedi nmet-hanol residues 4(3{
cyslofiaxanesiimefiered residuescand 836 MpiPeEs2 4. e’fﬁﬁfﬁeﬂwyﬂ 3-

oSSR, by SRR P ) o125,

amdg*O5046 g of dibutyl tin oxide was pI aced in a
500-mIliliter flask equipped with an inlet for
nitrogen, a netal stirrer, and a short distillation

Exampié 3JThe flask was placed in a Wod's metal bath
al ready heated to 2100C. The stirring speed was set to

[0284] RPI1:24 bh@9Obkiggram-mplpdimdibylde thﬂate 12 1b (39.77

oPhiTaL T dryclafinanid tdfaleb it B gl Gttty mon 2244

teltr@ﬁ{aﬁﬂeﬂswc%ﬁg%ew@rw&@ rehitetiasgethaein #opressnce of 200
m xture was held at 260 OC for 120 m nutes and then

prrefdde cptalyst batydtin tristd-ethyihgxanoatse eThe reagtion Wascearied out

ol PR 045 55 oP Bodl0R e TP ESal ot fted
with siccorridnsieg dodurhfOa REbIuRheysferesand e HiEllinOﬁNEktgpé lagitator.
was further reduced to a set point of, 0.3 nm of
Withethe @gitatasunmingiat 2563PYh e Fraciion mixiye doapgrafle was
5
pREAPETp 0% R o HbSeRE T EIRE B cthd tctor
rrﬂiitoﬂ&swa‘s heltbfor @dicants Bh 260t and #&0upsiy epysssmlref di hleem“essure was

thefalrepeaRectinR PO tinte oS melmtsite: The LBPELFiGe of the
re4cBYR mivturé G2 tRBA increased to 270°C and the pressure was decreased to
90 mm of Hg. After a 1 hour hold time at 270°C and 90 mm of Hg, the agitator
speed was decreased to 15 RPM, the reaction mixture temperature was
increased to 290°C, and the pressure was decreased to 4 mm of Hg. When the ’
reaction mixture temperature was 290°C and the pressure was 4 mm of Hg, the
pressure of the pressure vessel was immediately 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 0.364 dL/g and a Tg of 98°C. NMR analysis
showed that the polymer was composed of 77.5 mol% 1,4-cyclohexane-
dimethanol residues and 22.5 mol% 2,2,4,4-tétramethyl-1 ,3-cyclobutanediol
residues. The polymer had color values of: L*= 77.20, a*= -1.47, and b*='4.62.
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colorless polymer with a glass transition tenperature

of 99C and an inherentviscosity of 0.73 dl/g. NWR
w@ealpeiss2 showed that the pol ymer was conposedP@f/USH06/011910
resi dues and 15 nol %
resi dues.

nol % 1, 4- cycl ohexanedi net hanol
2,2,4,4-tetranet hyl -
Exanple 2 [0170] This exanple illustrates that

2,2,4,4-tetramethyl -1 , 3-cycl obut anedi ol

Exanpis, ¢

| ohexanedi net hanol ).

on 2,2,4,4-tetranethyl -1 wer
[0p8Epar Enls axamnpie Hiusisates dhati2, 2 v tetramethyhd &ayqlgb@tﬁnedlol can

MRS

1, 3- cycl obut anedi ol

i mproves the
t oughness of PCT-based copol yesters (pol yesters
containing terephthalic acid and

3- cycl obut anedi ol

e EeS SERE R P e A S O

&nta

ene gly

[0171] Copol yesters based

oy

tepsphthalt goi6 Iame«mdlomekammmwmm @ﬁmsteml prepared in this

pol yest ers.

The copol yester of Exa
exxmple fahsoowrise meererthamlbde essthen

1 SORRIE A RLaifreBeRER

Exanmpl e 2C

2409 'g‘é’ilz/AO(éj‘ Eai— el[-tetramethyp

| e 2B was obtai ned from East man
he trade nanme Spectar.

[0a86] Ex@opdigestBravbasedoore dimettybierephihalate, 4, 2J4t4-$eieareethyl -1,3-

ichidatedobeand | don/cianese RNERAN 3 s

of .th

cxglq;g.ggr@,@ rqn,%were prepared
o4 AUSERRL GO i oson e aumes g4 T .

The bhlamceaipgtet 100 motemithe diol somppnenDbidieynalyesters ind)able 4
The col or

waa eV aianst

r odugct

He

el el ERART

tin.
2C were L*= 77.1

[0187]a MatckiarPwepd fhjdtionmdRed Ri@BYtE 322mWRang Befiafethick bars
a target tin amount of 300ppm (Di butyltin Oxide)

archeubseguently aoteheddonizadismpagb iesiipe thihe natebed dzast lmpaC’f

W t'h

vaI

s for

i yelo

obgaﬁra&gay 5%25%8 %?%%A%ait%erl 3 %f LDenQR/ 14, and

cr Qﬂaﬁl‘zbh@ﬁ h@ﬁhﬂ\%dNer@tmeb&u%daﬂﬂtr@uhemdebﬁrby Meit mbedSIty was

or lzod testi
mgapdreskempakefs

gag.

also reported in Table 2. taple 4

The notched |zod i npact strengths
280%Ginct i on of tenperature and are

Compilation of various properties for certain polyesters useful in the invention

Notched

Notched

I1zod of lzod of Melt
mCD | % cis | Pellet | Molded | 32mm | 64mm | Specific | ?_P’f;tt.a"'z?t'm Viscosity
b Cis r . . g alftime from at1
Exampie mole% | TMCD v Bar IV thick thick Gravity °C) | melt at 170°C rad/sec
¢ (di/g) | (dlfg) | barsat | barsat | (g/mL) (min) at 200°C
23°C 23°C (Poise)
(J/m) (J/m)
A 27 478 | 0714 | 0.678 877 878 1.478 | 113 280 8312
B 31 NA 0.667 0.641 807 789 1.174 116 600 6592

NA = Not available.

Example 4A

[0188]

21.24 b (49.71 gram-mol) dimethyl terephthalate, 11.82 Ib (37.28
gram-mol) 1,4-cyclohexanedimethanol, and 6.90 Ib (21.77 gram-mol) 2,2,4,4-
tetramethyl-1,3-cyclobutanediol were reacted together in the presence of 200
ppm of the catalyst butyltin tris(2-ethylhexanoate). The reaction was carried out

under a nitrogen gas purge in an 18-gallon stainiess steel pressure vessel fitted

with a condensing column, a vacuum system, and a HELICONE-type agitator.
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[0173] For a given sanple, the Izod inpact strength
undergoes a nmajor transition in a short tenperature

W@ p@no0Ber | nstance, the |zod inpact strength BET/ES2006/011910
copol yester based on 38 nol % et hyl ene gl ycol undergoes
this transition between 15 and 200C. This transition
tenperature is associated with a change in
failurenode; brittle/low energy failures at | ower
tenperatures and ductile/high energy failures at

Wilbiiag agltaT wann o 26 R, laereion misilFs Fhberstind was
inbR4REH % 9‘53 g tgﬁgﬁeés‘hré‘ aatcRsed té QBWSEFhe Té4sktion

I'S reporte otted agal nst
mo«uurenmmheidrfoFrzgwws at Z@Qmmmd Zﬁ@%peesmehﬁ @ressure was

RO etearsd Pt BUale v Polighie HE E¥itadlsd

reQktion fiikues M@@'theﬁﬁﬁc@é@éd&ﬁb%@ éﬂlﬂtl’@‘ p@@iure'l'wbé deéreased to
Not ched | zod I npact Energy (ft-Ib/in) The bal ance

9Q mun f igol Aféerﬁ)émw hefd tife 3@879&@@@(] i ﬁéHﬂaEheeaQ'Eafor

sy BARABBTEHERROAN She rAbdRORK SRR P RaReC

in8i&aiskd b QQOV@ea@d tl*% prtésEltn’@y\Jva@degrfesaseU t@<i1sml’2h af Hg. The
4, 4- Tet ramet h y.cl obut anedi ol

replion MNSYe WRE A ab290 LB hadresaiiBIas 1 P pf He il the
p&\ﬁé}l dr%wztto‘lthé am'éLne'Pr?SIBﬁ%geﬂ &ﬁa@ée ég@%lﬁﬂ%@)OWh%%}essure of the

nprove the't
preesm1ey\wser wéap cblh@restoeeaseddnﬂaahnmaayheee apimgmitrogemgre. The

Moo PRI e SaRITEATrRaN pross i ek ea TR ¥ddfed,”
>ff Lﬁ?ﬁ]ﬁo C%ﬁub AERIgLnd to Basy 560k §&%@h0|THee§d>l BR$ had an

yest'ers based on dineth t er epht hal at e,
inBe@nt vuscoenty aﬁaﬂnwdug and aclg bbh 1B euluMiR analysis showed that

th%’pdb_lfrxg} ﬁgg)égpr?pddse toqai%% MmOt ,R—rc%%rh%%ﬁg-mgﬁ{dn%?pemdues
and 26.7 mol% 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues.

Example 4B

[0189] The polyester of Example 4B was prepared following a procedure
similar to the one described for Example 4A. The composition and properties of

this polyester are shown in Table 4.

Example 5

[0190] This example illustrates that 2,2,4,4-tetramethyl-1,3-cyclobutanediol can
improve the toughness of PCT-based copolyesters(polyesters containing
terephthalic acid and 1,4-cyclohexanedimethanol).

[0191] A copolyester based on dimethyl terephthalate, 2,2,4,4-tetramethyl-1,3-
cyclobutanediol , and 1,4-cyclohexanedimethanol was prepared as described
below, having the composition and properties shown on Table 5. The balance up
to 100 mol% of the diol component of the polyesters in Table 5 was

1,4-cyclohexanedimethanol (31/69 cis/trans).
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bel ow, having the conposition and properties shown on
Tabl e 3. The bal ance upto 100 nol % of the di ol

weowpoesst of the polyesters in Table 3 was  PCT/US2006/011910
1, 4- cycl ohexanedi net hanol (31/69 cis/trans). [0177]
Materials were injection nolded into both 3.2mm and
6.4mm t hi ck bars and subsequently notched for |zod
i npact testing. The notched |zod inpact strengths were
obtai ned at 23C and are reported in Table 3. Density,

T d tallization halfti . d th ]
R et W R T I B SaA A B ik
bareGHd suw%bae?mfﬁaﬂ%hbeg%rﬂaoafimﬁééﬂ RYfind’ TRE m@& t&bd impact

certal n polyesters use I'n the 1 nvention \
stearsgthsbleee oBbicimed at 33XG and &re peporidtl inBTg® 57 Density, Tg, and

) dinethyl t ht hal , 14, | b , .
ol 2R R eSS AhE et 815K flcosty vs
mebdurtd ¢H panetBhl 28044, 4- tetranethyl -1

, 3-cycl obut anedi ol were reacted together in the

presence of 200 ppm of theTableadyst butyltin

AR eI S LD A FrRiventon

stedl pressure¢ vesgel fi Nétﬁd@oamggghea condensi ng col um,| ek
a vacuumi(syste HEZS \EZ Epe did Bt or Cry¥tidation | Viscosity
Bl il | i ek o0
a

ExdnkpR g%!’!cgat‘yo?is f M th rHalitimer t

t enpdPst’r'd Basdiong (was ecbarset 2588 anmmt)he(é%r e'%eg(téﬁﬁnégg v
was li ncreased|to 20 psig. Zfhe réf’ t{on nmiktule was (Poise)
het f4§i' 24&.2‘““0%57 o%z":éojcﬁ'?”d a8 P EazY Nl Zq{JA 9751
NAASIEvaiie —presstre was thefr decreased to O psigat 4

rate of 3 psig/mnute. Thetenperature of the reaction
EXamiplé 8AWas then increased to 270 OC and the pressure
was decreased to 90 mmof Hg. After a 1 hour hold tine

70 : [ . -
0303 L2 215 8- TRy b A AR R ABRE S B8R, (27,88 gram
modst ,oycleasranddim2ditarad, armhti0 08db (8 €33 gramweml) 2,2,4,4-

e eatesc vt LasH GRS KT el o 200
p%ﬁﬁoﬁ@%‘??taﬁi{%‘ﬂuﬁﬂiﬁ HR(2QtH M Standaitd OIS rddieibA avRAcdriBd out
under a nitrogen gas purge in an 18-gallon stainless steel pressure vessel fitted
with a condensing column, a vacuum system, and a HELICONE-type agitator.
With the agita’tor running at 25 RPM, the reaction mixture temperature was
increased to 250°C and the pressure was increased to 20 psig. The reaction
mixture was held for 2 hours at 250°C and 20 psig pressure. The pressure was

. then decreased to 0 psig at a rate of 3 psig/minute. 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
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pressure of the pressure vessel was then increased to

1 atnosphere using nitrogen gas. The nolten pol yner
wor®7oiss2 ext ruded fromthe pressure vessel. TPET/US2006/011910

cool ed, extruded polyner was ground to pass a 6-nmm

screen. The polynmer had an inherent viscosity of 0.736

dL/g and a Tg of 104 OC. NWR anal ysis showed that the

pol ymer was conposed of 85.4 nnl@b

1, 4- cycl ohexanedi net hanol es and 14. 6 nol % )
the pglymer was cammpogod of 56 Wi‘? ﬁﬁ@@ﬁaﬁn?&m&h@m fgridues

an?ioéjé/ Zfrﬁol(s/agg’fﬁé‘zfetr’éﬁé’tgg fg cg)l%robul i é?’)E?)c)I[r%i7 lgl]es1 T4 polymer

hagodolesvauss désl.d‘m?cﬁeﬂMaT‘—EkSﬁpaed BB= 607 Exanpl e 3D wer e
prepared following a procedure simlar to the one

desc e 3A.. The conposition and
E’fﬁ’ﬂﬂ&r?" owpam@@%bb(a MREt ers are shown in Tabl e 3.
anple 3E [0180] 2 1.24 |b (49.71 grammplg K
[Olﬁ]epmh@pg@@pquh@fis dgta(@gmpmp@,r%w%ma)terlal ares ow in Table

©. g1 oy GRG0 FOgH Bt v righanafottpasition of 100
WI?P/ebrs@hehe?Atbretngfean?:ﬂ_m?og/ﬁdmybtamm?_hmmdues.
e ca u i i exano .. The
lérgtqn é& %,E@saam m@@ é*r?rlatgra @ﬁyn%ﬁdﬁe?wmd at
ﬁ&ngaé o erﬁe ?"Eele\'/vaé’ ERR B o MERSH EéétHa?ﬁChemlcal

a con a vacuum system and
chiﬁpamﬂ\\lﬁth 9pmra|gat ammpositMn lof 166 ragletaterephihatic agldat3 5 mole%

oyeipnexabedtfribaco PRl bhide § e ey gl FePeTo

wJé‘Eaé%@@?B@rfrdﬁwEd%ﬁa\ﬁ@hé]ﬁicél €ompanyowith @ho%ﬁ%@oﬁﬂfbsnlon

pressure. The pressure was t hen decreased t

ofdélogna[ge%\ tergphthalicaoid i Y miotae @ycfph@xa@ﬂ@mﬁmr@IdCHDM) and

o4 R Sk LT e ERRE P PP e

Ch@ﬂrcahoﬂo%ﬂénw\mﬂh 2 RORThaldnisdsitiorodf H mdlked%aegrdmitivalic acid,
was decreased to 15 RPI\QMt he react| o m Xt ure

63 m%ﬁ&yemeasaaedlﬁwsagw (E51Mdperd 3ol pihylengrglycol. The
A e R R
cdnoposifion of 65 mole% terephthalic acid, 35 mole% isophthalic acid and 100
mole% cyclohexanedimenthanol (CHDM). The Polysulfone was Udel 1700 from
Solvay, with a nominal composition of 100 mole% bisphenol A residues and 100
mole% 4,4-dichlorosulfonyl sulfone residues. Udel 1700 has a nominal melt flow
rate of 6.5 grams/10 minutes measured at 343C using a 2.16 kg weight. The SAN
was Lustran 31 from Lanxess, with a nominal composition of 76 weight % styrene
and 24 weight % acrylonitrile. Lustran 31 has a nominal melt flow rate of 7.5
grams/10 minutes measured at 230C using a 3.8 kg weight. The examples of the
invention show improved toughness in 6.4mm thickness bars compared to all of
the other resins.
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m nutes. The pressure of the pressure vessel was then
increased to 1 atnosphere using nitrogen gas. The
woredoreespol ymer was then extruded from the preRGI/US2006/011910
vessel . The cool ed, extruded polyner was ground to
pass a 6-nmm screen. The pol yner had an i nherent
viscosity of 0.715 dL/g and a Tg of 1100C. X-ray
anal ysis showed that the polyester had 223 ppmtin.
NMR anal ysi s showed that the polyner was conposed of
78.6 nol % 1, 4- cyclohexaned*ng nol residues and 2 1.4
nmol % 2, 2, 4, 4-t et r anet hyl @clobutanedio
resi @%grlgﬁkﬁ‘r BOVaHBs diafertiRb96r Héﬂtérﬁ%oﬁ{rherc’iél pOfyritérs
,and b*= 6.4/, Exanp 181] The

ax= -

pol yester describdd in ExHpished 3P‘°Wh§a pr epar efl
following a procedure si rilgegroft o lzggbofy, 1e descri bed ¢mstallization

Exanpbélyrmér .grd Or ci ‘f tthy s| Halftime from
Exaﬂ"gfﬁleSNMe ar jﬁ%) rP%dlﬁﬁ' agfa@: . e % l8‘2§) 2  melt

1.24 1b (49 7" gm ket iy eph fe, 12.61min)
Ib (B89.77 gram nol)) 1 4- :y(:,,q,‘re(a@g 5mnt hanol and

R 30 TIeg T91 B8VBRAT TR T 2,80, = gBLT ATELAN T Lizg NA

53T Gl ORIt prRYL ot E eat €d “)?6” e 135 tyeg; 30 at 170°C

C o PCTA L c0.r2b “'0“702 - G A VS5 P YT42d" | 87 | 15at150°C
II

;é*

"L A A
2 l',ICSin“' B WS CAT T L OUbs00 at 130°C

oC CUl

S
o BELee -ﬂGﬁ"ns“h SH ORI P B WA Al R E T e
AcusANe CCEMPRI NS b el A" L 07 T{g0 L, NA

:T

he_haPPdt or6-p MER IngNAs b 8 | ¢ A, odeti9h hild0ure NA

cTaoctT

Nééﬁ'ﬁ%‘?{’ﬁﬂ [e was |ncreased to 2500C and the pressure

was increased to 20 psig. The reaction m xture was
Examglé 3r 2 hours at 2500C and 20 psig pressure. The
pressure was then decreased to O psig at a rate of 3
[0264]9/ NTHIS eRampl&ill SiFRRE2RE reﬁe@f oft the drieght &, 2jad-tetRamethyl-
was then increased to 2700C and the pressure was
1.3eqyclapséanadiolagesnfos the-greparation ef thepsliyestensdfitheninvention on

B e B e BRSPS R 30 i

etdmpleasetbrise PONQA5 W25 Hti%sfes 2 W 4-teteemethn-4 idegolbioutanediol
1 drrrgsof Hg. The
residu

Example 7A to Example 7G

[0196] ‘Dimethyl terephthalate, 1,4-cyclohexanedimethanol, and
2,2,4,4-tetramethyl-1,3-cyclobutanediol were weighed into a 500-ml single neck
round bottom flask. NMR analysis on the 2,2,4,4-tetramethyl-1,3-cyclobutanediol
starting material showed a cis/trans ratio of 53/47. The 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
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reaction m xture was held at 2900C and at a pressure

of <1 mmof Hg for 12 mnutes. The pressure of the
wEe@3nuss2 vessel was then increased to 1 at nospdiEDS2006/011910

usi ng nitrogen gas. The nolten pol yner was then

extruded fromthe pressure vessel. The cool ed,

extruded pol yner was ground to pass a 6-nm screen. The

pol ymer had an i nherent viscosity of 0.590 dL/g and a

Tg of 1060C. NMR anal ysi s showed that the pol ynmer was

w§ETEaED SherTu oMbty S TPURINGESDFHLERIRL s roucm
oY SRR a pEROEYPS milifesh Of HTBAmiRGdhPtceucKa e TRe

of : L*= .27, a*= - 1 .34, anpl e
vigm]inaeasm with (8RPY bpirgrtheomjnianunestiying used. The total
p(llerﬂ:l%%%qﬁ%{] eﬁ%%zﬁgrfqulaﬁ) %t%’algilae %rggt |H§E% vgsgosities After the
p&lyRETERiOn wag cHntblefeicaBBINBHt rdetaBbathohad ldv@é”r@dlaﬁd the

were reacted toget her in the presence of 200 ppm o
palymet weagl aflowes ioyaooi 1o belpy(its @laﬁS;/ trﬁaﬁ@ﬁaater@perath@ After

L T T

tengeraiurs baddrehrgcreaksdto 285 duting shis 3Omirate wait) and the
HELI CONE-type agitator, Wth the agitato ni

paigmepmasshias beeiedamtinitauled awayfemie @la/télsjf[éﬁkg ?Féti‘sl%%!ymer
ma8s 3@{% étﬁe?i”ét rttta%{?élelﬁ?Hé ﬂa%ﬁﬂtllr’tgé ?fi’)ﬁff@ert I‘Pac?@ooled The
pSI g.

eacti on m xture was hour s at
paﬁm@ﬁv\asdeﬁﬁ)vpmfgqm tiess Hasleand lgeoyncetospass avasmtrhsmeen

decreased to O t t f g/ m
Vtsaiado dnis Reposdurd derermads T RiaskicBihd BhBlfestecs Bgserped
bél@w’%ﬁn Q@a@%@ecﬁ@mﬁb@iﬁéwﬁ%@ﬁoﬁ@creased to 90 mm of
our hold tine at 2700C and 90 mm of Hg,
[Oﬂaa adnheremt vispositiesserd eneasused asslessrimed/in thee‘Measurement

Mgt SoafBr . S8 Shiindalioh® s iE iPRSt fef Belemined by
H mmlagféx?ldiﬁéd BefRE iMtHeMehsdAShtandthads deptiens The glass
for 30 mnutes. The gressure of the

transiiontesnpergises weere determined by t ysing the second heat after
qguench at a rate of 20°C/min.

Example 7H to Example 7Q

[0198] These polyesters were prepared by carrying out the ester exchange and
polycondensation reactions in separate stages. The ester exchange experiments
were conducted in a continuous temperature rise (CTR) reactor. The CTRwas a
3000 ml glass reactor equipped with a single shaft impeller blade agitator,
covered with an electric heating mantle and fitted with a heated packed reflux
condenser column. The reactor was charged with 777g ( 4 moles) of dimethyl

- terephthalate, 230g (1.6 moles) of 2,2,4,4-tetramethyl-1,3,-cyclobutanediol,
460.8g (3.2 moles) of cyclohexane dimethanol and 1.12g of butyltin tris-2-
ethylhexanoate (such that there will be 200ppm tin metal in the final polymer).
The heating mantle was set mariually to 100 % output. The set points and data

collection were facilitated by a Camile process control system. Once the
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at nosphere using nitrogen gas. The nolten pol ynmer was
then extruded fromthe pressure vessel. The cool ed,
we@aorass2 pol yner was ground to pass a 6- mescrPERNUSZN€011910

pol ynmer had an inherent viscosity of 0.531 dL/g and a

Tg of 105 OC. NMR anal ysis showed that the polynmer was
conposed of 76.9 nol % 1, 4- cycl ohexane- di net hano

residues and 23.1 nol % 2, 2,4, 4-tetranmethyl -1 , 3-
cyclobutanediol reS|dues The polyner had col or val ues

f: L*= = 5.13, Ex
repelegliy wsra melter pSUTHO0 Y PG Y SIGHEY HFeased 250 rom.
e
THEGRRSRARIrE of thelfectfordhadiifofaARHITAH run time. The weight of
mgﬁmmhod)l)ecﬁecﬂwas 4ecarded afrebalghca. T@eayact:muwaﬁ @tivpned when

h o
Peb Sl en BERpR I o A BT Roaisat otk of 260°C.
Tﬁeeanggdrﬁér Was dfsthbRd Witk auﬂﬁlgge@pnrge’mao@@a teuoe® i n

gal | on stainl ess steel lQ_Lessure vessel fitted
tetipeatare ohbie eipemet viagfrozen witle liowid jtsegsn aagreken into pieces

st e /65 wBReRH Rl o Sl B p B B el O e

[01919]2506@1@ﬁdlybbﬁdm@s@urr@ams GRS tbura Bétigraifisk was
The reaction m xture was held for 2 hours at 25Q00C a

chanoed M@thpﬁmg@arr@telyﬁéopg gsihgrQligpaertiepa@d hoyse dThebﬂ@Sk was
e@ﬂéﬁ%&‘&vlt d Qtﬁﬁxléq seteQISétWéPd?Mt SolyrhBE hé%&m %g%%%vﬁrg was set

eac ion m X then i ncr ease
up be aiatBinotepolgmed agre&mislxhé Cambe sequerhcé—lglasmﬁltla’teda The stirrer

h hold ti 1 2700C t t
W%%ﬁéap SBEd pbeublusd g 45 e TR onke s hiadel fistted. The
E g?é'sﬁﬂ%'féé‘é @ @o?@r%@ed th@arﬁﬂ@%éﬁwgre for
decr ase Hg.

Wien the“reaction m xture
eaoé’nwamplansramt@gmméwihbw:hgtqbleSSMe was 4 mm of Hg,
the pressure of the pressure vessel was immedi ately

pfifi o815 Sebe A TR 3R I HTr cocur e

vessel . The egeled; ovfr"'*m* “f" Ve F—WaS "“ou. dto
pass a 6- nm|stRgen. Time pok‘y Pacum, | B o
viscosity of 0.364 dmigand@ Tg Gersog.( RIW& anal ysi s

1 5 245 760

2 5 245 760 50

3 30 265 760 50

4 3 265 90 50

5 110 290 a0 50

6 5 290 6 25

7 110 290 6 25
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showed that the polynmer was conposed of 77.5 nol %

1, 4- cycl ohexanedi net hanol residues and 22.5 nol %
WQ20740¥51 et ranet hyl -1 |, 3-cycl obut anedi ol resi PCEES20061€11910

pol ymer had col or values of: L*= 77.20, a*= - 1.47,

and b*= 4.62. Exanple 4 [0185] This exanple illustrates

that 2,2,4,4-tetranethyl-1 , 3-cycl obut anedi ol can

i nprove the toughness of PCT-based

copol yesters(pol yesters containing terephthalic acid

nd 1, 4- cycl ohexanedi net hanol) . Pol yeste prepared in

[ﬁﬂﬂs &amie Sqayience ?Fp%@'ﬁp AN %é%mﬁ’i? % é | ess than

40 mol % of 2,2, 4 4-tetranethyl- 1 _3-cycl obutanedi ol

resi dues. [(13%0eCopdinest diempas¥aceunyi FHr hy|

t er epht hal atle, 2, 2, 4(min)et (2t hyltonr), 3-| (rpm)
cycl/obut a;1e i1ai . ag" J.?f YA -ote edimeghangl (31/69
ci s/trans) were-prepared—as—describedbelow—Having
t he conpositi%n and ropert2|4§s sh%% on T‘g%l e |4. The
bal ance up t|d 100 npB® of |t26& di pT6@onmpon8dt df the
pol yesters iy Tabl e[ 4 Was | bgh- cych@hexanegp metihanol

(31/ 69 ci s/ tans— 19187 Matertabs—werertnject i on
nmol ded i nt o [3ot h)? manr é@bdrmra?% ck h $Q and
subsequent | y| fhot chefdfor 1| 288 i npact test?Pg. [The
not ched | zod 7 npact | $10engt2®@® wer® obtai p2g at| 23C and
are reportedimmTable 4. Density, Tg, and
st j ' i he nol ded
[Oggir’js_ %ﬁnﬂé@é&beﬂé&%r‘ I?far}ﬁr@ree?l{‘% § &M P?‘L

t viscosity was asured on pellets at 29Q0C.

Tabl e 4 Conpir&ationTef—_yarni p T eSal:pr jcertain
pol yesters us%%e [ 1ﬂrﬂ [ Ri owﬁ&“:“ F'P viai | abl e.
Exarpl e 4A [0188] 2| 80 | ko THOH) am WP et hyl
terepht hal atjet 11.8R51b (32488 grad® nol )| 0

1, 4-cycl ohe edi mer ganot a6 o (R 77
gram ?/ml ) 2,244 26 arvety %' 1 7,61)0 cycl( §0+ anedi ol
were reacte ogeth=$ In t pre Eﬁ%e of 560 ppm of
the catal yst|dutylt|8 tri s@B5et hy8bhexanopd@). [The

reacti on was garri efd1oat | 290 90 50
6 5 290 2 25
7 110 290 2 25

[0203] Camile Sequence for Example 7J and Example 7M

Stage | Time | Temp | Vacuum | Stir
(min) | (°C) (torr) (rpm)

1 5 245 760 0

2 5 245 760 50

3 30 265 760 50

4 3 265 90 50

5 110 290 90 50

6 5 290 1 25

7 110 290 1 25

[0204] 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)
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under a nitrogen gas purge in an 18-gallon stainless

st eel

pressure vessel

fitted wwth a condensing col um,

wa@2maomin system and a HELI CONE-t ype agit at or PAN/UR20061€11910

agit at

or

running at 25 RPM the reaction mxture

tenperature was increased to 250 OC and the pressure
was increased to 20 psig. The reaction m xture was

hel d for 2 hours at 2500C and 20 psig pressure.

The

pressure was then decreased to O psig at a rate of 3
[ The te

si g/ m nut e. er re, of t
by Musreseencen g QaPTihsae By i
sRioAQy: airf%i
O mm of Hg, the agitat

POTEETER

o
9

e reaction

ENPNESLI} BPgLscopy-

m,xt ur e

by MMR. BArAplesheéid dubmittall for

or

speed was decreased

theomabstalility antemedtadsdosity téstingrusing earoekicaddechanical

r eased

S

[0205)

to the agitator

LIS

no | onger

SFariRRin (R dB

€ pressure 'vesse

atTie RIbRSBEbY sHows theBRrperintdhtandath fohth
i ncreased (50 m nutes).

exarapleurihesiataishopisdbatiar ingseass inihs leyrl of 2 Adk

1 R B RS Pl bl

and the pressure was decreased to
reaction mxture was held at 2900C

stdrsao¥ this

The
@ragthyl-
?rlh %ﬂ'ea\fr'ﬁsét linear

fashidhefbr exdrisigetdnhelenteiscueisy. dgFigured3 tatsalseva tie dependence of
had .an | nherent viscosity of 0.714

Screen

. The po
T@pngommpsitiorya

o e

VisgoRitnal ysi s showed that the

pol ymer was conposed of 73

1, 4- cycl ohexane- di net hanol

%

resi dues and 26.7 nol %

Gt B & L0 PREETl 8317458 ormposiion
E;.;p?i igﬂ: ;)/LI oW ngrt?/aoé:%ice_?_arte zln‘g]ol _ari gglsotéte T gt No f;‘t
E 15 \ viae/ : 275°C | 290°C
pitpl LT tac TN o e | o
S o 20 BT B TG AgE ] Tos0a | 6527
tH2 toughnd8s! of PCFI¥aded OcihollyedP@r 5 (§8HN edr 3937 | 2051
cddt ai hi ng 1@r epht h&BiZ |aciOdbdhnd 107 8072 4745 2686
1,3- cytl ohgganedi meghandl ) 0.70191] 168 capo49%Btierst¥dsed 4610
OTE AT ety 7tgTepht Balatle, o5, 4 41681 1amgedyT|- H225 | 883
F 17.5 51.9 0.75 107 21160 | 10877 | 5256
G 17.5 52 0.42 98 NA NA NA
H 22.8 53.5 0.69 109 NA NA NA
I 22.7 52.2 0.68 108 NA NA NA
J 23.4 52.4 0.73 111 NA NA NA
K 23.3 52.9 0.71 111 NA NA NA
L 23.3 52.4 0.74 112 NA NA NA
M 23.2 52.5 0.74 112 NA NA NA
N 23.1 52.5 0.71 111 NA NA NA
O 22.8 52.4 0.73 112 NA NA NA
P 22.7 53 0.69 112 NA NA NA
Q 22.7 52 0.70 111 NA NA NA

NA = Not available

Example 8

[0206] This example illustrates the effect of the amount of 2,2,4,4-tetramethyl-

1,3-cyclobutanediol used for the preparation of the polyesters of the invention on
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cycl obut anedi ol , and 1, 4-cycl ohexanedi net hanol was

prepared as descri bed bel ow, haying the conposition
w@ea7p008perti es shown on Table 5. The bal ance PEI/US200€011910

nol % of the diol conmponent of the polyesters in Table

5 was 1, 4- cycl ohexanedi net hanol (31/69

cis/trans).[0192] The pol yester was injection nolded

into both 3.2mm and 6. 4mm t hi ck bars and subsequently

not ched for lzod inpact testing. The notched |zod

el iran g ORaP gTe ! tan BoNPatral FOMRRISIR ARGPREKE ths
e%é?ﬁﬁler@@%ﬁ\%ﬁs? PdrB&haR bgs (gé@ﬁ ﬂ"]aln'\lﬁj ho‘Y%Sdf@SQ "4}’4-Y&ﬁamethyl-

nmeasured on pellets at 29 Tabl e 5 Conpil ation of
1, Becyichnixitpnedielresidsesor certain pol yesters usef ul |n

0ePfis: FPehieRREER fyBirlp it dnscB Bnsh e Gr
2 §9¢@1tétr§m5ﬂwm| @cﬂé@ut@ﬂ%@o‘%\@ré welgHery intova t5oioel *slhg@(neck
ftime fromat 1 TWCD nelt at 1700

rcmd/wérro gaﬂg) NMR Agglysisran the Darks4detrametiy)-1¢ ibeyclobutanedlol

RE ok o AN O T
emmplbabér% presargd witlv & 1. QmQ@yccﬂ/abcﬂlfbtiobNKtlzﬂﬂag éntire excess

m nol ) di net hyl terephthalate, 8.84
oG (e 2,59 At iskamatay ks ianadls dErspidhipglyltin oxide
catél_zlgg\r/v?@a'ﬂ‘ale)j t& i?ve43(90 bﬁ]tﬁr?fﬁeti&uw,na]r?ﬁlgmer Tr'he flask was under

obut anedl ol react toge
a @rkse’ﬁf}anmﬁog@ﬁ(wmmth \tdmeurratmiuﬁlon lcapgbilityn The ﬂask was

m%r%lerss |ﬁtah Ielrr]neoxn me aFt))ath aq%og G Id irted at 200 hﬂﬂ erthe
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 Belmont metal bath (the
temperature had been increased to 295°C during this 30 minute wait) 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 éooled. 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 32 mol%.

[0208] 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
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under a nitrogen gas purge in an 18-gallon stainless
steel pressure vessel fitted with a condensi ng col um,
w@2o0aomin? system and a HELI CONE-t ype agit at orPCEAUS1906/011910

the agitator running at 25 RPM the reaction m xture
tenperature was i ncreased to 2500C and the pressure

was increased to 20 psig. The reaction m xture was

hel d for 2 hours at 2500C and 20 psig pressure. The
pressure was then decreased to O psig at a rate of 3

/ t Th th i tat d d
tréf@lltgmmherrﬁjqéa%%g@éq 5?’%9' aqcﬁkéy ﬁ%ggtqs\éﬁgsmei%ﬁ%asd‘he@tt after
qJe'?\%g dtréc,ra?@éggod(ﬁnmooc and the pressure was decreased

e reaction m xture was held at 2900C
[ozmu atThe hab&lselow shows theexperimnantali data fier thewrslyastens of this

Kot Fislse 3 o ous 168 bobBGisrEEer 16 8n ohtidiion ARE
mHer%‘hW%EBﬁfyi‘ Tid G8tadHoWRORAt BiaSncréhse itHeclevplodfy mer
then extruded fromthe pressure vessel

The
2 Zdﬂﬁ@ramgﬂwha@dcmq“ﬁmem ragiesuhe gl@sqg’gggSIgomqmperature in

Sy R R R A R
poI ymer was conposed of 56'réi)|§[8%
4- cycl ohexane- di net hanal residuyes and

nol % .
Cﬂaas irénsiien remBerAfuLe1as 8igdlionltiBRRigs MSP@%%%@POWQS“'OH

potymer —trad—cotorvatues of 7 T 75. 04] g = . ’atardno at
b* = 2. G6 Ciz1p i @ %4] i
E’@!H "ﬂmﬁ A TMGD ci{(‘zél'@l \% b er% arlggsar%v 290°C

in Table 6. The PC was Mikrolon 2608 f;)(. o e,,rVQPmse)

AL

aAoni hal  88osi ti®h%i 160 holled 18 s 65 A 16074 | 8522

r&i dups aBd.6L00 fo5t% i pAady| [cattnat 51P6si|d@899 | 2088

Vekr ol bn 2689& has| asmeni|nab.ezel t| f1mv faga9ef [2@133 | 2258

JTRITs/ L0 TG €S g ed @t5’450(,(,p§1 ng q31;52 K434 | 1154
1

T EpT MSEEgSAr o § i.f.nﬁ'tf“*’?b??: PTomea 2261
Lo el hal B8:0ici ] B4 o) B0kbydl ohbahedl Mhi nAleqs | 8630
(GDM | and204) 5 npl 8¥Pet hyPeie” gl yvEH . ﬂ@ZﬂE‘GS\Z&Z 4355

East ar| 67631fr om EaSt.4an COSE cal WRpanyNAM tth BlA NA

NRA BN otGRARaslet 1 on of 100 nol e% terephthalic acid, 3
1 nol e% cycl ohexanedi nent hanol (CHDM and

Example 9

[0210] This example illustrates the effect of the amount of 2,2,4,4-tetramethyl-
1,3-cyclobutanediol used for the preparation of the polyesters of the invention on
the glass transition temperature of the polyesters. Polyesters prepared in this
example comprise 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues in an amount

of 40 mol% or greater.

Examples Ato C

[0211] These polyesters were prepared by carrying out the ester exchange and
polycondensation reactions in separate stages. The ester exchange experiments
were conducted in a continuous temperature rise (CTR) reactor. The CTR was a
3000 ml glass reactor equipped with a single shaft impeller blade agitator,
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69 nole % ethyl ene glycol. The PCTG was Eastar DNOO1

from East man Chem cal Conpany, with a nom nal

we eovposissi on of 100 nol e% terephthalic acid, 6RCTHOE®96/011910
cycl ohexanedi nent hanol (CHDM and 38 nol e % et hyl ene
gl ycol . The PCTA was Eastar ANOO1 from East man
Chem cal Conpany, with a nom nal conposition of 65
nol e% terephthalic acid, 35 nole%isophthalic acid and
100 nol e% cycl ohexanedi nent hanol (CHDM . The

RGBTt HOOLIRHS SR RGPS R TGE PadIed BRI
iﬁde‘f’lééflcﬁuﬁ’\rf hh9§ Péeﬁt&o\m(é cﬁaﬂgfe@rw.tﬁ ?37§ @;ealméml 1700

as a nom na ow rate of . ramlemnutes
tenegaithalate, 875845 Q, 24 drtpteanaetbgl- k.3, -mclghutanedmlsm\w\afs

e metAreY prarier ahel DA B E-OP YT ABRRe (o that
the¥s WilBhe 20&pPastirdmdeaTiin e fifal fdcl)brﬁér)f atre lﬁéatl?\gﬁnantle was set
grans/ 10 m nutes neasured at 230C usi

maslighy to 10 Yequippt.e She fset n@mi&@%datﬁwccgmhpn mtﬁr@\f@@htated by

o R tpebl TR G BB, 1R g ves

inftRd&dand Blcﬁ/\/l?w&!méged id 250 rmh eJhehtengfcraitire of thdmeactor
anount  of 2, -tetranet hyl - 1, 3-cycl obyt ar]edl

oigsleally mcreas@dpw@wratlm@n gie Wﬁ@%@f yiedhanal coflegigg was

GEHOE e T SR A0S LBl SRA AR b Ofon
stopppd os at érmmslafedt@d Rﬁvermeﬁtpefatlar@oﬂzm OetTIaeretigmhellwas
resi dues.

di glﬁfé]%ld&kri anelgégloel& @ﬁgp@é]dachallz'xc? {BD room temper%%un%p ‘Fhe ccﬁlgomer
was ‘i‘ro%fl 'vﬁ!?ﬂ?&ﬁﬂgﬁltl‘%‘eh% broﬂ@ﬁ n?to?plécé’s §9l %ﬁBUQM 'to be

3-cyc were wei ghed 1nto a 500-m single
wa@dnledrlmraﬁﬁamldnuﬂd hoktormMi#Rkanal ysis on the

ad S R REBHS 20860 Bl 38 boflm rasiwas
cliRb¥E Sl B50§ of e oligomer prepared above. The flask was equipped with
a stainless steel stirrer and polymer head. The glassWare was set up on a half
mole polymer rig and the Camile sequence was initiated. The stirrer was
positioned one full turn from the flask bottom once the oligomer melted. The:
temperature/pressure/stir rate sequence controlled by the Camile software for

these eXampIes is reported in the following table, unless otherwise specified

below.
Camile Sequence for Polycondensation Reactions
Stage Time (min) Temp (°C) Vacuum Stir (rpm)
(torr)
1 5 245 760 0
2 5 245 760 50
3 30 265 760 50
4 3 265 90 50
5 110 290 90 50
6 5 290 6 25
7 110 290 6 25
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exanpl e were prepared with a 1.2/1 glycol/acid ratio
Wth the entire excess comng fromthe
WQ20740¥51 et r anet hyM |, 3- cycl obut anedi ol . EnougPCT/US2006/011910
di butyltin oxi de catal yst was added to give 300 ppm
tinin the final polyner. The flask was under a 0.2
SCFC nitrogen purge with vacuum reduction capability.
The flask was imrersed in a Belnont netal bath at
2000C and stirred at 200 RPM after the reactants had

nel ted, Af about hour s the enper ature was
@1 ff%hgé

[0213]s e g CEpni were held for an
additional 2 hours fprmp ,m,ag_r_au sed tog 2850C

(iln Skageox| nﬁtr@f’)("QB) m nukesp (GeH {he YAGWM ¢ (o (rpm)
reduced tol 0.3 nmof Hy over a perilod oftoB)ni nut es.

The stirrijng wasSreduced as2#be vi gcosi tABO ncr easedp
wilth b RPM being the M ninpgsstirring wedd. Thie t Bl
pql'yney 1 zafion t3|0ms was varpgg to gttal rygohe tar getsg

ir ner g1t VI STOST 41 es. A 7 ge pot[ymer T ggrton S50
cagnptete—the Bf ront—netat 2§

| v/ was—all Qﬁl t+t ol canl haol-aw i+ oo
pC yire VVCARY Oy ve™ LA A A% U CTT \.vv I C o :JI AS S
trlansition tenpefYature! Aft 29 about!l 30 m6 Wt es |t h525
filask fras_tei mm8Psed ih the2B8l montl et al® hat h It he?5

tenperature had been increased to 2950C duri ng this 30
mnute wait) and the polyner nass was heated until it
[0R14]| ed FanByainpberCy te gdarae@ehhaeke imtne peceding tablesvamused,

ed.at md_level flask until the polyner
e’?‘?&&%@oﬁ'@ﬁ“’aﬁw@ HBIP)}}I%F “renoved fromthe flask and
ground to pass a 3 mmscreen. Variations to this

[0R13)CedThe reBlEndRERMdrs Mer8UeEovdred Frpe ke AAsK, &‘chopped using a
descri bed below with a targeted conposition of 20

hygsaghic ¢hoppey, anthetosind toias@ syniscererweize. wuRRIes @f §gch ground

oS sl PRI R s et

tefrbciNbR atlsamx at aicoademedtivneof 05 igit0MVerd st LEMENEatMyshieds! (Sn)
section. The glass transition tenﬁer atures were

byeperay upregceRcanand GaoTE "t He bELBY HANRRISSION BRFCIRFSARK
P@k@%@ rcafr]%og oA UadbBtairte PP B J‘zflgh-'\t Os By ﬁe?&&%ﬁﬁ@h for

esters were prepare carrying out t
theﬂhalrstamuiyaargbmﬂdnscosny testing using a Rheometrics Mechanical

Spectrometer (RMS-800).

Examples D to K and M

[0216] The polyesters of these examples were prepared as described above
for Examples A to C, except that the target tin amount in the final polymer was
150ppm for examplesAD to K-and M. The foliowing tables describe the
temperature/pressure/stir rate sequences controlled by the Camile software for

these examples.
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pol ycondensati on reactions in separate stages. The
ester exchange experinents were conducted in a
w@oonriomsszs tenperature rise (CTR) reactor. ThRCTZURMWES11910
e 1o L@ aQ80 i wehass reactor equi pped 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 (

4 nol es) of dinethyl terephthalate, 230y ( 1.6 noles)

of 2,2,4,4-tetranethyl-1 ,3,-cyclob nedi ol , 460. 8¢
[0218. 2 maha’b)Saquem@If@hE%aﬁ@?Qﬁ ﬁe?h%“%Pand 1.12g of

butyltin tris-2- et e &8

e gigeon t mmedmih) i p tTRMPih&) pol yﬁ?‘z‘?mThe ﬁ%‘é”[‘?‘*ﬁ'g,’

mntl e was set manual |y to 100 % dut puttofihe sl 5
it —ant datascol T e¢tion Mbre fdcilitfledbyra—r7y;

Gami % process eont roll syst#h de thefSactan

tteg, stirring was ilnitia4%d and 40' FaSegy 1o

2 rpm Jhe tefperature nfg?:%h.gﬁreoct er—ggradualty 5

i

C

=

Nncreased W thMon ti e

f—of—fgtharol 50
ol Teet ed [was r @cordeg VL_Q_%I_&HQQ———'Fh‘e—ge-a'C‘rr n Wad

sfopped when netlBancl level-ufPer—stopped—or atr a

pre-sel ected | ower tenperature of 5 GRS in
[0218% di&mfﬁxegnﬂlevw,ttﬁeé?;ﬁﬁmetwmé%%{ tg@to e% to

room tenperature. The oligoner was frozen with liquid
1398 Y ogen and broken into pieces small enough to be

wei ghed into a 500 m round bottomflask. [0199] In

[()H?)? poCyafledsemancerfor Ex@mptnE, a 500 ml round bottom
a
ol

sk was charged with approximately 150 g-ofthe-

i & PreTaheqmahpve. Tempf(P@kk waVaeHiPped SHE rem)
stlai nl &ss steel stirrer and pol yner heaorihe
gllassware—was sglp Up of a hakt nole pol yiidr rigl 0

t he—€aitersequegce wag i ni tated. [The st@0rrer has gg
pgsttipredjone fdgl I turfn fra8Bthe fil ask Ot om bREE
t he—otgomer mel ed. The ter@8@rat ur, Quretsti+—g;
r gte~sequence costroll ed by 48Re ] wa-ef-ot

. ; } 2 il 50
each gganple Is 6eported in 2%e fol| ow ng-tabtes: 50
[ 0200T7Cam I e Setuence |f or F88npl e 7H and“Exanpie

7N t

71T0201] Cam |l e Sequence for Exanmpl N 0 | d.
(9802] Farbiammiledudne sams: secuaiedn 7 Brﬁgegxﬁﬁﬁ%ee \;yéguse
except tLe timrg WSS?%%%W%GS@BE sxanpl e an anpl e

[0221] Canile Sequence for Example G

TStage Time (min) Temp (°C) V:&(;l::])m \ Stir (Orpm)

760

1 5 7 760 50

g 30 285 760 gg

4 3 285 175 50

5 5 285 5 50

6 5 285 4 >
7 220 . 290 4
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[0204] The resulting polyners were recovered fromthe
flask, chopped using a hydraulic chopper, and ground
W@ 2008/06158M screen size. Sanples of each groundP@DUY2I986/011910

were submtted for inherent viscosity in 60/40 (w/w)
phenol / tetrachl oroethane at a concentration of 0.5

g/ 100 m at 250C, catalyst level (Sn)by x-ray
fluorescence, and color (L*, a*, b*) by transm ssion
spectroscopy Pol ymer conposition was obtained by 1H

l.es were s tted, for thernal stability and
[Om]t va W%%&C@Lﬁgkéémbe Rheonetrics l\/bchaﬁi cal

pr‘trnmat r (F?l\/R- Rﬂﬂ\ rﬂ?ﬂ'—_\'l The table hel ow-shows
t re Stager i frenime (i) | orTemB (o) yast dfacymy p; [sStir (rpm)
exanpl e. The data shows that an indreasdorm thel | evel
offL 2,2 4. U-tetranethyl- 1, 24%ycl obut ane®ol raj ses?
the gl2ass transi®ion t =moeré’f’r51rp in an alf@ost )i nea?®
fashi@. for a @&Onstant inh@Pent vilscosifbQ@ Fi gure af)
allsa_<hous! t he dépendence {TQGETJ] on r‘nnmng tion land 90

irhprnrht \/ QPnQMQ/ Tabl e _72 ass transi??on 50
tenpe&\l_ux_ﬁ_as_ah'mr‘f' on—of3Y nherant vi Seosi-tyland>
ccmmJifin NA—=LONpt—adai a@.gqc Exarple ST’[ ozoe]y Fhi-2
n’pl trates ef fect of the amount of
[02233 % %‘ﬂ?ﬂﬂeftoi i Ybut anedi ol used for the
pnnrnfln of the nnl /est ers nf t he ipventi-on—ppthe :
9' as3tageanki fime (Fﬁﬁbel at LAMPJFC) he po\ri o, 5| Stir (rpm)
Pal yesters| prepared in|this exanple fal{toFdnprise more
than 25 tol | ess $han 40 nol @#ef 2 2 4 A-788tranef hyl 9
1,[13-cyl obut anedf ol resi due45[0207] Di nEhy| S0
t erepht hal at e 894. cycl ohex#B2di netthano! 7%0%nd 50
2,12, 4144-1‘ et ranet $|\/I\/I 3 r‘\/rl 2ﬁ5n anedi Qn wel hed50
i Nto 2500ln siHhle neck rddhdbotlt omP%sk—NVR_20
analys s op the 2 2.4 |t ot ket hyt 2 64 25
rv\l:z abhit annrJi1m :—+:1 == +nviy ] nla,-.._.ﬁf.l 25
éfs7’Fé”§”r“”FS'”f gé7h}ln%h ab;i§e;tzlg or thls
Exam seE\ﬁé”\‘gkprepared with a 1 2/1 eg col/acid ratio
e entire excess comn t he

03541 4 Dimety dripRtaiaie, 3 Ao v ebansaineinanch digh

2 910844 hBiHRXM %Ecyclobutanediol were weighed into a 500-mi 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
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catal yst was added to give 300 ppmtin in the final
pol yner. The flask was under a 0.2 SCFC nitrogen purge
wowam/ovEszuum reducti on capability. The flask wWeSI/US2006/011910

imrersed in a Belnont netal bath at 2000C and stirred

at 200 RPM after the reactants had nelted. After about
2.5 hours, the tenperature was raised to 2100C and

these conditions were held for an additional 2 hours.

The tenperature was raised to 2850C (i n approximtely

R RIS ST B BSEED u BFE do RPBRl ne
Béﬁ%i%%t@ﬁbéth qihd &FASraure %H%%?ﬁnci@atsadlé JBBME kRiring this 30

m nimum stirring used. The total polynerization
mifiute wedt3 andithe gotymen mass wesdeadedyyntili ihpelashaway from the glass

t Af t th I
oS "B hefTandbase wat nfse S Bl fdle BNt Ol B polymer
had teses. %éﬁ&¥mb@m}é%|@mdvba f@nagse flagknand gesund to pass a3
tenperature. After about 30 m nutes, the flask wa

mne Baieens AMBrationR o Hais premedvse were Mady %@rwéﬁﬁél?%ﬁw%lyesters
0,30 t

IORToRIRIOD SRS R akfcrcRlibodton B8 e M he 1 e

[228) fIhberdreisgbosities Wwerskneddurer alsydescribed in thes“Measurement

stirred at md level] in the_ fla unti] the pol ms .
Meihodso seeien #hevesof %@P%'t'roé‘ﬁ&%&e PPlﬁ(ﬁ?{éﬁ%e‘ﬁrégﬁ efined by
TYNMR Gs! phdiRed %eﬁyr@‘?ﬁﬁfé r‘@ﬁéﬁ%@ﬂﬁd"s‘%écﬁbﬁ The glass

procedure were nma to pr e copol yesters
tresition tmdp@altmwswerb o@terzmmged by RBGpusingitioe secorzbheat after

nol % 8] ﬁ@é ent vi scosities were neasured as
q‘d%'%@}? ?r?flz MPBasurement Met hods" section above.
[o’ébq\lc OfRO&HIA B@ﬁw@éhé\k)@ twéy@&trﬁéﬁtama@ ety po Ngegtebyof this

as exp | al ned before in the Measurenent t hods
empieo nTherd@tagem thahentineraase imtedeveleyf 2added-tetramethyl-

roBiohEhetuaies He Pesbindfar RnrauR i o BHEsf feer
fRNRR, Forentahstaiat iahbant WideoBiRy. YERUeS S aléo hows eh@dppendence of
Figure 3 also shows the dependence of Tg on

Tg omresmpesitiorand infieseeiYiseasiyosi ty. The data shows

that an increase in the leygl 0§ 2,2, 4,4-tetranethyl -

, 3-cycl obut anedi ol raises the glass transi tion

Geisgaraisition temperature as a function of inherent viscosity and composition

' % cis o Mo ?t To ?t t To ?t
Example | mol% TMCD T™MCD IV(dL/g) | T4(°C) 260°C 275°C 290°C
(Poise) (Poise) (Poise)
A 44.2 36.4 0.49 118 NA NA NA
B 44.3 36.3 0.51 119 NA NA NA
C 44.4 35.6 0.55 118 NA NA NA
D 46.3 52.4 0.52 NA NA NA NA
E 45.7 50.9 0.54 NA NA NA NA
F 46.3 52.6 0.56 NA NA NA NA
G 46 50.6 0.56 NA NA NA NA
H 46.5 51.8 0.57 NA NA NA NA
| 45.6 51.2 0.58 NA NA NA NA
J 46 51.9 0.58 NA NA NA NA
K 45.5 . 51.2 0.59 NA NA NA NA
L 46.1 49.6 0.383 117 NA NA 387
K 45.6 50.5 0.325 108 NA NA NA
M 47.2 NA 0.48 NA NA - NA NA
NA = Not available
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an al nost |inear fashion, for a constant inherent
viscosity. Table 8 G ass transition tenperature as a

wo evedise2 of i nherent viscosity and conpositi oPCTMBS2606/011910
Not avail able Exanple 9 [0210] This exanple
illustrates the effect of the amount of
2,2,4,4-tetranet hyl - 1, 3-cycl obut anedi ol used for the
preparati on of the polyesters of the invention on the
gl ass transition tenperature of the pol yesters.

Pol yesters prepared in this exanple conprise
E’Ea'?i/’fﬁ igt etramet hyl -1 , 3-cycl obut anedl ol residues in
an amount of 40 mol % or greater. nples, Ato C

logmll]Thm exampls) lesiraies tb@eﬁeﬁr@‘ﬁae @aefdﬂm@am? ioh gheytype of

2. 4T e SO afevERBRRTES of e Sfh B0BidsE
trammt:mteﬁ@bératmeoﬁﬂ’cs polgastet.enperature rise (CTR)
react or

I to d
i i asoaf i el S B
¥ I t
2’%14’5[?% pac Llﬁ?sg?sl ux %gﬁﬁgﬁg\yfe%c@%gﬂéd ih ea‘?ggg?gsrm%ﬁsneck
roahd hpdtdnwilask. 7Tvey polyesiens bhinis example Wareapl@pamdigntbfa 1.2/1

ORISR T SatiBiodaes Somd Bpmobey 2d-eirarRoty-
1 dey%ro%u%ﬁéduﬂeﬁf&@h%%@t‘jﬁlh d)!'ld’é céﬁWs‘E whis! dddes V@GOO ppm

‘tin metal In the final polymer). heati ng mant
, tlr\/\m\sthgémahaolumelry The ftesk Wasungena O'I?n@CEQt nigepan spwmwﬂh

A1y GEHEED B2 T 08 ST ERLRERERSE b

GU°Uémd1§tm“@35at 200 REN\e éftanthesteittants nadeﬁé@éu tAftéBQbout 2.5
rpm The tenperature of the reactor gradual |

hquies thedemparatire wastraised taRdOVeiageithese ﬁ@ﬂ%‘&ﬁaﬁ were held for

ali ?%%JE) géégl\%%ﬁ‘rsr elar%rl‘él‘ﬁﬁjpe\f‘bﬁ.lu? a%’\g:\[?s(_)egg@gz%aé‘:@ﬁ 9Ppiikimately 25

en net ha evo or a
mutesSedrecthegpressuwre Wa&mtwwtad rt@ 03 rrﬁﬁ@;@HgTdmerd pgriokof 5

m‘fr@fﬁg{ i‘:h%{:%&%r\gaé 4 n| t e rVI cos%fl n’?grgagg ﬂ\ 48 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
Belmont metal bath (the temperature had been increased to 295°C during this 30
minute wait) 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 a3
mm screen. Variations to this procedure were made to produce the copolyesters
described below with a targeted composition of 45 mol%..
[0229] 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
qguench at a rate of 20°C/min.
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was frozen with liquid nitrogen and broken into pieces
enough to be weighed into a 500 m

smal |
WO b@gko01550D212]
m
ol i goner

round bottom

In the pol ycondensation reacti oPGT/US2080011910

prepared above.
st ai nl ess st eel

gl assware was set up on a half nole pol yner

stirrer

head. The

rig

round bottom flask was charged with 150 g of the
The flask was equi pped with a
and pol yner

and

the Canmi|l e sequence was initiated. The stirrer was

OSItI

ﬁ@ ol
Ekﬁhgles ethed

e exanp

goéﬂy?%lon@‘ at | &@TR@ Ef]l ons

tur

irciele Refobitnons

fromthe f

the et LS
SHOWS 19kt 619 232 Altrll@‘et%"}‘ﬁbil'@l $J- éy@%lﬁltéﬁédlol is

es I's reported

k .b
2¥ild

Fow ng t

aprokissatelyt tvicanis effeglive 43 ’eranb 31234\44 @émm@hﬁe‘qa@rys::l@biumnedlol at

sequence in the precedi ng 1ta33]ée|ovvas used,

time was 50 mn in Stage 7.

jh-b%?ghl Fs}rﬁﬁﬂtég%@te\né&fsﬁy.

except the

[ 0215] The resul ting

{lne cgﬁa%cters of this

r f

B A o i
Sanpl es of gro d poly wer gosadbni tneat florne at o cis
ExdmpRry ent OSI YaLR 60/ 42 e&( / Wt 2607@=noR75°C | 290°C TMCD

tetrachl & hang (dHR ¢on al i(Peisy) ((Foigé)l0Pdite)
al 250C  qggal ySt ToeMel [(Sm1oby K- TR, T T{UONESCENCALA. 4.1
d—Cotor 85 a o) by lfzgllbll bbmf\lnl ?pE@‘qIAAOSCIOWA' 290
%%LZ“Ethﬁ B;;'?'?‘#ﬁﬁ° oPtApNed . £8300 QQL”“69?F” ' 6801 228
H scalsi tv4 st nig 98 ngla F3 R omet ¢ ] B2QB0) 1l 38447, ol 14410 23.8
Spectonetd® (RVE- 998) - | Exal#hl es D1°c18°(k arR?7 R4 [ 022870 24.5
The pol yedb8rs of 0Bdke|exatfl es| wdi44prlepbstdd hs 2806 26.4
@escrli bed4above for0.Exampl ed7A tp Ql.AexciepiN.A.hat N 27.2
fprget tiaranmount lorsst he Tiwal ppl yizes was 7650ppmN.Ar 20.0
X eSAlrO K ang gy rne El "oW g AT abl e AESCT INIE 354
ARl U AP i N
Ayt ¢SO BT R N.A. N.A. 36.3
L 44.0 0.49 128 N.A. N.A. N.A. 71.7
M 43.6 0.52 128 N.A. N.A. N.A. 791
N 43.6 0.54 127 N.A. N.A. N.A. 793
O 41.5 0.58 133 15419 10253 4252 88.7
=) 43.8 0.57 135 16219 10226 4235 80.6
Q 41.0 0.33 120 521 351 2261 90.4
R 43.0 0.56 134 N.A. N.A. N.A. 00.6
S 43.0 0.49 132 7055 4620 2120 90.6
T 431 0.55 134 12970 8443 3531 91.2
U 45.9 0.52 137 N.A. N.A. N.A. 98.1
NA = not available

Example 11—Comparative Example

[0231]

This example illustrates that a polyester based on 100% 2,2,4,4-

tetramethyl-1,3-cyclobutanediol has a slow crystallization half-time.

[0232]

A polyester based solely on terephthalic acid and 2,2,4,4-tetramethyl-

1,3-cyclobutanediol was prepared in a method similar to the method described in

Example 1A with the properties shown on Table 11. This polyester was made
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these exanples.i iui . , .,i,, ai . iu

PCT7US2006/ 011910 [0217] Camile Sequence for Exanples
w®@id7/0enssz H [ 0218] For Exanple D, the stirrer BBUS2006/011910

turned to 25 rpmwith 95 mn left in Stage 7. [0219]

Cam | e Sequence for Exanple E [0220] For Exanple K,

t he sane sequence in the preceding table was used,

except the time was 75 min in Stage 7. [0221] Camile

Sequence for Exanple  0222] Cam |l e Sequence for

wiB a0 Poen sty i c{%lgzhfh%ﬁ ug%eraftig:ogEﬁ?ﬁg,gt4‘ét’etramethyl-1 3-

C%Io‘blﬁdr?écﬁ&]%@gﬁ?ﬁ?t hanol, and 2,2,4,4-tetranmethyl -1
, 3-cycl obut anedi ol were weighed into a 500-m single

[0233]k rFolomsiwbre prassed drsikn thehgropwidyedyrees ab32Q%:. s Crystaliization

BB et SRR i st R PhERIRS fot Bbhe220 1o
250°2 4 theOsherimérits landlaré repeted i Tasidi 1ol . T targbst
di butyltin oxi de catal yst was added to give 300

tyl . . ppm
crystallizatiom bakftima fosdhe semplerwasakaikasnihe tvwden V@ﬁ@ of

: _ . v ti i
criatieptdd R Snf A B athedbr Gritidatine. TR rdesPLystatization
hélﬂfhﬂ@dcﬁmlﬁi%sfﬁoilyersgéf istardiiy RBDO afinlﬁmst Adis ealat aonfrabisdwvith the

nmelted. After about 2.5 hours, the te rature S
fapkihgbliia polyasist Rl basactselghinn fsptiele 26BIand Bé- an

it ] r o -

ViR IRl (ho cBor A SR bRl shor
crystallizatiore bdiftiond (<3 min)afs shpvav ér Figupedi od of 5

m nutes. The stirring was reduced as the viscosity

increased, with 15 RPM being the minimumstirring

used. The total polynerization tine was varied to

attain the target inherentfaBleddsities. After the

pol yneri zati on wags 'Qt'éngiiSn Hm"ﬁ%w)t netal bath

was | owered and the: yner was al 0-cool to

ow 1 fs glasstransition tenperaaturel Afater |aboait 30 at
°°Q‘$Jg{,‘a}f‘;"ee§, WHalid) | lasTs (s | Tei (i@ s @800 | ha3088| ordd0iGet al 250°C

afh (the temerature had been i@mMeasedming 295nin) (min)

1qgqu>l%a= i hi 8630 | 170.0 330 3291 3066 1303 1888
where: F is 2,2,4,4-Tetramethyl-1,3-cyclobutanediol (65/35 Trans/Cis)
Example 12

[0234] Sheets comprising a polyester that had been prepared with a target
composition of 100 mole % terephthalic acid residues, 80 mole %
1,4-cyclohexanedimethanol residues, and 20 mole % 2,2,4,4-tetramethyl-
1,3-cyclobutanediol residues were produced using a 3.5 inch single screw
extruder. A sheet was extruded continuously, gauged to a thickness of 177 mil
and then various sheets were sheared to size. Inherent viscosity and glass
transition temperature were measured on one sheet. The sheet inherent
viscosity was measured to be 0.69 dl/g. The glass transition temperature of the
sheet was measured to be 106°C. Sheets were then conditioned at 50% relative
humidity and 60°C for 2 weeks. Sheets were subsequehtly thermoformed into a
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mnute wait) and the polyner mass was heated until it

pul l ed away fromthe gl ass flask. The pol yner nass was
warioroedsat md |evel in the flask until the ppdTDO82006/011910

had cool ed. The pol yner was renoved fromthe flask and

ground to pass a 3 mmscreen. Variations to this

procedure were nade to produce the copol yesters

descri bed below with a targeted conposition of 45

nmol % [0225] Inherent viscosities were neasured as

SRS g bevein Gt PR ERB et B B M BebBR RN pcnive.
TASHHAVR ASHANG 0FEA P aRSE Wete st t 0BT, BBt USidR¥Sheat

section. The“glass transition tenperatures were
onfgt Sheetsadetsylefidathe ovan fermearioas amiowrds of Smeein aydentsh

t a.rate oC/mn. [0 The.ta : S

o&ephinethf clechiat aMed erRerhig T 8 pbElp Ay ki the
tablebélaa ﬁé’f@ﬁ@aﬁt?ﬁa@d@tﬂeﬂﬂm@&ﬂ/ neabbeng theevolame of the

2,2,4,4-tetranet hyl - 1, 3-cycl obut anedi ol raijses the
thermeformedrnart i@lﬁd@fﬂﬂe"h&t@ﬁw, aRd aisugllingpecting fhe

; . ¢ . . . .
3Bl U, riEBBAR T et A FRAS Yol BOK Bk by e
miaRineura pariwal e dchieveabinghi® $at af sxperdments (@xample G). The

ARGt AT a3 BB e o

| t f t '
SRETR 104 bS89, IS/ ARln . cpesdErmanncppbnaras
thiat thvese theirsoplastic simsgts ovith & glags deansiticantempesature of 106°C can
e SeTortici Bndar\heEPoliiRbR sholin st hunbt ovidaced by these
sHeets ﬂaéinggé SEBIBY), diaw 3naMd lﬂ@ﬂérﬂf@%%ﬂio@@?&ir#ﬁﬂ?%@%heets

t1]
into a 500-m single neck round bottom fl ask.
prie to deeranafouninghi s exanpl e were prepared with a 1.2/1
glycol/acid ratio with the entire excess comng from

the 224 -4tetraret iyl —3-3-¢yel-obutanediol—Enough
di butyl tin oxi b@rrﬁgi‘?ém was | added to giPegt QOAlityPM
Conditions
Example , Sheet Part :
Heaécs'l)'lme Temperature |  Volume Draw (%) (BNllsEerl_sl)
(°C) (mL) -
A 86 145 501 64 N
B 100 150 500 63 N
C 118 156 672 85 N
D 135 163 736 94 N
E 143 166 760 97 N
F 150 168 740 94 L
G 159 172 787 100 L
Example 13

[0235] Sheets comprising a polyester that had been prepared with a target
composition of 100 mole % terephthalic acid residues, 80 mole %
1,4-cyclohexanedimethanol residues, and 20 mole % 2,2,4,4-tetramethyl-
1,3-cyclobutanediol residues were produced using a 3.5 inch single screw. A
sheet was extruded continuously, gauged to a thickness of 177 mil and then

various sheets were sheared to size. Inherent viscosity and glass transition
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tinin the final polyner. The flask was under a 0.2

SCFC nitrogen purge with vacuum reduction capability.
wabh@700EsSk was i mrersed in a Bel nont netal batPCHUS2006/011910

2000C and stirred at 200 RPM after the reactants had

nmelted. After about 2.5 hours, the tenperature was

rai sed to 2100C and these conditions were held for an

addi tional 2 hours. The tenperature was raised to

2850C (i n approxi mat el y 25 mnutes) and the pressure

was reduced to 0.3

tempR{AtHE W?F%”‘@@?PF‘%O‘E” e el clnd B8 waﬁef%ﬂé giscpgity was
méé&fg@é;‘}ﬁ@)e 064 Bl/§5 ﬁ%“élaes #enéifién WrAbaklEt dffthe %ﬁeet was

use total polynerization tine was varied t
measured to be m@‘etsneatemane thers conditiored aini 0% releélve humidity

e Tt ke S SRSy R osh e MRl S A fomale

mER! Wing & dehwratid bﬁ2$ 1 U@i’r\]gtai‘mnmhérmofé\fnﬁlﬁg nadechihe 30The
m nutes, the flask was reimmersed in the Bel nont netal

theemeforming evendeeatets wereaaetti@&wﬁl(?{&@%a@@@% gsipgdep-heat only.

Sl'ﬂeueg% g% %hefﬁn?’cﬂerg\)éﬁtfgr Wﬁds guﬁ{éhofﬁ%é( [FE&H@E;@ _d\é%?gune the

effeet Mﬂ@hieéf&émlpbﬂﬂuﬁé on rtlﬁ@l patt quialityl a‘S/shownn in the tableskelow. Part
until the mer had cool ed The golé mer was_renmoved

QURliBHVES Setarauned Ay mpaswiAgthe aggtgn hethegnaiggmed part,
caY&flé )}j HeSarh®, bR ai]??ﬁ#ﬂe%tlnﬁ e ﬂ?é}ﬁ\otf&ni?écpﬂéﬁe THeedraw
cop bel'ow

sters descr th a targeted
wamoanloallatecbas tHe gart volurhe ARG by tHemextmumgeast voluee achieved

{5 Sl S o ERSS Ly Tek et SRRteR TN was visualy
in d@&?c?r%wtﬁfs?e@%tr@ftﬂb%r@doibl.é\ﬂé/ﬁ%m?ﬁateads%di@(N) low (L),

efore 1n the Measurenent "Met hods secti on

orthigim ). i Tine r@qﬁertmiwdemmséra@etmtﬁhmth@ymgs@s%whﬁgts with

2 4385 TRnefidemberi i o 08T ofh oR shEeBimed andse ey
codﬂit@nfs@how?«ﬁbé]@w 88 levidenebd by the predmdtpn ditsheded aavmg at least

shows that cis 2,2,4,4-tetranethyl -1
95%%Wlaﬁdmcahhﬁieamg,uwntwtwemtr& f;k\etsm?és pdoretor thgrmoforming.

as trans 2,2 ,4, 4 t et r amet hyM 3-cycl obut anedl ol at

y o el

+ReFeastn g t —ass—t | afsttpr—tenperaturefor—a
const ant| i nheTlegrtm?f)o Tabl e 10 Part Quality
Example . Sheet Part .
P Heat Time Temperature | Volume Draw (%) (ﬁllsﬁerl_sl)
(©) () (mL) o
A 141 154 394 53 N
B 163 157 606 82 N
C 185 160 702 95 N
D 195 161 698 95 N
E 215 163 699 95 L
F 230 168 705 96 L
G 274 174 737 100 H
H 275 181 726 99 H

Example 14—Comparative Example

[0236] Sheets consisting of Kelvx 201 were produced using a 3.5 inch single
screw extruder. Kelvx is a blend consisting of 69.85% PCTG (Eastar from

Eastman Chemical Co. having 100 mole % terephthalic acid residues, 62 mole %
' : 90




NA = not avail abl e Exanple 11-Conparative Exanple

[0231] This exanple illustrates that a pol yester based
Wo010062, 2, 4, 4- tetranethyl -1 |, 3-cycl obut anePCDUSI¥86011910

a slow crystallization half-tinme. [0232] 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 nethod described in Exanpl e

1A with the properties shown on Table 11. This

1 ﬁr%fé?%@%@n? %%ﬁ%?gi“tr%gdﬁgg S s e elpfent fyEol roSues):

3(51%@(9 &‘lgfzal@%hgﬁe 593334]5"/5’\/{/@&0%1@ (BfHERM sold by
fromt e ground pol ymer a 3200C. Crystallization

Clrmnhptom@mpm@m) e Aesttest ivasrextiudedeiontineees!yeerugad to a
t 220 25
thigKBBSS B 17 Ea] Ao pus B SIS el et 16 TR, ST Hlass

trévedifiort ieipdratfurt WasSmBRbGredash b8k eRedSand®aBi10MBMSheets were
val ue of crystallization half-tinme as a function of

theaepedisioned at PR&o reletiveshumidityiand §0°4 fos R weeks.t Phaetsrwere

bR BE Bt ra Tt T AR R hRing BB 2.6 using
a Bedweh Yhermdfernipptrhiathine aThe thadndfoAning oven heaters were set to
| ohexanedi net hanol no conononer d| f| ation)_has

7QIA0ISR BHIRGS Usins: topdiept AV SR88tB RIS 1 (e Qet! A grious

arﬁéﬁl ﬁ@ﬁwr#er@é‘ i(ﬁ)r%\éf' \fl‘a]éetgﬁ"f\mee@%]ef%oﬁBfrgﬁérze;ﬁgﬂ?‘é?’ature on the part

quariilt)cas showham éuk tdble 66I0BH H’aﬂrqsubﬁlyszyaidatqnirmedzby erRauring
S t t d, b d

thanERIe CA MR ORIt ATt iRl 18 b Aol -

lnéﬁé&mgetﬁb%éﬁmofggnﬂ@'p%rt%'lﬂhedfd Eehas %Wu%ﬁeﬂ%tsﬁﬁé ®art volume

resid mole % 2, 2, 4, 4-tetranet hyl -
dividad clyy thepomeximadingiart e@umee@chm\r@i inrtbisuesi®f @xpagments 5

(Bt oy WG ERBimEY S whk RRGELy BEpeSid 167 & bisters 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
by the production of sheets having at least 95% draw and no blistering, without

predrying the sheets prior to thermoforming.

Thermoformin _
Conditions ° Part Quality
Example . Sheet Part _
Heaéts'l)'lme Temperature |  Volume Draw (%) (Elllsieﬁ)
(C) (mL) L,
A 90 146 582 75 N
B 101 150 644 83 N
c 111 154 763 08 N
D 126 159 733 95 N
E 126 159 775 100 N
F 141 165 757 08 N
G 148 168 760 98 3
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and then various sheets were sheared to size. Inherent

viscosity and glass transition tenperature were
wore@3ness2 on one sheet. The sheet inherent vi SBOBFUS2006/011910

was nmeasured to be 0.69 dl/g. The glass transition

tenperature of the sheet was neasured to be 1060C.

Sheets were then conditioned at 50% relative humdity

and 600C for 2 weeks. Sheets were subsequently

thernofornmed into afenale nold having a draw rati o of

2.5:1 using a Brown er nof orm ng machi ne. The
El‘ﬂ@Pﬂﬁ)ﬁénﬁgﬂ@P@&%'iﬁvﬁgi@grr@emre set to 70/ 60/ 60%

out put using top heat only. Sheets were left in the
[0238n fImeatacoosistingoiKelyxa01 wete predereeustng @diinghisingle

N TRy e o
1710% mileafLthieRo/ dribes \shedt®ewelfe sHeared &b BizEorThedglpas transition

calculating the draw, and visually ins ting the
tepmRarabire WasINBasYred RE0RR spelanciwes dPRred SAeethwepatien

o Rt 4 |02 r i AU PO A BRI GBS el

sybmeguently tHesmaforynedmbe atfehafeomolthipavihg st dnasv 1atio afi#e5:1 using

egree of hlistering rat non | o or
a Bl dhgmolAEnequRtaInGe b BeRoRerPRIcoYREpeaE Bere set to
CORGIDR AR SR MLy SHAR8 ISIEE 1 8 ver o varos

amountistafdinge irhormdier hedetermine thei eftant ofl shgettinmperaivee ps the part

B3 ol 8 0 Bt e Rl S B, B hesuring
th&3/dl A8 D I eRIrmof@iisd part dcaacunalinge feedraw) aindhasudiigen

prepared with a target conposition of 100 nole %
inspedise thelthermaefoamee $iadiycEe 8@wiias ogjculated as the part volume

s PN EIFARETh FEH BIShe AP BNE RSP B bt
(Bxaatpis ). Tenheandidrmegbarsivag visusdly ivepebtedhfertanydslisters and
extruded conti nuously, gauged to a thickne

| 177
therdociei o Busiorad rlas Amaanes Nielaw B BN BN e results below
. ) g
SRR LS o B S GBS Emperaure
ofvi (¢ Gscdry bavdise nmecdsumed uhdebihecod@ititinsgshoWrebglows eis evidenced

by} {haensgotdlugﬁortm ce> ﬁere ts %%in%fgrtegfer?ﬁgﬁ 55}%aaraw and no blistering,

without predrying the sheets prior to thermoforming.

Thermoformin :
Conditions ° Part Quality
Example . Sheet Part _
Heag Time Temperature | Volume Draw (%) (BNIISEer:)
i (C) (ml) L
A 110 143 185 25 N
B 145 149 529 5 +
C 170 154 721 95 N
D 175 156 725 96 N
E 185 157 728 96 N
F 206 160 743 98 3
G 253 NR 747 —o8 =
H 261 166 756 100 ¥

NR = Not recorded
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measured to be 1060C. Sheets were then conditioned at
100% rel ative humdity and 25C for 2 weeks. Sheets
wowreng/osisbsequent |y thernoformed into a femal e POI/S2006/011910
having a draw ratio of 2.5:1 using a Brown
t her nof or m ng machi ne. The thernoform ng oven heaters
were set to 60/40/40% out put using top heat only.
Sheets were left in the oven for various anmounts of
time in order to determine the effect of sheet
tenperature on the rt ality as shown in the table
E ; 1ﬁa'l’$°"é?|ﬁ’él"‘?tl"{£%§§"ﬂﬂ?erm ned by measuring the
vol une of the therm)forrredggart, cal cul ating the draw,

[0238] viShests y:onfigmpf RETICh@SPTHe (R Boiet frsephthalieacid
s b PSS e e Rt e ol

etbyletei sedifes)Mere@rodiited tsiagwos Srineld spatd swas extruder.
visually inspected for any blisters a?(d t he gﬁgre oé
Ashest wab sytrided goatinuiily. @aHged doyathickngss Af (Wf and then

v%ﬁ?g{s@%%!’ts{ ﬁ/egeeéﬁé!‘ér‘éﬁ'w LRI A ie bRE t%%ﬁ%nttaﬁiﬁ@ﬂu?é Was

'ass transition“tenperature of 1060C
measutied drhenersheeiart wad &7°€ChBheetsdivéiedhsensloovitioned @i,50%

refal Lt 2B, B0 B A5 Siser | R ROV ey red to be

0.4rsvisheshaeR wéfe él,fbsbﬁ% HindormetAivid 8 fdmale mold having a
- Conpar ative Exanple [023 Sheets consi sting of Kel vx

dra@ratieraf 205:4 dusirgla Browg thednaformirty miaakine. sldresthermoforming

extruder. Kel vx i d consj st f 59
ofRELEFEETs Wik teldbrrofo @Rl adPUELSh 3% Rataalhitiests were left
inttBé @RBh &M Vil smbestsBiditne Plordel B determine the effect of sheet
%, 4- cycl ohgxanedi m gt hanol resi dues, and 38 _nole %

temneyakiie oplthe Partrqualigias phowods te {ahle paloms| Part quality was

S S D R
dreon andugsisdlly ingpatiag the theriiufoines padf Thé/drain wasdalculated as
t hen various sheets were sheared to size, The

_ gl
therpaibvellere dndrge by thednadmum a3 N B3 aghieVeRdB iz et of
oHIIEER e RS paRIES e specten orany
blistdrsesmacthel degrée ofrbfisteriegl ratet! @sandreni e lavwo (1d), bahighg(H). The

d ti f 2,5 ' B th f ] -
reHER PR SHEOPRGRIEINGT [HENG (BRERDHESHGP oSt L glass transition
temperature of 87°C can be thermoformed under the conditions shown below, as

evidenced by the production of sheets having greater than 95% draw and no
blistering, without predrying the sheets prior to thermoforming.

Thermoforming .
Conditions Part Quality
Example _ Sheet Bart .

Y Heaéc 'l)'lme Temperature | Volume Draw (%) (ﬁllsﬁeﬁ)

° (°C) (mL) | L,

A 102 183 816 100 N

B 92 171 811 99 N

C 77 160 805 99 N

D 68 149 804 99 N

E 55 143 790 97 N

: N

57 138 697 85
‘ 93




70/ 60/ 60% out put using top heat only. Sheets were |eft
in the oven for various anmounts of tinme in order to
waledogomsse t he ef fect of sheet tenperature on PECEURANG011910

quality as shown in the table below. Part quality was
determ ned by neasuring the volune of the thernoforned
part, calculating the draw, and visually inspecting

the thernofornmed part. The draw was cal cul ated as the
part vol une divided by the maxi num part vol une

achi ev ip this set _of experinents (Exanple E). The
El‘ﬂ@ﬂ?ﬁ)g%ﬁfgﬂ"‘é‘&@t'\%gx@@gl |y inspected for any
blisters and the degree of blistering rated as none

[02391, | Adwiscible kiendhcgnsisting offRe wtksTieifia Lhk?afpolycarbonate (a

oBROT B 178 pETGOPRIRS B5G7B 4R B Wbceston oo

wh§ rathfoecineing ade25 irivh shagidiscransxtrbden Beéetw,comsisting of the
evi denced by the progduction of sheets havip

. > at east
blgBMNETE oM AaE BRI USING:  3ad INGNSIREIE SEFRM EYITHEOR vA Sheet was
. or B | ' y
oA o093 SASISPE BIORSATII Y spnen Bl choets
wereosheardd ds isizg. e Glasa tlansitiogltemperatureewas migasurad on one
sheet was uded conti nuously,..gauge a thicknes
Sfiget e ies Sire Shemtmpreotieh el B ate Seiafie §ORdy and
6T for 4WNBekK . 2P e MASEI IR WVBIREERIUIES t8BE 0TBRISHYE dSREets
one sheet and was 1000C. Sheets were then conditi oned

ware ddigsgquently tharmoiorimed intaadeas® meld havieglasdragh eafiosof 2.5:1

o5 P LSBTt H L v et e

sdthe s 76 0% 6ut p@éiﬁg tog Reat iy "Sheets Werekfninfthelovea for
were set to 60/40/40% out put using top heat only.

vagisstamaiits afdime inordpetadeiermine therefiass ohslaestttemprerature on

BB B £S 5B PAIE Koty PRty S Betermippd by
meakanng Py Yol dftthie Weernttsfomnad part, byiculating thegravweand
vol ume of the thernoforned part | cul ating the

visaliwingereting thedpereefagmed dart eThﬁiawa_s _ qu'atﬁﬁgsatw'a part
w8 Q78 cS e M A8 i KRBt 1y B ekt
(BExapepie ke tThe( tBeamploemidl. parhwas ivisually inspedterhfar anydlisters and
the deuibe bf bISRRSS Bsteli Us fale Ny, *ie (S, 8MRigh (H). The results below
demonstrate that these thermoplastic sheets with a glass transition temperature
of 94°C can be thermoformed under the conditions shown below, as evidenced
by the production of sheets having greater than 95% draw and no blistering,

without predrying the sheets prior to thermoforming.

Thermoformin _
Conditions ° Part Quality
Example : ~ Sheet Part _

Hea(ts'l)'|me Temperature | Volume | Draw (%) (Ejhsieﬁ)

CC) (mL) L,

A 92 184 | 844 100 A

B 86 171 833 99 2

¢ 73 160 834 99 N

D 58 143 787 93 N

E 55 143 665 79 N
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the degree of blistering rated as none (N), low (L),
or high (H. The results bel ow denonstrate that these
wWa bh@roepssasti ¢ sheets with a glass transiti on PCT/US2006/011910

tenperature of 1000C can be thernoforned under the

condi ti ons shown bel ow, as evidenced by the production

of sheets having greater than 95% draw and no

blistering, w thout predrying the sheets prior to

t her m)form' ng. NR = Not recordedExanpl e 16- Conparative

ExarrPI5 38 Sheet con i sting of PCTG 25976 ( 100
pled g é‘ﬁ'\fe €sidues, 62 nole %

1, 4- cycl ohexanedi et hanol resi dues, and 38 nole %

[024Hy | hanigtibledend spasistng aEse Wit hisitie &-125hpolcarbgnate,
o435k R 3 50685 A o g A i 1.2

inth eglastrewsedheRirs Sisets shresistidy dfctheibiend Weee tiaassroduced
transition tenperature S asured on hee and
Usipg agheincihgipgle seEew ey ebgﬁcﬁ?ﬁ%i’f’@é ru@@é 'QF?WV’
oty t e@ggﬁa’lg@\"/ﬂa ®eh vﬂk?ué@he‘egé' WRerk %Y\@bréﬁﬁ% size.
sured e 0.1 %

heets wer e sequent
Tmeh giaseftmnsﬁnbni tetpenatuesrmias mmmrbdmnmasmd\ﬂndawas oefC.

Shés e then gonyBRneR & 0 BllyeduiRas For e ooy 4 weeks.
TR hRYtuRSINE] WaE neiurédty/ be BB eSIRadts Ieré BubB&quently

oven for various amounts of time in order to determ ne
themaobfrmdtmtofa famale meldpwavingia dlraw ratie opars1 yighig 2 Prewn

R Rk RO KR bl 8 e oo

o&ﬁhﬂh‘élﬁg kY9 hbaeorly a\She@[ijéreS!dzﬁl ih\thé ByBR ¢bri \ledd?,%mounts of
ernof ormed part. The draw was cal cul ated as the

tipe it pedefito m&rrmye threefiestiahshephlampepite %Wﬁéaﬁé’agwﬂy as

I
sl i heTSRY P Sudl R rbimigi Gy S BHAY holume
ofCthg rtl@@rnﬁlffohhect tpem bglcuktiag tlas dreom ar(d\hnsuialdy/unsbéactlrtg the
The resul ts bel owtgermnst r at e

th@ﬁ@@%@%ﬁar& Ehesraw yascalcyriedas therd V@ ma divided by the
mcofﬁﬁﬁﬁ?}alﬁ!"\?ol ﬁ"nesa?cﬂ% IHEihfstk%‘tggEngﬁrﬂeréd(‘E"xaH}ﬂe A). The

i'ons s w as evidenced by the production
thefmefoeetesl et/ ivag vigusdly émspieicted %%ﬂrtﬂwta{a @nddhe degree of

blistering rated as none (N), low (L), or high (H). The results below demonsirate
that these thermoplastic sheets with a glass transition temperature of 99°C can
be thermoformed under the conditions shown below, as evidenced by the
production of sheets having greater than 95% draw and no blistering, without

predrying the sheets prior to thermoforming.
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blisterin

g,

wi t hout predrying the sheets prior to

t her nof or m ng. Exanpl e 17- Conparati ve Exanple [0239] A
wore@ciolss2 bl end consisting of 20 wt % Tei ji n L-R@B0S2006/011910

pol ycar bonate (a bi sphenol
PCTG 25976,

- A pol ycar bonat e),
and 0.1 5 wt % Weston 619 was produced

using a 1.25 inch single screw extruder.
consi sting of the blend were then produced using a 3.5

inch single screw extruder.

sl v

A

sheet was

1

79. 85
Sheet s

ext ruded

10 | nd

wt %

cont i nuol gauvged—to—a—thi-cknress—of " An

oot ooy, \vEexe) Ul L L0 LILILIL] aTTu

then varilous SHSSNOIEIRIShealed to size. Pameuiass
transitian tenp ifiosywas neasured on _qne sheet and
xampieC. |- g =re Sheet condi t Peled gt 50%r el al i Vfisters
humidity |a ig) fl derdpamatks. THWelums stiurldrame(le) VBN, L, H)
nmeasur ed |t 0.2% wt y¢Cpheetls wank) subsequent |y T
theArro’rorrred1QBto a Tempde nolld haeung d drawpoatip of H
2 5gT USTNg 930 tnefggar or i Ng gagchi e, Thg L
th*c II:Jf orm ||ngJvc:n| heat :6 wene b%t21t 0] IIO/ ?0’9@0‘% N
ool tor Tvaribhe anpunc ;o 105 dar s 0%Bec ot e N

t heEef f edt _ofS%heet, ten ature o 815hp part Qdal it y__as N
shofin i n |t he 4Gibl e |bel o#3 Part| quallity was ded ermi hed NA
by @easur|i ng 3te vol une13 the t heOnof orjned dart, NA

NA &l roubgplicant. tAreniwd @\weroandicatessbi [theysheatspasatot fagméedieecause it did not
pullhﬁmﬂamdﬂ#célymmuseﬁm@smodeas cal cul ated as the part

vol unme divided by the maxi num part vol unme achi eved in
Example 40—eComparative kxangpieanpl e A). The t her nof or ned

part was visually inspected for any blisters and the

[0dag)y ecA afistiblesitlend ronsistingl ofd0 vwitPeTellin, L-1 250 ()b)ypacbonate

50 SO PEI0 2587 oA Qi Bride U BRON( 3Rt PetFuCEd tising a 1.25
IHHﬁ‘Werb'iﬁen roduced

InEﬁ I@%Ufe%v &tr@d%e%éﬁ cbhgégﬁief R Jeredh en prod

I ons s | ow, as evi ced b
usxhg métnscrhamglwgscgewae)érudelnaﬁ\ et dvaa/eﬂmdadocontmuously,

ot 1 M s bl snbfita vete b Shasmat e Wabgd Jo size

THE %fés*é't?aﬂélltﬁi?\dteﬁgfé?éﬁﬁ'é RehsHhedSureld%6nT8hé 'sﬁeét éﬁ&@/as 105°C.
pol'ycar bonat e 85 wt % PCTG 25976, and 15 wt
Shesisovere tbenasngitiodad &t 5% rﬁgafa/elhlzmldl‘frycancbﬁ(h& &)rycw@aks

TﬁXt ! Udtélae IeveF\(/evtag rﬁé’a”s?dr%& 'tg %ecg.zégﬁrt‘pol. e@ﬁe%rﬁergé%sequently
thermoformed into a female mold having a draw ratio of 2.5:1 using a Brown
thermoforming machine. The thermoforrhing 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
that these thermoplastic sheets with a glass transition temperature of 105°C can
be thermoformed under the conditions shown below, as evidenced by the
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using a 3.5 inch single screw extruder. A sheet was
extruded continuously, gauged to a thickness of 118
woredo7aeds: hen vari ous sheets were sheared to sP@EUSZNE011910
glass transition tenperature was nmeasured on one sheet
and was 99C. Sheets were then conditioned at 50%
relative humdity and 600C for 4 weeks. The noisture
| evel was neasured to be 0.25 w % Sheets were
subsequently thernofornmed into a femal e nold having a
draM/rat 5.1 us B t her
PRABRIROT Shebts PRV BSR4 o B uatieras g e Eing, without
only. Sheets were |eft
p%ﬁ@ﬁéeﬁ%v/%eﬁé%@%\?gﬁ fg%;ﬁlgﬁ%rﬁﬁﬁ% of time in order to
deternmine the effect of sheet tenperature on the part

qual ity gs shoMermofdring abl e |bel ow. Part
determ ned by neasditiong t he vol une of thtf%ggq‘?ﬁ)%'orned

BExbfnpleal[curating The gragt amd vipgwal 'y I nspecting

the thernro'ﬂ@ﬂi‘r-@m%a aw | qul oas t hdlisters
part vol Ume c(|89/| ded ﬁ%m(p; g‘uﬁié Xi n\\lﬁgﬁggt vo%ﬁng( AP (N, L, H)

ohi ad 3 [ A\ b
achevetth |. St et IICII T . e
3 [ Y 32§C+ Fa¥ p C]dU ) H

t-h n‘nfnrn:erl1 jrt wWas—v |g!!\)

d
o
=
X

hllatprq and 10de dpnrppsﬁ hliqtp g_r Led_']éga_n,gne___—

(NG Tow|(L).9%r high (19 Thé re$difts Hel 000

denDnstrdte t%&t these tHer mopl asBi2d shdets MG h a

gl ags trdansity®n tenperw@ure of 9926 can be 100

thepnof ormed ggmder [The £mdi tijons 7500wn |bel ogp as

Z|1ZZ2\ZZ

ewgencec Dy 6519 p OCIUOIA_:;)I’] of Sh%@BS ngvi ng7gr eater

tham—959% UI aw—and—To b rsteriT g, W tHout PT earyl ng t he

Eﬁgﬁﬁ)ﬁégp égmtp%rél ca?g(faﬂﬁﬁbng NA = not applicable. A

['Gie” Of zero'rn t the sheet was not formed

OBFE2S5E o Bl %8 By SEsb Tl LA 5 HoRBSRHce
4¢ @B‘M]% ROTG 95@*7@ ME0d 50015 VBELBE 690 Whs g‘rc%u'E%UJ dging a 1.25

0 pol ycarbonate, 59.85 wt % PCTG 2597 and 0. 15
mwh %ngi@tsclrewsegtrm o aha@te\uamgxﬁﬁ@d%d comtinuonsl, gpHged to a

iR BT auf MLt Bl shifel Frra T oece
trénsifieeternpsratire Wt fhezig DFd 0019 BBk shegaane tvelsol °C Sheets were
thi ckness of 118 m | and then various sheets wer
thenapndifiongdat 9% relative humidity and 60°C for 4 weeks. The moisture
level was measured to be 0.225 wt%. Sheets were subsequently thermoformed
into a female mold having a draw ratio of 2.5:1 using a Brown thermoforming
machine. The thermoforming oven heaters were set to 70/60/60% output using
top heat only. Sheets were left in the oven for various amounts of time in order to
determine the effect of sheet temperature on the part 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 calculéted 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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The glass transition tenperature was nmeasured on one

sheet and was 1050C. Sheets were then conditioned at
wGoMrnelsst i ve humidity and 600C for 4 weeks. TPET/US2006/011910

noi sture | evel was neasured to be 0.265 wt% Sheets

were subsequently thermoformed into a female nold

having a draw ratio of 2.5:1 using a Brown

t her nof or mi ng machi ne. The t her nof orm ng oven heat er s

were set to 70/60/60% output using top heat only.

Sheets were left in the oven for various a
bg thesmoforareskungey tH@tCQPaitlﬁﬁstsH@Wth?ei%‘f’ i e¥'ﬁ§899 ythe

) a

PrBBErPpESifoctt NV ROt Do aR b biblefing RitRout
predtyimg theef shdeds tphier tofrermetbrpamg., cal cul ati ng the draw,

and visual l'y inspecting the thermoformed part. The

—draw wascalculated_as-the—part—veolure—di-vi-ded—by—the
maxi mum par t VIFOTRENNGved in this set FQirt Quaht
experi ment.s_(Ex&OMJEONSA t o 8F). The thermnformed part
maemples ual Ih% | ect edSheet any bl Patter s [and t he degr@lsters
of blister %J ed Tasnpevaiiré ) , Volome( L)|, Qrawh(%h Hk L H)
The resuljt ow denor(8Cy at e |t hagmlLhese t her nopl ast N
Shegt's W|th g1@8lass traqgy tion tegperatyre ofgol050C H
cangbe t'erﬂl 'g)rrrfa' uno.pgztne conglEi Ong SNoWyH DETOW,
e 054 dr v ek ootk or 1 o —Bimoutpr R Prc e L

7‘ rrmf1f7p1m ng- 9’?3113 Eopf‘n (X.r :\:"J' Ve N

Exabpl e [[024230 A nilsci K189 bl edd c88%i stilng 08950 weoe N
TeiFin L-1250%o0l ydar both e, 49. 8338 % RCTG 94976, and N
0. 1G5 wt % WesB®n 619 wadPr odiiced Osingla 1.Zb i nch NA

N/ Emgl #ppicabew revdlueudd etro iMdicales abat tassheattwasdetliformed because it did not
putt ontd the molddlikely bpaaige dt wae taw cbld).ckness of 118 mi | and

then various sheets were sheared to size. The gl ass

Exampie 21-orComparative Exampleneasur ed on one sheet and

was 111C. Sheets were then conditioned at 50%rel ative

[0!346]1' diAmlgﬂdleﬁlﬁl@ﬁdfe@hsétm@ekso witeTelind+- 1250 pelyebrbamate,
ured to be wt % Sheets vvere subsequent | y.
34 Ro itk BETCH25A15. and Briduiom i estnB | Ggvas BIRalcRsUsng A 1.25

b S S i SAATORSEBAGoRE By uERE o produced
using pLB.5 iiséngingle screw extruder. A sheet was extruded continuously,
gauged to a thickness of 118 mil and then various sheets were sheared to size.
The glass transition temperature was measured on one sheet and was 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 wit%. 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

98



top heat only. Sheets were left in the oven for

various amounts of tinme in order to determ ne the
we@bdoeno156f sheet tenperature on the part qual i PGI/ES2006/011910

shown in the table below. Part quality was determ ned

by nmeasuring the volunme of the thernoforned part,

calculating the draw, and visually inspecting the

t hernof ormed part. The draw was cal cul ated as the part

vol unme divi ded by the maxi mum part vol unme achi eved i
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for
of
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WP3§§?9d f
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wt % Sheets were subsequently thernoformed into a
Example 22otComparative Exempleat i o of 2.5:1 using a Brown
t her nof or mi ng machi ne. The thernoform ng oven heaters

[024]e sERmitcibiEBI6Ad Gotsisting of 68 sittkgTeijip Lh¢250 polygarbonate,
eet or, var.i ous anounts

34 BRaviinP oG 250 65 A B et h NUSeipP S s Bgticed Ring a 1.25
inbR'SYI@EL R SRridls. REHidet8 UBhsisting'sf the blend were then produced
using a 3.5 inch single screw extruder. A sheet was extruded continuously,
gauged to a thickness of 118 mil and then various sheets were sheared to size.
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
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shown in the table below Part quality was determ ned

by neasuring the volune of the thernoforned part,
we@aalocnbEsi ng the draw, and visually inspecti ngP€TES2006/011910

t hernof ormed part. The draw was cal cul ated as the part

vol unme divided by the maxi num part vol unme achi eved in

this set of experinents (Exanple A). Thet her nof or ned

part was visually inspected for any blisters and the

degree of blistering rated as none (N), low (L), or

ek e SR RSt Baiie . he
thb ﬁfrﬁiewr&rg\waé%%@l o&m&% eVIng@h netré?@anarm@aepr@e of
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Wi e Bt RL e et bR et uer | A

sheet was extruded conti nuously, gauged to a thickness

of 118 mil andrHdiepfotihgus sljhrgets were sheared to
size. The gl ass cdoh ﬁﬁiﬂ |%n t enper at ur e vvaDsa"ltrQé@%d on

moi st ur e || evgk) was 0 (N, L, H)

were subgequently therr n—)wrnre; nmold
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haviing a [drad2Pati o of 1875:1 i n§2§ Br gwun 100
t heB nof or{mi nd0dmchi ne. e t her nnB8Pni nd ovel9heat ers

wer@ set |[to 7AH 60/ 60% olfgut Usi ng8tlop heat O8Il y.

Shepts wdre Iggt 1m thetoven for wyari oug anoggts of

i |IT|T

TITE N grderg3 o determgg (e ef kegl o sheg

tenperature om the part quatity d; Eno T the Iﬁ e
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0375, &P euaRE5onS e sr o S S o1 25 g fbonae, -

29 B8R Pmc;)asgmqém 1864196 Vesktbh 61101 vgas pfodifced using a 1.25
experinments ( arrpl e A). The thernofornmed part was

inoh single gcreMmsedeudar. e gomsistingektherilenc were dherperduced
using a 3.5 inch single screw extruder. A sheet was extruded continuously,
gauged to a thickness of 118 mil and then various sheets were sheared to size.
The glass transition temperature was measured on one sheet and was 123°C.
Sheets were then conditioned at 50% relative humidity and 60°C for 4 weeks.
The moisture level was measured to be 0.205 wt%. Sheets were subsequently
thermoformed into a female mold having a draw ratio of 2.5:1 using a Brown
thermoforming machine. The thermoforming oven heaters were set to 70/60/60%
output using top heat only. Sheets were left in the oven for various amounts of
time in order to determine the effect of sheet temperature on the part quality as
shown in the table below. Part quality was determined by measuring the volume
of the thermoformed part, calculating the draw, and visually inspecting the

thermoformed part. The draw was calculated as the part volume divided by the
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blistering rated as none (N), low (L), or high (H.

The results bel ow denonstrate that these thernoplastic
wGeh@enslssi th a gl ass transition tenperature of PAR0SI006/011910

cannot be thernoformed under the conditions shown

bel ow, as evidenced by the inability to produce sheets

havi ng greater than 95% draw and no bli stering,

wi t hout predrying the sheets prior to thernoform ng.

Exanpl e 23- Conpar ative Exanpl e [0245] A m sci bl e bl end

S P e S 5 G G A et
I@%ﬂ@ﬁﬁ%%d‘gaﬁ mﬂasz\ﬁsiéi&h?%d%ﬁé@ fo?cafrﬁj\’bl%’fér’éléi'ﬂthe degree of

eets consisting of wer e then produced
blisténmy eat&d Gsinooke (bi)gWd L3,crdvigle itl). ullee resulishHealew\monstrate

d t h k
thgf fregrdnerampoal Hiete nid €8 Ges rdnlnaafiatatile bt iaa-c
céﬂrﬁ)‘?e %etthéﬁﬁbﬁohﬁ@d UPEBLIHR SHrRIitiEHs SRAGY bebwmstatdeissl by the
and was 123C. Sheets were then conditioned at 50%

inabilityt toveroduee ghests svvirgareatesthan @&k drawrad fis klistering,

R R BB RIS, 1, g o

draw ratio of 2.5:1 using a Brown thernoform ng

machi ne. [The tiMrmeidthiiddld OVEN heaters vvere sef to
70/ 60/ 60% out puboHaltBﬂstOp heat only. sheerisQuality | ef t

' en—for—va unts O TTTETT T Or der o
gg?é&?ne ne Héat Hhfeer Ir 0) éj%{; t Ib%':tat ur eD%\gt( par Blisters
qual ity as sheyn i P be Pal 3 My | wed, L, H)

determ ned by neasbrin )np .ol ||r£én f the thernpfornmed

LR~ |

parf. callcul 426ng the d©8w _ahd vB28ally ind@Bctigg H

t heBt her fof ofifitd part. TB8e dr Aw w822cal ¢ul afié8 as [the H

par€C vol yme dd%i defd by 17Menaxi nunv®art Vol ur@b achijevedL

in phis det of4 experi negigs (Ekanphes A and B)Q Thd L

Uhegmot ormed 4 Art Was Visgual Ty i nsgected for pgany NA

UIIFl(:‘Ib anu TE d-‘greel4\tg| bt STETHNY rctea @S none— NA

uq-’nota p‘ﬁc l'e’ q3}\?’,’glu 2670 \in) Cate?i él%;e?sl‘h'c ;\% ﬁo‘t’%rme%because it did not
p (Fe

caus ﬁ%\%s
Iass {ransi tion enperature of 1230C cannot be

Ekgﬁf ncedr%gﬁqqa}lsf"'é ?ﬁafmgltl ons shown bel ow, as

eV| the 1 na Ity to produce sheets having
0,
[Ogcrtgjat eéhee g%o% |é‘h% %W'I'gﬂﬂ LQ‘?Z% p?)fy%wbq!ate were produced using a

3.5 inch single screw extruder. A sheet was extruded continuously, gauged to a

thickness of 118 mil and then various sheets were sheared to size. The glass
transition temperature was measured on one sheet and was 149°C. Sheets were
then conditioned at 50% relative humidity and 60°C for 4 weeks. The moisture
level was measured to be 0.16 wt%. Sheets were subsequently thermoformed
into a female mold having a draw ratio of 2.5:1 using a Brown thermoforming
machine. The thermoforming oven heaters were set to 70/60/60% output using
top heat only. Sheets were left in the oven for various amounts of time in order to
determine the effect of sheet temperature on the part quality as shown in-the
table below. Part quality was determined by measuring the volume of the
thermoformed part, calculating the draw and visually inspecting the thermoformed
part. The draw was calculated as the part volume divided by the maximum part
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wi t hout predrying the sheets prior to thernoform ng.
NA = not applicable. A value of zero indicates that
wo b@7oser was not formed because it did not pedT/UB29D€011910
the nold (likely because it was too cold). Exanple
24- Conpar ati ve Exanpl e [0246] Sheets consisting of
Teijin L-1250 pol ycarbonate were produced using a 3.5
i nch single screw extruder. A sheet was extruded
conti nuously, gauged to a thickness of 118 m| and
vdlﬂﬁfé Y HieREInTAR R o‘f"%&ﬁaﬁﬂsﬁfse(ﬁxbﬁr pté AZ T-ﬁ@echgrrﬁéi% ®rmed part
transition tenperature was neasured on one sheet
waasnsmnﬁ:m&ﬂee’adsfomng blisiers and the deges dtbli'éﬁ%ngda&d @& none

(Vo Bt iroiof BondFS: TheeovtShdtndaotstialb s bass jrefFoplastio
sﬁét% wrh geds 'tﬁn@rt%nftéﬁﬁe%t[ml &f Wd‘gaﬁdirk@"{héﬁhbfbrﬁfed '

. usin a Brown ther noform ng machi ne.
umdm"rtharc@n ings shewnHsdow, as exideneed bvﬂrermasxurtﬁm/produce

SRR Ny o\detsh Bl Bt =ty e HhsteiGeibbut Qebiipahe
sHdtts pﬁbewth@fmgfmﬁng enperature on the part quality as

shown in the table below. Part quality was determ ned
by neasuring the volunme of the thernoforned part

catcutatTmg—t+ visugtty T nspecting—the
t her mof ormed Jz’gmﬁ?nrm'“é@ aw was cal cul at PareQuality part

V|wnw narfunln achi avaed in
T ATTTI A AAY A" | T LILI

| u:AaH
ié%?'&‘miee q-ﬁegxpﬁré rrent arr I e B&‘H The t her nof of megjisters
part was |visyg|ly hepweradre br Volyme! i st Brawdi the{N, L, H) -

degree ofl blistering rét@d as nor(énL()N) low (L), or
high (H) . Thé52esu|ts [dBow denon820at e|t hatl0Ohesg H

14

t heBnopl asti ¢28heets w193 a gl ass8psansiti orpg H

tenperat yre gi3149C canpql be| theqpyf or ied wder (he p

Cortgltl ons sqr%vn DETOW, g@S— €ev[ derncgd by tne prabt ity 1

lU I UUULC bl lb AaVT1 ﬁ gl cdl Tl t AT UJ/U UI P,VV [N LV LY} NA
il i + Ay +hg hoant & Ny r +C

%))
T 1 coTr T

, LIIUU y: IIH LI YA Y2 9 H T H
rnof of O NA_ _E nnt abl e A value 8f zerno NA

9
h % bﬁﬁg@t“ﬂ%@ He %55 t'??éf“"’f‘“@??r‘é’%f%‘@&fé?ﬂ%%j becayget did not
pu 4 (el berryshdb ivge }'y because it was too
[02411d) ]t {:é}ibé]cléarlycm'erbfeomlaemﬂnpaﬂm of thendatado tipaabewan

re efvatn’p \%odkrrrg elxgmtprl]ees t%%(t))t/hee 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.

[0248] The invention has been described in detail with reference to the
embodiments disclosed herein, but it will be understood that variations and

modifications can be effected within the spirit and scope of the invention.
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rel evant wor ki ng exanples that the polyesters of the
present invention offer a definite advantage over the
weowmeessal |y avail abl e pol yesters wi th regar dP€DUS086611910
transition tenperature, density, slow crystallization
rate, nmelt viscosity, and toughness. [0248] The
i nvention has been described in detail wth reference
to the enbodi ments disclosed herein, but it will be
under stood that variations and nodifications can be
effected within the spirit and scope of the
i nvention. CLAI M5 W cl ai kIM pol yester conposition
conprising at | east one pof‘yes er which conprises: (a)
Welclalmh:car boxyl i ¢ aci d conponent conprising: i) 70 to
100 nmole % of terephthalic acid residues; ii) 0 to 30
nmol e % of aromatic di carboxylic acid residues having
1. up Adolester GHRPasiting Corpdising at lgaﬁt@r@p%?%teﬁ/a@\dch
al i phatic dicarboxylic acid residues having up to 16
comaribes1 at ons; and (b) a glycol conponent conprising:
i) 1to 99 nole %of 2,2,4,4-tetranethyl -1

, 3- @jc! ohuicHrBakfic Ad¢ cdpdneancomplisihgt 0 99 nol e % of

1, 4-cycl ohexanedi net hanol resi dues, wherein ,éhe total

mol e % ob t he7BitedPBdRlE % ofdergprbEralis AU nol e

% and the to %0, : i i
ol o % Bher ePn0 anDlsn A Arifie B RIRAR T todBydg Having
than 1. Ouplid @0asarben etomsieghd n 60/ 40 (wt/ w)

S?‘EBS' int i tr agg'd%ﬁ%gﬁg%”% c?ft ali%hgﬁcr:] 8%%%3)%}"8%&5 re%i(?ues having
up to 16 carbon atoms; and
(b)  a glycol component comprising:
i) 1 to 99 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 1 to 99 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 is 0.10 to less than 1.0 dL/g as determined
in 60/40 (wt/wt) phenol/tetrachloroethane at a concentration of 0.5 g/100
mi at 25°C; and
wherein said polyester has a Tg of 85 to 120°C.

2. The polyester composition of Claim 1, wherein the inherent viscosity is
from 0.35 to less than 1.0 dL/g.

3. The polyester composition of Claim 1, wherein the inherent viscosity is

from 0.35 to 0.80 dL/g.
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wherei n said polyester has a Tg of 85 to 1200C. 2. The
pol yester conposition of Claim1l, wherein the inherent
woe@cosissy is fromO0.35 to | ess than 1.0 dL/g.PGr/u3iees/011910
pol yester conposition of Caim1l, wherein the inherent
viscosity is from0.35 to 0.80 dL/g.006/ 011910 4. The
pol yester conposition of Claim1l, wherein the inherent
viscosity is from0.50 to 0.75 dL/g. 5. The pol yester
conposition of Cdaim1l, wherein the inherent vi s_cosiw/,
4.1 s Thepolyestertapnipdstiion ohClasm Trivéhgigin tbstiaperent viscosity is
conposition of Claim1, wherein the glycol conponent

GPOBOItBT74 IR 25 Mole % 2,2, 4, 4-tetranethyl -1
fro’ 3-cycl obut ane%)i ol residues and 75 to 85 nole %

1, 4- cycl ohexanedi net hanol residues. 7. The pol yester
conposition of Claim1, wherein the glycol conponent. .

5. Confihesiyastor corapositior ofiaim 4, whereif figdnhsTent Viscosity is
, 3-cycl obut anedi ol residues and 77 to 83 nole %

froln 6 606l @hgxangdi met hanol residues. 8. The pol yester
conposition of Claim1, wherein the glycol conponent
of said polyester conprises 10 to 90 nole %

2,2,4,4-tetramethyl -1 , 3-cycl obut anedi gl and 10
6. nol dHe glyesigt compRatien i ahstaigh 1Wﬁ9re'ﬂrﬂ‘ee 9&99¢%qré$°f?e%
conposition of Caim1, wherein the glycol corggonen.t d
coffprisaisdi Fhiel 38mtote % 81%h4 Mstetraptting- B8-ayslobutgnediol residues an
2,2,4,4-tetramethyl -1 , 3-cycl obut anedi ol and 20 to 75
78Rl 65 Hole % §YEbRIeHaRRRdiIMmeihanol residuesThe pol yest er

conposition of Caim1, wherein the glycol conponent

of said polyester conprises 40 to 65 nole %

2,2,4,4-tetranmet hyl -i , 3-cycl obut anedi ol apyd 35 to 60 "
7.nol €THé polestec cotmpoaitioni oftiniam dI Whersip 4o SlyPPo§eMPLNen

The pol yester conposition of Claim1l, wherein the

ccﬂﬁéfﬁé@s DB eMdle 96 252kd-mitayesthyl- 1 Sesyslokyganedipbresidyes and
than 50 nole % 2, 2, 4, 4-tetranet hyl -1, 3-

77 to 83 mole % 1,4-cyclohexanedimethanol residues.

8. The polyester composition of Claim 1, wherein the glycol component of
said polyester comprises 10 to 90 mole % 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol

and 10 to 90 mole % 1,4-cyclohexanedimethanol.

9. The polyester composition of Claim 1, wherein the glycol component of
said polyester comprises 25 to 80 mole % 2.2,4 4-tetramethyl-1,3-cyclobutanediol

and 20 to 75 mole % 1,4-cyclohexanedimethanol.

10.  The polyester 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.
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cycl obut anedi ol and greater than 50 to 95 nole %
1, 4- cycl ohexanedi net hanol . 12. The pol yester

weeowposissi on of Claim 1, wherein the glycol coP@DOS2V6/011910
of said polyester conprises 10 to 30 nole %
2,2,4,4-tetranmethyl -1 , 3-cycl obut anedi ol and 70 to 90
nmol e % 1 -cycl ohexanedi net hanol . 13. The pol yester
conposition of Claim1l, wherein the glycol conponent
conprises 17 to 23 nmole % 2,2,4,4-tetranethyl -1
, 3-cycl obut anedi ol residues and 77 to 83 nole %

1, 4- cycl ohexanedi net.han [ ; T Wisdrdht of
11.conPBR PN IS ARSI 8*/\8%&&?1 éﬂeﬂfl ygoqlf%cg%onent to
of said polyester_conprises 15 t 9 4 A

said plyRsiet uMBHeeG o Bss3hay o JBB@a%Z%Eg*’Eﬁ#&a'?gtqyé gk
nol e % 1, 4- cycl ohexanedi net hanol . 15. The gol e?sé.ler |
cyclobpasttiobandfgréiter than 5QtePdimols 20 d 4y Fle8p¥sn @eghanol.
Tg of 90 to 1150C. 16. The pol yester conposition of

1241 S6he poverte gompastiel SLERINET  Mikre) 1 Qoctporfonent of
saw&ggte? Sé%n%ggg RS %gi‘r%aeg%k%ﬁ, SraPeting;3-tciobinediol

di carboxylic acid conponent conprises 80 to 100 nole %
an@f70 & $phidials d,acycohednadévetth@norhe pol yest er

conposition of Claim1l, wherein the dicarboxylic acid
conmponent conprises 90 to 100 nole % of terephthalic

acid residues. 20. The paql yester L1 j
131, \iveraivestnEcomparDaRy Gt | o BETRIE N, BBgf o o B et
95 to 100 nole % of terephthalic acid residues,.
cofnerigas| et 23 maefo2i2.# dntebpmataylni étﬁvﬁé’?%ﬁff?'?'ﬁsérd“es and
di carboxylic acid conponent con‘Eri ses 99 to 100 nole %
7700 83 rRIGPHAl4-cyclohekanesiiethanop@Esidugs. pol yest er
conposition of Claim1l, wherein said polyester
conprises 1, 3-propanedi ol residues, 1,4-butanediol

residues, or mxture thereof, 23. The ppl t
14 onpbree polyaster camuasition ofvgﬁlgygi%m \A%r%msﬁ? zggécioﬁ:omponent of
conpri ses - utanadiol
said polyester comprises 15 to 25 mole % 2,2,4 4-tetramethyl-1 ,3-cyclobutanedio

and 75 to 85 mole % 1,4-cyclohexanedimethanol.

15.  The polyester composition of Claim 1, wherein said polyester has a Tg of

90 to 115°C.

16.  The polyester composition of Claim 1, wherein said polyester has a Tg of

85 to 1156°C.

17.  The polyester composition of Claim 1, wherein said polyester has a Tg of

95 to 115°C.

18.  The polyester composition of Claim 1, wherein the dicarboxylic acid

component comprises 80 to 100 mole % of terephthalic acid residues.
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fromO0.01 to 25 nole % of 1, 3-propanedi ol residues,

1, 4-but anedi ol residues, or mxture thereof. 24. The
w@eioymeetser conposition of Claim1l, wherein saiBCT/US2006/011910

pol yester conprises ethylene glycol residues. 25. The

pol yester conposition of Caim1l, wherein said

pol yester conprises fromO0.01 to 15 nole % of ethyl ene

gl ycol residues. 26. The pol yester conposition of

Claim1, wherein said polyester conprises fromO0.01 to

10 nol e % of ethyl ene glycol residues.27. The

LY SRy ST O b

cosponet oty 18 rrgoi%ﬁ?tﬁeuf?%"téaﬁ%ﬁi'g'r{&swgss-than

50 rml e %of trans-2,2,4,4- tetranethyl -
, 3-cycl obut anedi ol . 28. The pol yester conposition of

20. a aTI‘?é @P g%%r%o‘% litbreofe Girfl -1 WHeAERtA¥ dicarboxylic acid

tanedl I's a mxture comprising from30 to

come%%te i R T

trans-2, 2,4,4- tetranethyl-1 ,3-cyclobutanediol. 29.
The pol yest er conposition of CI aim 28, wherein said

212, 2THe polyeitet dsitich &GM%%JW@.hqheloﬁcabwbta@d

corrpr|S| ng from40 to 60 nmole % of cis-2,2,4,4

co A 3 BT Rl Bl

, 3-cycl obut anedi ol . 30. The pol yester conposition of
Claim1, wherein said polyester conposition conprises

22at TRapblye’errRAInpeiticiheseRirhr o Wdreinegid pely@stdr dontprises

fol |l om ng: poI y(et herim des), poI yphenyl ene oxi des,

1,3 pSag;&.gyf Q'1%—bﬁ§éﬂe}ﬂﬁ!¥é§8&e$'@rqﬁ&t BYh¥RIofr ene

res yphenyl éne yph eny ene
sul fide/ sul fones, poly(ester- carbonates)
pol ycar bonat es, polysulfones pol ysul fone et hers, and

23.pol Vh@bbgﬁesl@tqusdsmc& éf ClBira 2% wheseiersaid ppt;@lstermmnqirlses

Claim1, wherein said polyester conposition
from 0.01 to 25 mole % of 1,3-propanediol residues, 1,4-butanediol residues, or

mixture thereof.

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

ethylene glycol residues.

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

from 0.01 to 15 mole % of ethylene glycol residues.

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

from 0.01 to 10 mole % of ethylene glycol residues.
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conprises at | east one pol ycarbonate.6 011910 32. The

pol yester conposition of Caim1l, wherein said
w@eioymeetser conpri ses residues of at | east one PCHOSINNGIQN1910

agent. 33. The polyester conposition of C aim 32,

wherei n said pol yester conprises residues of at | east

one branchi ng agent an anount of 0.01 to 10 wei ght %

based on the total nole percentage of the diacid or

di ol residues. 34. The pol yester conposition of [
271, ﬁh@pely@stefe:omqsmnrs@b@?/ aip lowhedein %d?e%f‘rélrtat@methyl-

Iess t han 30, 000 poi se as neasured at 1 radi an/second
1,3etyclobuthrrediohis|a miXteedraprising gecater trim 5T heoledb pésiser

conposi tion of Caim1, wherein said polyester has a

4 x&é@éﬂﬁemri103cha|bbufarmmfanan@§é fHant $@rdhe %% BftraAs-252,4,4-
he poOl yester conposition of Claima1l,

r has a crystallization half-tine
tetwéé[ﬁgm y%h%b%h%@é%%ut es at 1700C. 37. The pol yester
conposition of Claim1, wherein said polyester
conposition has a density of less than 1.2 g/l at

28 230@16 POBlyeEhst duphpyssitien ofOrmasl, Wiiredf sitl 2, 2 U-tetramethyl-
wherei n sai d pol yester conposi tion conpri ses at | east

1,88% &Itﬂgé i ioPlsaPhikta R c&hpﬁﬁﬁggﬁo?ﬁ 39&8%%%@ eseas 2244-

yester conposition Caiml1, wherein th e

T35 B BEh s PO 0 R A P

erein said pol yester has a notched |zod

tetf%k}?]-g]@r%/ﬁ t%'?eCHP‘aI east 10 ft-lbs/in at 230C
according to ASTM D256 with a 10-m | notch in a
1/8-inch thick bar. 4 1. The pol yester conposition of

29, d a‘l’ﬁ% ol ﬂ&?éorﬁdecﬁg%@ i #)V 8%@28; %Wréﬁe%lﬁ 'ﬁgz n,%gts’cegrlé‘?nethyh

d h f
| oA BB Bi R g L et g 2244
Caim1l. 43. An article of manufacture conprising_the

tetransthyt bB-evsialssanedial and tow 68 to 40 mole % of trans-Z,2,4,4-

tetramethyl-1,3-cyclobutanediol.

30. The polyester composition of Claim 1, wherein said polyester composition
comprises at least one polymer chosen from at least one of the following:
poly(etherimides), polyphenylene oxides, poly(phenylene oxide)/polystyrene
blends, polystyrene resins, polyphenylene sulfides, polyphenylene
sulfide/sulfones, poly(ester-carbonates), polycarbonates, polysulfones;

polysulfone ethers, and poly(ether-ketones).

31. The polyester composition of Claim 1, wherein said polyester composition
comprises at least one polycarbonate.
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wherei n the pol yester has an notched |zod i npact

strength of at least 3 ft-l1bs/in at 230C according to
WAIDMOBSE with a 10-mi| notch in a 1/8-inch tPCTKSI986/011910

44. An article of manufacture conprising the polyester

conposition of Claim1, wherein the polyester has an

notched |zod inpact strength of at least 10 ft-Ibs/in

at 230C according to ASTM D256 with a 10-m | notch in

a 1/4-inch thick bar. 45 A filmor sheet conprising a

pol yest er conposi tion according to aim1l. 46. A

q 0
32 o bEHIN SRR HESe 5 *a%fnmﬂ‘l‘ﬁh SRR bompries
di splay filmaccording to Cl.aim46, wherein the |iquid
re@dygsa atdpaph eye prangh ﬂ? agefitt f user sheet.48. A Iiquid
crystal display filmaccording to Claim47, wherein
the |i qui d crystal display filmis a conpensation

33! | Mhel @gf’%&gh&moﬁ%&hﬁ ég,gsvﬁ@mm saidblpéstbeesihprises

one conpri ses a di carboxylic acid

onent co i) 70 to 0
resigHBD AT Riieaal Bos Brrdiind adent T aepgPafo it 19 weight % based
aromati c di carboxylic acid residyes h V|ng up to 20
orcthetiotal malepereariage f the @Ilac@(prﬁsﬁtplere% Sal i phati c
di carboxylic acid residues having up to 16 carbon
atons; and (b) a egcoI conponent conprising: i) 5to

3%;??’@%13 Mggqegglop&)s f%létm 1; Wh%?é‘ﬁttﬁé”m tv1§cosﬁy of said

greater t
95 nole % of 1, cl ohexanedl net h
palyester is (esuthegt 30,0051P01%% o W%”B?@%fjbé@?“gggand on a rotary
conmponent is 100 nole % and the total nole % of the
meltyhedmetmma @86fCi s 100 nole %

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

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

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

crystallization half-time of greater than 50 minutes at 170°C.

37.  The polyester composition of Claim 1, wherein said polyester composition

has a density of less than 1.2 g/ml at 23°C.

38. The polyester composition of Claim 1, wherein said polyester composition

comprises at least one thermal stabilizer or reaction products thereof.

39. The polyester composition of Claim 1, wherein the yellowness index of

said polyester according to ASTM D-1925 is less than 50.
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wherein the inherent viscosity of said polyester is
from0.50 to 1.2 dL/g as determned in 60/40 (w/w)
w@b@nobysset r achl or oet hane at a concentrati on oPCDUS2096/011910

00 mM at 250C, and wherein said polyester has a Tg of

85 to 1200C. 50. The pol yester conposition of Caim

49, wherein the inherent viscosity is from0.50 to

| ess than 0.75 dL/g. 5 1. The pol yester conposition of

Cl aim49, wherein the inherent viscosity is fromO0. 60

to 0.72 dL/g.52. The polyester conposition of Claimb5

1, erejn e . | O
40z, e R eRet st ¥SRlpT BRI, hordl SalBalfRStE has 2
3-cycl obut anedi ol .and 70 t e Mo .
notcheddzeq BRRRGRIERNAL ﬂgﬁbie.asg&&%w‘ﬁg"bei %%s(% gpeording to ASTM
composition of Aaim5 1, wherein the glycol conponent
D256 widhi d 1Pomjlaatel incaf¥-inpbisthick Bas. 25 nol e %
2,2,4,4-tetramet hyl ~1 , 3-cycl obut anedi ol and 75 to 85
nol e % 1, 4- cycl ohexanedi net hanol . 54. The pol yester

co sition.of Claim.5 1 rei I 0
4175 SheqoistneemBegtion ot R EfusR iR ufger opfibries the
Caim5 1, wherein said polyestgr has a Tg of 95 .to0 duct
resideeof gbleast pae gatalyst COgmsENa ? §A C@é%?lf’kqg%a Lgagtiongproduc
one pol yester which conprises: (a) a dicarboxylic acid
thereoponent conprising: i) 70 to 100 nol e % of
terephthalic acid residues; ii) 0 to 30 nole % of
aromati c di carboxylic acid residues having up to 20

carbon atons; and_iii) O to.10 le % of ali j .
42 o e of randrackish sesisTisig E waiveses BomAglich of Claim 1.
atons; and (b) a glycol conmponent conprising:
43 An article of manufacture comprising the polyester composition of Claim 1,

wherein the polyester has an notched 1zod impact strength of at least 3 ft-lbs/in at

23°C according to ASTM D256 with a 10-mil notch in a 1/8-inch thick bar.

44.  An article of manufacture comprising the polyester composition of Claim 1,
wherein the polyester has an notched Izod impact strength of at least 10 ft-lbs/in

at 23°C according to ASTM D256 with a 10-mil notch in a 1/4-inch thick bar.
45. A film or sheet comprising a polyester composition according to Claim 1.

46. A liquid crystal display film comprising a polyester composition according

to Claim 1.

47.  Aliquid crystal display film according to Claim 46, wherein the liquid

crystal display film is a diffuser sheet.
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i) 1 to 98.99 nole %of 2,2,4,4-tetranethyl -i
, 3-cycl obut anedi ol residues; and ii) 1 to 98.99 nole %
w@Ro0L/0d563 cl ohexanedi net hanol residues, iii) OPOWLUSI®06/011910

| ess than 15 nole % et hyl ene gl ycol residues;wherein

the total nole % of the dicarboxylic acid conponent is
100 nole % and the total nole % of the glycol

conmponent is 100 nole % wherein the inherent

viscosity is 0.35 to 1.2 dL/g as determ ned in 60/40
(wt/wt) phenol/tetrachl oroethane at a concentration of

N e S e R R
o BT SEFpeCRBR L, TP 5 ()

nol e % of terephthalic acid residues; ii) 0 to 30 nole
% of aromatic dicarboxylic acid residues having up to

4920 ﬁ\rap{éoﬁz%téf 85ﬁpaglﬂgn cgh?é)gghr% qti8a 808 p@@fes@r WL i c

dlca rc ac resi Ing up to car bon
ns; (b) a glycol conponent conprising: i) 1 to 99
comp@e% of 2,2, 4, 4-tetranethyM , 3-cycl obut anedi ol

residues; and ii) 1 to 99 nole % of
1, 4@y c| awhisarhewyliecadid $6MPOBENHERBPIIEING: (c) resi dues

A I T I L
% and the toDdb BmMeléWﬂBf arbmqlllbwbmﬂrbomwnmmdveslduas)baving
mole % a C%o 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) 5 to less than 50 mole % of 2,2,4,4-tetramethyl-1,3-
cyclobutanediol residues; and
ii) greater than 50 to 95 mole % of 1,4-cyclohexanedimethanol
residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, and the total mole % of the glycol component is 100 mole %;
wherein the inherent viscosity of said polyester is from 0.50 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; and

wherein said polyester has a Tg of 85 to 120°C.

50. The polyester composition of Claim 49, wherein the inherent viscosity is

from 0.50 to less than 0.75 dL/g.

51. The polyester composition of Claim 49, wherein the inherent viscosity is

from 0.60 to 0.72 dL/g.
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wherein the inherent viscosity is 0.35to 1.2 dL/g as

determned in 60/40 (wt/w) phenol/tetrachl oroet hane
wa@eoogoesszentrati on of 0.5 g/ 100 m at 250C, aPdir/UusS2006/011910

wherei n said polyester has a Tg of 85 to 1200C. 58. A

pol yester conposition conprising:(l) at |east one

pol yester which conprises: (a) a tricarboxylic acid

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

terephthalic acid residues; ii) 0 to 30 nole % of

aromatic dicarboxylic acid residues having up to 20

pcar iﬁ% g%yé er cgdl?ﬂpéé.{.an Qr Efi $%W%rgwg$f$1¥%f%EWOnent of
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residues; and ii) to 99 nol e % of
and 78-te\?9 @ﬁ&%é&r%%ﬂ@lﬂeﬁ@@@tﬁa@@ and (11) at |east

one thermal stabilizer or reaction products thereof;
vvherein the total nole % of the dicarboxylic acid

E:Egnen yqisiericg%n%% thF%m%h%je% gréﬂcfeol% %cponent of

VISCOSIt is 0.35 to 2d/% as determn

d .
saleivmlms)terp%new«%ﬂ 53 Rﬁdne'et e?ra%,%-t%tr%ﬁ@ahﬂ ﬁa?Y%?PlBP“ed'o'
0.5 g/100 M at 250C, and wherein said polyester has a

and§5db 88smote %2 tdesyclohexanedimethanol.

54. The polyester composition of Claim 51, wherein said polyester has a Tg of

95 to 115°C.

55.  The polyester composition of Claim 51, wherein said polyester has a Tg of

95 to 115°C.

56. 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) 1 to 98.99 mole % of 2,2,4 4-tetramethyl-1,3-cyclobutanediol
residues; and

ii) 1 to 98.99 mole % of 1,4-cyclohexanedimethanol residues,

iii) 0.01 to less than 15 mole % ethylene glycol residues;
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wherein the total mole % of the dicarboxylic acid component is 100 mole
%, and

the total mole % of the glycol component is 100 mole %;

wherein the inherent viscosity is 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; and

wherein said polyester has a Tg of 85 to 120°C.

57. A polyester composition comprising at least one polyester which
comprises:
(a) adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
i) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iiil) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms;
(b)  aglycol component comprising:
)] 1 to 99 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 1 to 99 mole % of 1,4-cyclohexanedimethanol residues, and
(c) residues of at least one branching agent;
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, and
the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity 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; and
wherein said polyester has a Tg of 85 to 120°C.
58. A polyester composition comprising:
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()] 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)  a glycol component comprising:
i) 1 to 99 mole % of 2,2,4,4-tetramethyl-1,3-
cyclobutanediol residues; and
ii) 1 to 99 mole % of 1,4-cyclohexanedimethanol
residues; and
(I 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 %;
wherein the inherent viscosity 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 m| at
25°C; and
wherein said polyester has a Tg of 85 to 120°C.
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