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[0002] The present invention generally relates to Liquid Crystal Displays

(LCD) films or sheets comprising 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 two or more of high impact strengths, high glass transition temperature (T),
toughness, certain inherent viscosities, low ductile-to-brittle transition
temperatures, good color and clarity, low densities, chemical resistance,
hydrolytic stability, and long crystallization half-times, which allow them to be
easily formed into articles. For example, the LCD films or sheets of the present
invention can have a combination of two or more of the following properties:
toughness, clarity, chemical resistance, Tg, hydrolytic stability, and optical

properties.



toughness, clarity, chem cal resistance, Tg,

hydrol ytic stability, and optical
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sheets can be produced with a variety of plastic
materials by a variety of processes (extrusion

nmol di ng, stretch blow nolding, etc.). Polycarbonates

are widely used in a variety of nolding and extrusion
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exhibit deficiencies in properties such as glass transition temperature and impact
strength when sufficient modifying ethylene glycol is included in the formulation
to provide for long crystallization half-times. For example, copolyesters made
from terephthalic acid, 1,4-cyclohexanedimethanol, and ethylene glycol with
sufficiently long crystallization half-times can provide amorphous products that
exhibit what is believed to be undesirably higher ductile-to-brittle transition
temperatures and lower glass transition temperatures than the compositions
revealed herein.

[0006] The polycarbonate of 4,4™-isopropylidenediphenol (bisphenol A
polycarbonate) has been used as an alternative for polyesters known in the art
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tenperatures and | ower glass transition tenperatures

than the conpositions reveal ed herein. [0006] The
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viewing angle. In a typical LCD display, diffusion of light is introduced into the
backlight assembly by adding separate films (e.g., a stack) including a non-
diffusing substrate, to which a highly irregular, diffusing surface treatment is
applied or attached.

[0010] Additionally, attempts have been made to enhance properties of resins
or resin compositions through the addition of fine particles, where such resins
can be used as materials for optical uses such as LCDs, and touch panels. For
example, as to optical resin sheets, such as light-diffusing sheets, there can be

obtained by coating a surface of a predetermined base material with a resin
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[0012] Thus, there is a need in the art for LCD films or sheets comprising at
least one polymer having a combination of two or more properties, chosen from
at least one of the following: toughness, high glass transition temperatures, high
impact strength, hydrolytic stability, chemical resistance, long crystallization half-
times, low ductile to brittle transition temperatures, good color, and clarity, lower
density and/or thermoformability of polyesters while retaining processability on

the standard equipment used in the industry.



t hi ckness tol erance or variation, |ow curvature, |ow

thermal shrinkage, and | ow surface roughness. [0012]
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sheets conprising at |east one polymer having a

conmbi nation of two or nore properties, chosen from at
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P {ff 1n one aspect, the invention relates to an LCD
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up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 10 to 99 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
i) 1 to 90 mole % of 1,4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.1 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 from 90 to 200°C.



up to 16 carbon atons; and (b) a glycol conponent
conprising: i) 10 to 99 nole % of . .
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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 from 100 to 150°C.
[0016] In one aspect, the invention relates to an LCD film or sheet comprising

at least one polyester composition comprising at least one polyester, which
comprises:

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

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

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

(b)  aglycol component comprising:

i) 40 to 70 mole % of 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol
residues; and

i) 30 to 60 mole % of 1,4-cyclohexanedimethanol residues,



wherein the polyester has a Tg of from 100 to 1500C.
[0016] In one aspect, the invention relates to an LCD
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residues; and
ii) 10 to 90 mole % of 1,4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.1 to 1.2 dL/g as
determined in 60/40 (wt/\)vt) phenol/ tetrachloroethane at a concentration of 0.5
9/100 ml at 25°C: and
wherein the polyester has a Tg of from 90 to 200°C.
[0018] In one aspect, the invention relates to an LCD film or sheet comprising
at least one 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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d8fstiijedl 67%6?5’@ (W\gszpﬂ%épffg%ﬂwj@r%th%paﬁw so0eenizfiosl of 0.5

M@glrm@cs%oqmg gi) 30 to 90 nole % of .
gl 4-cycl ohexarqedl met hanol resi dues, wherein the total

ol eWbgekgin thﬁep@lveaﬁewayla'!ig affrdmc@rfmnBdC.i s 100 nol e

1010154 Bh e E 118 Pivehiiin SRS o bePimaar stiset comprising
atdebstemrteepolyester eompodilioh@omptisiid &t I@ésﬁ@ﬁ@ bfﬂyﬁgfé&r' Which

60/ 40 (wt/wt) phenol/ tetrachl oroet hane at
CBRE® ration of 0.5 g/1 00 ml at 250C; and vvhereln

the @l yegtighstie Folf@stBF whi c?]r%ogrgprtisoeswooc
(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 99 mole % of 2,2,4,4-tetramethyl-1,3-
cyclobutanediol residues; and
i) 1 to 90 mole % of 1,4-cyclohexanedimethanol
residues, and
() residues of at least one branching agent:
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.1 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



[0019] In one aspect, the invention relates to an LCD
filmor sheet conprising at | east one pol yester
W@ 0uposissd on conpri sing at | east one pol yest erPCTI52006/011913
conprises: (lI) at |east one pol yester which conprises:
(a) a dicarboxylic acid conponent conprising: i) 70 to
100 gplefeibfthé pbRicsmiitiRald Tg2f kdni 8616lve6scii) 0 to 30
nol e % of aromati c di carboXylic acid residues having o
[09R20]o 2o angr ashechitbediventianirelajestor an LODhimeonshget comprising

B oc i i

cycl obut anedi ol residues; and ii) 1 to 90 nole % of
1, 4- &y cl oRbleastanePplysstar which se@prisasd (11) resi dues

of at |ea on [ : j et ot al
nol e % of %%)he §F?‘§?’E§§\<}ﬁ?%°q‘g§%p&nﬁ%ﬁ%’ﬂf’h.&]@gmo nol e
% the total mjl e %0ftot106 mybleckhlof tempbiteiic acid fdxidues;

nol e % and wherein_the inherent, viscosi f the . .
pol yester is fl"{)m 0040 T?% °Z’L9f§r8@6386@¥%§ﬂ>@d'q gpid residues
60/ 40 (wt i RF’% r hane at a
concentraﬁég%go O.o%d 8%%686%?;1%%&%%50@ andwherein the
pol yest er has i#i)Tg 6ftofiOompled’%tef atipbeil: djcaokoiylic mcisheesidues
aspect, the jnventi,&g r%l ates to _an LCD film or sheet
conpri sin ag'tngll‘@a@t fir |88I %@?e?n%orrposi tion
conpri si ngpat  hefvdol eBmpdREnesdmprisingi ch conpri ses:
(1) at |east one polyester which conprises: (a) a
di carboxylic abid cééﬁ@QQWOEO%MQSZHQ‘}"[Q’(D?W@'[WHiﬁOO
nol e % of [ igd.regidues; ii) O to 30 nole
% of aronﬁ%@ég%bggk&eyﬁ%&agﬁ resi dues

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

residues, and
(I at least one thermal stabilizer or reaction products thereof;
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.1 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 from 90 to 200°C.
[0021] In one aspect, the invention relates to an LCD film or sheet comprising
at least one polyester composition comprising at least one polyester, which
comprises:
() 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

)



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

of aliphatic dicarboxylic acid residues having up to
waegoocaotsen atons; and (b) a glycol conponent PCT/US2006/011913

conprising: i) 10 to 99 nole %of 2,2

, 4, 4- tetrarret hyI - cycl obut anedi ol residues; and
ii) 1to ??@(ﬂfcoﬂqp%h%)ﬁpb&lﬁPﬁgmgdl nmet hanol
resi dues, and (1 | east one thermal stabili zer or

reaction produéts tHeried0 malecYoctfi2, 2 HedteStameinyl-.3% of

t he di car on is 100 nole % the
t ot al g:%le){,lfatn%8|oqlr&%ﬂ?e %ﬁlgonent is 100 nole %
and V\/nerel n the)i nheoemsownsl@d%l d¢fy1, dfcytioberahydintethana

fromO0.1 to 1.2 dL/g as determned in 60/40 (w/wt)
phenol / t E23iQES: thane at a concentrati on of 0.5

/ 10 ter h Tg of
Promb « ey ST s R g B hvent fon
r el awdereio the tdi@Dold % ofr thetdedrborylior acid ngrm):onleehsﬂoo mole
I it
o SSel Mok 6 TR SButarpnt &t T diote SRl Vest e
whi clyHep8RIthe %eréﬁi) wé"cd’dltggffe O/}Sb Ty@t %ﬁ"'léjfr@m”'@@BGthO 75 dl/g as

conprising: i) erephthalic acid
detarmineg in 6®/ﬂocﬁwt/wt)3m1ernﬂlletewaolnlomeihame at dicoaceoixgtiarcof 0.5

re S ving up to 20 carbon atons; and iii) O
g?‘@dj@l ﬁg?%%}caal i phatic dicarboxylic aci d residues
havi Dgheigintthe polyeatdrdiasd wgtbt f frionel 0 D t@ 180yCol

2_néponent conprising: i) o 70 nol e % of
14, dniane mqhyﬂwennvwowela&%t%@aﬁﬂ filmeor aleel;comprising

a?fé%s’t bhe POIyet&t LM SsitirPboripfsify &t X BREHITRIE Which
comprises:
()] at least one polyester which comprises:
(a) adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
i) 0 to 30 mole % of aromatic dicarboxylic acid residues
having up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues
having up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 40 to 70 mole % of 2,2,4,4-tetramethyl-1,3-
cyclobutanediol residues; and
ii) 30 to 60 mole % of 1,4-cyclohexanedimethanol
residues, and
(I at least one thermal stabilizer or reaction products thereof;
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.35 to 0.75 dL/g as
determined in 60/40 (wt/wt) phenol/ tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C; and
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residues, and (Il) residues of at least one branching

agent; wherein the total nole % of the dicarboxylic
wa@ediodoesaponent is 100 nole % the total nol e PeDIUSI0h€011913

gl ycol conponent is 100 nole % and wherein the

i nherent viscosity of the polyester is fromO0.35 to

0. 75wihergjindbe petyestaried a Tig ®0fréfn (20 towi 5odenol /

j on of 0,5 g/100 m
(82413 T St e e met<i ot LT fr shescomprising

at !éa’sﬁ@ﬁ%go%é??eﬂcoh‘bd%ﬂﬁ)rﬁéd?ﬁﬁﬁsiné E?Iéa‘é}l’%ﬂéitp%@/%s?ér?%fbh

to an L m or sheet conprisihg at |eas
CRBINYIESS-er conposition conprising at | east one

i i ses: . (| | east | yest
i o1 conft BsEOnE BIRESTE e koMPesEEy conponent
conpri si ngx) i) adicdrbohdie a8/ eor?fp@hehﬁécﬁﬁbgéiﬁb! ¢ acid

residues; ii) 0 to 30 nole % of aromatic dicarboxylic

aci d residues Ravi ng0ip 108 maeSa b terephthatic a@itﬂ_rejidt)eso
l e % ofy al i ' ' [ i d residue .
o 0 Tl oy R b L U e

conponent havinguipstor&P carbod @tdras;7&nhdol e % of
2,2, 4, 4-tetrama,$ hyM_, 3- cycl q)but anedi ol residues; and
ii) 30 to 60 nBle of & 19 Moleyie of éiRbAliGdieathaxylic acid residues

resi dues, hg‘ﬂﬂ%g‘wbt@"é@?ﬁ%&ﬁﬂg dhernal stabilizer or

reaction pro hereo rein the total nole % of
the di car{ixy! & glywol compopemestmprisidg@0 mol e % the

and whorei n ' h | it (O RABCRRE praf IRbAPUEL T | <

from 0. 35cyicoBltdRedibl i@siftiedesgg m ned in 60/40 (wt/w)
phenol / tetrachl oroet hane at a concentration of 0.5

ii) 30 to 85 mole % of 1,4-cyclohexanedimethanol
residues, and
() residues of at least one branching agent;
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.35 to 0.75 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 from 100 to 150°C.
[0024] In one aspect, the invention relates to an LCD film or sheet comprising
at least one polyester composition comprising at least one polyester, which
comprises:
()] 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
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g/1 00 mM at 250C, andwherein the polyester has a Tg
of from 120 to 1500C. [0023] In one aspect, the

WO pooen0iseh rel ates to an LCD fil mor sheet conpeT/B52996/011913
at | east one pol yester conposition conprising at | east
one polyester, which conprises: (I) at least one
pol yest er (Whi ch gyead cosgmnehaompdsingr boxyl i ¢ acid

conmponent conpki singy.,i), .70 to 100 | e % of

terephthal ic abi d rggitabgsr,“of% %’ Qf%g’o _"@FBEI"EGWBF’&
aromati ¢ gyclehtmexgtiof résidGed: @gigdues having up to 20
carbon atons; and iii) 0 to 10 nole % of aliphatic

di carboxylic ab) d r 8Qita@6smpievioraf uf-cyolobexamedimethanol

atons; and.{ ycol conponent conprising: i) 15 to
70 nol e f&*%?%,a%b#tetrarret hyl -1 , 3- cycl obut anedi ol

resi diles; atledst one Hertraal StabiRlee o¥rédction products thereof:

1, 4-cycl oh ﬁaned'nethanol resi dues, and (11) residues

of  aliheEsln the ftabmgle i #igha gégarboxlisragich compongnkis 100 mole
) 9 Al ' i o/. 00 nol e
G (ool % O R AR et R TR o6 3 100

nol ewdterain dhevindyeeent visoosity loé thenpolyesies s frymod.36h6 0.75 dL/g as

| vest er | r o .35 t0 . 0.75 dL/g as determned in
SRGASLE 250 Rl St oot oro
aoncanat 280ceBngf 0.5 9/100 ml at 25C, and wherein the
gpoI yest er hasna Tg of from 100 to 1500C. [0024] In one

aspewherainée polyasieohas el By effrom #00 taC50C.m or sheet
I0028A ; 3b e HorefThe BREeBGFET SR Tebs R sassone
pélygadonkast one pol yester which conprises: (a) a

di_carboxylic acid conponent conprising:
[0026] In©ne aspect, the polyester composition contains no polycarbonate.
[0027] In one aspect, the polyesters useful in the invention contain less than
156 mole % ethylene glycol residues, such as, for example, 0.01 to less than 15
mole % ethylene glycol residues.
[0028] In one aspect, the polyesters useful in the invention contain no
ethylene glycol residues.
[0029] In one aspect the polyester compositions useful in the invention
contain at least one thermal stabilizer and/or reaction products thereof.
[0030] Inone aspect, the polyesters useful in the invention contain no
branching agent, or alternatively, at least one branching agent is added either
prior to or during polymerization of the polyester.
[0031]  In one aspect, the polyesters useful in the invention contain at least
one branching agent without regard to the method or sequence in which it is
added.
[0032] In one aspect, thé polyesters useful in the invention are made from no
1, 3-propanediol, or, 1,4-butanediol, either singly or in combination. In other
aspects, 1,3-propanediol or 1,4-butanediol, either singly or in combination, may

be used in the making of the polyesters useful in this invention.
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i) 70 to 100 nole % of terephthalic acid residues; ii)

O to 30 nole % of aromatic di carboxylic acid residues
whawrnogisep to 20 carbon atons; and iii) 0 to 1BCTHOF®08011913

of aliphatic dicarboxylic acid residues having up to

16 carbon atons; and(b) a glycol conponent conprising:
[00331]5 tio off mdee:t & the idvéntforfl thée hicla®h by Ms-82,4,4-tetramethyl-

but residues: and ii) 30 to 85 nole % of
ﬁy 95‘#@3@3@1@% H@Weﬁﬁtﬁm p@bfeatﬁ@% usgivd Ir(ihe)lna@nﬂ%h@greater

tf?eﬂ%é Rs3158L, of g?égté%?é £ g{o?e{?‘%gbf’élsﬁ %ﬁ% feirérﬂ&ﬂqu’i 3

wherein the t di carpoxylic aci
cydnbotanedial sr ytatemthan %0 bk Voofadis22,4 z%edufanuétbyl 1,3-

b e SRR i et Beis petesTiaos & FRched Fistramethy-
18- Eﬁcl%utgnééloﬂﬁﬁ&hﬂhg-@szm @éﬂeﬁﬁeﬂw%4 ‘Qtéyo‘imﬁﬂghédlol is s, equal to

t etrachl oroethane at a cohcentrati
aé@ta;tgf)@omﬂje\%erel n the pol yester has a Tg of from

o R sstrbE e v W2 i by Br PR NGRS or 2244
tét@ﬂ@thyl-n SnRIasRediol RRAAGh Y SHRT pEIYEBIERS LEET in the

ycarbonate. [0027] |In one aspect,

Oy e b0 1ot Hleof elocha o taloamaiii dueyclpiisanediol
of foffEh8 0 g8 sible 30 Br ez HTRteltet LT A ARt Bhpedipl, or from

40&866uaele %Qﬂb‘iﬂ-z,m,aﬂetraﬁ"@ﬁwm 3-lwclbbhta?@deﬂ$artﬂr$ﬂﬁ 40 to 60
nve n contain no _eth %@ene gl.ycol residues.

"Pé%%?f ANyae épt@tr?nﬁféylpkﬁwg Ht%%sWh?Eﬁig the tatal mole
péf(‘;ehth“gé W&éﬂz, o 4%%%€Rhﬂt rbo Uucts t ereoem?J ?%%%8]244

stabi [T zer an reacti1 o
tatmn@bple’t,e cwmwmtleequabhafmtotamﬁm molee?d.i on
[@%@5 gl%ﬁ%%gcg S pa pg &%rgm%itgngaetlrlevuesle)ful w‘? E_Cllfﬁl%s or

sheets including, but not limited to, solvent cast, extruded, calendered that are

optionally oriented, and/or molded articles including but not limited to, injection
molded articles, extruded articles, cast extrusion articles, thermoformed articles,
profile extrusion articles, melt spun articles, extrusion molded articles, injection
blow molded articles, injection stretch blow molded articles, extrusion blow
molded articles, and extrusion stretch blow molded articles.

[0036] Also, in one aspect, use of the polyester compositions of the invention
minimizes and/or eliminates the drying step prior to melt processing or
thermoforming.

[0037] Inone aspect, certain 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.
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prior to or during polynerization of the polyester.
[0031] In one aspect, the polyesters useful in the
WO pwenoiseh contain at | east one branchi ng agenPCT$19061011913
regard to the nethod or sequence in which it is added.
éOOSZ] In one aspect, the polyesters useful in the

RiEFriDESEHPa'I@N@Fﬂﬂ-tETDleNGSOr opanedi ol , or,
1, 4-butanediol, either singly or in conbi nation. In

[@038r GEIQB[H tis 4 gBaph shhewiedithe effecloficdiHbacier eh ,the fastest

CHQ%]E@’[ q?gﬁ%“%ﬁygg%@n@eqrﬁ&%on ave sﬁq?rg used in th
A" 35 S P 25 & 30 SRRt fls Hred BF cbMYERhId b hehyitte to-

nmol € % of” ci s-2 tane
d ugfde mwansﬁlomdenmanaquoe (B iers nu&hédllzodum;lmtlmagth test §ASTM

h % t th 55 le %
D23eEhigk BrmhatRyF- 13- oyal obut anedi ol or
[@Aﬂﬁt erFigl@ns #Ka GPAgh $hctingitRe %ﬁ%cﬂoi‘? DOt A ‘t‘é’f?érhé{hx
- cycl obut anediol’; wherein th nol e per cent age
1 @rcml@btﬁageduomqrap@@m@n hpithe glabsdyanisition tenekraturaiBig) of the

p 2,4, 4-tetranet hyl -1 , 3-cycl obut anedi ol is
céﬁcﬂg?st 0 a total of 100 nol e % [0034] In one aspect

[(m‘41q he Rigwrend isom petdpectivd SicW 6 a bAekligh? BRpRaydevice.
0(2%@ i: tetramethyl -1 , 3-cycl obut anedi ol "useful in
[ i@ prPSgsectipnalviewef mwmtlp@urﬁages pbtheslrst

optisal Qu e of cis-2,2, 4, 4-tetranethyl -
b -cyc?&tutanedl ol or from30 to 70 nole %of

[01043113 flguré 64|staapempet:mé vidw, &F- patklight dl%pdawﬂewéﬁ comprising
gaom .0 60 % of cis-2,2,4,4-tetranmethyl -1
as 1% E?'a?%é‘e%r from40 to 60 nole % of

[OUMPS 3’1%{% ﬂmté?éﬁgéﬁm view of t%%&?*&% F 8t s, feature the

wher ei n tota ercenta
origriatiorpofithe- nrtamatlmsttridceis 3- cycl obut anedi ol and

S- tetrane but anediol is .
BB B ot SR SRR ey 3 Sh@sRCh S hrueia sacteining
hgthh@ffg@ingepémue@onpo& tions are useful in LCD filns or

sheets including, but not limted to, solvent cast,

extruded, cal endered that are optionally oriented,
and/ or rml ded articl es including but not limted to,

DETARED BESERUEAON O TRE NRNIRIH, Gl s “profi1e

O848, 50 P e BB B LB HBLBT refernce
thé fylienting detdiloatddschipion GPEsIesin dribsdifentSSt thdShaShtiInahd the
working examples.

[0047] In accordance with the purpose(s) of this invention, certain
embodiments of the invention are described in the Summary of the Invention and

(

are further described herein below. Also, other embodiments of the invention
are described herein.

[0048] It is believed that the polyester(s) and/or polyester composition(s)
which are included in the LCD films or sheets of the invention described herein
can have a unique combination of two or more physical properties such as high
impact strengths, moderate to high glass transition temperatures, chemical
resistance, hydrolytic stability, toughness, low ductile-to-brittle transition
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nol ded articles, and extrusion stretch bl ow nol ded
articles. [0036] Also, in one aspect, use of the
w@eioymeetses conpositions of the invention m ni PP@BEES2006/011913
and/or elimnates the drying step prior to nelt
processi ng or thernoform ng. [0037] In one aspect,
teraperaiurepotoniriieble ederf and clarltyheel iigin€4 transmaittanee or low

BRPs ENPUSnsind o i BleMle Rl ol ot e e mfocessabity
thezloy easilyyparmitting ihém! toitd fovmeSPitbAHriicies! Vg 8bfleSor tp?y

useful iIn the i nventi on can thus have a substanti a
em@eﬂpwﬂ ofEheinvestien. th@@@i)@@tqrﬁé’taVBranlqu9@9trdJ1|$atlon of the

oRAENS I B LB 33, 53 e, oty

alﬁd/guthe dornbinatign ap thesprapiertip st dfeyodidf igface btre AGIAN HEE{ on
fastest crystallization half-tines of nodified PCT
@S@‘%@P r@'oc% !ty an @rr @@cv@bwaélpamf tehewimeretaféhe

d&ddriBel Rbp&ARRPEERa L n%!%%r dt?éfbié béap ?gﬂé\éﬁ t? & Pressetin LCD

tran3|t|ontenrperatu I'n a no
fllerca'rﬁglj'telets emhp(lﬂﬁﬁmwbﬁﬁl,esﬂa’r&ompddlﬂdds whigh ompHeahs -
raph showi ng the effect of

(gyiéﬁ (ﬁ)? }pg@ﬂj’;erel% 3- cycl obut anedi ol conposition
[00a9] he“thtBS’rﬁmtdr%'h‘é'eY 98 u%@fﬂl’l%?éﬁhuFe?ei(sTtg)arfépﬁc!%‘Fﬂlm or sheet in

yester 0041] Figure erspective
ara'-&ﬁ)c%%mhlymmb@mﬁmmndmg [COGansEtlggl,rcbreﬁztmg, defusnng, or

o350 G405 P O A Bl . T,

inpertapeshbyeinyeriyy ok LD Sk or @héeﬁéé{’béléh%%‘h %n] a diffuser
conprising a st ack of optical substrates

filgg, g diffuserishegt, Fesepeensationlimwadompanantin adirightness

f th t
eritHRBIGTI p s GRS TN 4lid £BLRALoRatdti Al “rang of
eraboohment;ahe SO bissérablyastmpridesta bask lﬂlvtﬁét%@n@eates light that

i ¢l es. DETAI LED DESCRI PTI ON OF THE | NVENT

Is B%éé%ﬁ teResetiesf dayars aasiardiimenyhish furber directadiffuse, and/or
tralrRAH th Iight {°5&HREE8a)&rs within an LCD.

[0050]  In one embodiment, the LCD assembly comprises at least one diffuser

film or sheet to produce a substantially uniformly diffused light to the first
polarizer within an LCD assembly. In another embodiment, the diffuser film
achieves a substantially homogenous light and/or enhances brightness. In one
embodiment, the diffuser film comprises the polyester. In one embodiment, the
diffuser is a sheet, which can have a thickness ranging from 1 to 50 mm with a

~ thickness variation of £10% over an area of 1 m?, such as a thickness ranging
from 2 to 30 mm. In another embodiment, the diffuser is a film, which can have
a thickness ranging from 2 to 30 mils, with a thickness variation of +10% over an
area of 1 m®. These films can be used in combination with other films of differing
refractive index to produce a reflective multilayer film, i.e., a dielectric mirror.
[0051] In one embodiment, the light diffusing substrate has surface
roughness. In one embodiment, the center line average roughness Ra can be

0.1 um or less, a ten-point average roughness Rz can be 1 Mm or less, and a
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the follow ng detail ed description of certain
enbodi ments of the invention and the working exanples.

WO 0@4/pp155: accordance with the purpose(s) of tPCBUS2006/011913
i nvention, certain enbodi nents of the invention are
described in the Summary of the Invention and are
maximheT heigbtsunface roughness Bnax cad be,1 whieriess. In another

RIS e Sith S rulphPfiss Shndaeis, Borssvarage grughness R
oPOlY Bl Hles ERASA iahithh HéloRlsiHeRe! BaLHAES, LIRMIK dids ym

filne or sheets of the invention descr érel n can

ORlgss. dn @nPthes esabasiiment,dhe stirfacs raughness ganyteivesd ten-point

ri c j gh i mpact strengths, noderate to
aﬁlér&%%grﬁggﬁn%#aﬁgi%? Pg‘ihgfne?\[gg?%_t ures, chem cal
[0652]st dnemotlivr@Emboditens ABILCDH BeséMBEEBHSrise LY compensation
ductile-to-brittle transitiontenperatures, _
f’@’bﬁ@’ high cammnensaiesrfor ightdransnitting theoughhanjaoyepic crystal

: . nsi.ti | 0 .
PAIRESE) BRI SBosrtll BRNMbSReatli egmorses
thenpolpéster alsi another embbdingeritheha LODegHsER%G bAgMtness

the enbodi nents of the invention,

' f
eﬁlﬁ%ﬁ%@fﬁ@%{ gPégrﬁemﬁy’dn @ReRBbeYmaNLAhe diightnesseenhancing film
i di { { .Sta .
COMBASES (R eRar il SRECMEBUISY) the PRB difiBisH Y Biotgriive
layrefas g pelyvisy! alcohobpblarierc tAcordinglyhin de@embodiment, the

i . bili d/ t he nbi tion
PIgfSte Y TP S hE RSt bad pr oper {1 es. t hat have
[0053¢r Iebaeensiiment itRY @ffiser Bfn BRE SR Madt rénlaﬁ?o%ﬁgﬁhosen

t he pol tions i

or sheets conprising pol yester compositi /
fremripugknesshelasity, yohemieal spsistandies Ty oamdl hizdrodytic. stabiig9]In one

" i . d i.n, fers to an
R e IS R e I
toughnest, clarity, wheetisal resBtaribe! o tmmadsfafbgg%pgfgt@ggc stability,

larizing |ight and/or as a support or (
arﬁﬁ?@i'c BFORGHlIes-i zing filns. Thus, in certain

100SPC PERS 4 b pArCRL A REBloigR 298 fob°™
BadKlight displaypieviset 1000comprisedian epticardvunée N02for §endtating light
1 nd st Aedie) Stinsireted B0E rergvinBght 446, Firstonicaint
SUPSOORE e S b AR 8 bl e e
104nwhigh directs light 116 emanating from optical source 102. First optical
substrate 108 comprises, on one side thereof, a planar surface 110 and on a
second, opposing side thereof, a prismatic surface 112 (Figure 5), such as 3M’s
prism film VIKUITI BEF (brightness enhancing film). Reflective device 106 is
shown in planar form facing the planar surface 110 of the first optical substrate
108 such that light guide 104 is sandwiched between the reflective device 106
and the first optical substrate 108. A second optical substrate 114 faces the
prismatic surface of the first optical substrate 108.

[0055]  In operation, optical source 102 generates light 116 that is directed by
light guide 104 by total internal reflection along reflective device 106. Reflective

device 106 reflects the light 116 out of light guide 104 where it is received by first
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transmt the light to adjacent |layers within an LCD.
[ 0050] In one enbodi nent, the LCD assenbly conprises
w@rooreersss one di ffuser filmor sheet to produckCEHUS2006/011913
substantially uniformy diffused light to the first
pol ari zer within an LCD assenbly. In another
oplidad subsinate 108 Rlah&usanfadd 110 apbipeamtie stiasbart2 of flryt

oUBLaFRRe o Yl TR Eina Bescitnt ysbesanteny
PO IRl 198 538 g o, e
theni dirasésd tosaseeendaplital s0bsivater1 Bhloaatea atiove the, firstumdtical

hekn ranging . from?2 t mm_ | n anot he
s @0 AR ARSI el Rt Alaigie o «BHSR Ghe 116
(diffusa filrh DrisaBei) N Uight A6 prbBedds fbinsthedcBnd otk Btrate
variation of 10% over an area of 1 n. These filnms can
1Hetqthepolarizesamdibeilianidwiystabarrey 1301 (sbown iniFigureit)g

10956} 2 Fig o' 6145 oo BRI vy ©f 5l Sp b 108,
shaviingitiee ptismatie sLiffgbe 142 fdnd<dprostiddsiahak Sulf@se $90.f ARGl be

rou .h%zi%. I,n one enbaodi ment, the center |ine average _
aFPFHGg'ﬁ aRihe-srrand epticapsyibstrate dd4 may alsogprivde the aforesaid

pIgil AP pfistane Safatts 19 o thal WRimafidy, dttaRTRCHEES 108
anghd14 erayeedropliseeopposing ptamal g(zuda?@slo gho msppaﬁinbéplr&n@aéic
ten- t _average.roughness 0.5 mmor |ess, an
SRR o, T GO PagRcos i A MeTudRra gradte Gish AT
examplg SSsurtdbeARplitibd WA SERAbIadBE, RIE] ARRNIHRIGMIRSS or

can have a ten-point average roughness
eleetge digoharggd machinetmastes asovkinasmthe plapat & psiseatic surfaces.

FIGRETS RS hirR ERe B8nAR shiaf 43215 fptoaly BRfkte 108 having a
pepiktanygie,Ja], Aciesighli, A9k YpitchNp oA Q%Cmgrurbrﬁ, any of which

conpensation filmconprises the _ anot her
manbe¥e REsRCIibed values ardngy heve valussiwhichese randemized @r at

i ( i , [ t.h right ness

& BB SEA AR, 1t S8 BT E Db A S0 S
matetiakli Alsotshotindn Fiuredrard serae paskiblie phinvaysafaight 246 in

It H‘S E‘?MI ntyl al cohol {@qol arizer. Accordingly, in one
reiakes ppligah substratect08,e | ayer conprises the
00%7]Y eStBre Y | | fdf
067 <5FBlre 6k J BeRPRCRIP IRl rinothSPeAbbLHSH U AL
backlight display device 100 including a plurality of optical substrates 108 and
114 arranged in a stack having edges that are substantially aligned with respect
to each other. The stack is positioned parallel to planar LCD device 130.
[0058]  Figure 7 shows another arrangement of two optical substrates 108,
where prismatic surfaces 112 are oriented such that the direction of respective
prismatic surfaces 112 is positioned at an angle with respect to one another,
e.d., 90 degrees. It is understood that more than two optical substrates 108 can
be used where the respective prismatic surfaces can be aligned as desired.
[0059] Light scattering or diffusion of light can occur as light passes through a
transparent or opaque material. The amount of scattering/diffusion is often

quantified as % haze. Haze can be inherent in the material, a result of a

17



fromtoughness, clarity, chem cal resistance, Tg, and
hydrol ytic stability. In one enbodi nent, the

weomwpentsas i on filmhas at | east one property cPOBE52006/011913
fromtoughness, clarity, chem cal resistance, Tg,
thernmal stability, hydrolytic stability, and optical

prfmqim coremold[rtg)sm]CeEs qreerebultof BUPRES RSalre/@. Y., BYisPiiatic
ght di spl ay device
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it byt e,
100 micicnstergsuenas).qgo B0GhRA meterd! AP 16 8hRFSMédds. By

? second, opposing side thereof, a prismtic
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S il AR e B e
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oé%gf'gbh%\?é e%ﬁgﬁ@@é%g@'ni;%gqq@ fWhieh ison pediodimest efthe current
it 55O GBS B g i,

h@\(me sefractivegndex dtﬁiereruiptypmﬂllyaalomm réf@é’ct@eﬂgg@g by abtout 0.1,
1 to

et hei e ATt e N
Ilgtmfdhfﬁ.@mg/ Qaﬂi@}ésc‘ﬁzsl%gb%drﬁelt@td hes, 'T)gﬂ&?llr elWe fﬁfdfces of

ulde 104 where’it is received
S%’»‘t%é‘tQF%F@' susstrate 4ddrcapuange érotr 0. 4hid 10655 ﬂnﬁghtcd |ffusmg

SUEBEEREYP Ayt ShAS AP f B ARLA R B o
ormrﬂ)sd antheadpticansutsettaté q1ﬁ| 6|8Fna§ﬂié SdneMATon? GefPMinistic

éal ong direction z as s ovvn) ight 116 1s then
faghipBct ed to a second optical substrate 114 |ocated

0880 508cbe ey B HOBS b 3R PR35 Wi

mamrrafs,memmnures thersdsfeahc)! dolialsigrifléarily erresely bFEtt e

BT AL i i e
tefdiBUstReryth S ExafTSS gg%ﬁﬁaﬁ’leﬁhh\’? sfly 6@% pic %é{ﬁﬂa‘&s include

optical substrate 1 epls
poty(acrytatespolyi (adkyb htﬂilaacrylatésa)pﬁ)rb&amdlé poly(inekrgyl

m@tﬁ%@@%ff% ﬁ%\gmepgggrezgag%ggoe §/Ieﬁgi (éﬂpé)t rsﬁltcgnéé,d?opaample
hydrolyzed poly(alky! trialkoxysilanes) available under the trade name
TOSPEARL(R) from GE Silicones; and mixtures comprising at least one of the
foregoing organic materials, wherein the alkyl groups have from one to about
twelve carbon atoms. Other light diffusing particles, or light scattering agent,
include but are not limited to polyalkyl silsesquioxane or a mixture thereof,
wherein the alkyl groups can be methyl, C,-C4g alkyl, hydride, phenyl, vinyl, or
cyclohexyl, e.g., polymethyl silsesquioxane. Examples of suitable light diffusing
inorganic materials include materials comprising antimony, titanium, barium, and
zinc, for example the oxides or sulfides of the foregoing such as zinc oxide,
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pl anar and prismatic surfaces 110 and 112.
Alternatively, optical substrates 108 and 114 may
W@ 09pi0 1585 opposi ng pl anar surfaces 110 or oppoRCTYS2006/011913
prismatic surfaces 112. The opposi ng surfaces nmay al so
include a matte finish, for exanple a surface
antipony aixigke Amdmixiusmsncbrbprsing af |daas one o ¢ Tblﬁ?dgoiﬁb Iri]h@vé;anic
or,_electri L scharged mgchin ster ,as well as the
ralelS Lk g pATCIe seiealy FRve p cigmgler ot abprt anicron
ahli@ iRFfaghwd intleX WeldVe nalt 'o? 19d nfik. C Y pi Hisi
having a peak angle, [a] , a height ,tlp%%mgﬂ{)l ig?ﬁ p,Slng
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ca, B%@a‘ii??'%ﬁ’?(ijf"cawgﬁé@ the difupetignal hydoxyheompeued camhe a
B RO AT SRARDer g b sP FUHertors 1R (60 s
applicatian, thelistm ddiasidl 08, dicarboryljy acidhincludesrhakifinctibial acids, -

SRl ' 15 et edin 5 o e,

butes REEmited &NiGBLEINESIs, Sndl ifR& '
under st ood t hat no?g thannt%n{g%tlfg@a c?rgﬁiiggﬁoa e%OT8§unds'

Alierpatively,dba difbeediond sarkasylic atidempy ibenamhidroxyichas®slic acid
i ' d. .[005 i ght . teri

sulithes Sor xR, By ORRYbBR ol B ang P8 S EREORAI Bk

cdmpouemeRtbecdn arafaltc ABEIeNs Bearid§ e HdRe s%stti;cgggts such as,

scattering/diffusion_ is often quantified as %
fopg¥amplen hydraduinanent Thetarme residlee’, ais, usedrharain, means any

g TR e B8 LS55y b b B B
arcesissficationireaefiorvirem e crspanaipl mahomiebs Thatterm tbpeating

cont ai ni I i,r?ht diffusing particles 128 (diffuser _
untt, a5 ')'S.'ecljﬁ%fﬁ! 183 opeaite strusiuse §aVibgta digarboxylic acid

esle pLe bl e, DSBS R
exapple,dhe linasbaxydicresits residuds Maf bet derh@Y fdreradrbsckylic acid
m%ﬁ}ﬁ‘ﬂeragr i?s‘ élssto%iag‘fgd rchJ f?gl%teesf a’ste?sn,dsa tsf gnr?ydrﬁd%rs?g}e En(?;tlsj'res
thereof. As used herein, therefore, the term dicarboxylic acid is intended to
include dicarboxylic acids and any derivative of a dicarboxylic acid, including its
associated acid halides, esters, half-esters, salts, half-salts, anhydrides, mixed
anhydrides, or mixtures thereof, useful in a reaction process with a diol to make
polyester. As used herein, the term “terephthalic acid" is intended to include
terephthalic acid itself and residues thereof as well as any derivative of
terephthalic acid, including its associated acid halides, esters, half-esters, salts,
half-salts, anhydrides, mixed anhydrides, or mixtures thereof or residues thereof

useful in a reaction process with a diol to make polyester.
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addition of light scattering agents or [|ight

scattering particles 128 to an optical substrate, the
wa@rmano1sed di ffuse [ight emanating fromthe diPETIES2006/011913
may be inproved, and further inprovenents nay be

real i zed when a sufficient anmount of a brightness
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erials conprising antinmon
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[Oeé‘i | C’n c?theyg'sggcltls ¥ {haevlenvgnt?ona}qﬁe %‘rg c%f’thé1 %%lljy}es%errsnucsre?ur} in the
LCD films or sheets of the invention can be at least one of the following ranges:
90 to 200°C; 90 to 190°C; 90 to 180°C; 90 to 170°C; 90 to 160°C: 90 to 1565°C;
90 to 150°C; 90 to 145°C; 90 to 140°C; 90 to 138°C; 90 to 135°C; 90 to 130°C;
90 to 125°C; 90 to 120°C; 90 to 115°C; 90 to 110°C; 90 to 105°C; 90 to 100°C;
90 to 95°C; 95 to 200°C; 95 to 190°C; 95 to 180°C; 95 to 170°C; 95 to 160°C; 95
to 155°C; 95 to 150°C; 95 to 145°C; 95 to 140°C; 95 to 138°C; 95 to 135°C; 95
to 130°C; 95 to 125°C; 95 to 120°C; 95 to 115°C; 95 to 110°C; 95 to 105°C: 95
to less than 105°C; 95 to 100°C; 100 to 200°C; 100 to 190°C; 100 to 180°C: 100

to 170°C; 100 to 160°C; 100 to 155°C; 100 to 150°C; 100 to 145°C; 100 to
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and a refractive index below that of the matrix.
Typically the light diffusing particles can have a

wo edormetssve i ndex about 0.1 |ess than that of PEEUS2006/011913
matri x. [0061] The term "pol yester”, as used herein,
is intended to include "copolyesters" and is
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128 fo QOO @*X’Eﬁmioe'l Qm’m MeQuUbNGeC; Toe td evoTC X0 ﬁﬂﬁéo Casl 20 to
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ed
19%t% 1¥0th|1)5%§ t1ﬁ96‘9|dl45acpb29/€%ﬂ1€1@r%a1tzooﬁ¢ IRl r129ﬁ0 135°C;
h
VO\TISIICRLAPD A 98 ey O£ OISR 1o 125
18@40 sl 2bntootr5 i Qi d 25to U50ﬁ@£12@w M5 eC; di 25atobied0r C; 025Q0d38 C;
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monomer or its associ ated aci i des, esters, salts
130t/ 200 Wes! 300ko TARCyM86 to HE08GT 1300 m%‘iﬁ rf@()aion'l 60°C; 130 fo

108 S GriaPE, 5 R TABEEPH S hdl PUERITHS 1osc
136 eP2O0°0: 135 RCigh°Ch nsbwanlsgf’ct 4539&5(??0% episml 160°C; 135 to
hal i des, esters, half-esters, salt hal f

1%51"@ d3bdes! 507Cx 485 imA¢EIC IS ’tQ)il4GnG<t1u110et9 20086@61‘40 to 190°C;

1SR tho'd A BEEAEED BRI by y 8l s 1o

14&6:’0;1 ‘1418510I20]O€G¢¢418 tmgotﬂ:um toewmﬂm hajsite #0°d; h18eb160°C;
1898 1881908 SRRl 188 8- 851 8N, SSEiNAYE floe °C; 150 to
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165°C.

[0065] In other aspects of the invention, the glycol component for the
polyesters useful in the LCD films or sheets of the invention include but are not
limited to at least one of the following combinations of ranges: 10 to 99 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and 1 to 90 mole % 1,4-
cyclohexanedimethanol; 10 to 95 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 5 to 90 mole % 1,4-cyclohexanedimethanol; 10 to 90 mole % 2,2,4,4-

tetramethyl-1,3-cyclobutanediol and 10 to 90 mole % 1,4~
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terephthalic acid, including its associated acid

hal i des, esters, half-esters, salts, half-salts,
wapnlydoisses, m xed anhydrides, or m xtures theP€DSI06/011913

resi dues thereof useful in a reaction process with a

diol to make pol yester.[0062] In one enbodi nent,
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cont ai ns 30 nol e% i sophthalic acid resi dues ou
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it o akiey A P o B
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| obut di ol , based on the total diol reéesidues,
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oriRctafd BB ] % AT BHORTED 2l LSSIERPY
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ande R0 BRIE s 1%8%&%&@]&4&%%%‘01 '1f6‘3tﬁ°25f ﬁﬁ?ee‘*/s%g 4,4-

the invention can be at east one of
tetramgthyl-1gbcydobataneriiodand graAtenthanoth to9d HAE % M-t 0

cy&IZﬁQ%nego(?mte%élh ?Oﬁ to 95 moléL 5; 82 4,4-tetramethyl-1,3-cyclobutanediol
and 75 to 89 mole % 1,4-cyclohexanedimethanol: 12 to 25 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 75 to 88 mole % 1,4~
cyclohexanedimethanol; and 13 to 25 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 75 to 87 mole % 1 ,4-cyclohexanedimethanol;

[0066] In other aspects of the invention, the glycol component for the
polyesters useful in the LCD films or sheets of the invention include but are not
limited to at least one of the following combinations of ranges: 14 to 99 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and 1 to 86 mole % 1 4~
cyclohexanedimethanol; 14 to 95 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
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90 to 1500C;, 90 to 145C, 90 to 14CQ0C, 90 to 138C, 90
to 135C; 90 to 130C, 90 to 125C, 90 to 1200C, 90 to

WA 1B@000®8s t o 1100C; 90 to 1050C, 90 to 100C; 9BCT/DS2006/011913
950C; 95 to 200C, 95 to 19Q0C, 95 to 18Q0C, 95 to
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1900C;” 115 to 1800C 1
cyclohaxanedimethanol; 1l Ots 56; mdxlhﬁ%tZgZ%@&tr&irﬂ:étHym 3338ﬁ;loﬂdténedlol

B 4eT0 5008 %ont-Crgenienadmemanny 4 194e50 hoiers 25,44
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ikeRient20 CookBREnclA] 48 S50 88 ok 1ASS0C 120 |
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0 1 k3 £t0.150C:

Ml 2 3o 1 bR A plsBiacian St I 8o
. moledt: 1 4350bbe2@r@ﬁneﬂ%1dl014lﬁﬂ53mol§5/o bp 4m@tra#?é:th§/lo1 3-
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% 274 G-teldfhdiAyil P G coktRan idBatB0 1686 1ol 2R G 4140 to
cyclohexanedimethanol; 14 to 35 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 65 to 86 mole % 1,4-cyclohexanedimethanol: 14 to 30 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 70 to 86 mole % 1,4-
cyclohexanedimethanol; and 14 to 25 mole % 2,2,4,4-tetramethyl-1,3-

cyclobutanediol and 75 to 86 mole % 1,4-cyclohexanedimethanol.

[0068] In other aspects of the invention, the glycol component for the
polyesters useful in the LCD films or sheets of the invention include but are not
limited to at least one of the following combinations of ranges: 15 to 99 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and 1 to 85 mole % 1,4-
cyclohexanedimethanol; 15 to 95 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 5 to 85 mole % 1,4-cyclohexanedimethanol: 15 to 90 mole % 2,2,4,4-
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145C; 148 to 200C, 148 to 190C, 148 to 18Q0C; 148 to
170C, 148 to 16Q0C; 148 to 155C; 148 to 150C; 150 to
WQO®CVI50 to 190C, 150 to 1800C, 150 to 1700CPCT/BM200€011913
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cy’ékﬂ'\e‘}(aﬁedFrﬁétﬁQ t Bylis r]‘?g dﬁ%efé%/‘glé)g lﬁtf?%%rﬁegyvﬂtfgy%lﬁbgt%nediol

le % 1,4- cyclbhexa 141161

arzd 45 49 $5tmolee%elt Myblpaexamédﬁmetmml ; Io mtd @g go 3@|rﬁ@|§9% 2,2,4,4-
0 0 mol e %

telf By, F Y hEreRIo andhRd ria mebRIZdol Aand 40'to’ 90

cy@wr@x&’médmnetﬁyﬁdﬂohexanedl met hanol; 10 to 55 nole %

-tetramet hyM , 3- cycl obut anedi ol and 45 to 90
[096% %momemspeﬁemummenhamdhe glyzol coffpomehtfdtthe

ot o L B B R Lo
linitddeto%tedstéorid- dfehe WMMMCO%IW%@WWQH&% 0l 538¢bss than 50
mc%ef? £é4%2g%@?£g€h§bﬂ ﬁamlobmoanedjokl&drgrat% than 50 up to 85
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% 52 3, R L ST NIOTB YR AL B raoie %5 40 90
cyéBhéxdhddiftiethanol; 15 to 35 mole % 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol
and 65 to 85 mole % 1,4-cyclohexanedimethanol; 15 to 30 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 70 to 85 mole % 1,4-
cyclohexanedimethanol; 15 to 25 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 75 to 85 mole % 1,4-cyclohexanedimethanol: 15 to 20 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 75 to 80 mole % 1,4-
cyclohexanedimethanol: and 17 to 23 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 77 to 83 mole % 1,4-cyclohexanedimethanol.

[0070]  In other aspects of the invention, the glycol component for the
polyesters useful in the LCD films or sheets of the invention include but are not
limited to at least one of the following combinations of ranges: 20 to 99 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and 1 to 80 mole % 1 4-
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cy8®hex&bddiftiethanol; and 20 to 25 mole % 2,2,4,4-tetramethyl-1,3-

cyclobutanediol and 75 to 80 mole % 1,4-cyclohexanedimethanol.

[0071]  In other aspects of the invention, the glycol component for the

- polyesters useful in the LCD films or sheets of the invention include but are not
limited to at least one of the following combinations of ranges: 25 to 99 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and 1 to 75 mole % 1 4~
cyclohexanedimethanol; 25 to 95 mole % 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol
and 5 to 75 mole % 1,4-cyclohexanedimethanol: 25 to 90 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 10 to 75 mole % 1,4-
cyclohexanedimethanol; 25 to 85 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 15 to 75 mole % 1,4-cyclohexanedimethanol; 25 to 80 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 20 to 75 mole % 1,4-
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cyclobutanediol and 15 to 70 mole % 1,4-cyclohexanedimethanol; 30 to 80 mole
% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 20 to 70 mole % 1,4-
cyclohexanedimethanol, 30 to 75 mole % 2,24 4-tetramethyl-1,3-
cyclobutanediol and 25 to 70 mole % 1,4-cyclohexanedimethanol; 30 to 70 mole
% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 30 to 70 mole % 1,4-
cyclohexanedimethanol; 30 to 65 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 35 to 70 mole % 1,4-cyclohexanedimethanol: 30 to 60 mole % 2,2,4 4-
tetramethyl-1,3-cyciobutanediol and 40 to 70 mole % 1,4-
cyclohexanedimethanol; 30 to 55 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
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15 to 55 nole % 2, 2,4, 4-tetranet hyM, 3-cycl obut anedi ol
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cyﬁ{a gta%eg 9. andaiga %(5 mole % 1,4-cyclohexanedimethanol; 35 to 70 mole
% 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 30 to 65 mole % 1,4-
cyclohexanedimethanol; 35 to 65 mole % 2,2 4,4-tetramethyl-1,3-cyclobutanediol
and 35 to 65 mole % 1,4-cyclohexanedimethanol: 35 to 60 mole % 2,2,4.4-
tetramethyl-1,3-cyclobutanediol and 40 to 65 mole % 1,4-
cyclohexanedimethanol; 35 to 55 mole % 2,2 ,4,4-tetramethyl-1,3-cyclobutanediol
and 45 to 65 mole % 1,4-cyclohexanedimethanol: 35 to 50 mole % 2,2,4,4-

tetramethyl-1,3-cyclobutanediol and 50 to 65 mole % 1,4~

cyclohexanedimethanol; 35 to less than 50 mole % 2,2 ,4,4-tetramethyl-1,3-
cyclobutanediol and greater than 50 to 65 mole % 1,4-cyclohexanedimethanol:
35 to 45 mole % 2,2,4,4-tetramethyl-1 ,3~-cyclobutanediol and 55 to 65 mole %
1,4-cyclohexanedimethanol; 35 to 40 mole % 2,2,4,4-tetramethyi-1,3-
cyclobutanediol and 60 to 65 mole % 1,4-cyclohexanedimethanol.
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374,45 thofe % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 55 to 63 mole %
1,4-cyclohexanedimethanol; 37 to 40 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 60 to 63 mole % 1,4-cyclohexanedimethanol.
[0075] In other aspects of the invention, the glycol component for the
polyesters useful in the LCD films or sheets of the invention include but are not
limited to at least one of the following combinations of ranges: 40 to 99 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and 1 to 60 mole % 1,4-
cyclohexanedimethanol; 40 to 95 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 5 to 60 mole % 1,4-cyclohexanedimethanol; 40 to 90 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 10 to 60 mole % 1,4-
cyclohexanedimethanol; 40 to 85 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 15 to 60 mole % 1,4-cyclohexanedimethanol; 40 to 80 mole % 2,24 .4-
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ang A5 ¢o S00Holer 4 4-\oglnbhenanéd1me@ha'rﬁﬂ4 40 RIRRE AN Sgrm&af%
in the LCD filnms or sheets of

2 P SR SRRy eyl Ltahediobend arsatoithvth 54 11 Gastolefe 1,4-
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[0976] 4 m@’r@er aﬁeecptgsztrm inygotiam the shdiob tomponéht fop tHd

ool el Y B DR PR s P gurre o
limiteideto %t 1ot myscdfcthexamﬂngrebhﬁménon%%ftran&és "Eé ?o ?fg grole %

2 2ttty L Rmoitianediohanrbh 15 36 reoles Tral e
cy&nfgréxéol/rgédlﬁl%ﬁﬁﬁ{q? {% @a%% %ﬁ?%ﬁ%%&ro' e%ggl-ﬁgrcté/%[%z)%tanediol
and ,52t0455¢m0ée P/arlrett-bytﬂbhékawmiméuﬁaﬂﬁﬁdﬂmb 90 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 10 to 55 mole % 1,4-
cyclohexanedimethanol; 45 to 85 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 15 to 55 mole % 1,4-cyclohexanedimethanol; 45 to 80 mole % 2,24,4-
tetramethyl-1,3-cyclobutanediol and 20 to 55 mole % 1,4-
cyclohexanedimethanol, 45 to 75 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 25 to 55 mole % 1,4-cyclohexanedimethanol; 45 to 70 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 30 to 55 mole % 1,4-
cyclohexanedimethanol; 45 to 65 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 35 to 55 mole % 1,4-cyclohexanedimethanol; 45 to 60 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 40 to 55 mole % 1,4-
cyclohexanedimethanol; greater than 45 to 55 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 45 to less than 55 mole % 1,4-cyclohexanedimethanol; 45

to 55 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol and 45 to 55 mole % 1,4-
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and 35 to 70 nole % 1, 4- cycl ohexanedi net hanol ; 30 to

60 nole % 2,2,4,4- tetranmethyM, 3-cycl obut anedi ol and
wWa0ro01B85 nmol e % 1, 4- cycl ohexanedi net hanol ; 3BCT/USH56/011913

nole % 2, 2,4, 4-tetranet hyM , 3-cycl obut anedi ol and 45 to
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% hexanedi met hanol ; 35 to 55 nole %
% F &8 4 lehicinotie A B dip AnghAB e 658 than 50 mole % 1,4-
cyclohexanedimethanol.
[0078]  In other aspects of the invention, the glycol component for the
polyesters useful in the LCD films or sheets of the invention include but are not
limited to at least one of the following combinations of ranges: 50 to 99 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and 1 to 50 mole % 1,4~
cyclohexanedimethanol; 50 to 95 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 5 to 50 mole % 1,4-cyclohexanedimethanol; 50 to 90 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 10 to 50 mole % 1,4-
cyclohexanedimethanol; 50 to 85 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 15 to ‘50 mole % 1,4-cyclohexanedimethanol; 50 to 80 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 20 to 50 mole % 1,4-
cyclohexanedimethanol, 50 to 75 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
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and 45 to 65 nole % 1, 4- cycl ohexanedi net hanol ; 35 to
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w@ee780156% 65 nole % 1, 4- cycl ohexanedi met hanoPCT/BS200€011913
| ess than 50 nole % 2, 2,4, 4-tetranet hyM, 3-
cycl obut anedi ol and greater than 50 to 65 nole %
and 42501¢c5m|hneiea‘bieﬂ,l4ﬁatchﬂ1wbne6|ﬁqéthal4<5l BOkt® 7%mole % 2,2,4,4-

ra c i ol an 0 65
it SO RARACIRAER R b0 Mals % 40 ol o o
c?cl@héxa‘héd%éﬂ‘ﬁﬁbh%@to%5 bR %b@??it]ggéﬁ#m@%lt he'i:9clggutanedlol

mol e % 1, 4- cycl ohexanedi et hano

apd §6do§0cmo{eh°é> 1 ﬁwq:tqmwanecmmeghml 5@ “’T{‘B"{m""‘i%ﬁ 2 4he
he r sheets o e
te?%\'/%n &FL% qﬁ%ﬁ)&@ga (tjlaﬂ'léj%(g 115¢ r!l'ﬁ'sqlgg/"ﬂof | east one
cydiohdaricaihetvanel: @ﬂatsmt@twn@l@% QWQstetrg%g(ﬂ%ll 9193 mD' e
4, 4-tetramet h 3- cycl obut anédi o

CWZQ“*@@QO"QL and, b (B‘h@ﬁam@'@l Yeet, mclohexanedm%hanﬂle %
108781, o SRR e e iHfEnRBN FRE s8R anshEragine
po]yastérsﬂfusefat lnaheﬂ.mﬂ) filtns 8r shysdts A tIRNRRIEAtioR IR Blﬁ’t &8 not

t1 cl ohexanedi nethanol; 37 to 85 nmole %
"ﬁ?‘%ﬂe ip 3t feas toliRe the_fellowing cpsnkinationscef rangasid 5550199 wale %

I 8 le %

2504, 1S amBn L PRIISRRANEL 310 o 8IS D DY £o 6

cwblhﬁx%ﬁ@dmetbgndﬂoﬁém95dnubt%&j2j&4-3étrérﬁetﬁ§l m3- é’yc%butanedlol
| obut anedi ol and 25 to 63

afi 10 B TGl S ahe R A ARBANOLES 1205 0101a e 202,4.4-
I nd 30 to 63
e D B A 2 127G ol ok
cyglobexanedlma{bmlhﬁﬁ/ltq 85ayaledb lﬂ,ane@teﬂarmlﬁyls’? 3t-cydﬁﬁautanedlol

A A B R A Y AP TR BBERE o Sk ot e 32584
tetrametidpl-d, &cy@&ﬁut@h@d@ﬂaﬁd et tB B nole3%, §4-55 nole %
4, 4- tetrarreth 3-cycl obut anedi ol ‘and 45 to 63

Cyﬁ@%gx%qd'meé@%l% knéainmle Rad. 4, %tbtmabylnﬁgecykﬂOGbutanediol
ang 25 t, 45 nifé % T RQbnekmeei gt R4 A S0l 8.5
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anr%D 3|25e14)0 /45 hithié %8 UM rshelEiAREALRY 8 66 nide @/;32,2,4,4-

tetramethyl-1,3-cyclobutanediol and 40 to 45 mole % 1,4-
cyclohexanedimethanol.

[0080] In other aspects of the invention, the glycol component for the
polyesters useful in the LCD films or sheets of the invention include but are not
limited to at least one of the following combinations of ranges: 60 to 99 mole %
2,2,4,4-tetramethyl-1,3-cyclobutanediol and 1 to 40 mole % 1,4-
cyclohexanedimethanol; 60 to 95 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 5 to 40 mole % 1,4-cyclohexanedimethanol; 60 to 90 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and-10 to 40 mole % 1,4~
cyclohexanedimethanol; 60 to 85 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 15 to 40 mole % 1,4-cyclohexanedimethanol; 60 to 80 mole % 2,24 4-
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1, 4- cycl ohexanedi met hanol ; 37 to 40 nmole %
2,2,4,4-tetranet hyM , 3- cycl obut anedi ol and 60 to 63
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tega@ ?’W ?9%'@@%%@'%38%(50 iR % i 50 to 60
Cyummxymédumammhamesdo 'T@trh@@ao%Q 2%44&@% |"f03 e %
tetrameth cl obut anedi’'ol and 55 to 60
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2,20\ £tctpabndthyl-1,3-cyclobutanediol and 1 to 30 mole % 1,4-
cyclohexanedimethanol; 70 to 95 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 5 to 30 mole % 1,4-cyclohexanedimethanol; 70 to 90 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 10 to 30 mole % 1,4-
cyclohexanedimethanol; 70 to 85 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
and 15 to 30 mole % 1,4-cyclohexanedimethanol; 70 to 80 mole % 2,2,4,4-
tetramethyl-1,3-cyclobutanediol and 20 to 30 mole % 1,4~
cyclohexanedimethanol, and 70 to 75 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 25 to 30 mole % 1,4-cyclohexanedimethanol.

[0083] In other aspects of the invention, the glycol component for the
polyesters useful in the LCD films or sheets of the invention include but are not

limited to at least one of the following combinations of ranges: 75 to 99 mole %
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teﬁ"amthsd ‘tgétcb/al@butgnedlol aBdciicotreiedb dl4-and 1 to | ess
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1,4-cyclohexanedimethanol; and 46 to 65 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol and 35 to 54 mole % 1,4-cyclohexanedimethanol.

[0086] In addition to the diois set forth above, the polyesters useful in the
polyester compositions of the LCD films or sheets of the invention may also be
made from 1,3-propanediol, 1,4-butanediol, or mixtures thereof. It is
contemplated that compositions of the invention made from 1,3-propanediol, 1,4-
butanediol, or mixtures thereof can possess at least one 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
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cycl ohexanedi nmet hanol ; greater than 50 to 65 nole %
2,2,4,4-tetramet hyM 3- cycl obut anedi ol and 35 to | ess

in thenalsanatives the moltyeslyeu:sk oteshedinedi mmnem]hem@lr(ﬂﬂt 8ibutdyatiol or

obut anedi ol

nﬁ%tg?%&%&%&g% ﬁgﬁjes@aﬁgefg)r% Jl c¥c’:\f|ohexe(1: edmethanol in at least
ohe%f@ﬁé:fdﬂbww%bﬁﬁishé\‘mh 0. 13“&9' 98 RAE®: £rHRH0. 5%%@ n}éle %;

nmol e % 2 4. 4-tetranmet hyM , 3-cycl obut anedi ol
frog Pdste &Ormﬁles% iore0% to, 20 rrm}e;fyarfmm@eﬁtme@ Inmiel% from 0.1 to
Jog ] ther S coI
s3B! o7 30050 ok 6P B e s e B ko moe

Yarfrah et ® 25 midie %R0, Pro Qo%élé%bﬁﬂémaﬁ ¢ t591%5 ¢1bf§' %Efom

to af | east one of the foll ow ng combi nations
0 1a"ﬁ’g{a% 0&)5/‘1' drog Onoloed gpate So:4ramtletor vanaig /b; from 1 to 90 mole

0 | ¢ di, 0 % 0
A:Cf?’r(':o?%ﬁetgla%? IB%E hgrﬁgr? tcégb g hﬁﬁ@ ‘j)ilo 80 mole %; from 1 to 50
nr@]@%q front dtto AernbieMo; ﬂ'om/¢|t@ BBtrﬁd?I@d%Ofroﬁfﬂﬂ t® 30%&@ %; from 1

I d th I I 0
10125 ool 9o it B L I ora o 460apls a6 fo 4 000l %:

3 e RN 00 0 oo

%irBIte 7% mole: %yafrbohémﬁednmet%afrom 550 50@1e %piren’s to 40 mole

2 s G R B e £l 208 8,10, 20
mdle2%# afid tfeinh 8B tBYiNbIe3%C frohPBYb alﬁerﬁgl%l @A 3'8?@1??0 é/@ mole %;

mol e % 1, 4- cycl ohexanedi net han
fram A O4to A0 melg Sdiromy 1010 88- mylsl %h froam @ ito70andle3R; fronb10 to

7 noI 50 to 5 o
6QRiofe, ;o 1848 R TP RS BTG A3 S AR ardle Ginfions o B 8 mole %:
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[0087] herértdriith RentfieARY 13RS iNerltBRIRR: poPediRreBsdfll f the
invention may exhibit at least one of the following inherent viscosities as
determined in 60/40 (wi/wt) phenol/ tetrachloroethane at a concentration of 0.5
9/100 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;
0.20 to 0.68 dL/g; 0.20 to less than 0.68 dL/g; 0.20 to 0.65 dL/g; 0.35 to 1.2 dL/g;
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dimg! e % 1, 4-cycl ohexanedi met hanol ; 60 to 80 nole %
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ccteraish o SEEIEAR Lo PrAXEARIHOARGELT R AttPRahon S0
g/h@@ﬁﬂm 26fCt I0e45 toveatdLdy; 0.4Beo dl. ¥ dblg; o RN /d; D454 b$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 to 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 to 0.65 dL/g; 0.50 to 1.2 dL/g; 0.50to 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;
0.55 to 0.68 dL/g; 0.55 to less than 0.68 dL/g; 0.55 to 0.65 dL/g; 0.58 to 1.2 dL/g;
0.58 to 1.1 dL/g; 0.58 to 1 dL/g; 0.58 to less than 1 dL/g; 0.58 to 0.98 dL/g; 0.58
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% | oh di met hanol
0885k 1 il srmainingn 0 A0ALgitpcbi chi dummmater a0 60cdLig

oRIES 5 00 B TR TR oA ol o
1.2fiLid) gréatet tvam@.80althiy ta 0igBuL /@ f greargesan 080 @L/8% ml)@dug,
% t thyI 3-cycl obutanediol and 1to
grﬂ%tpét%nloks c@g 8 met hanol ; 75 to 95 nole %
[068F 4. g Séﬁteﬁrﬂlé})éh tHat ErHSIARY 8854 A'the LD fims or sheets
of the invention can possess at least one of the inherent viscosity ranges
described herein and at least one of the monomer ranges for the compositions
described herein unless otherwise stated. It is also contemplated that
compositions useful in the LCD films or sheets 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 uniess otherwise stated. It is also
contemplated that compositions useful in the LCD films or sheets of the invention
can posses at least one of the Tg ranges described herein, at least one of the
inherent viscosity ranges described herein, and at least one of the monomer

ranges for the compositions described herein unless otherwise stated.
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and 5 to 25 nole % 1, 4- cycl ohexanedi net hanol ; 75 to 90

mole %2,2,4,4- tetranethyl-1 , 3-cycl obut anedi ol and
waowmooBss nol e % 1, 4- cycl ohexanedi nmet hanol ; 7BCT/OSBB6/011913

nole % 2, 2,4, 4-tetranet hyM, 3-cycl obut anedi ol and 15
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totag ot he ects of the invention,

ﬁ*HBh% ef plenssconipges feryes anst Uran$-nZ gléﬁmmethykus-
g e
ot A RO A R eRy v, he iyl sidlaps T4
cmcm#@ggndlgleibaml aamararg wvithin fite range J¥050/50 to 0/100, such as
hyl -1 , 3-cycl obut anedi ol and 45 to
b%?”t"ﬁ@f&% % 1, 4 cycl ohexanedi met hanol ; greater
[0094 4 dsrdiR e%&jl%ﬁtszté’refshfrﬁ |E%’Eﬁ1 r%gster thergof, such as,

1, 3-cycl obut anedi ol and ess
foqemreglg; dtﬁ@e(tgmlet@remmalatﬂ,,or4ﬂnb«bur'é5ofrtereapﬁthallc acid and an

el GABTER L 8 RN 015 8o

nol e

f - b
O L R il

f e(SHﬂéJe@qgnsmgg@ upct partigbareall aftthe piMa]baxyélcsaaLSe?]mbonent
usb? % ﬁ&h’Yﬁ% eﬁr‘éséﬂf@&?éétkpg’? %% Hé%gtrql‘t}omf at B 70 NS R %, such

tron na
asamapat 8panelei %| at lbadt OO hes16 dh Cat lc8st I8 Mol 95 o ALY mole

A”rﬁ{d@ Fﬁt %ngl at ed tgg{b@%?nqggt;l It'nlg?nre]? a?rfoutnl"t]seo% tré\;:;r:t;nglrl]c acid
can be used in order to produce a higher impact strength polyester. In one
embodiment, dimethyl terephthalate is part or all of the dicarboxylic acid
component used to make the polyesters useful in the present invention. For the
purposes of this disclosure, the terms "terephthalic acid" and "dimethyl
terephthalate” are used interchangeably herein. 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.

[0092] In addition to terephthalic acid, the dicarboxylic acid component of the
polyester useful in the invention can comprise up to 30 mole %, up to 20 mole %,
up to 10 mole %, up to 5 mole %, or up to 1 mole % of one or more modifying
aromatic dicarboxylic acids. Yet another embodiment contains 0 mole %

37



but anedi ol , or m xtures thereof can possess at | east
one of the Tg ranges described herein, at |east one of
W b@7/00u563 ent vi scosity ranges described her ei PCT/HS2006011913
at | east one of the glycol or diacid ranges described
herein. In addition orin the alternative, the _
mMewlifyiegt arpmatie diicerboxylit, Rigs. oplaus di resent, i cotternsigicel that
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0.1 to 5 nole % from1lto 99 nole % from1t
haing upyto R0crAraon gtasos.rscewhichaasrhel linear7 paresbrientedf oom

04 f s e 9% froml to 40 | e

syl Bldmiflos SHibgyifl BRrAiRNS oichrid O SeicR Wile oy be

usesl indhis iferitioorndlutie, Bt arel rot Yimitedas) bopRthbiic welE 4%
froml to 5 mle % from5 to 99

biﬁﬁ?’g]y'@b&gfwlo TR RER- 26-, & traphthgleediearbomylicsadia, and

i ; 9 t le %
trfie- I Sibengtiedoaxfe ftid A exfers TR, ot gt FRSehany. the
megifidngmaramatic dicatbaFlicratid istsdphtinal a'cﬂid.Z/O ]Eml e (1/00 ?gd

e % f 5 0 e 9 rom: .

10831 ThE ARl ok asaamars oo Pelieators el e o4
i | , t 0 0
ol e b 1o rep nfodifiod R otop 0 RSO S1%h s g 8 rigle %
or updih h nole %80T eng er more atiphate dicad®xylid acitls containihg 2-06

caftuTRs B 5u6h 45 2 frienihabn s@égi%z%h&é’ﬂ%? ocpiistc
PO 20 1040 oL o Dhe o 20 Ly el & i pritogfnefs

Ca]é{? s rempsisa AT promepe male 26 susheaop. 1[@08saie rlmie %, 1 or more
of. ad j ' io t he pol yesters

e i By FERRIAIE Va orPl0, BRI i o6 o phe Su ek B0 gfing

alipheaticf dicadoixylic acider ¥et anbtee shibREmant 664taMS M ablé B,

el GroeoUCqoRisy Hhusd megent, o 1 sontemplated that
thfﬁ@%ugpgﬂ%& QB ﬂfr{%e ﬁgﬂgfyg@ %Iﬁj/t%‘i’ic gsj |%’ﬁgﬂéylﬁeg%&%ﬁérg ’relmegsesfrom
any of thase wreoedidg /emdpoint Vatuesindbding, 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 %.

[0094] Esters of terephthalic acid and the other modifying dicarboxylic acids
or their corresponding esters and/or salts may be used instead of the
dicarboxylic acids. Suitable examples of dicarboxylic acid esters include, but are
not limited to, the dimethyl, diethyl, dipropyl, diisopropyl, dibutyl, and diphenyl
esters. In one embodiment, the esters are chosen from at least one of the
following: methyl, ethyl, propyl, isopropyl, and phenyl esters.

[0095] The 1,4-cyclohexanedimethanol may be cis, trans, or a mixture
thereof, for example a cis/trans ratio of 60:40 to 40:60. In another embodiment,
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dL/g; 0.10 to 0.80 dL/g; 0.10 to 0.75 dL/g; 0.10 to

| ess than 0.75 dL/g; 0.10 to 0.72 dL/g; 0.10 to 0.70
wa@l00gooB5310 to | ess than 0.70 dL/g; 0.10 to O.BSr/uk10g6/011913
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mbdxfjnﬁ%@lyfdw B diotHe? &nbgﬂiﬂﬁérgotl}\% %ﬁygété% Li%fﬁlongﬁ%glventlon

40 to | ess than
can gentaim 301% % ek lessiodone. G gnoite/ rglpdﬂiymg glyeols. 6 shdtber

b fng. 3 holyeifetsishrd in 31 ipvinidh Gan goamiaP ke e
mGdMng glyceis (Céﬂélln]erﬁlbécﬂme@ﬁ@éér@élsb%t@in‘ﬁzoi Brﬁno(}é mole %,

h reater than 0.42 to O. L/ g; greater
sughgs 9.4 a5 meregmolg ‘%gﬂecsrtrearet mn@ie % S2orntmote 8Blal,@r 10 or

h 42 t
A P8 R P L AN
cogtaraplated than tifs d@ount 6f Gide Bk fribre @Bﬁ&ﬁfzﬁ'{g Ql‘?@@ls%aﬁirah@e from

th 0.70 dL/ reater than 0.42 t10°0. 68
a”é{r‘ﬁ?%?‘ﬂagf%ﬁd%g@ Reintalues ineluglings f@lﬂ_@gﬁmabdfrgma@@érto 15

m@@a% dhd¥forh®. @t@":?o id.0,[ 0088] For certain enbodi ments

of the invention, e polyesters useful in the
[009%ent Modifyting géydulsbusefat inl thegtolyewtersfusaid iif @Hle%M %ﬁ?on refer

d 60/ 40
to JRIRBEr it 2 1 BeaRiThT ocdpttnrliol and §14-0. 5
A0 8 P 10 b e
suigabls m@dlfylrm)gg@p§ includs, bt eﬁe&*ﬁutdﬂxﬁ@d to, émytemeogl%bl 1,2-

prcgﬁ d (g, @%ﬁ%&%pé&m H&egb?gfygglytggl 1e4f %u arlllaerc]iloq 1,5- per{tgnedlol
1,6-hexanediol, p-xylene glycol or mixtures thereof. In one embodiment, the
modifying glycol is ethylene glycol. In another embodiment, the modifying
glycols are 1,3-propanediol and/or 1,4-butanediol. In another embodiment,
ethylene glycol is excluded as a modifying diol. In another embodiment, 1,3-
propanediol and 1,4-butanediol are excluded as modifying diols. In another
embodiment, 2, 2-dimethyl-1,3-propanediol is excluded as a modifying diol.

- [0098]  The polyesters and/or the polycarbonates useful in the polyesters
compositions of the invention can comprise from 0 to 10 mole percent, for
example, from 0.01 to 5 mole percent, from 0.01 to 1 mole percent, from 0.05 to
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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 to 0.65 dL/g; 0.50
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[00101] Because of the long crystallization half-times (e.g., greater than 5
minutes) at 170°C exhibited by certain polyesters useful in the present invention,
it is possible to produce injection blow molded LCD films or sheets, injection
stretch blow molded LCD films or sheets, extrusion blow molded LCD films or
sheets and extrusion stretch blow molded LCD films or sheets. The polyesters
of the invention can be amorphous or semicrystalline. In one aspect, certain
polyesters useful in the invention can have relatively low crystallinity. Certain

polyesters useful in the invention can thus have a substantially amorphous
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heated to Tmax to condition the sample prior to crystallization half time
measurement. The absolute Tmax temperature is different for each
composition. For example PCT can be heated to some temperature greater than
290°C to melt the crystalline domains.

[00103] As shown in Table 1 and Figure 1 of the Examples, 2,2,4,4-
tetramethyl-1,3-cyclobutanediol is more effective than other comonomers such
ethylene glycol and isophthalic acid at increasing the crystallization half-time,
i.e., the time required for a polymer to reach half of its maximum crystallinity. By
decreasing the crystallization rate of PCT, i.e. increasing the crystallization half-
time, amorphous articles based on modified PCT may be fabricated by methods
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polyester(s) useful in the invention is less than 20,000 poise as measured a 1
radian/second on a rotary melt rheometer at 290°C.

[00107] In one embodiment, the melt viscosity of the polyester(s) useful in
the invention is less than 15,000 poise as measured at 1 radian/second (rad/sec)
on a rotary melt rheometer at 290°C. In one embodiment, the melt viscosity of
the polyester(s) useful in the invention is less than 10,000 poise as measured at
1 radian/second (rad/sec) on a rotary melt rheometer at 290°C. In another
embodiment, the melt viscosity of the polyester(s) useful in the invention is less
than 6,000 poise as measured at 1 radian/second on a rotary melt rheometer at
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used to measure Izod toughness is 1/8". At this thickness, very few polymers

are believed to exhibit a partial or no break failure mode, polycarbonate being
one notable example. When the thickness of the test specimen is increased to
74", however, no commercial amorphous materials exhibit a partial or no break
failure mode. In one embodiment, compositions of the present example exhibit a
no break failure mode when tested in Izod using a %" thick specimen.

[00111] The polyesters useful in the invention can possess one or more of
the following properties. In one embodiment, the polyesters useful in the
invention exhibit a notched Izod impact strength of at least 150 J/m (3 ft-lb/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
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[00113] In yet another embodiment, certain polyesters useful in the

invention can exhibit a retention in notched Izod impact strength with a loss of no
more than 70% when measured at 23°C with a 10-mil notch in a 1/4-inch thick
bar determined according to ASTM D256 as compared to notched lzod impact
strength for the same polyester when measured at the same temperature with a
10-mil notch in a 1/8-inch thick bar determined according to ASTM D256.
[00114] In one embodiment, the polyesters useful in the invention and/or
the polyester compositions of the invention, with or without toners, can have
color values L*, a* and b*, which can be determined using a Hunter Lab

Ultrascan Spectra Colorimeter manufactured by Hunter Associates Lab Inc.,
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[00117] In some embodiments, use of the polyester compositions useful in
the invention minimizes and/or eliminates the drying step prior to melt processing
and/or thermoforming. '
[00118] The polyester portion of the polyester compositions useful in the
invention can be made by processes known from the literature such as, for
example, by processes in homogenous solution, by transesterification processes
in the melt, and by two phase interfacial processes. Suitable methods include,

but are not limited to, the steps of reacting one or more dicarboxylic acids with
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[00121] Typlcally, step (1) can be carried out until 50% by weight or more
of the 2,2,4,4-tetramethyl-1,3-cyclobutanediol has been reacted. Step (I) may be
carried out under pressure, ranging from atmospheric pressure to 100 psig. The
term "reaction product" as used in connection with any of the catalysts useful in
the invention refers to any product of a polycondensation or esterification
reaction with the catalyst and any of the monomers used in making the polyester
as well as the product of a polycondensation or esterification reaction between
the catalyst and any other type of additive.

[00122] Typically, Step (1) and Step (lll) can be conducted at the same
time. These steps can be carried out by methods known in the art such as by
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blbids Sue a2 NORYL HHOGR P B tIﬁﬁ@I@,ESI“aV'tﬁIlpﬁenerne oxide)
andwpaﬂyagre‘ﬂe m.r% orh, Gehdral BRRtAY)! pold ﬁeﬁwehéeufﬂaesd' ol

nt o PFF IlevedtOIn'provetou ness ower i ng
qlY@ s,ulﬁ%e /aulianess PPIVé?f%tﬁ[—G@rrbonétﬁﬁér mlu@@boaates such as
E)@QN@ I Thi
L unexpe?&og?%rggﬁal?ﬁgmﬁ o Oe(??IZEI%%tr%S"ZooEX %Jq?&%%apr@?’%@‘mne

ethers; apd Ipolwem«eﬂetdnesb Gﬂéﬁﬁﬂlatlcﬁdlh VQ@@IIpBiIHds bPfhixtures of
the polyester(s) useful in th

aﬂr{’erf{fgﬁ‘\?/ IP %Q«Qw PRxe®, dbe hisndsecansbenpsepared ba/ 1
coh@&htfsHas %ﬁ%&s% l@cﬁﬁl‘%ﬁ& KBWh if tﬂ‘?é) t §u I?%ﬁé?eqp&enclimg or

anot her enbodi nen VISCOS
solution blending. In one embodlment the poncarbonate is not present in the

polyester composition. If polycarbonate is used in a blend in the polyester
compositions useful in the invention, the blends can be visually clear. However,
the polyester compositions useful in the invent‘ion also contemplate the exclusion
of polycarbonate as well as the inclusion of polycarbonate.

[00126] Polycarbonates useful in the invention may be prepared according
to known procedures, for example, by reacting the dihydroxyaromatic compound
with a carbonate precursor such as phosgene, a haloformate or a carbonate
ester, a molecular weight regulator, an acid acceptor and a catalyst. Methods for

preparing polycarbonates are known in the art and are described, for example, in
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pol yester(s) useful in the invention is |ess than
20, 000 poise as neasured a 1 radian/second on a rotary
woredor/ootsedmet er at 2900C. [ 00107] In one enbodPe®n$2006/011913

the nelt viscosity of the polyester(s) useful in the
invention is | ess than 15,6000 poise as neasured at 1

U.&d Patert do4fR)933, anhavecthe@*scaosmé ReYardiid tﬂémpateﬂronaéf
I n.,one enb the melt viscosity o

DRSS 1TBP GO emiad hy esferanse ReTpisLs t han
[0@1232]0 POEX@nilesBASUIR: eérb%nég%g@yufseocr 'W'%ﬁ @B R not

a rotary nelt rheoneter at

Ilg}m@gdpn@afbonylimformqla, ocarlsard ichipriok, bhmnﬂol'eeemtaeédfsdlphenyl

iRt o op R ek Bintaler S5° sifshierprReny Fhtseter
dHtrRRERGph¥hyAY 6srboyaty, dn@%é@iﬁe* &(élr%;blaﬁ H&/l}c%rbonatg eg.

cessabil it Typi cal pol yners have vi'scositie
dfggﬂ)%%wéi@, %W%@ﬁb%@oﬁﬁas@(dﬂomnaphﬂy@cammm

Rt e bist bl e S EBRS TS 200
[Gan28 ar boEaﬂmpia dsfysmltebld MOlﬁmghﬂﬁegﬁ%ﬂgfé lnmﬁe but are
IS@ %Z‘? rad/sec of a typical 12 nelt flow rate
LIS b pBesol, Shanbe amlcaetians atkyiaomENals Sib 45
hi
OSYRAEOE Pore (G, SEHAICAT HREIG Ikl bppgiment, the

mellecsar W@lgh’eﬁegulaiohlsrmamoaer an atkypated iphlehel. absence of
and/ when i nspected

h ddi ness,
1§25, 1y o BREL i SpiaryBey B e apicisieia ararnorganis acid
I
SRR ISYE ol 0806001 23 e RAVARIRRRE) R pguces
bytig &gt limited F@mg]mamlaia@spmdlpel lyleﬂtwamlrmsmﬁemyWﬁme

Bl Binfieh pod B, L%, M B iE ek Atonlatian bt eitoeion

h d

e cherlg iy SETRRIHGS oy gl
eﬂ'g? V@g‘%ers of this invention exhl bit superior not ched
[obq)ggmnessT Hencédtg g& @ﬁgﬂzéﬁ 'B%élﬁ'é%fj%g@gel é&tﬂar@%i#ited to, those
tharenypmupmmmemmymgnz@mh@mé miWemek ﬂmhqﬂmdépehe esbu%e%ie

hi b h
o5y e ol iUl ke e imdod da todisuy mines uak astieiyimine,
tnﬁr*o‘b&léh@ihepﬁrm-%liméfh MR q%té?ﬁaﬁ@arﬁ@%%ﬁg{ﬂ%oln#%%n% stich as,

whefe the test I men fenalns
forc@rqmpbetetraethylammonlum bromide, cetyl triethyl ammonium bromide,

tetra-n- heptylammonlum iodide, tetra-n-propyl ammonium bromide, tetramethyl
ammonium chloride, tetra-methyl ammonium hydroxide, tetra-n-butyl ammonium
iodide, benzyltrimethyl ammonium chloride and quaternary phosphonium
compounds such as, for example, n-butyltriphenyl phosphonium bromide and
methyltriphenyl phosphonium bromide.

[00131] The polycarbonates useful in the polyester compositions of the
invention also may be copolyestercarbonates such as those described in U.S.
Patents 3,169,121; 3,207,814; 4,194,038 4,156,069; 4,430,484, 4,465,820, and
4,981,898, the disclosure regarding copolyestercarbonates from each of the U.S.

Patents is incorporated by reference herein.
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break failure node is associated with | ow energy

failure. The partial and no break failure nodes are
waz®ooiEsed with high energy failure. A typi caPCT/US2006/011913

t hi ckness used to neasure |zod toughness is 1/8". At

this thickness, very few polyners are believed to

[Q0A32i t aQoaoteratermrbnnatyseﬁeﬁﬁlan lthis énverdien can be available

o Ria 3Bk e REh T BB Rs REkFown metneds ol aerFor
eRANBIE theyGarf BEMRIICAIR o REREH er%éafdr%ﬁ ntgé%étbéﬁe

partial or no break failure de. I'n one e
dRYAFBYRIQrEAEc ePMpaUNnGg nitbenmixdyenpl [ehqsganlal anchatrieast @ek

S35 SELHORR SR B BFT Gl i chionce

of bethnt i on can possess one or rmr(re] of Ithe foll ow n? I

t u
1385 | nfiaddnn dre EB&%'S%’}M@%O%%%%;M%% blend
cczrhggﬁgﬁt)lﬁs GEeﬁLlnltﬁésLt%ﬁgﬁns] [I%@g’etgtq%‘ t}kﬁ ﬁ\%qp?itggr?r%gy\éviso contain

not c i nc
fr@lmt%ﬂﬂntméd"/aby wemgh’(g)ftﬂme A@Mlllbbﬁﬁjomﬁbroétﬂnmﬁhoaﬂms such as
t.he ester eful in t i nventi on exhi bit
CQJR szﬂ’ %%Fte agent %rnefrewdwas@la@u@aer&; Ryicleating
f
o A, B A 0 bl e i

armygereachompéomﬂlefenft. flllenseapdhmpat:iansdtﬁleeé uFor exatrhﬁle uv

oY S et i e OOt ms O hentestnielah adaiion t
them{’] thiough® fiontofa hafoathbFthr8agh 5 %%Rtﬂ%‘?on of a cap

accor di ng to ASTM D256. I n one enbodi Tfrent,
laygil Jeanaples of dmigalicommerdiallyeavailebledipiast maslifers sredicknown in

the BRCad R DB iy RRud™Bbeddnat Milet ey '
ethylen/poapylecies mfrpbllyﬁféracf@mbﬁcbr@lzbé pﬁwéf%‘i 8uch BsAh8se
t he yesters useful in the invention

COQQS%‘EJ?E "g thy ecnd el %Hor %@l@lyl @etfeafgylataafstwene@@@ed block

0066%% 1F,734°"5 idd é‘%h ﬁ?gsdcé re?é%%P% %@a?{on
maedifiarsDResidues ofmc&nﬁxdtﬂtlmare albe cpnterﬁﬁlbﬁfdsayﬁéftldf tthes)

e.lnventi op exhibit a notched |zod inpact strength
pol\fe%efr@é%%‘?s'i%o J/m (18 ft-1b/in) at 23C with a

[06934) | natfehdifedte GFTRE( \}'él\rﬁgg%ﬁ)(fddﬁﬂﬂ% Qf'l'éagtn one chain

determ ned according to AST
extarsieni aitablecehaimientepdeyeichide, batard notiinites tm‘naﬂtlﬁuﬁntlonal

(lngﬁjr@ér%{ﬁ*?mhgﬂﬂﬁégg%fba@ngt r@%g}s%gsgnelttég dmlu[munctlonal epoxides,
including for example, epoxylated novolacs, and phenoxy resins. In certain
embodiments, chain extenders may be added at the end of the polymerization
process or after the polymerization process. If added after the polymerization
process, chain extenders can be incorporated by compounding or by addition
during conversion processes such as injection molding or extrusion. The
amount of chain extender used can vary depending on the specific monomer
composition used and the physical properties desired but is generally about 0.1
percent by weight to about 10 percent by weight, preferably about 0.1 to about 5
percent by weight, based on the total weigh of the polyester.
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of at |least 3%or at |east 5% or at |east 10% or at
| east 15% as conpared to the notched |zod inpact .
wa@reoengesks when nmeasured at -50C with a 10-m | POL/Tk2006/011913
a 1/8-inch thick bar determ ned according to ASTM
D256. In addition, certain other polyesters useful in
[Q0185] nvent hermalastalallllzers@tbchrﬁpo%unﬂettﬁéﬁétéblh,@é pB%@fé@é’ during
act strenﬁq}éﬁwlthl n plus or mnus 5% whé

ph@sgﬁ?r "iffagiyte ¢ Qﬁsts@fdﬁnﬁrlzwlcw 1r@clwlngnbut:mpt.hmlt¢d to,

pﬂ% 1H1d§]6ﬂ? EBI‘;@Fugﬁ% tlﬁglp@ g@oﬁgpr&%’tﬁlﬁﬁﬁ 2d 15 gﬁBsé}ﬂ Qﬁgr 5

p @%@hﬂrowaclldephﬁmm@amdaphesphnmctacaj pdiogphosus acid, and

BBRNEdol 85 LIRSSl SRt Bl S35 Sranh oo o
substitited rautym mfuri@abnslleél@ﬁnamﬂ%tﬁéféo B Nghd Q%@TMe%’i?l In one

conpared to notched 1zod i npact strengt
e@gﬁﬁ'r’wty@@t RUMBAEAT SHaraiouds present i dlmpalélnpbraxhosphorous

d
ceibout &dh Faby R b et dpE ThdinhD afctudilh sseon
ntpmbgeeﬁ leydroxd efrolips préseat bn Yies tHepmah BEbAzek th§e% r The term
R o oo o
tehi"fdbctidA pt?Sd d&t 85 MsBaGhn Pﬁhﬁé’c’t%nﬁ'&i‘ﬁ% % n@%?m%é%@ﬁ%?%sof the

Spectra Col orinmeter manufactured

lnu%mlqmltefeeretamy prVductTdfea miymndmtsetlom oaks®ficatieh reaction
either pellets of the

o BERTFE 1Ermie stalizE 2k Wi resom Bcisecon Mmakidadhe
palyestt éisl%ﬂ afsr’[ﬁénptrB@ur?:t-Bl’l1 %ypcfch?c?é)r?)%h%éffbﬁ‘ 8P| eQ@éIrI’ﬂE&tlon reaction

L*a*b* col or system of I'nternati on
betwaan dke eatalyrst Bnd Lﬂﬁyrﬁhemype(df raditivat thesevdzer e prdsent in the

' e coordi nate, a* represents the
P ot hT e B ol ccencs «ne *
[00t36Jow bIRsinfopeingimateials! ag %@éﬂﬁﬁ%@wﬁgbéiﬁoﬁ@ of this
values for t he polyesters useful in the invention can

inyentiopo nhher reinfergirg Baterals noayingludee but anmmmtdsnnmahtobearbon

RSB Aol SRRSO e, P, A s

glass lweeslsodnd hberbphh@won@nélwlms anHQ:drﬁplﬂa‘tll%ﬁé)tHe@e&' In one

10,.to 7/; 10 to 5; -10 to 4; -
equpdimep’p (;Iﬂ@ r@n{q;mgg mateyiglsgare gass, such.as, fibrosts glass fblaments
igrs? gl S5 g g, Hges erffipie, g e Ahd Boffmelic hefy
[08137] t o 8CDifilnts and/brsheéts useful id thel ptesent invention can be of
any thickness which would be apparent to one of ordinary skill in the art. In one
embodiment, the films(s) of the invention have a thickness of less than 30 mils.
In one embodiment, the sheets of the invention have a thickness of no less than
30 mils.
[00138] The invention further relates to the films and/or sheets comprising
the polyester compositions of the invention. The methods of forming the
polyesters into films and/or sheets are well known in the art. Examples of films
and/or sheets of the invention including but not limited to extruded films and/or
sheets, calendered films and/or sheets, compression molded films and/or
sheets, solution casted films and/or sheets. Methods of making film and/or sheet

50



4; 1 to 3; and 1 to 2. In other enbodinents, the L*

value for the polyesters useful in the invention can
wheoopoesent in one of the foll ow ng ranges: 50P€DUSHNG6/011913

50 to 70; 50 to 80; 50 to 90; 60 to 70; 60 to 80; 60

to 90; 70 to 80; 79 to 90. [00115] In one enbodi nent,

inahedepblityaretrent simiteelftol extrusiome calevdefing rcopprie8sionamolding, and

d tiIe-ﬁ(c\)-brittIe transition tenperature of |ess than

38@@05533 $n a 10-nil notch in a 1/8-inch thick bar as

[etefdgped bsrhé\iﬁT\?érﬁ%ﬁ@urthQP:Ha%s k& L@'Defilﬁ{?&dér[)ére?é g{a%‘r‘r’bed

poI yesters useful I n the Invention can exhi

heesidt Thaee bCD filns ot shadts inalletes ibut are net likeited to] exfruded films
1.18

of Fifetsy Mpchof stoifha iryS B s Ellendergrk Clims or sheets.
oreipsd ) 0L S di'she ol eéh‘s;t n%o

Ct opfeegsS)sOTﬁgE}H 1. ZQg/f?ﬂm%ac?_ 238&(‘3’? aﬁ@é@gﬁ?goﬁy 0 é(_ingth@ g
shgsts. Methadeof makingst-€D fishs breheststinglugenbutared8i Gmited to,

ORI Inind. delbfiterinb, 3olinrBbs 7 Mo disty 81y Shifjopicasting.
Thes filpt0dr shietd masobe neiteost st died ¥ furtferidicessing such as

ol.yester _cqnposi_ti_ons useful in the invention
orignRtien Giniaxial oy biaxiahi heatseting surfara drestmpnibetor t o
ro ' ] 0 18] Th
IO FTLE or hoy [enR0f 1 TR & Blms SOt et The
plates; Adeim weadiinterammgeeablyawith Siyegts oineRgies, kuasmok igited to,

B GBS oo LB oo oo e e
D510y ot Bl 38 e R SRSty i

angl/@mantigdarediin i ng one or nore dicarboxylic acids
ure qf 100C to

TOMATR", ForTPEButhdsiSiafie doriSle, atgmantamesne weight'
[00042] ci erthd fIIbRIHY @xé?ﬁ?l}ég?r&ﬁﬁer_ iRESr %umfe%Phe s or

3,772,405 for nmethods o roduci ng pol yesters,
Sh(?P&q’de@r'@VQ@@@rQﬂm@e sigsle and evaluaied, Bad ey intended to be

j ' f « . [001.19) | th
purBiy SBRHS b1 FVEOp e HeS mebfiied fnkmising RGeS hereor.
Undesspindiviater atheowices barts Wr@@aﬁg%yh}veight?rt%ﬁéﬁaturhe is in degrees

conpr.ising: (1) heating a m xture conprising the
c %ﬁ&#é?@”&@mﬂﬂrawe, BressHee is@tpssear etmasphegic.

invention in the presence of a catalyst at a
tenperature of 150 EXAMPLES

Measurement Methods

[00143] The inherent viscosity of the polyesters was determined in 60/40
(wt/wt) phenol/tetrachloroethane at a concentration of 0.5 9/100 ml at 25°C.
[00144] Unless stated otherwise, the glass transition temperature (Tg) was
determined using a TA DSC 2920 instrument from Thermal Analyst Instruments
at a scan rate of 20°C/min according to ASTM D3418.

[00145] The glycol content and the cis/trans ratio of the compositions were
determined by proton nuclear magnetic resonance (NMR) spectroscopy. All
NMR spectra were recorded on a JEOL Eclipse Plus 600MHz nuclear magnetic

51



to 2400C for a tine sufficient to produce an initial
pol yester; (1l) heating the initial polyester of step
W@ 2go7201585 t enperature of 240 to 3200C for 1 toPEI/ORWNE011913
and (111) renmoving any unreacted glycols. [00120]
Sui tabl e catal ysts for use in this process include,
réaoinaace spebtrcbmetdr&xﬂ;mgaelthnfrgmltﬁmﬁjrmtrmUotdd%eﬁ@ ERRUITES30

Thel) %%’I type of _cat al is well knovvnlnthe
e ¥slufie) S Rty 660 Gotaric sambine, Gh/dGamiwt) phenol
tétl‘é‘éﬁl&irbé’t'hah@%H‘P@eut@#ﬁ’cegbﬁldﬂ% | defi%o F%é:k Fréca]lﬁsf?lgnments

acetate, butyltin tris-2-ethyl exanoat e
f%l%ét%t@ramtbym Beaygldhiutanediclaes@draesoatral atis byay
limted t t hose sed on

e Baliinic orBl Palifcant Bscriptf extee Aad dnipamsthyl

1 QabdbutERb bl SThEUBHOHS! SAMDOHA
20,000 ppm or 10 tol 0,000 ppm. or LR b pér)nthoer

resgnagce positigpsfaundiio the psbmqrprandomhgbmere 300 ppm or

[08345P, 25OrRaSRAAAR AL ARYSH ISl AL s SRT BRSPS Aballiing

thedlght tdnsmission ¢ 4 bampie biateﬁl@séf aﬁ@ Bhbf&@é’c%cf?fr%%easﬁ{nctlon of
cally, step (I) can _be carried out un

00121
t"%@‘%’b%/ %g‘%ﬁfu@rcoﬂﬁ’ p[:_leq)hot slage, T his measurementiyas tdone by
| t St e
OISR PIRRER. O o Mfoctlibe; I A it Padlinbbingidesired

temp@sawr@ Tbe sampts ngs thbe her a1 theeRgiregRepesittle bRe hot
Ln.connection with angt of the catal ysts useful in

st%'ieewhlqg dransplissian measuzens spvergurede@sa function of time.
Inidiglly, xR dahfH WaR ﬁéua@lﬁtcﬁéérf\hlﬁ?ﬁfgm gh‘?ﬁﬁhisr% s‘%ﬁ Qpﬁ @%came

cat al yst and any of the nononer
opgeLe st the mm!emrymmzech Whe@q&talbﬁatmrﬂmlyﬂnﬁdﬁ% pddoPbed as

thdHinREalbich At Gt AfESEn ey bpivian %Sétleﬁgﬂ
trapshissionl ahtieRe €ihkl t)rarﬁ‘s?ﬁlsgi%nc o,nm%u e @éhr?d déé‘ﬁ}t]ast%%

These st eﬁs can be carried out own'in
regyiredsigome éh%ym%llm@d@h‘@m%afdhe@anmlm(m ceystarlies damalns are

to b h
prégéreggz b"rffze ng]?queéggtfséjﬂl'ge ﬁfelsgc@ O\H rggr%vsvs{%{;rn?»pﬁgr%perature
at wihidrueach §80pR3Vad heatmrﬁd@ﬁld‘ﬂ&hbhﬁm IS';ﬁ‘io?%o Eg/s?alllzatlon

glagster roduct_nmade by the process describ
haF measy mﬂ%nﬁh%ﬁm@demﬁ)@ratu@ istdapendaat pmc;mmosutlon and

is bRAfly difffeht BREach polyester. For example, PCT may need to be
heated to some temperature greater than 290°C to melt the crystalline domains.

[00147] Density was determined using a gradient density column at 23°C.
[00148] The melt viscosity reported herein was measured by using a
Rheometrics Dynamic Analyzer (RDA ll). The melt viscosity was measured as a
function of shear rate, at frequencies ranging from 1 to 400 rad/sec, at the
temperatures reported. The zero shear melt viscosity (o) is the melt viscosity at
zero shear rate estimated by extrapolating the data by known models in the art.
This step is automatically performed by the Rheometrics Dynamic Analyzer
(RDA II) software.

[00149] The polymers were dried at a temperature ranging from 80 to
100°C in a vacuum oven for 24 hours and injecﬁon molded on a Boy 22S
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conprises: (a) 5to 95 wt %of at |east one of the
pol yesters descri bed above; and (b) 5 to 95 vt % of at
WO e@godse pol ynmeric conponent. [00125] Suit abP@&Tr/US2006/011913
exanpl es of polyneric conponents include, but are not
limted to, nylon, polyesters different fromthose
middiogirnachine tegive ’HSXVQN‘SM anet h/4xd /2%6TREh TlextifoPars. These

o Vels i Sletig R 2 Bach 58 FPGHRARTau e tedneaictn with a

164
2 %gtﬁsﬁsswg%rﬁ%sm g o

W wesdletemigey flony me@Qneememsmens spegimens.

(=6 T R R o Sns R0 Sara dsster abapypumtsmpessiures using
5‘tmrdn¢ment3/mtm'dena> @ét@ﬂﬁmestﬂé ridtfe-DORYE, Aé%%g.bn(@mperature

d hyl
TB%%FE{%{OG& tﬁ%?ﬁg@t'ggeé‘tﬁméﬁ%és{]ﬂyls %ré%ogé :as)the temperature at
wﬁféhyﬁﬁ"e Eﬁ{ggééih{én@q‘élz | Wﬁltéerﬂébﬁ%rt 25 flenoted by ASTM D256.

sul fi

[0645¢t ar bo@atoesxamasrreperte&xém(m welre d@téﬂrﬁﬁé@%%ea HuRmBr Lab

U308 et R hinsTare} Saaragons by Huny Asesgjates Lab Inc,
R@gaﬁovadsr heoéolgﬂ g%%Fﬁﬁaﬂagg%rggvéggge% ﬁ?fgk@%ﬁ%ﬁ%ﬁ%d on

S can repare

ynmers.
elg}e@ belieisrf the pohjestars ok plaqmesmrtdﬁlaaeratéms ﬂﬂé&tloﬁrﬁmﬁﬁiéd or
t

o R i e e GGk 3 BT sEShn E
CIEO(rinétldwal cbhm%m&mua{.#a;&p%ﬁ&%@féaﬁ} WhéRh |®

the pol yester conpositions use e I'nvention,
reprrsepliingdighinessccadrdinate, \a* representdotive\red/grede coordinate, and

. f.ul h |
bR YR RORRRHE. Lol'ycor bonat o he el | as
[00152]i ncl usizdditioi, MOl BiNRPWBFS comBRISARIN r?fb'ld’e@oaﬂgﬂa%t €3rver

use%é g%t he inventi on may be prepared accordi ng
‘bd edures, for exarrple by reactlng t he

d i b
O o SHeEE brferaRENSE el e G5 ANS AR R eot or
1 éhcymol&@(arwdlmetrgiml usglhIrﬁﬂh@ﬁoll@ﬂm@‘-‘é@nﬂﬂé@Wa%ra;?d?'gx%ately

thod for repar ng pol ycarbonat es
30&2)53 ‘ill\w/e %Kagé/gﬁ Hédajess @th%wmmecmed the

c:thPéﬁsS*ahB%fQﬁé 2 ﬂgﬁzte?r%ﬁ’aetﬁ@ %ylaﬁ)b% sl%g ipdhe fgllowing

regardi ng the preparation car ona
examplaspuaseppragmatde 58/50e her e| n.

[00154] The following abbreviations apply throughout the working examples
and figures:
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[00127] Exanpl es of suitable carbonate precursors
i nclude, but are not |limted to, carbonyl brom de,
w@ a00poemsss chl ori de, or m xtures thereof; di phePgl/US2006/011913
carbonat e; a di (hal ophenyl)carbonate, e.qg.
di (trichl orophenyl) carbonate, di(tribronmophenyl)

car bpnat eTPAnd t heTdreghthalic eidkyl phenyl ) carbonate
e.g. di-tteby-ycarbonat e di(napht hyl Y carhonat e;

\% ]

di (cpl orowgwwt ﬁ;[i@é@@ﬂ&@bhmﬂ#ﬁxt ures thereof;|and
bi s-pal o Tes [6f » Al /Y henat o128 —EBxanpl es
of suUi tagwred@ml eq g’%’?”%#'::?ﬁ?etﬁggh?’é@&#dsbwﬁ%?%ale, but

are pot CHBMed t d,4phelohéxarmdimetiananol , methanol ,

al ky at-ed—phenol such_-as octyl phenol |

parartert i'glr;-bui WE%'@%UEQ(;%T;Y& the like. In one
enbodi ment, tne ' ' gl ut-ator—+s—phenol
or an_al kvr]°at ed eeﬁéc;)#hééro%@g 'élc?hg aci d acceptor| may

be ef t her Tgn or gaBlasotransitiom trgpexiaguraci d acceptor. A
sui t lable—eraanic i ptor can he a tertiary lam ne

AT O

g acid accept n
and i ncl UEE‘B, but Briftlerta-dustile fragsition temperatureri al s as

pyrildine,Ttriethyi orethytanitire;
tributyl aTﬂaﬁe, ang’%{ﬁ%"eﬂf’iﬁ"ﬁe&“ﬂ%éﬁﬁ%?t ani ¢ acid
acceptor can be ech/stallizationdizbtirde measirERRAR €, [a

bi carbenat or—a phosphate of an alkali or alkalline

mrar [00130] The catal ysts that can be used
— but are not limted to, those that typically
i he l.ymeri zation of the nononer with phosgene.
[0BY55E,1 o it FRPEHE [Ikiraigs ek 2 & pksamE gt 0.
AT _ . . i proovl am
CREMSHIR REREERGS o KRR 8 Al BRAT 1 e
ethylene gtycol or isephthalie acict Inaiditidra this Rixampls dltistates the

oVl hLet hyl, ammpni brom de, .
oo 012 R YPARB D -GS itaadiohon the s teameiionum
tetperatdes a,ﬁ@ﬂéﬁg@t.hyl amoni um chl ori de, tetra-nethyl
amoni um hydr oxi'de, tetra-n-butyl ammoni um i odi de,

[0836ly | t r iAvianigty of enpelyastechweré peepamdd gsatescribed below.

Th%@%ﬁ)?@?[}ﬁé(&é%g %ﬂgﬁﬁﬁ%ﬁ’%?ﬁ%&r%&@g@%ﬁ oxide as the catalyst

in oetemtd hiiniphies the @ﬁ@émwﬁté{gégttgﬁ@aﬂﬁ-co[n%ﬁﬁ&ﬂioﬂ_ ?ﬁ nucleation

ol ycarbgnates useful _in t ol yester conpositions o

dufing Grysjalfization Hudiesnabhereisitignsiratic vétheat denat es such
cy@Bhb RIS TR Ghs' 34/85 Vhile the cis/trans ratio of the 2,2,4,4-

tetramethyl-1,3-cyclobutanediol is reported in Table 1.

[00157] For purposes of this example, the samples had sufficiently similar
inherent viscosities thereby effectively eliminating this as a variable in the
crystallization rate measurements.

[00158] Crystallization half-time measurements from the melt were made at
temperatures from 140 to 200°C at 10°C increments and are reported in Table 1.
The fastest crystallization half-time for each sample was taken as the minimum
value of crystallization half-time as a function of temperature, typically occurring
around 170 to 180°C. The fastest crystallization half-times for the samples are

plotted in Figure 1 as a function of mole% comonomer modification to PCT.
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Patents 3,169,121 ; 3, 207,814; 4,194,038; 4, 156, 069;
4,430, 484, 4,465, 820, and 4,981 ,898, the disclosure

WO e@anaissy copol yest ercarbonates from each of P¢EUELB6/011913
Patents is incorporated by reference herein.[00132]
Copol yestercarbonates useful in this invention can be

[eath9]abl e Therdata shalk Yhatmlp o 4-EatPariethYl-¢ PRERIotak 88iANis
s..in the they can be typically

net h ﬁrt. F?r exanpl e, € . )
ME &V hanInyiene dlvsel anddsonhilaglic agid at decreasing the
RSB HALRITEL GncrRARAC Uil A0l e PP SGRE N,

and at | east one dicar yl'i ¢’ aci
2 pdcielirmethddpbrichialobytaneicdinateasé«=Teahd vwens! density.

chl oride, or both. [00133] In addition, the polyester
conpositions and the pol yner blend conpositions useful
in the LCD filnms or sheets of this invention nmay al so
contain fromO0.01 to 25% byaklei hht of the overall

conposi tion comm Tl C [,orants, dyes,
nold rel ease aqen&&gﬁllgﬁégﬁg&iﬁﬂgﬁgg&?@l astici zers,
nucliea L_ng agents, | stabilizers glggf udi ng btut not
EainPib tifiklontep|  NOVDESIBhITh i PRES 4 obher %gapi gr.Standt gr. at
r eagt fmorte)pf GEUCLYEN | AB 6O | (hiny | @his), | adid) ilﬁggct}if ?(én?mf} iy
rodifiers | Forl exap LN _add|tives can|be

Le

1YAC qrp9¥,at Efkad NtQg I B L%p fiulnms sheet § thriough

addiltion tjo t3he 1b?JI E)% t hr )u% ap%{i Ca '|§01 10‘{] ag'%a'&ﬂ 15

cgatl, or through the coextrusipn offa cap Tayer.

EXanp’@< oY pi?d%hl ot c?al | y2avhi 1'ab| €4 npagt | 14 | 17
1 . . .

modijfi ers kmowm i the—art—andrusetH—na—thi-s
i"Bver?op e |iovel udes | 1batt | 2a0 ¢ >mot | |Hsomi | edot D233 | 217 |233] 252
ethyl-enelpropylene terlpolynerst funetionalized

6! Y @b.£4, h1%,678UGHs |36 ot RS E GONL &) pi N i ryl até
and/or _ql yici dyl et hadryi at@? st%?en%j'ggsg%é bl Sk BT oo

pol rijc i mpact| nodi fipers, jand viari ous acrylic
g%rel%'ggﬁ %% e pBdt| Fbdi #9 er 82 ResiHued-2of  &kcHoo| 114

additives [are |ai sq corntenptated—as—part—of—tfhe
Abl yést BE A6 OST2 | i1290. | 2POP LI} 5 heps |po biaye/stomn S mﬁys%b@
i [

HAveRt-en{can-conprise at least one chaijp exfende
&eli § aht £0GbadeT) 1986 QRGE T8, | BEH Udge g UL, are snot | i nﬂ‘.g.(?j 55
to, Imul tiflunctli ondl (i|ncljuding, but| not |[imted tlo,

L funct ) on ./l sogyanates, nuliti functionfal epoxi des,
ﬁ}cl E%? f"}g ?162% exENpPe,| ®poRyt gt &' novidl alc§-,9_ antf | 27| 51
1 pihe PHBNOE offtie SiolloGnporlhl ofeR bdya4dTs IS TEBETS T B oshexahddimietiancn

e?qfl Bk r‘)c$ ofﬁaggical? l?adqﬂ@gmamenttoﬁl@ palyeeleroif Tabla @ is dimethyl terephthalate;
it the dicarboxylic acid i not described, it is 100 mole % dimethyl terephthalate. ,
DO SR | 2 OB escta!

A ﬁ]m was pressed from the ground polyester of Example 1G at 240°C. The resulting film had

an inherent viscosity value of 0.575 dL/g.

A ﬁlm was pressed from the ground polyester of Example 1H at 240°C. The resulting film had

an inherent viscosity value of 0.0.652 dL/g.

w N

N

where:
is Isophthalic Acid
is Ethylene Glycol

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

A
B
C is 2,2,4,4-Tetramethyl-1,3-cyclobutanediol (approx. 50/50 cis/trans)
D
E is 2,2,4,4-Tetramethyl-1,3-cyclobutanediol (5/95 cis/trans)
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process or after the polynerization process. |If added

after the polynerization process, chain extenders can
whereesspor at ed by conpounding or by additi onP@/UE19g6/011913

conversi on processes such as injection nolding or

extrusi on. The anobunt of chain extender used can vary

[Q0460 i ngAersh’obva in (Tebid ndcarmnggwb 1 fzazpp&g%ﬂé?glewg :gz?

u I S
AR TosoRERfaative shab sther omssiaredts, Bychelnyiane olycol
and fophBtdii R0 Wt lr%réaélﬂﬂ@@Hhﬁ%lgﬁt@gﬁalpﬁrpﬁ 1%5fhe time

based on the total wei
rerwéeader 8 pabimerersach balf ofifie wredsmuhatrystadliviityi By decreasmg

RSy SRS Ior Kb B BRA USRS e shyathliceiiah pg-ie,
apbashHURr artiles GRBEY A2 2 Métﬂérﬂgmywts- oﬂaut&hé&i@l Hbdmed

osphoric acid, phosphorous acid, osphoni ¢ aci
Pﬁﬁ s,qr@egmqgemgn@g Rdabiicated by, mehh]dds &nowunsin élse arts As

mﬂ,ﬂq I k b ched

al ﬁﬁs ugst’ ag}%ﬁeé‘&@ e%"ﬂ'ﬁﬁﬂ 9??%(?9'%%&? r' ?r’]'p(yl

temmaeamresaandi Jomrtdémlmﬁsl theth %@fmbdmtﬁaﬁmj gggtbl gﬁqéggt
|

unb of ester rou resent
10BALbhor dersPecH AR &S showinet Sabls 1 & dessribed below.
maxi mum al | owabl e based on the nunber of hyngX}l/Jh
[ T21] esent on the ther mal stabilizer used. e
E)?ér m qE"f Iqﬁm"r mal stabilizer" is intended to include the

[00862f | ON FHiQEUSILR) illLSPAR  fthe Elfb\%)e[rﬁfi% éf $ %@Hﬂg@s‘cer with a

pro uct" as used I n connecti o
ta@e&bomppert@naﬁ &Ormol%‘dﬂnethyhterepleﬂﬁlett@ résisues, atugiol of

B0 PRSP Sh, S5 B0A Rl 1 e minorrosiiani

reﬁa&egng;/lﬁgdiy{ry,e@ter as well as the product of a
&c.)@/]condensatl on ‘or esterification reaction between

cat alAyBtixtereiofif 63 ghefrdimettey térephithialatee 55 Phgse can
1488605 8Hedighsfiob i ¥ bt figehal lsoBiiaiaiy ape Olé“deﬁa']ﬁ of
dlbmylttheoﬂdmvm rila@étﬁlrpé 5Dblrﬁllllllféﬁf§sk%uﬂ%§i With réﬁ'l%

materials may include, but are not limt car
n'tque&h@d”f‘§ta| §¥'Ir ﬁre ands shart distilation colamn,. The ﬁaskjwas placed in

Wi O 35911} X S B35 sREBE R 0 200

RHM tlmneugbnbbw\emadp‘ermtdm MherdoRitants of s fadlelveréihBated at
brous gl ass filanents, m xtures of

21 gléigr’ ‘%ﬁﬂﬁ&g?%ndéhg@ $he lainperature vas gra&iygllﬁmreased to 290°C
ovBO8Y MRAles| THRI Raction 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/lg. 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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[00137] LCD films and/or sheets useful in the present
i nvention can be of any thickness which woul d be
wappanersss t o one of ordinary skill in the art.PCTIUSI966/011913
enbodi ment, the films(s) of the invention have a
t hi ckness of less than 30 mls. In one enbodi nent, the
tEoiBt he i nvention have a thickness of no |ess
than 30 mls. [00138] The invention further relates to

[Q0t64]i | ms Tam:léxnmplleemnstrad;esnﬂfel riepardtion ¢ ¥&5digEster with a
ion. The methods of Tormng

AL SabShE 81 1hY enall et tereriwanieis rsisiuast 20 ko) e
ethyldritegREs!. re§P6@|€§| 86 nfuéI"/J“f’ AX (lecg{ “g)ﬁ(bﬁ%tgfgact)? r%ﬁ'ﬁjges

i nventi on i ncl ut not

(3834@$§|’S/f£$fe89ts cal endered fi I rrs and/ or sheets,
solutlon

IGEBRICo2 | ATaBRie s 7 78 oB Olw b S Rhate. k.11 oref
1#rcioisheskeetinmesthadel, Rrts g 8f emylérief% %Hg %z{désé Bfdibutyl

on ol di ng,
S B pRioeian - Tk Chioma oot tfor KiGByon. &

e, 2 o S | Tod RSB Vel s

sheet's |

metal dlatie tbeadyhesteddo 200PGedHe $tiFFing 5pe8E Wa® set to 280 ReM

d LCD filnms_or sheets, conpression nol
th%&:'ﬁ@@&he%ﬁ&wne% dTheeentpals ofdbe Sask grre heatecat 200°C for

6(‘9 hffles a'?‘f%tth?ﬁ?hé’fedﬂ?@aﬂﬂelv%% {;Wf cﬁheseetos to 2 Sver 5

but are not , extrus
miguitesm dEhé e ctivompixtssiwers heldditzg0° affdr $2d) wihGfes and then

i bEtaaBBEE o AbiBinufisocaace Al 280cch vesuom was araduell
s By PEheRRGae e inSHE KR fos tsagheq 100

treatment, etc.
mmpfikdg hprng"esﬁurshm;de thoe flapdlatvas fufﬂh@r redates to 6.3 ®iTbf Hg

ovlléf g h%&t ¢ ﬁﬂ?@eabgﬁﬁgéﬁpﬁ}&é 3?"‘1&3 ug/ggmg%%_qﬁ;d Po?'ta total
tinie bN80 nﬁh&t@ts&o ¢érri@bé@<§e§@bﬁm@%c%é°c€ﬁloﬁsz aht, fg%gﬁfs‘éc%sny,

th gl ass uid crystal
V'Sézﬁli'}’ r g&"ﬂl %oriessmcﬂwmer wsasatrlutalgedrvﬂtff a Igtass[tﬁﬂibﬂtikjn

terﬁgérattﬁr% Mﬁo?gﬁﬁpg lgimé:ﬁ%i%?slgggmgatlg)g},gm lgé{ll} analysis
showedghatathe gudynehwak Gnfidsed of1 oS ARG, é’cfwyiehﬁl%yfcol Tesidues.

i nventi on can be made and eval uated, and are

EXAMBEE 1¢

[00166] 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).

[00167] A mixture of 77.68 g of dimethyl terephthalate, 48.46 g of
1,4-cyclohexanedimethanol, 17.86 g of 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol,
and 0.046 g of dibutyl tin oxide was placed in a 500-milliliter flask equipped with
an inlet for nitrogen, a metal stirrer, and a short distillation column. This
polyester was prepared in a manner similar to that described in Example 1A. A
high melt viscosity, visually clear and colorless polymer was obtained with a
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purely exenplary of the invention and are not intended
tolimt the scope thereof. Unless indicated
w@emenmisse, parts are parts by wei ght, tenperapCir/ES1086/011913
in degrees Cor is at roomtenperature, and pressure
is at or near atnospheric. EXAMPLES Measurenent
glesshsmsitiohtendieratues bﬁm@%éh@ anid/&!m'mihéy?mfvisld@%ity of 0.73 di/g.
esters was termned in 60/40 (wt/wt
NI RER Bl s Re b o ke RaVaeT s aesed PLA Gmol%
191-df¥bhexambdtRéihah80k4H H’Hrﬁis‘_ﬁlg). L e
1gsl agfspotransiti on terrpergteure ( ?Qﬁﬁ?g%%ﬁﬁ%&e{s@ﬂng

qyclointanediol iesistuesment from Ther mal  Anal yst
Instrunents at a scan rate of 20C/ mn according to

Eﬁﬁg%ﬁ‘lﬂf [ 00145] The glycol content and the
rati o of the conpositions were determ ned by
. ' NVR t .
Uil Wt S P G R R T
taBgetNdmpositicrast mnﬁl%miﬁ@ﬂmw@pﬁﬂ%té?gg@ggs,% bl %

eitBer_ chloroformtrifluoroacetic acid

dipat y}gqght%lg;e residuyasi, and 1900nol% di4-oyslgbexariadimethanol

re3fiiR Ol wt) phenol/ tetrachl oroethane wth
deut gﬁ(gt&gg céﬁ/ﬁ{gr%i'orm added for |ock. Peak assignnents

[00469D, 2, 4A drikiere BfERIBB g dF ditnathigl tekaphanggic0'55.26 g of
del nono- and

resopances re made_ by conrpa_ri son to no
1.474Y8 5@@&5}9&@@ £29.45 w0 ndimathy dgarhjhalate, and 0.0419 g of
diBufSt &y ékEQ%ﬁSQ'CQH in EWmWH% %%%?%ﬁgéﬁi W@f’@l thlet for

.approxi mate the resonance posi
nitsegsve metal stioler,gatka shofteist#iatioT beluprry.sThé fagRivaplaced in

a Pld ‘%ﬁq\@%ﬁéélrﬁ@iﬁ%&%&ggﬁgp& & ting heesd was Sat to 200
RERE B tHe &xiinhém. Ofhd EdReRR & tﬁ? W@gﬁé é\{?g% zweg;t/ed at

controlled hot stage. This nmeasurenen
218 eder agnindiespand, thenshe dempeesatper was igead GEtiginered st d ém 290°C

o3 o T B R A B R B

thevinivheuum avsgrasiually Bppifat 6VEHThe néRf § MRt At the Pressure
ion of tinme. Initially, the sanple was visually

. f.unct
'n%‘ﬁ% e {ipskreachad 10gHnm ofdi@mTeeinsassire insidaties Spsiquas

[ T stallization
fuiferrSBucaTRl 8 SHHPORHY AEP el RSt Mlien; A Prengua gfif.3 mm
of Hoawasrimesntaineskfer habfalMiyndost JERINILBS td Pérhbdé 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 dl/g. NMR analysis showed that the polymer was composed of 100 mol%
1,4-cyclohexanedimethanol residues and 40.2 mol% dimethyl isophthalate

residues.

EXAMPLE 1E

[00170] This example illustrates the preparation of a copolyester with a
target composition of 100 mol% dimethyl terephthalate residues, 40 mol %
ethylene glycol residues, and 60 mol% 1,4-cyclohexanedimethanol residues
(31/69 cis/trans).
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transm ssion and the final transm ssion. Trmax is
defined as the tenmperature required to nmelt the
weeyspedsss ne domai ns of the sanmple (if crystalPETES2006/011913
domai ns are present). The Tnax reported in the
exanpl es bel ow represents the tenperature at which
[%1:111 Is anp|Aemmasrdmfaa1ea ot of dimaetiyt m—aphth%le&ém esrgj bor

1RGSR 25l Rheh Ak B elions obenl and b 4154 of dibuty
nhmwmy pldeSh N800 HillifRF RageLYGBhEA wifkO4 ngf%[fgaﬁg.}ogen a

PCT may need to be heated to so rper at u
metalstiremoand e shertdistiliationycoturhh. Thedashives plh68d 47h Wood's

itk R3S BBl AR, Ml DG Bper s PRt 0 CREM
threagmmﬁothb)expenm@nﬁ The eBRtehts sf tﬂéff%k%e‘}%é& diaf Eﬂﬁ*’c for

nelt viscosi ty was neasured as a func I on

6@ ﬁ@QPtqsgmd thep the deymeatature was gradyaily neréased &omo C over 5
e ze
PRt 5 LR R LERLACIOE o S48, S e
heaiedrupmzs@@t it mﬁ”llhsls eRincaRRI280P O dvadiRing AR éﬁéduauy
the art. This step is automatically
%@H\ﬁn‘?‘fﬁégﬁ%ye{ﬂ% MERgSsRINt the mipsawiednsidgithe desk Reschad) 100
RROTHS! T A48 PBRSTALIFRE RSB cBlad g et
O\fort e nexblip sniantgsi H pretsisare umg] Gedrmaif/ rgg ?%S @aﬁmhéd H8r a total
X X I NC
t"ﬂ?ex?@ﬁ“ﬁ' It\‘/ﬁr é@xé?%g%&?‘geﬁeg diols, Adigh melt viscasity,
visully ciesh sed 6018He OBy Wis 65&%@1@‘8‘ \E?Iw‘a‘g/ég’s {ta 5?&'

notch i n accordance W|th ASTM erage
tempﬁé%mr%pf 8AJf& and aDhasentddésaasity 080.64 difg. NMR analysns

speC| rrens V\gOIg'q‘egﬁgccg?ne%q %Otf%p%gé%@e/nﬁ% A S(E)JQPWQ'GQQUGS

increnents in order to deternine the

EXAMRUE1Fo-ductile transition tenperature. The
brittle-to-ductile transition tenperature is defined

06t72he ter R& il
iy e s

tanght Eormpaslion qféagrm@k% Rineihyl inserhtbelate nesidues) Li0mgoh%
2 S AN ST A SRR, 87 804700 Col or

Hunt er soc
1 ‘H-ey@ohexmlecbmethmmer@rﬁnw(@/@ ciéfttdry. neasured on

[Oﬁ}éﬂg l%f)%tﬁ ﬁoqquTf 70@@” erc}/ r%séttheyrl ?ergghphla?aq(g?g&%rg glt‘ her

1 4-cyclohexaned|methanol 32.5 g of 2,2,4,4-tetramethyl-1,3-cyclobutanediol,
and 0.046 g of dibutyl tin oxide was placed in a 500-milliliter flask equipped W|th
an inlet for nitrogen, a metal stirrer, and a short distillation column. The flask
was placed in a Wood's metal bath already heated to 210°C. The stirring speed
was set to 200 RPM throughout the experiment. The contents of the flask were
heated at 210°C for 3 minutes and then the temperature was gradually increased
to 260°C over 30 minutes. The reaction mixture was held at 260°C for 120
minutes and then heated up to 290°C in 30 minutes. Once at 290°C, vacuum
was gradually applied over the next 5 minutes until the pressure inside the flask
reached 100 mm of Hg. The pressure inside the flask was further reduced to 0.3
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extruded fromthem They were determined by the L*a*b*
color systemof the CIE (International Comm ssion on

WO kdoandrssi i on) (translated), wherein L* represkCit/ES100€011913
| i ght ness coordi nate, a* represents the red/green
coordi nate, and b* represents the yell ow bl ue

nuoaf Hgaver.thg 0@X62 mihotedd i preddurel 6f 013 mf‘dt bgﬁ%Wsemamtalned
press a

Gt Bégﬁlrﬁﬁﬂ@ﬁbggwgy&q%géﬁumwm diols:. ahvbigh melt
vi’sébélﬁ/ Asuall§ cloaft aﬁﬂgo%}@%%'b%%{ \gﬁg %@6#@%8 V\}alt:gl aé g%&ﬁ d

| owm ng exanpl es was appro
traasig@n teropesBuesoft 12206/ & aMMPmentOIlktEUSMnyf Osgidi/g.i BIUR

/tra io,0f the
ab s 5 ol gk s foidimet B¢ BTG S n i
1I4o¢ycmyhé)@néz§m@ﬂhaﬁom§nd%§ra%' 4qi %)9/5;1@ 4- tb@%%yl-
The follow ng abbreviations a roug out
1 Ropyelohy tanedipl wsidues. i gur es: EXAI\/PLE 1 [001 55] This
exanple illustrates that 2,2,4,4-tetranmethyl-1 , 3-

t di ol re effectlve at reducmgthe
ERAMPY 1@gt: 8n Irzt rejoof PCT than et hyl ene gl ycol or

hal this
OGAPED 2! 162 RO B8 osb A5 TR Gppprstor it
targbtcopmpﬂmﬂlc&nem @0 rrml%tdimeﬂiwfﬁ&ethtb' re8iduBSPEY Aloiks

2 el o v ianea remiduns GBrb Lindens 50 mold%
1 mdmlﬁ%@‘(a%&%eﬁﬂgn@Q&BUQQ%’ /6%9'0%/9 e as the

catal yst 1 n or he e ¢t of catalyst
[00¢68] and A onizkeme 0&T7 68 gof @lmthﬂttempfﬂhwlafw 48.46 g of

1.4 BB Haddlethdn  Ovd GheammeH I T heyclobutanediol,
arfdl §/OT465§P§f thhtyPtlﬁfodeéewgs gla‘&:eé in taeép(gﬁﬁhm %{ﬁgc}l]upged with

3-cyclobutanediol 1s reporte
arpumiqid@re@trogenha snadalstister, anda mnumemlamad cmirﬁncwmtﬂask

el B 8BRS BBl FEREN o 2108 R rngsepeed
wasset tmRBIWﬂﬁéu%H&ﬂlﬁ@bx%?’r@éﬁg | 'Iéﬁélbbﬁtrén'&abif th! Bk were
hea’[éadS gtr 5?8% lg’orf?;r r?lmutes 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.
The pressure inside the flask was further reduced to 0.3 mm of Hg over the next
5 minutes and the stirring speed was reduced to 50 RPM. A pressure of 0.3 mm
of Hg was maintained for a total time of 60 minutes to remove excess unreacted
diols. A high melt viscosity, visually clear and colorless polymer was obtained
with a glass transition temperature of 103°C and an inherent viscosity of

0.65 dl/lg. NMR analysis showed that the polymer was composed of 85.7 mol%
1,4-cyclohexanedimethanol residues and 14.3 mol% 2,2,4,4-tetramethyl-

1,3-cyclobutanediol residues.
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tenperatures from 140 to 2000C at 1Q0C increments and

are reported in Table 1. The fastest crystallization
whalooeisee for each sanple was taken as the m PCTI&2006/011913

val ue of crystallization half-tinme as a function of

tenperature, typically occurring around 170 to 1800C.
Eﬁ&ﬁ%t crystallization half-tinmes for the sanples
are plotted in Figure 1 as a function of nole%

[@dhghlomer Timislexamplel lllwsttate% bre@aratRin Jﬁ‘@c@ﬁé@eﬁapmh a

cycl obut anedi ol is nore

t%’ﬁ%fe‘&%’?‘égé'f'ﬁat ?ébﬁw%ﬁgdﬁwbwlteéﬁnﬂ]th@atﬁwm&luas 26indol
20Ea epSiaRtbthiter, Sfdyéio%ke}rie%‘idl?gsnaﬁég géc(gs%sggéﬂg)r GR3 ' d0%molo

the crystal l'1zation hal
14-oyalo xaélendaneﬂmm residuesl (8h/B%cisitiank).i ncr eases T9

Hal f-ti
Lt O AR tart 706 e Camel Grmebaleterdd e g of
1pbtyshexahedimdipbhel, 20177 éofézlz{qL@i}g;é?ég mgt(%%%lut%n ediol,
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apq:l,g Qﬁq g ok diyutylitin opige wag placedi imet 5OO- rmlhlhmmrﬁlalshlemugzped with
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290°9), aetsth Vi §ra%-u%l|§‘agpﬂ_ hBXMn? ?ﬁ%hé’é%tﬁ‘ el Yoint of

(98/2 ci s/trans) etrame
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i ncreasing the crystal I i zation
pr ??%e MafumAEHaingd far @&Ptﬁhﬁmenﬁ 60gniriutemtd remﬁovet excess

u%t@g l'ﬁ?clﬁéz g Itvgé}]é b thgﬁé@gya(cpﬁﬁf @éﬂﬁawg%{lcﬁ%to reach the set
pointyse¢mtidrieteabave, bat brdduﬁé&i enough vacuum to produce a high melt
viscosity, visually clear and colorless polymer with a glass transition temperature
of 99°C and an inherent viscosity of 0.73 dl/g. NMR analysis showed that the
polymer was composed of 85 mol% 1,4-cyclohexanedimethanol residues and 15
mol% 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues.

EXAMPLE 2

[00178] This example illustrates that 2,2,4,4-tetramethyl-1,3-
cyclobutanediol improves the toughness of PCT-based copolyesters (polyesters
containing terephthalic acid and 1 ,4-cyclohexanedimethanol).

[00179] Copolyesters based on 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol
were prepared as described below. The cis/trans ratio of the 1,4-
cyclohexanedimethanol was approximately 31/69 for all samples. Copolyesters
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anor phous articles based on 2,2,4,4-tetranmethyl -1

, 3-cycl obut anedi ol -nodi fied PCT as described herein
worey7hoelssabri cat ed by nmethods known in the artPCHES2006/011913
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predueliantaings 807 epnatinhdlhe atlor2@006 farthé Polyieatsrass Exashple

20} Bife L3S i 2nel 2Pedaa b MRde he 11 ack reached

[00980]M OfMérﬁnal'Ehﬁeﬂ%r if Hbﬁ cﬂéééﬂ $htb '?)‘%w%1 LAg "su}fygéquently
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nofichest 1% 1zog ﬁ@ﬁb@@uﬂ'éewfotmeﬁ lrmd dmpkeigt stengths mere odthihed as a

fufftc! i tohBFarBe 800 B OUkB b BuEs IRY SIS SS, (o oot o
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te erature of 87 and an i nherent viscosit
trags ndﬂﬁgs hogirmpesaise SPanoled insiance, lilke mq/mmaoivatrength of

a ﬁﬁm% 5s gHQ% g@ lrr@l%/% %‘th%%:ggg{ﬁ%oﬁ '{a%@tegt IS transition

betvwsen mﬁanamveL EHi8traf8itioA teribiefataraisrisdotladted WithtLehange
y] of a copqglyester with a
in Taild grlftleﬂow energy failures at lower temperatures and ductile/high
energy failures at higher temperatures. The transition temperature is denoted as
the brittle-to-ductile transition temperature, Toq, and is a measure of toughness.
Toa is reported in Table 2 and plotted against mol% comonomer in Figure 2.
[00182] The data shows that adding 2,2,4,4-tetramethyl-1,3-
cyclobutanediol to PCT lowers Tyg and improves the toughness, as compared to

ethylene glycol, which increases T4 of PCT.

62



target conposition of 100 nol % di net hyl terephthal ate

resi dues, 20 nol % ethyl ene glycol residues, and 80
worRi0rd1sds cycl ohexanedi net hanol resi dues (32/ 68CT/US2006/011913
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% et hyP ene '§I5IR0ENS 881c8Lies. EXAMPLE 1C [00166] This
exanpl e i¥1 ustlf £i%4.4 hetrpmefiu-di3-oyclobutanedind (5650 eis/trans)

a_target conposition of 100 nol % di et hyl
Q&%ﬂiﬁ_@al ate residues, 20 nmol % 2, 2, 4, 4-tetranet hyl -
3-cycl obut anedi ol residues, and 80 nol %
[04183 ])éycl ot aiemplesiliustrates thati 212 ds4-(tattAB8thyl-4 /3-r ans) .

Cyhggég%d%d;}flgaétlmfgm%(ithg@ggﬁ %S%Q‘g*gﬁ 85 di met hanol ,
copdlyésteys(@olysterd conizmting 18idpwthdlic. sz ¥AH Glbdﬂ anedi ol
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[00184] Copolyesters based on dimethy! terephthalate, 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 to 100 mol% of the diol component of the polyesters in Table 3 was
1,4-cyclohexanedimethanol (31/69 cis/trans).

[00185] Materials were injection molded into both 3.2mm and 6.4mm thick
bars and subsequently notched for Izod impact testing. The notched Izod impact
strengths were obtained at 23°C and are reported in Table 3. Density, Tg, and
crystallization halftime were measured on the molded bars. Melt viscosity was

measured on pellets at 290°C.
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pol yester was prepared in a manner simlar to that

described in Exanple 1A. A high nelt viscosity, .
wo e@aabisys cl ear and col orl ess pol yner was obt aPCEUS206/611913

aglass transition tenperature of 100.50C and an

i nherent viscosity of 0.73 dl/g. NMWR anal ysis showed

that the pol ynmer was conpo¥apleo3 80.5 nol %

anedi net hanol
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eased to 2900C over 30 minutes. The

[ m xture was held at 2900C for 60 m nutes and
%ﬁ%m was gradual ly applied over the next 5
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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

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 <1 mm of Hg. The reaction mixture was held at 290°C and at a pressure of <1

mm of Hg until the power draw to the agitator no longer increased (70 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 0.736 dL/g and a Tg of 104 °C. NMR analysis
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[00170] This exanple illustrates the preparation of a
copol yester with a target conposition of 100 nol %
waleovwbmgbs t er epht hal at e resi dues, 40 nol % et hpCBN82006/011913
glycol residues, and 60 nol % 1, 4-cycl ohexanedi net hanol
residues (31/69 cis/trans).[00171] A m xture of 8 1.3
SQOWEddhﬂlEﬂﬁb}UONmeleWBS lcahosed 4 8834 motds 114-cyclohexane-

f hyl |
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nitrogen, a netal stirrer,

olum. The flask was Iaced in a Wod' s netal bath
E&MB&E&&E&&AM&@&. The stirring speed was set
to 200 RPM t hr oughout the experinment. The contents of
[Q087| ask The pelyesiars dlescrined irExAmplesBB i Ebkaﬁﬂal@lsﬂ) were

pletted Mol E Phask 3G s heliRedbRd for Bicraniooia,
Thercoliitdsitionudrebprondridiesr thess QGIyBBtetrQa?@%ﬁyhg% 1 ble 3.

m nutes. Once at 2800C, vacuum was gradu
EX% L ext 5 mnutes until the pressure inside the
hed 100 mm of Hg. The pressure inside the

fl was_further reduced to 0.3 mm of Hg over the
[‘Wégﬁlo n? héfda (407 asemamel)sfimetiyl tarephthetatens2.61 Ib (39.77

o8 ) DA incohBlef, Sho RS by S5 2.4
teVaMhylw 34ogelobatahedd1$|®vére$éad§l@lj)w%éthé@ﬁl %t;%@éﬁcéﬂbf $o0

n tenperature of

pern%é?*ienfa%?@ibeiyﬁw WRLb ot megoataR Thealopean swepamed ou

o, g0, B oo B e e
wi amndansegtcnmmm eqoaaahumrsyef;ng, mm?ﬁ"—?&flCGNlﬁ‘tt*] I itator.
Mt@éﬁ%%g@gtnﬁgfﬁ{h: $5 gg ﬁl&ﬁ@eﬁaﬁh&@e mn)(/ tuge teerrﬁgeratl?reawas
incrdasye koRBO AN adH he P?éés%'@%asq &e@gfg‘% ?8 psig. The reg)ctlon

1, 4- cycl ohexanedi net hanol resi dues tra

?@g@ms helgifait 2 heutst at7Z50f Cyand 26|p$g brdssure. ephé badstiuee was

ng2efeRba e O P AR BRLEALle. 76 eibrtenrosetg
l‘e?tlﬁtgkmwwe Wa@tf@ﬁt ﬂ@;ér/iﬂ‘]%rc]iﬁg {W%@g(rl'dni}d?tpg egéuxje' \Milé ﬁécreased
to §P.mvb9f%%né\ﬂsr 3Hoheurdiald timeaat 2)?O°€oaln|dr90 rﬂmeofingt,sthe agitator
speed was decreased to 15 RPM, the reaction mixture temperature was
increased to 290°C, and the pressure was decreased to <1 mm of Hg. The
reaction mixture was held at 290°C and at a pressure of <1 mm of Hg for 60
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 0.715 dL/g and a Tg of 110°C.
X-ray analysis showed that the polyester had 223 ppm tin. NMR analysis
showed that the polymer was composed of 78.6 mol% 1,4-cyclohexane-
“dimethanol residues and 21.4 mol% 2,2,4,4-tetramethyl-1,3-cyclobutanediol

residues. The polymer had color values of: L*= 76.45, a*= -1 .65, and b*= 6.47.
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was placed in a Wod's netal bath already heated to
2100C. The stirring speed was set to 200 RPM

wo booogtseuit t he experinment. The contents of theCT/US2K6/011913
were heated at 2100C for 3 minutes and then the
tenperature was gradually increased to 260Q0C over 30

EXAMPLE. 3Fhe reaction mxture was held at 2600C f or
120 minutes and then heated up to 2900C in 30 m nutes.

[00488]at 2FRE polyestartesatbed #UERApIABP |Wd%0br@)bﬁfed fafﬁowmg a
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EXAMRLE 8Hhi gh nelt viscosity, visually clear and
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cy cl obuf anedi ol resi dues

p@n éafrﬂn%caiallx%bumtéstrrsfaeemymﬁ«amatﬁ) dfheereaopm westeirried out

ol By A S SRR LA B o o B AT b v e

wﬁl‘BathmUehsmgrderﬁrh 4 eéd:lﬁi!#ﬁ&‘syé% Zarfd §’HEL‘1@@NE-§‘y'}5’e 8Gitator.
% 1, 4- cycl ohexanedi et hanol resi dues (31
Wﬂﬁ@? @aﬁét)or ranng ot 22 RPNt theeresstiary nﬁguge gﬁmplenwm‘eyNas
i e
mér%é@@@&@@?@‘@ Emﬁaflled'? rsgjﬁ%gi\ﬁ%l éllr% ge{ﬁ%% laactlon

matw‘e@vamﬁelg fof 2 tiobiret 3t 280°C avid 46 paRPpRissGRY Tlﬁ‘e Pressure was
ed with an inlet for

R TR
reéétidﬁ"mixtﬂ?éew&é fdh iR @%@ﬁ?ﬁ b70PCcHNPRL ﬁg%%&r%avgg%é§crggsed

al ready heated to 210 e stlrrlng
to B0anmAni Mg dfitghaut hourenadd piene a270°CTard eonﬁmﬁﬁ-l@fthb%ltator

spee bt e TeiaL B R e Hdcudadutuss Jevperasvea was wgg
inoreassce® 2907, atthd Pheddurt W d@&egg%%t %@%‘? The

120 minutes and then heat ed up to
reggiioa mixtyreawes heldcaimwﬁsargimares,sue@pf «emm\aﬂHg fw 12

miRGRss. STHY HESESr B th phOS e SRR S et iag sbi 35§
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 0.590 dL/g and a Tg of 106°C.
NMR analysis showed that the polymer was composed of 77.1 mol% 1,4-
cyclohexane-dimethanol residues and 22.9 mol% 2,2,4 4-tetramethyl-1,3-
cyclobutanediol residues. The polymer had color values of: L*= 83.27, a*=-1.34,
and b*= 5.08.

EXAMPLE 3I

[00191] 21.24 1b (49.71 gram-mol) dimethyl terephthalate, 12.61 Ib (39.77
gram-mol) 1,4-cyclohexanedimethanol, and 6.30 Ib (19.88 gram-mol) 2,2,4 4-
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reached 100 mm of Hg and the stirring speed was al so
reduced to 100 RPM The pressure inside the flask was

wo eoovkersss educed to 0.3 mm of Hg over the nextP&I/US2006/011913
m nutes and the stirring speed was reduced to 50 RPM
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sct'wt eThe polynérHRah I’hh’é@eﬁf‘ Vishadty dPOCS3 AHL /%gﬁ%ca To.f 105 °C.

cuum was, gradual | ¥1 plied over t he next
analysie shpwed thakt @@@lymemaslgommseu@fm 9 ol 1,4-

kit s e i
cycibbhitanedé rehduegxtrhé pas?ﬁ(q@rem@a@top b§|u§g|drfr|_*&q8§ Qgeg*_ -1.28,
i

S pressure was nal nt al ned

S_T ced to 50 RPM
an}gg)r ‘ar’e'?gt al time of 60 mnutes to renove excess
unreacted diols. It was noted that the vacuum system

EXANPeg 3p reach the set

[00192] 21.24 1b (49.71 gram-mol) dimethyl terephthalate, 12.61 Ib (39.77
gram-mol) 1,4-cyclohexanedimethanol, and 6.30 Ib (19.88 gram-mol) 2,2,4,4-

tetramethyl-1,3-cyclobutanediol were reacted together in the presence of 200
ppm of the catalyst butyitin tris(2-ethylhexanoate). The reaction was carried out
under a nitrogen gas purge in an 18-gallon stainless steel pressure vessel fitted
with a condensing column, a vacuum system, and a HELICONE-type agitator.
With the agitator running at 25 RPM, the reaction mixture temperature was
increased to 250°C and the pressure was increased to 20 psig. The reaction
mixture was held for 2 hours at 250°C and 20 psig pressure. The pressure was
then decreased to 0 psig at a rate of 3 psig/minute. The temperature of the
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poi nt menti oned above, but produced enough vacuumto

produce a high melt viscosity, visually clear and
w@ei0e00sss pol ymer with a glass transition tenper/as200€011913

of 990C and an inherent viscosity of 0.73 dl/g. NWR

anal ysi s showed that the pol ynmer was conposed of 85
readtivinim nktum Maﬂw&manaﬂeaew 2701 anduRs pesstutd wiRl décreased

t%%iﬂé*ﬂ%’ft 9%? e *@J@gﬁ‘ﬁlre?@k% RS e o ﬁ%%?—ﬁ;, the agitator
spedd fad dé%?é&é@%jtttsy% ﬁapw th@’r%beﬁéﬂ ﬁﬂ%t%ﬂrér? erh;?%{a@dr%%ut he

t oughness of PCT-based copol yesters
lr@é@ﬂ%d@r@&"@s eptthe bressars daamitcreased to 4 mm of Hg. When the

BN TR TN
pmsspm efthapreéesiieivieedelbpaL mEBRIE) FAdreatsd ffY 'a?rng%%%re

the 1,4- cycl ohexanedi net hanol was™ appr oxi mat el
ugipg r&trcpg%w e$he qiltsinralyrses asdben exttted fom meymebsure

vasbyafi P40 A0S DBV NRD Y WolnfRE S s screos he
p<5l4m'é) hedsarihheremt discosity &66.368HLE aRtieaTg 6P ogdde NMR analysis
cCopo tter of Exanpl e 2B was obt ai ned from East ma

@YE‘?F% ﬁ“&ﬁ ke pol Mmﬁrwa%@mpg%ﬁﬂ elafb S3peldh aréll-cmaln@talmac
iR RSB N 22 DRSS PG AnE R B i RaBediol

resicviesd Uihe piegmer had cotorizeirgs! of: 1A= ANPOhavE: PU4Y NEnd b*= 4.62.
eﬁ
i nherent viscosities and glass transition tenperat ures

Eﬁﬁ d in Table 2 bel ow. Exanple 2C was prepared

—vm—ms—l‘ggarget tin amount of 300ppm (Di butylhtl n lO(I de).
i nal roduct c nt ai ned 295 ppmtin. The col or

[0§2§%i;s fo-l; ?ﬁéa%’ﬂ%/ Eﬁﬁ?teﬁfth% Arteicametwl-1:3 77. 1

tlobut s prepared
cy\Motbﬁ %netdg?l %?' It [ ng\éﬁh&n{téuéﬁn%?ppm ?[?%u}efjl tin Oxide).
coprlyestais(p stcoptainiagriepbivalicranid and 1f4e col or

cyé@'hggéné&ihettﬁ%ncgglﬂoﬁ %r,s:ﬁcrggérafggp ”%bﬁﬁé@f“;lﬁlt@} congrise more

thaw 28 tb RsecthaAROTMbIE &f 21,2 oRbEnfstHyISH gsc,‘?g}b%nuttéﬂedlol
not ched for 1zod testing. The notched i

regifP@%hgt hs were obtained as a function of tenperature
L S TR e R R
1 3-cyclobutaned|ol, and 1,4~cyclohexanedimethanol (31/69 cis/trans) were
prepared as described below, having the composition and properties shown on
Table 4. The balance up to 100 mol% of the diol component of the polyesters in
Table 4 was 1,4-cyclohexanedimethanol (31/69 cis/trans).

[00195] Materials were injection molded into both 3.2mm and 6.4mm thick
bars and subsequently notched for Izod impact testing. The notched Izod impact
strengths were obtained at 23°C and are reported in Table 4. Density, Tg, and
crystallization halftime were measured on the molded bars. Melt viscosity was

measured on pellets at 290°C.
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transition in a short tenperature span. For instance,

the |zod inpact strength of a copolyester based on 38
worployetshy| ene gl ycol undergoes this transiti oPChES2Me€01913

15 and 200C. This transition tenperature is associ ated

with a change in failure node; brittle/low energy

failures at |ower tenperatWabke 4nd ductile/high energy

failures at higher tenperatures. The transition

t@mmprlattdﬂ cEf viafiode W@ﬁ@l‘u% fdr’f‘t%rf%f rh bbly@sic?s @l@@fdl hfthe invention

tranSi-ti prm‘llrp nd is”a neasu

toughness. Tb( i's |repor éﬁdl,ﬁ gg 2 and pI otted_ Mot
agai | Nffcp0), g6 ¢ GemeramRied | r3.2hing ifsame. | 530d. B2] | Fhetaltiation | Viscosity

ExAR5\jandidhidlt Tmanl di 2;@"4 thtclset am}ls hy B1aviB- | (oc) | moit at 17006 | radisec
cycllobut anedl ol(ﬂ%o b B3 a T oves. tiam) at 290°C

t aughness, par ed 1 owed hVI @me pl ycol] which (Poise)
Pncrlese ‘ﬂr?d @ff14FCTr678aoI @772 Notwhed 11zed {1spact 280 8312
Enerlgya!(flt N pee7 |1084e! batrance 7ef | hieirgl [ynael 600 6592

N%o%agﬂ'éb?ﬁ of the polyesters in the Table is 1, 4-
B edi et hanol . All polyners were prepargd from
M di met hyl terepht hal ate. NA = N_?_ttaval Itﬁb: eI
| C etrane -
[Owésbicl ob%fg%i%ﬂtﬁe 9?@8@%%909#%2&1&/&5@%@631’[ 621@9’.}7 28
gram-mcﬂmm&;@ldrielxaﬁéaﬁ&ﬁaﬁ&laé &6?90 rbhng é@@wg/g gz&A_

ccoutanelo canlrrprovet efou

teygmgtly)ésﬂt S1cycipblipmedind sware meadted mggeteeewhmwleqdmemé &f 200

ﬁﬂ%fﬁ%cgégﬁtﬁg&ﬁml% gg hy, noa ga{:;g %%St 2 &4 ”\?v%%rc%?ned out
uritie? eAnitroben Gaspuiyd nlan 38?&%9 b\#élﬁfé%g's‘?éelrﬁéiﬁﬁg%tssel fitted

00184], Copol yesters based on dinethyl tere
With 2 condenging SRy, a vaciaing pysishutantba |I-tEELICé)ME-type agitator.

d d ribed
win e ¥elohe A, SRR, 1B B Rl RieErs FertPembum was
indtebbed S 250C bad ahv@ﬁrmut"@wb@(?nﬂ’@b%@fto PB®si.Ohe reaction

ol Tabl
iSRS ol faf0 i Bk Hears-Cland 28 pickpresaines.. 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 <1 mm of Hg. The
reaction mixture was held at 290°C and at a pressure of <1 mm of Hg until the
power draw to the agitator no longer increased (50 minutes). The pressure of
the pressure vessel was then increased to 1 atmosphere using nitrogen gas.
The molten polymer was then extruded from the pressure vessel. The cooled,
extruded polymer was ground to pass a 6-mm screen. The polymer had an
inherent viscosity of 0.714 dL/g and a Tg of 113°C. NMR analysis showed that
the polymer was composed of 73.3 mol% 1,4-cyclohexane-dimethanol residues
and 26.7 mol% 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues.
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[00185] Materials were injection nolded into both
3.2mm and 6.4mm t hi ck bars and subsequently notched
wo e007h0ai365 | npact testing. The notched | zod i npRCT/US2006/011913
strengths were obtained at 230C and are reported in
Table 3. Density, Tg, and crystallization halftine
EXAMPILEMRBr ed on the nol ded bars. Melt viscosity was
neasured on pellets at 290Q0C. Table 3 Conpil ati on of
[00197Jus pThpadiyesterfafiExzmpiaidB pakyrshaica fdming6a] Bré)cedure

the | tion A = i | abl e EXAMPLE 3A [ 001
S%[T.“gazflt%ﬁ%] Rbg g’fsfjﬁ'bﬁmﬁ’& %ﬂﬂ%ﬂﬁ’w Th%ﬁ@m@pﬁwkat@,d Arapetties of

tHi® pofiesiel 46 aRbWR!ih Thbfls £ycl ohexanedi met hanol , and
4. g8 I'b (14.44 gramnol) 2,2, 4,4- tetranmethyl-1

3-cycl obut anedi ol were reacted together in the
Mé.hﬁé of 200 ppm of the catalyst butyltin
tr{g%sz- et hyl hexanoate). The reaction was carried out
[ a nil hisyampladiustrates that 22,4 3-galbhwih@igsnl ess

LG8 alRFRS T IATSERG e kelcFbeRe o e Repearor - wn
C¢my@@éf9@ib@9eét@rmédMaming%éréiﬁl}fhaﬁ@Scia‘gar?}ﬁ’g Qn mxture

)thgnﬁeratu_re was i ncreased to 2500C an pressure
CYERNeRediBeihane). Pohsisters Tepareddnitiis exartple eommpsise

d f
228 & RameRd Fe BB R el B4R BTt fmatte or
greater. of 3 psig/ mnute. The tenperature of the reaction

q%iaébﬂre V\(SS then i ncreased to 2700C and the pressure
[ ecr edSRYYeetbasahen dinetiwt tarephthalatesr?, B, 4-tetramethyl-

1’3203% eased 10 I?gng@hﬁﬂ:}uﬂgh?)&%@g%ﬂ%{r@ w}@ee{e)gerﬁggta&r e
degesibed dedows dibving RRO0GENpasition bad Prepertits swndRETaRes! The
ction mxture was hel d at

t 1 T
odiSaclaie 10p ol etBe doGtorapanarhab e Bolsiers imgable 5 was
1,n@wroh@kéﬁ‘édiﬁétﬁ%cﬁ%’f/Gb]f&fis/ﬂ'gn%)?ngef i ncreased (70

m nutes). The pressure of t essure vessel was then
[00200k as e Metgrilsavenssipestion msoldgd itbrimie 3. 2ram afd6.4mm thick

I h ded from th
bR b8 BRIy Richal Fy Tt Bhoitesa Tof saireddzod impact
.23p ; ' .
O A0 23T e T ep el IS sy, T, ano
crgstallizaiiorshalitiae wese maasused pdhe wenlded vpes ebfletifvibsity was
méRd of et hesgyeedi met hanol
Table 5

Compilation of various properties for certain polyesters useful in the invention

Nofched | Notched

1zod of Izod of Crystallizati Vi Melt_t
.| Pellet | Molded | 3.2 ) ifi ton | Viscosity
Example TMCD | % cis v Bar IV mm 6 4.mm Specl_flc Tg | Halftime from at1
mole% | TMCD ar thick thick Gravity oG i o
(di/g) (dl/lg) .| bars at bars at {g/mL) (°C) | meit at_170 c rad/sec
23°C 23°C (min) at ZS_)O"C
_ Wm) | (Jm) (Poise)
2 44 46.2 | 0657 | 0.626 727 734 1172 | 119 NA 9751
= 45 NA | 0.626 | 0.580 748 237 1.167 | 123 NA 8051
- 45 NA | 0.582 | 0.550 671 262 1.167 | 125 19782 5835
2 45 NA | 0.541 | 0.493 424 175 1.167 | 123 NA 3275
59 466 | 0.604 | 0.576 456 311 1.156 | 139 NA 16537
F 45 472 | 0.475 | 0.450 128 30 1.169 | 121 NA 1614

NA = Not available
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residues and 14.6 nol % 2, 2,4, 4-tetranethyl -1
, 3-cycl obut anedi ol residues. The pol yner had col or
woadoamelsed . L*= 78.20, a*= - 1.62, and b*= 6. 2BCT/US2006/011913

EXAMPLE 3B TO EXAMPLE 3D [00187] The pol yesters

descri bed in Exanple 3B to Exanple 3D were prepared
BWEfAa procedure sinilar to the one described for

Exanpl e 3A. The conposition and properties of these

[002043st er 2124ebgHOVI graniFaioljedithettiiidRbhtRak08 538b (27.88

1.24 IS) (49. 7q]1h ramm)ll)n di"natgyl terepht hal ate, 12.61

9fmme) $#-gyclohexanedimethape). gRe EheRiihed haharamanal) 2,2,4,4-

t - l y i i -

dirathethl '(,é%)%ﬁ)tﬁﬁ dig \R/er% %a&gﬁttgggﬁk{?zﬁwiﬂryérﬁéence of 200

, 3-cycl obut anedi ol were reacte
ppw_ecg%h@ @ateflyllah(hmtmﬁrm&a;(mdﬂﬁ/lh@tmoﬁ&). bIHey tdaction vs(/jas carried out
- et exanoat.e) . e feactjon was carried out
uhiores ABLRN SaRTERES b BeSale oo s el e sl fited
with eectorfﬁfeﬁsﬁigfcﬁ)lum&%|vaf:hl§ﬁ1?§é(sj¥$rﬁ,haﬁd SQ@B@%NE-W{: %Bﬁator.

V\? Vﬁcuur,n system and a HEL E-type agitator.
ifhethe gigitatasruRRingiat @ 5RPI tiRPIgactine mishre temperattte was

inbRIRBH) Ho- e 5 BRE e Whs RERaE o adlo o flisaotion
mixtliret Was haldfornshaalrs 269SCGBAd 20 Bk Hrasess UTRe p-g§§33ure was

ressure s then decreased to O psig at a rate
thggi%/c arﬁﬁ\gg.o Orpdioad gpatepts esigiminter dhenitbe agitatonspeed was

oeiEaiien 1986995k KongORGo 3 hd Pl it e
inoreased émggtgm imnddhe ldgesdune Wi"“f’?ﬁi?ﬁf% n;wg%f (I;rgét Errm%

0) reacti o
roR 0T e Gas %@M&ﬁﬁ fha Pspeyye of 2480 Gy saticihe
pdwerdraWito Ohe Hgitatbh fio'16 r‘niﬁ?rgg%ég l(?g {HY@@te%jLﬁpgtgrg%ﬁec of

and at a pressure of <
the peessiwre vesselinagithessocreased el atamsphere iising eirser as,

T, R B SR T R S L Y conen
excmdbeqbomﬁérer@grmww?aé&@%gﬁﬁ%h%éﬁ. ﬁrﬂé%c@/rﬁgﬂg&d]fn

screen. The p ner had an i nherent viscosit

. . _The pol

infiergny Yseemity T y6%7 diinac alg afy11a78). yNMR ahalysid shoaled that
m tion.. NVR anal ysi g. showed .

i AR 0P oo A BB A RSRS resives

andl, 48. ¢ yw %2 Raf 8-tetramethyl-1,3-cyclobutanediol residues. The polymer

had color values of: L*= 75.04, a*=-1.82, and b*= 6.72.

EXAMPLE 5B TO EXAMPLE 5D

[00202] The polyesters described in Example 5B to Example 5D were
prepared following a procedure similar to the one described for Example 5A.
The composition and properties of these polyesters are shown in Table 5.

EXAMPLE 5E

[00203] 21.24 |b (49.71 gram-mol) dimethyl terephthalate, 6.43 Ib (20.28
gram-mol 1,4-cyclohexanedimethanol, and 12.49 Ib (39.37 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
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di met hanol residues and 2 1.4 mol % _
2,2,4,4-tetranethyl -1 |, 3-cycl obut anedi ol residues. The

w@eioymersshad col or val ues of: L*= 76. 45, a*= -PdT1/652006/011913
and b*= 6.47. EXAMPLE 3F [00189] The pol yester
descri bed in Exanple 3F was prepared follow ng a
upclec editragesi gad purgedn tamet &galla&estainl@%istfe@l prRSBURY fesid fitted

Wi SR SOl ARt G001 609 HELISONE-iyme dettator,
Vit li)at&* r[ﬁﬂhl?ﬁg' att®y RP"M hat tlo?'lzm%udjeg %%r%tlnre was

gram nol ) 4- cyc¢l ohexanedi net hanol
"'(CI@aW t@rzﬁﬂ foand mezpresauretwas anoeedsdd-tb 20 psig. The reaction

T T .
then ddteasdtyion@yaigo@iLlate RS pfs‘?g#ﬁ‘hmﬁ@ nctﬁétdgﬁg &Lég)eed was

d nitrogen gas purge in an 18-gallon s
d%'?r@g%@ fxds l!ﬁ‘FgVIV ég@, é&emperatene ofithe readiondeidinegvas them,

R R e PR b e e e oot BSed T o O ofiKaiTbe
reastipe mtduur@waashekm at 280%T ahd =22 2Q8tessure dihe lﬁ’lﬁ?%ﬁHQ‘%ntll the

20 . Th ction m xtur
p%@éﬁa%t%%ﬁggﬂﬂtét%mzébgg’ mgeara%%@bgnmumu e plﬁaesure of
t a rate of
e IESUIe VeaSel DS I ERRERAYE o PRl Ash8 fudamioas

Tb@mqlﬂeemqumeewaedhemezﬂw@l froth theerpseeWeds¥RSThe cooled,
After a 1 hour_hold tine at

BRI st wan dipumyto Paes agrinm geregaee'rdwemymer had an
indent asedsityoflP.e ML/ O%Eﬁd Bf 98998 XNHire aﬁg %oggeeddthat

was i ncreased to 290 pressure vvas
thp(poh/mernwa@fsomosw@f Aéaﬁsmod% m-)dyubaeanSediﬁietthaﬁol residues

arfP69 2 186% 22, 4 ANCERREE° 2y EioBUted i seSEesaT hermalymer

m nu

hddhaolemusides of: L *algospheee &y, BadHi-Li@gen gas. The
nol ten pol ymer was then extruded from the pressure

he cool ed, extruded pol yner was ground to

%@m-m’n screen. The polymer had an i nherent

jscosity of 0.590 dL/g and a Tg of 1060C. NWR
(08204103 ¢ 2 ABi A0 Gteve nl) i hylereptpalatay 8084 Y (2758
or 00 15 A RP L BB UM i) 2244
teirmethybgs 3-Oyuiolpsthyetiol Waek rsictsd ¥RJeiRsr iAlthe bicsdidedt 200
ppm of the ca?aAiyst butyltin tris(2-ethylhexanoate). The reaction was carried out
under a nitrogen gas purge in an 18-gallon stainless steel pressure vessel fitted
with a condensing column, a vacuum system, and a HELICONE-type agitator.
With the agitator running at 25 RPM, the reaction mixture temperature was
increased to 250°C and the pressure was increased to 20 psig.The reaction
mixture was held for 2 hours at 250°C and 20 psig pressure. The pressure was
then decreased to 0 psig at a rate of 3 psig/minute. The temperature of the
reaction mixture was then increased to 270°C and the pressure was decreased
to 90 mm of Hg. After a 1 hour hold time at 270°C and 90 mm of Hg, the agitator
speed was decreased to 15 RPM and the pressure was decreased to 4 mm of
Hg. When the reaction mixture temperature was 270°C and the pressure was 4
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and b*= 5.08. EXAMPLE 3 1 [00191] 2 1.24 Ib (49.71
gramnol) dinethyl terephthalate, 12.61 Ib (39.77

w@e@moassy 1, 4- cycl ohexanedi net hanol, and 6. 30PCTUS2006/011913
(19.88 gramnmol) 2,2,4,4-tetram qt hyl -

1
mgfgfébélg fg@g@@%g@r‘e%f tW@fo‘?eie %é/t%g Igggiﬁﬁrﬁ;lep!éﬁémncreased to 1
atmdsq;)mreauhmgh"euegmag% Tﬁbenol@cpiilgmewﬁsas:tﬁre;hl @dTLglé*d from the
nl ess
piéBete Vhatel T Goda: Brldded Polimerav s sasinsh t passi 2 frinm
sCledRC THBIpolh8Mhad Bl idhéfeht Hsbbsity oo, ﬁ%td%t/ggénd\é{fg of 121°C.

the agitator running at 25 RPM the reactio
NiMEpealysigrshowes that theapelymes \A@Esmms:ect ub5@5enael% d,4-

oS e BB ot B o H A

cyelctasanadiva@sidies. derr m?m@rhad%w\&l@és 8f: 18 85043 3+= 0,88,
psllg,g/mnute The tenperature of the reaction mxture

$84- i ncreased to 2700C and the pressure was
decreased to 90 mmof Hg. After a 1 hour hold tine at

EXAMPL 20 -COMPARATIVE EXRMILE D ©), OP 3?3 }Ngﬁ‘perat ure
[0“@5%1 ncreﬁﬁ%xéﬁﬁ (g(ﬁ%@ﬂ ﬁﬂq)&oﬁ? Tir \ée m‘ﬁqﬁ riaJs IQS'%E%G The

P@mhsatlakragiore 2608 éro@fﬁ Bayemwith digohtihalRébrmipssities of TD8 mole%
bi phSﬁSrWEre of the ssure vessel was then increased to

Syesidiesa Qﬁ’m%@%rﬂlgagnylmébwteéﬂSIﬁuewéakmlon
26@%5&%0%&513%@ fibiIZtd BE28'y ?érﬁ%@ Qﬁﬁﬁﬁéé meglglr%at 300C

cool ed, extru yner was “ground o pass
using adn? kg lWEleIiﬂ 9' inerPEfﬁdvaEasﬂae@@m frons Eastrhan Thebhiball

cdl %gﬂz;‘v‘%@g aLempgsitioh 6f ﬁﬁﬁ%&;ﬂa% ok alicatid 3%
m@l}é% @mesﬁébear@ormbmll (d:ﬁ@l 859 R3Ied %‘ﬂ# dne glycol. The
(RO TR, e, gly

-tetraneth ut ane
PEI’T@ V\tﬁ:ﬂ Gastar ﬁiﬁ%iﬂmE%&hae@F@‘mlcaFComz\mg w&h:a Rominal

oo Ot T RiEHT A R ASibit hEIekA 4 <vesTexangdimethanol
(CHBIMYé’n@ 6IMmoR! % éthweﬁé@ly&aﬁxmepom %@%astaﬂ BND03%rom

(19.88 gram nol) 4, 4- tetranet
Easﬁﬂaymﬁm{cah%maw/ewgh reeaeMig pggmolsmon. of t0femole%

tel@pRERINE S, 69%0le% cyclohexanedimethanol (CHDM) and 38 mole %
ethylene glycol. The PCTA was Eastar ANOO1 from Eastman Chemical
Company, with a nominal composition of 65 mole% terephthalic acid, 35 mole%
isophthalic acid and 100 mole% cyclohexanedimethanol (CHDM). The
Polysulfone was Udel 1700 from Solvay, with a nominal composition of 100
mole% bisphenol A residues and 100 mole% 4,4-dichlorosulfonyl suifone
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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ppm of the catalyst butyltin tris(2-ethyl hexanoate).

The reaction was carried out under a nitrogen gas
wW@eogeoisss an 18- gal | on stai nl ess steel pressurBC/ESRNE6/011913

fitted with a condensing colum, a vacuum system and

a HELI CONE-type agitator. YUhidigt he agitator running at

25 RPM the reaction m xture tenperature was increased

to 266fipdation bEvariasspropenties fonceﬂamezbrhmeﬁﬂabmlgmeme

reaction. "UJﬂf—W@cﬁn,. d fnr 2 _hours—at—2500C-an

psi g pressure. fhe preu.srl,mtedaﬁeﬁ asb:qtmeh decreased to OCryst isation

psig_at a|reie meadep3| uf e 259 %e | tspoqeer gt upe df allizatio
Exatple | 56‘ i

t he pressur@"% ) casedeo | 982 After g 1 (min)

Halftime f
on M xtu %’ M\as lidR@fs i ramdkeasédGz“gV 27 OF€) ar{d et
hout hold{time at 2700¢C 4#% 90 nfi"bf |Hg, the agitator

speed ppas | degeeasedat 0[158PM| t e reacidoon| mqxg urje NA |

BemMeraEul € o was | 1 nGeLasedygo 29006, 4nd;dshe| pr&ssur &oat 17oc

Was | 0EGHHE s%ngq 47 of Hg. Wengthe react ONgAT Xt Uk & 150°C

beMperaLuNe (Uas [ 2L and gshe [pregsure Was | ngp Of| 538 at 130°C

iile pI'PE.PSUT%78T rrbezg)r ssqre \es§§| Was1.33mred|;§tel Y 1.5at 170°C

FTTUI B%REU (0 py! at HR‘an re l’rlSI I9] T,U tragen,,gas. _Jpe NA

gott ch lb)UI %’Isl :&Irvae:Nk\ﬂET t')%bru ed NKrO e P ee&ure NA
NA‘rcﬁd{‘éﬂlali gige coored, —exXtruutu ot yIeT— Was ~gr oura 10
8~"m screen. The pol ynmer had an i nherent

VI scosHy of 0.364 dL/g and a Tg of 980C. NMR anal ysis
E hat the polymer was conposed of 77.5 nol %
1, 4- cycl ohexanedi nmet hanol residues and 22.5 nmol %

[0020614, 4- {Tés example ilustrates fhe @B‘et:fa@ifetbeamewuqfues The

2 ggéﬁ%&mq&g%ﬁ? Mﬁﬁe@é&u%ﬁ f’O{.@e BPe)P aF on oilthde7polyesters

of thd InsEhade Dntthalgldss2irdndgtidre temp@taiyre-of thépolyesters Polyesters
cycl obut anedi ol can inprove the toughness

prewedyeéhlé exepile esrmrisedem dorPry Mer pﬂft%r‘p"c t%t@raet?\yl-
1’?'ﬁg?'ébéfa“%%"?Qﬁﬁaﬁﬁd' net hanol ). Pol yesters prepared

'S exa conprise nore than 25 to | ess
than 40 nol %of 2,2,4,4-tetranet hyl -
EXAMELE PATQECAMPLEZGdues. [ 00194] Copol yesters
based on di nethyl terephthal ate, 2,2,4,4-tetranethyl -
[002CG7]cyc| dhimethgdemphtizaidte] ,144-cydbbéxarsedintieths riod,nan

2 pd- et bpberdSeR AT HE e FRIE i Sg P dhate 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
poiyesters of this example were prepared with a 1.2/1 glycol/acid ratio with the
entire excess coming from the 2,2,4,4-tetramethyi-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

74



Tabl e 4. The bal ance up to 100 nol % of the di ol

conponent of the polyesters in Table 4 was
waerpyskohexanedi met hanol (31/69 cis/trans). PODUSHP6/011913

Materials were injection nolded into both 3.2mm and

re@lué@&i”a% hhé lﬁlsk&%ﬁ)ﬁ_ﬁﬁ‘ﬁe%ﬁ %‘ngml } ORPM‘ 8k flﬂfm%ﬁxprga%rlrigg

act testin I npac strengt
. al meetbtalk pcﬂmeazdtum timeewas vared to atidinehd tal@elnmﬁejent

BB T kPR S i o
loRBRACaila Bhe pdly BRI LI Aefo ¥F0IiS eIl RB YiddseBartdifion

certain polyesters useful in he i nventio :
tempgratare e ARPRPOE aoxmlowtgsﬁqhezﬂaskmas teithgeraed in the Belmont

el Buitbitle PR {htl EAE Rear Tkl ooty i 0 minute

walF)7a|w e pBlyhe? ntass, Was heated®itiitipulled away from the glass flask.
cl obut anedi ol were reacted together i'n

T l%%ﬁﬁ@é neAsSDYeS shredatinid leval in {ha flagk lymt!hthe polymer had
cddl éénz(?héhBWnl?&’WQQ Hhbved A8 ﬁ\%cﬁdfg{]adﬁié%)ﬁfrg{t'gf% %:553 mm

rogen gas purge I nh
sc&;eeerel Variatiens ®© théspelcetiutd wdraniradeao Cp?ﬁd@é&th&c%l{lﬁéﬁlers

AeRHBE BRI M ok CORPRRAT OTED i on i xt ur e
[0D20PET at YpRe s vls%ﬁﬁéé %r&ar?né’éél%? %%%éé&ﬁp@& &7 Y ©

was i ncreased to 20 psig. The reaction mxtufre was
‘MegisurgragnMathads” sectisoalibeendTRE cpmpg)spiroessofrthe pBIy@sters

wete P e by RIS B e dpordks ik MRaRGramens Mlsthods

seotisn.t The C?Iéls‘;ef gassitlon ‘ﬂer?l %@@%é@%&éﬁﬁﬁ%ﬂ%g"@éc using the

decreased to 90 mm of . ter a hour hol
segond beghaftenauenalr at-g raternf 288Ctainor speed was
decreased to 15 RPM the reaction m xture tenperature

' dth decr eased
EXRMPLETH X @?Q ?Fl on ?ng{ 5?:u\r/\23mﬁ:I d at 390C
t th wer , dr aw
log2se1i. Zgﬂe%??glﬁes‘?%@nvg%rerﬁ“ﬁ et Babrying: GBS Fsteh
expharsgaiard pblyicoadpnesiion feacasssin @g@‘arbtée@tagegr meéistép

1 at nosphere using nitrogen g nmol t en y
ex %a“%%%ep%fié??n@e\ﬂgﬁQﬁﬁd%éedpme%ggm@um&t@mperatyre rise (CTR)

re&&6t.€fhe CTR was 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 cyclohexanedimethanol 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 manually to 100 % output. The set
points and data collection were facilitated by a Camile process control system.
Once the reactants were melted, stirring was initiated and slowly increased to
250 rpm. The temperature of the reactor gradually increased with run time. The
weight of methanol collected was recorded via balance. The reaction was

stopped when methanol evolution stopped or at a pre-selected lower
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extruded pol ymer was ground to pass a 6-nm screen. The
pol ynmer had an inherent viscosity of 0.714 dL/g and a

waoo0o53B0C. NMVR anal ysi s showed that the pol ReEUS2006011913
conposed of 73.3 nol % 1, 4- cycl ohexane- di net hanol

rguige t2A0%S, TRt g AR M s an

Cm@&mﬂm témpematptee iR oligomeewas érbzbnlw:ﬂWIMdmltrogen and

o i St el sy e PETSSERd inke @ 81 yiseiend Bpiom flask.
[0924’0]1 i n hakke o‘lycoﬁlﬂéNEé{Eorﬁre[aQ:%nﬁg% 565'@! BUATN Btom flask

Iustrates that” 2, 2,4, 4-tetranet
W%%/ﬁ haygedamth a@pr@@matahpﬂ o9 g afiike Dbggmleepsepﬁrea@'bdves €the

TR G BD RS ot R P OEah g eBBr Theaihal b

glassvdreavax sefplie oncpalf ARl pBI,yﬂ’le‘i"rIgez!ar‘idiffﬁst béhul% sequence was
t%’%/c_h(])butanedl ol residues in an anount of 40 nol % or
inifja e piieyps posiiopedaedul iwadram toe frask pottom once the

oI RORE: o Sripd s AE2ET: e smenie oo b e
Camile spitepee fot eachdomeonple esiréwn@w in Ay rfcnwlhg tables.

offthce amie ‘%@@r RBredetExaEnle: a1 Qaé?ﬁ%emme B the

pol yesters [Btd IS n:: hanol
(31/69 cis/trans). [ﬁﬁ?o erni ection
mol ded i nt o] bat b33 AndCE) amml f‘?’(’ck tgl%ml fd
subsequent | y1not ched f or | 2468 | My&0t testd ng. |The

not ched | zod2| npact §trengg‘p§ vvermoom ai 2.-’%(] 23C and

are reportefgarm Tabtgz—5: Y af

crystal | i Zat_?ign_h_al fé}ﬁ. @i X@ red ﬁot he | nol ded
bars. Melt Vfscosit@ was n%@ﬁ%ure@()on pel/15&t s at 29C0C.
Table 5 Conpbl ation 1d0 var2ggs piogperti ¢gof or |certain
pol yesters ugerul ||5 the | Tt n:;wvmg 5A— 00201] 2
124 Ib (494i—grafrph) dapthyl toreph Ralafe, 8.84
Ib2827 88 gu;m ol GhekBneci i mePRanol , and

[00292)3 | bC@tBT1I|e7$eguamerEﬂr)E>®rrmlé 7N to Example 7Q

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 3 25
7 110 290 3 25

[00213] Camile Sequence for Example 7K and Example 7L
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tetramethyl -1 , 3-cycl obut anedi ol were reacted together
in the presence of 200 ppm of the catalyst butyltin
W e0030@56% hyl hexanoat e). The reacti on was car rPE€HUS2006/011913
under a nitrogen gas purge in an 18-gallon stainless
steel pressure vessel fitted with a condensing col um,
a vacuum systStageandTmmélEL Tephys- f Vaguaei efipr .| Wth

the agitator runni ng(mtn)zfn(d'@f)M 8rr) eac (rgh)M xt ure
t enper at ur e was—rereasedto 25 gsure was
i ncreased td 20 psil The|PéAct i lofP%i xt Ur@ wag hel d
for 2 hours|& 25000 and 2@4fsi g fBESSUr|e&50 The
pressure wag 3 hen deggease QGSO 50 g at ratle of 3
psi g/ m nut e. 4Ti|e|| lilg ag-{8EeT speet—was—geereased to
15 RPM the Htenperatlre o PRe r|ehtt i an rﬁ ture was
then increased to 29bHt and9ne f?lssur ¢ %hs decr eased
to 2 mmof H® The racti ppoQi xtj@e was [y d at 2900C

and at a pregsure or11zo ghp o [Pt themomwer draw

oo oRrger+hnecredased {30 M hute Th

m&’%@éﬁur eg%?mfl §G&F§§'§ﬁ? Examale (hand Eéﬁmpr'\%ﬂé)sed tg

L atnospher ¢ Seagad Mide SPTeRfE | VB :Eﬁ:gﬁ plymer
Ttam

was t hen exiruded fir <] Sq vesy ne
cool ed, extruded nrl(\/rre> OE;r)Gr 3?‘1%”10 [ 6- mm

screen. The|fol yner ad an2#;her| &0 vi sgdsity|of 0.657
diL/g and a T@ of 11% mnallygos Showgd that the
pol ymer was gOMpUSH pl 565 NOt%
1, 4-cycl ohe?ne ch r%}d ang_%%e&ru‘@g) and |29 7 ol %
2,2,4,4-tet  Anet hyl 31 3- 929 obyt¥hnedi ol| B0esi dues. The
pol yner had| 6ol or \aII1LG)es 0290 L*+905. 04, [&D=-1].82, and
b*= 6.72. EXQMPLE 5B TO l:)%@@-’u: D {00202} The
pol yesters ﬁscrib %1 r—Exanpte gp o é?rrp!e 5D were
prepar ed follow ng ;err()C e <|mlar t85the one
descri bed for Exarrpl e 5A. The conposition and
properties of these polyesters are shown in Table 5.
[00X18]PLE e resaliay pz>|yma|4s wre( #2ovdreg fedinthé Fladk "BHdpped
t er epht hal.at 6. 43 éZO 28 ram nol
“ST%aEWT%'HEQEHBB?rwéPHaG{ ynd Kha iy scnegn(size. 33amples of each
r&ll i
T rPoRimr e Submited fH TNt Yseda§ B8 g Ginenov
tetrarhlergethanet atraucgnaantration of ﬂ@gmﬂmﬂkahm)catéﬂm level (Sn)

by 25t BRet BoB T an FBIcE 1Lt &8 By laidioeioBspebiobeepy:
Polymer composition was obtained by "H NMR. Samples were submitted for
thermal stability and melt viscosity testing using a Rheometrics Mechanical
Spectrometer (RMS-800).

[00216] The table below shows the experimental data for the polyesters of
this example. The data shows that an increase in the level of

2,2,4,4-tetramethyl-1,3-cyclobutanediol raises the glass transition temperature in
an almost linear fashion, for a constant inherent viscosity. Figure 3 also shows
the dependence of Tg on composition and inherent viscosity.
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wi th a condensi ng colum, a vacuum system and a

HELI CONE-type agitator. Wth the agitator running at
WQ@200RP0M553 he reaction m xture tenperature was PCDUSASE01913

to 250C and the pressure was increased to 20 psig. The

reaction m xture was held for 2 hours at 2500C and 20

psig pressure. The pressur &abbs7t hen decreased to 0

psig at a rate of 3 psig/mnute. Then the agitator

Glzssdramsitioteiergrsadiré as E5fuRBion bhiﬂhbﬁéﬁﬁ/"ﬁfo'éftﬁ aﬁﬁ dopr?posmon

reaction myfllr% was then increased to

E 0,
pESIDlar ¢ malETMER T GRSRd | tI8 (oM Tfc)Hy ™ (gf; ng)cr aﬁfoge ﬁ “121;2 2%0°C

M Xfaur € ' Was;nel 0 as1.e2900C, gNd | at @ pregaite OTrods = | 5527
of —Higumt |19 tre- poger %to tl?(% agt-tagt-or—ho—-onger

. e} 3
rncpeased—{ho—fintEes)- ;q‘\. ptessureof -t hel pr s (e 2051
vessel—has Lhen lingieased®o | AVolsph8¥% Uk fg% 2686

ni-t Pngpw gﬂé’s The ?mlt =rL(b7(9| yher%was tM8h ekt rdfded 4610
frofnthe pregsurde Y¥éssel .05Phe| cowl eld, @rt r ufledizsol Y nerees
wasFground 119 pass’'@ 61 ma.mscr eemz The 2pebyner 1fad an 556
i nherent vitggosijtysaf 0. 64 dL/ @gand anig O J.,QAJUL, NA

NMRyana yShag Showed That ddge OOLIdé R CO upuREu Lf A
40§ o[ % ézf‘ C) chotex nllcd.gguc Jottesgiates u.“u 592 "
ot 962,24 4%: tetrarfethy E ﬂ;im' but-anedipol
rFestdues- e—pol yﬁ%é_r__g_ago {anl ValluesNaf - | *=N&o 48 NA
ax=K_1 R _2%hd h=28 gp FEXAMPLETSH [00204]] 2 WA 241 b NA
(49-71 grafhol ) dizaet hyl%%er ppiizhgl at 84 8.[84 Wb NA
(27V88 pgr ak¥dwl ) Is24- cycloohexpnedi net hamol ,| anda 10] 08 na
I b §31 | 772gramy map) 2} 2,041 4-| t elr dmet RyT - NA NA
, 3-¢ycl obutaned olszwer rEEacted,;Loget nﬁ); | _r thes NA

prefsence ogzguu pph li'b%g a]tﬁh%m bt ,X' tHn
llle\L- Clllyéfll:)\ o c). Fhe reacl. 6—AaS—C rr'%&L”
¥ noe astc h T rQZO 1’1 19-(’12[\14\0n St HIM’]I ess NA

'ﬁ?té%@!]?@evessel fi tted vvlth a condensi ng col um,
a vacuum system and a HELI CONE-type agitator. Wth

agitator running at 25 RPM the reaction mxture
E—ﬁ&f&%ﬁure was i ncreased to 2500C and the pressure

increased to 20 psig. The reaction m xture was held
[0981 b houT his gxampleitusinates ohe sffgciofdhs ameourtiv

2 B SRS P RSBl P esers

of tiass irvieatioh Arthe kst ttardiiiiierisbrafife R 496 BoFeYRSs. Polyesters

decrg ased
prepared In this example fall comprise more than 25 to less than 40 mol% of

2,2,4,4-tetramethyl-1,3-cyclobutanediol residues.

[00218] 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
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to 90 nmof Hg. After a 1 hour hold tinme at 2700C and
90 mm of Hg, the agitator speed was decreased to 15
WORM7moEs3 he pressure was decreased to 4 nmm of P&yUSMhEN1913
the reaction m xture tenperature was 2700C and t he
pressure was 4mm of Hg, the pressure of the pressure
R aftbr theesraacteets htd Inyeltat r/emre;bdub 215 AbU®s; B tenpisrafifte was

Pt FE 4 S0 TR R R A Res B3 e soraeel opye The

terseraflte Whd RIRAED @8550"@‘\ §ﬁﬁl%§ﬁnat5!}52@%¥g%rslgﬁg 8?&1 pressure

i nherent viscosity of 0.475 dL/g an
W&wme@waﬂq/tg @ 3gnivefcHg buer 2 heripdlof feminuées. cDing stieingaias

regfpcg JR e Yisboshty MAOSERN Tl 1B RPN Bipia B b iatnsstiming
o et g ey i 6y

me’r@ﬁ /ﬁqqersth@)gg{wn@n@amnswagpgmrpdﬁtec’tm}ﬁelamm enetal bath was
lo%?é‘d hAd ?hc%] Boll A& alldWed” éﬁ &?oiﬁg/ge sg AT

a’nomi nai - conpo
tempgma’mml After abb 0BG rrimgted OBerTRISR Yl I@'}ﬂﬂﬁrsé@'irbﬂféaé@lmont

Vakr ol 2608 has. a nomnal nelt flow rate
mBfeT bt e dormortHis 1 hears [ioceread SR Gedurinaihs 20 it

) 0 Tt TS a8 RS SHP IGE el ok

Conpany
Thecpelyhienanass wes dtirrad &t mid wmmmmnﬂﬂu s pelAler had

ool e PR Mo R EREned Skaskarpundite pags 3 3 mm
scheah. NYbriSREHOR thls%fo%d&%%@f‘é' r?uégm ?;P&Hdﬂ? S & o | &es?’ers

1 nol e% cycl ohexanedi net hanol
deseriped helayr withia taryriePCOGpasitioBastad mdNA01 fr om

OB S RORERerd e s AR

Meyashm‘me(mrmdthmbh aactior( S5, 'ﬁﬁéjcé’ﬁ% pBEHiBNELEIHY bEPEsters

The P A was Eastar ANOO1 from East nan

C
We%ﬁ'\@ﬁ?%fmn@% WahlyNMﬁ 88 expladtadhbefor inibsi Measurefneﬁsﬁ Methods

t ht. haI d and
S o S T e VB B RLbY T UG he
SeG@h(j/haaifafter queesichicktla il®of LOWMie) VZY W :jh a no(rjn 28'0
resi dues an

03| t 0 nol e% b| sphenol
[0% % 4 te(alegheggm shemip the @xpgrimental data for the polyesters of
this example. Flgure 3 also shows the dependence of Tg on composition and

inherent viscosity. The data shows that an increase in the level of
2,2,4,4-tetramethyl-1,3-cyclobutanediol raises the glass transition temperature in

an almost linear fashion, for a constant inherent viscosity.
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resi dues. Udel 1700 has a nomnal nelt flow rate of

6.5 granms/ 10 m nutes nmeasured at 343C using a 2.16 kg
woweiogie1sssThe SAN was Lustran 3 1 from Lanxess, P@u/Uk2086/011913

nom nal conposition of 76 weight % styrene and 24

wei ght % acrylonitrile. Lustran 3 1 has a nom nal nelt

flowrate of 7.5 grans/ 10 Table¢t®s neasured at 230C

kg wei es of the invention

@%8&1% %’Pﬁﬁ'&’@éﬂ%&i@ﬂﬁe% af}H” Qﬂrxl% inReteih ¥issopity and composition

( by | O dshe [ - 3BE°E Proat275%C | no D

ohp) 5 o D | s Wga t‘ﬁ@ fpoigpby t Al boise) | "“(pore)
mber ci al 3%l yirer’d? N =0Kot | alii | abPSSEXAVPLETT 8522
[ 00206] | Thit6 exan® il | B8k r at' 88 | he 566f eck oot hd 2088
ano@nt _of 219, 4] 4-%8t rlaneeyM 113- Lyclsobut anedial s edass
f or Bt he| pr épar at i A7 of| t et ppl yest er g36f the ummvent | ams
on tEhe gl ass3 transiei gn t.enperat ufe oot he POkAEST ET $261
Pol y¥est er saqpr epar éd4i n thysS ExaARp| € $@Fpr | [S€ 13g60M| 15 ggz0
to 25 npl Yegd 2 2,545, 4-Te§r arehhyl T 322 | s7er | aa
1, 3ucyc obg|1t1ane3| Gh.4 T §STgIIES 1I§QQAIVPLL-NAII-\ MO EWPEE (7

[(N#UN terephtirata

4-cyc o exaned| nmet hanol , and 2,2,4,4-tetramet hyl -
3 cycl obut anedi ol were wei ghed |nto a 500-m singl e

Eggg@!rggnd bottom flask. NVR analysis on the
2, &, a—tetramet hyl - 1, 3- cycl obut anedi oI/ Sta[l’hl ng
i al d [trans, rati o of 53/47. e
108323 VS EmTALE Uit the et Sl amaintete 1. 2/ 1
-4t
B Syt bt QGiogléad for e BRepiafibn B feBivesters

th
of dhe Ln\sﬂnthpn obihgglass aansitiomtemperatutetad tiye pelyestersp molyesters

priedIn 15, o BOmATER 2 20t in PateltoF 4 Siefipnegio

remeefsnraahmntmmoaﬂdmargr&ﬂémnt metal bath at
2000C and stirred at 200 RPM after the reactants had

Afrer about 2.5 hours, the tenperature was
Eﬁ-@%—%—é—t@-@é and these conditions were held for an
tlonﬁl rs The tenperature was raised to
C (i h&&sr YaRigrs| Werssprapataccly caimyvinginut the ester e
eX%ﬁﬁﬁ JeaHagRlyceporsaBritodt ol i sehelifle o8t . Ip pster
exchangmexperiments vidreRRIMduetetbintsheomtintiotiste fiper4tufd rise (CTR)
reactor. The CTR was 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 of
dimethyl terephthalate, 375g of 2,2,4,4-tetramethyl-1,3,-cyclobutanediol, 31 79 of
cyclohexanedimethanol 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
manually to 100 % output. The set points and data collection were facilitated by
a Camile process control system. Once the reactants were melted, stirring was
initiated and slowly increased to 250 rpm. The temperature of the reactor
gradually increased with run time. The weight of methanol collected was
recorded via balance. The reaction was stopped when methanol! evolution
stopped or at a pre-selected lower temperature of 260°C. The oligomer was
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used. The total polynerization tine was varied to

attain the target inherent viscosities. After the
w@ologrersszat i on was conpl ete, the Bel nont net abChES1906/011913

was | owered and the polyner was allowed to cool to

below its glass transition tenperature. After about 30

dmo?gt@hwtﬂzne rﬂﬂr@@é{n m@r?randrmb le@do rdbmhgm?ekémfg TRé Bligomer

e ur e een i ncrease

S ff‘ﬁ& W I F@BS Mﬂ %? prokepdnioriesrs smefl amygh\mm
nt!‘ﬁé'S'OO'rhl reuha%tt%%ﬂaél{ om the glass flask. The

({)ﬂﬂzy mass was stirred at md level in the flask
[Q0A23 thelrptbieynﬁéycdﬁld@nsahﬂreceaﬂbas,rmBQﬁemI rogad etorefiask

%arl awéed hﬁﬁ%f) @(gf tg%) 'gg[ﬁeg V?oi'%Pegf $ e

equippey evithed staittiesy steelstipdroynd \béiinmr hagget
conposi %I on of 20 nol % OZOdAﬁ) Pnhérent \ﬁ%%g??\ﬁv%re was set

URene hahsple golygerdigcand Cﬁwlﬁée'queaselmsenmated The stirrer
[ |on of th
W PSP nea e M 43 B (S faOEN s Tog P figy metted. The
tem&ramreﬁpreéwrélbalsmt@ seqgtiend &tﬂﬁﬁ)ll%G(By P Céﬁhﬁe gbfWare for
thtransnt nIe é wer e determ ned by C, usmg
Phg ©&8 '3? ?W@H%\Hmﬁtfahlea ﬂﬂ@%foth@@ﬂm specified
bdiVPLE 7H TO EXAMPLE 7Q [ 00209] These pol yesters were
prepared by carrying out the ester exchange and
pol ycondensatl on reactions in separate stages. The
ester ex amgle Sﬁm&nqeefursl’alycendenslaﬁbnﬁeattbns

caont us et alu reactor-—The CTR was
a O%@ﬁrél g jgﬁl‘ E%!T‘BK%GYW h Vacywyl o [8HF from)
i peler it at ot _covered wilth aftoBectrfic
heatirdg mehtle and fit{ed wP#B a heated 788cked refl Ox
candeser_col unmd _The feact B45was ¢har ggdowi t h [7776d
4|mol &) of dinmdohyl terephppal ate| 230y60l . 6 MOl &9
off 2,24 4,4-tetragrethyl} 1 | 3pg5CycCl ¢obut an@@n ol 460- 537

(3.2 mples) of M1 onexanedbggt ndn(L aLuuQOL; 12 of 0
bl][yl n trrs-Z-g£t1 ||y| llu)ﬁd.ll \DULII T et VA" |
be |JIII 1 t+he polyrer P The hvaizsnn

I
i AR I R A AR S b g
[0 ts a rH egyencefor &xamnles fa b, IR et AG a

 §
. teﬁga e M R e Ty

mel )
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

[00225] For Examples B, D, F, the same sequence in the preceding table
was used, except the time was 80 min in Stage 7. For Examples G and J, the
same sequence in the preceding table was used, except the time was 50 min in
Stage 7. For Example L, the same sequence in the preceding table was used,
except the time was 140 min in Stage 7.

[00226] Camile Sequence for Example E
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250 rpm The tenperature of the reactor gradually
increased with run tinme. The wei ght of nethanol
w@odo7eetsexl was recorded via bal ance. The reactPONUSHSE6/011913

st opped when net hanol evolution stopped or at a

pre-sel ected | owertenperature of 260C. The ol i gomer

was @tagaar|getime (rhirg Ni t TeARN ()T IF aNAceRmh €0 [S’ar(rpm)
ropm tenperjature. The dligoner was roz?{bm th i qU|

ni roggn and broken I tjo i TEpRS STH eTIoEgn tobe 0
A NN210Mm1

© T T

wegheg T ntffo a 5@0 n—rjound tom ask 062+H—1
th pugybunucua %Uun |""'Ctl’?':4 a—5 ﬂ17§uUﬂd hnffég
fl olr( ABS (har go \M t h nr rgﬁarnt el y 1"_)07@0(# t he 50
ol r prepared ahavg The‘)—&a ask was ecﬂ@i pped |wi t AOa
stpinl®ss dteel 140irrer and 398 yner| head 90The 50

gllasswlre was seb up on a hd&oo nol e pol yner rigland2s
the Cafi | e|sequdrOe wag init3oat ed. [The styrrer \Was g5

[0o227] i OneHoﬂEﬁaﬁw!élé L, thﬁ Qan’hé%@hh@ﬁcé 'ir?ﬁié &%bb&iﬂgt Iﬂfriﬁé was

the oligonmer nel he tenperature/pressure
used, exgeplibgc@cen vas Iderrby S:ta@eiﬁraridg sbbt tmampleo O, the

36 oeretts f 1R AERAbE GNP ekl SKieBpeacfin s 6 tor

In[Slé@éQB &t ] EobEsuripeP! tHe SarAgRe
Cam | e Sequence fore Exanpl guéﬁbééﬁ]dmbﬁdlﬁgtable

W%it‘é@ 19MCeRhERG vactiu waeet tosk INEXtagps 6 and an:OH-Z)&aqa%nMde Q, the
sat% Eﬁg%ﬁ&e H}t‘ﬁ éﬁgb’édlh gatg(g% %ssq%;(gﬁ%%%ov%gw was's torr

ln@’tegesi6tanch76 nm screen size. Sanples of each ground
mtted for i nherent viscosity in 60/40

[Op%ﬁf) Vkﬁé’%ﬁ% qaLenge frrdesanpistd at a concentration
o S0 [T T T Ao

f
S ELLIC,]UbL,U y—Polyrer—¢corpostioen—y y 1H

ncr\

NIVR: ApHes—wer subn ftadéﬂﬁr ther rml hl Li tv aﬁd
me ity qutl ngl usi ng4a Rheonet r 769 I\/bchanl &
Spect Bonetpr (RS- 800) | [00265] The t abl760bel oW shdsd
the edperilnental3data for tB@5pol yestersgof thils 50
anplbe. The datt0 shows t hapg@an increaseg(l)n the Te
of 2,% 4, 4-tetragethyl[ I ,35gyclobyt anea|50| rarses gge

gl ass7tran3|t| oy g enper at ur§80n ama ||U>t5 H ne '.m 25

concl

I on, WLl CI ent—H-Se€ost
[Og S shOV\F/Iso(']t ﬁ"ﬁ%&%@ @@3 ?@mgrﬁ»e&a\?agg.ﬂe i”?ﬁ tegding table
wasnissd: eixcepisthesiacuurhalbs 6 torr in Stages 6 and 7. For Example V and

X, the same sequence in the preceding table was used, except the vacuum was
6 torr and stir rate was 15 rpm in Stages 6 and 7. For Example Z; the same

D

sequence in the preceding table was used, except the stir rate was 15 rpm in
Stages 6 and 7.

[00230] Camile Sequence for Example K
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NA = Not avail able EXAMPLE 8 [00217] This exanple
illustrates the effect of the anount of

wWQ2@740¥53 et r anet hyl -1 , 3-cycl obut anedi ol usedP¢DUS10h€011913
preparati on of the polyesters of the invention on the

glass transition tenperature of the polyesters.

Po| y&dage s |prEpee @uin)n |t hTengx(@)! e] f aMacuomPr | <>sncq ﬁm)
than 25 tojless than 40 nol % of 2, 2} 4, 44ig¥y anet hy

, 3t cychobuifanedi g resi[dues. 24800218 DITBEHYyT 0
tefephphalare, 1,54 cycTl onexazzfs et ranot 76@“‘.1 )
244§-l€llallcl$‘dl'l 3= CY ttanedt-ol Fe—A

i nFo—a, 500-m—siaglendek—+dund—bot nmf?éﬁk RS0
an !ysl4s on_the 3 2.4 4-tet rzﬁ Th\/| - 50
1, B- qﬁl obit anedl8l " st drti n%at er i fal sh&ﬂed a 50
Ci r@ns fatio &f 53/47. THO0pol yesters of this 15
exarrplé were prdp@red With 800 2/1 gl ycolgacid fati g5

[00231]t he Fot Ek@mﬁ}é?ﬁls e 9aMBGehluentéd \’Hethe precedlnﬁ table was
u%@(ﬁ 4,4-tetranethyl -1 , 3-cycl obut anedi ol .” Enou

Gept wedéacaénwaaﬁyt@fr indageRi6dindo?.gFoe Exempﬂfphh, the

<48 ot I 8 BB oV 51 Bt B e 7 o
inTBtages 8sandvds i rmersed in a Bel nont netal bath at

and_stirred at 200RPM after the reactants had
[Oﬁggggd A??E}"eac-ﬁﬁﬂﬂenﬁeio%@@meﬁ@aﬂdﬂberature was

ral ngb SV —af
addi t1 gr?gu Z?tﬁihu x'he ten‘pgu(;{:?lr € gbgﬂy t§hri‘rpm)
A m-put nc\ nnd(tpﬁ'é) pressure
I |.J|JI OXgtrateq ) L\J T otH
s—+educedto O Q mn-of Hg er_a perij n7rﬁQ’)f 5
milnut s The stibr] ng has r@dficed ds the’8A scos| ty 50
i ncreaked, | with 305 RPM bei n@66he ni|ni murd@Qirri hg 50
used. 4The total Pol ynmerizatPeo timg was varied fo 25

atitai 5 t he| target10i nherf ent gpgcosities.” gter the 25
[0D2B3)TEr | ZRHd RIBUNRY) ;S‘cﬂ%b?é weré Re%o'? Pé@ﬂbm”fﬁbaﬂe]s clJ:prped

was | owered and the polynmer was allowed to coo
usirg awydrauliglchepper, sansi ground tie apfemen sceenirer Sabmples 8Peach

Bl b Bmer iR s n Rt VirchSink b Toge Bhenor
tettachlometiarie 30a BbACERratRintof (S @Mdtﬁn%t ye%s fcf&iégsmg@el (Sn)

heated until it pulled anay fromthe gl ass
yﬁbf%”ﬁﬁ@@“@ﬁa@”étqoﬂqrdbl*& i )by tﬁaa$mla$lctrhspédtmkopy

was I
P r}gllr?rf ?ﬁ@ﬁ??ﬁb g o%@?ﬁﬂ“ &@E @%%ﬁfﬁs were su |¥te8 for
thermal stability and melt vnscosﬂy testing using a Rheometrics Mechanical
Spectrometer (RMS-800).

2856€ £
o rnd

o

EXAMPLES AD TO AK AND AT

[00234] The polyesters of these examples were prepared as described
above for Examples A to AC, except that the target tin amount in the final
polymer was 150ppm for examples AD to AK and AT. The following tables
describe the temperature/pressure/stir rate sequences controlled by the Camile
software for these examples. |
[00235] Camile Sequence for Examples AD, AF, and AH

83



Screen.

produce the copol yesters described below wth a

WO 20090065 conposi tion of 32 nol %

[0

0219]

vi scosities were neasured as described in the

Variations to this procedure were nmade to

| NheP@m1S2006/011913

"Measur enent Met hods" section above. The conpositions
of | t IBtage| yesTiares(mimje (defTenip by TN RGNS | Stir (rpm)
expl ai ned before in theg Measurenent| Met Q% secti on.
The gl ass fransi &5 on T enper apfi €S re aeggrmed uyo
DSC, uging|the sacond Neat asfser qUENCIT g a T ate Ok,
200/ m B. [(00220]30rhe t dbl e bggso0Ww SNPWS T Bgp 50
experifrental dat@ for tlhe pokegesters of 4hop S exanpl gp
FigureS3 allso shHdds thg depersdence pf Tgsom 50
co anﬁtl an _and Bnherent vis29sity.| The data shows 50

t ah increasd!®n the | eve?950f 2,2, 4, 4-8etrampt hybe 1
[003?«§Jc| obberRxample ABj thesstirrer wsiksnéd &0 26trperwith 95 min left in

rature in an alnost |inear fashion, for a

constant

[aomwr at uCamag Se

) nQIfIn

i e

al

i nherent viscosity. Table 8 dass transition

blf@,nE%mb@REent viscosity and
| abl e EXAMPLE 9 [00221]

Thi s

anptags |
.4.4-te

ex
2,

ua’ﬂmst(eynﬂ he eTemg(°6) t

r amet hyl -

3-cycl obut an

he Maouum of
edi o(towged f

Stir (rpm)
pr t he

prieparhti o

n of tife pol

est er®s50f th

e 1 nvegtt | on

bn T [pe

gllass_ 4 ran

sitionSt enpenature46f the pol yesters.

50

P L\/pe?r ers

prepaifed | n

t hi s 288anpl €

conpraose

50

2,

r r-lrn:t 3|v|

3- cydBdbut an

edi ol 1%5esi du

ES i 5D

At

’s_

£ 40 5ol O/n ol

gr e283r

EX

(AMPLES A TO

AC_ 50

QSD"

d

Th
T

se nn$ vestef
1 P4

s w283 preps

red b{-2carry

ng gut

ar
')

F“'

veha Aa and

nnl \/rzéﬁdpnc

tion #-Ractio

s %0

wb Séf

usedndued
react or.

ate

n

pﬁCihé finf \ﬁagﬂ%nﬂ&gg Siagw
[0023%] a s@ﬁgh& §bqﬁence1ﬁnrlﬁmm;bibaﬁ® agi tator,

a—rmantle and fitted \Anth a

v
PRS2

co

o FQrEXADle d6 SAMme. BeaRTS SR 6@ presadinguatie was
erature rise (CTR)
gl ass reactor equi pped

ver ed

LLA™3

al I CI i
heat fq9 Em?%](mlﬂ cbnd&BRACh| {irm. Vagiuime acl SHir (re)
Ch_a_r__g_ed Wi f h 777g of _d rret hyl terepht haftarrd, 3759 of
212 ’1 . nef! yl -1 - C‘aﬂ%’l’ obut anedi 0160 3 17qg of 0
2 245 760 50
3 30 285 760 50
4 3 285 175 50
5 5 285 5 50
6 5 285 4 50
7 220 290 4 50
[00240] Camile Sequence for Example Al
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
5 110 285 90 50
6 5 285 6 50
7 70 290 6 50
[00241] Camile Sequence for Example AJ
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cycl ohexanedi met hanol and 1.12g of butyltin

tris-2-ethyl hexanoate (such that there will be 200ppm
waepw7petsa3 in the final polymer). The heating PeEmUEm®06/011913

was set manually to 100 % out put. The set points and

data collection were facilitated by a Cam | e process

cont Stageyst efimedmin)t e Teasp PT)S 'eT Yagaungd. ,,585ir(rpm)

st{rring was initiated [and slowy ipcre to 2

rpm_The tenperakure of| The ggactor | grauggy 1y . 0
increaged W th rgn ting. Thegagei ght [ of mggdranot 50
coll ecBed was red8brded |[via badsance. | Thée pgaciion wWagg
st ppped when net Banol gvol ut?esn stopped @p at a 50

pre-sefected | ovdP tenperat urge of 260C. Boe ol i Jomeso
wasdi sBharged wi Hh a nilt r oqe?®0pur ge and ceol ed {o rasm
tenperAture Thd18li gomer we295frozeh wit h61i qui d 25

trogen and broken into pi eces small enough to be
E%MBE@ALM@O nm round bottom flask. [00223] In
the ol ycondensation reactions, a 500 ml round bottom
E wasDinethybierephthalats 1g4-eiclohexanédjmetianm eqret ed

%b@%ﬁgtﬁ@%gwga%%V@Sn@%ﬁ'e'%ﬁgveé%éé‘eg s Bl Shle neck
romnuadcfttamﬂaslpomapblyesgergwtHIQ ex&aiplé We?@BHﬁﬁT?éd Ym a1.2/1

The stirrer was positioned one f

g'bwiﬁq'i eatio \é@k theoentlm axeees caming frgonthe 2rﬁl4,é(ﬂetre'l'methyl-

1 SRR BRI bl o SRR e RidsS toidive foo
ppmémfmltheﬂimalqadlymbe Thelflask weisheiderse0 2BCFE rﬁt\i(b@@% Bge

OB s e PrisaEn e %ﬁg[ﬂaskwﬁl‘q?ﬂzﬁfégfﬁgddgéﬁdwntmnetal
béth%t QO@Q‘@‘%B%’UH%E ZQSRPF/? SB%ctIaBﬁs dTﬁ%e\i‘@a Hhier

mn in Stage
afm&ﬁ@eﬁubeum theh’enm&rannte mepst mmgej wemmsmhd theseonditns were

e B dotoRH 2 hituse e foimasret i B aseisecdp i il
aﬁpr@ﬁM@l PH0miFuted g%n@m@%réssdr@g?g@}ecﬁgghlts o%emm%?ﬁ over

for Ie E[ 00227] For , same sequenc
a peyl 'QCh@f @mimé@ﬁn J h&aﬁlrﬂng\m@sueddpe@msdbe viscesitainereassals with

T A T
vavied do @ktelsthe theyet inHerehBgssoditiay) OIAﬁer ﬁ%rpcﬁ%ﬁgﬁﬁﬁhd?w was

sanme sequence in the preceding t
comp?ete the Bel?nont metal bath wrgs 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 a 3 mm screen. Variations to this procedure were made to
produce the copolyesters described below with a targeted composition of 45
mol%.

[00243] Inherent viscosities were measured as described in the

“Measurement Methods” section above. The compositions of the polyesters
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was used, except the vacuumwas 4 torr in Stages 6 and
7. For Exanple Q the sane sequence in the preceding
wo ai7e0Mss used, except the vacuumwas 5 torr POI/BSBQE611913
6 and 7. [00228] Camile Sequence for Exanple H [00229]
For Exanple U and AA, the sanme sequence in the

W@r@ detirminachby éH\MMRmdxplamed Mefdrieein \tBE MEBSPSMENnt Mlethods
le V and X, the sane

% 7.

skipf nEEF olrsd HanSitiondamps S wad elsminasBLBEC, Msing the
SEEHLIR AT dUBhEN @na réfg (5f J@Fmips 15 rpmin Stages 6

and 7. For Exanple Z, sane sequence in the

[Q%’édédl ng Theakie hetowi shaws e epperientz dater far ¢hevpslydSters of

d 7. 0230] Cam | f
SR B gse e ninessain ieleYsience i n
212”434{1&’&9&@?&@4 :abklﬁob@@néa@ﬂ ra|§e‘§§{5f'k¥.t ?\I|b§§ traRSMBMERPerture in

I n. Stages and 7. For he sane
a%@[{ﬂ%ﬁd'@eﬁﬁ &ali@rprferceephgtanhmheramylmedy Eigtep B alse shows
t

ence Egrcfn é@ﬂﬁ@ $d?r88e£§§ ‘L'%% S'Eesgﬁtrr} lng

polyners mere recovered fromthe flask, chopped using
a hydraulic chopper, and ground to a 6 mm screen size.
Sanpl es of each ground pol yner were submtted for

i nherent viscosity in 60/40 (wt/w) phenol/

tetrachl oroet hane at a concentration of 0.5 g/100 n
at 250C, catalyst level (Sn) by x-ray fluorescence,
and color (L*, a*, b*) by transm ssion spectroscopy.
Pol ymer conposition was obtai ned by 1H NVR Sanpl es
were submitted for thermal stability and nelt
viscosity testing using a Rheonetrics Mechanica
Spectroneter (RMS-800). EXAMPLES AD TO AK AND AT

[ 00234] The pol yesters of these exanples were prepared
as descri bed above for Exanples A to AC, except that
the target tin amount in the final polynmer was 150ppm
for exanples AD to AK and AT. The follow ng tables
descri be the tenperature/ pressure/stir rate sequences
controlled by the Cam | e
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software for these exanples.
Exanpl es AD, AF, and AH 00236]

for

For

[ 00235] Cami |l e Sequence
Exanpl e AD,

t he

wa@ioroerssmwas turned to 25 rpmwi th 95 m n | ef tPCTIUSI0BgE11913

7. [00237] Camle Sequence for Exanple AE [00238] For
Exanpl e AK, the same sequence in the preceding table
was used, except the tine Wable9 m' nin Stage 7.
m I e Se ence f Ex AG [ 00240] Camil e
égﬁijAJbs %eﬂls a[@’@? QR o r%msfméﬂxéndmomposmon
VELES [AL TO AS [002 4{1 ) Vi at .
'ixéﬂ‘ﬂé@pht B 5(:3 olanA- [cddLshex aneai et gé’é | aptc ""(gtoj:g)c
T2 R AT A Letrarethy iy 3o yet ghutanegi-ol—n @S} ghe
nt-o 55 —Ehghe %g kroupd—Bottomflask ™ The NA
pobyepters—of—thfs lexdibl-e wo’e dreplied Withha | 2/M
ghyreol+ adld tailb with'the eifird exlss onithg {romi?
the-2l 2 %34 1 o136 thifl 1 31 cliobulMnedi ol M En ughva
ditbut A 488 oki d88 cat al¥st [wadadded M give 00 ppmNA
tifn ih tH8 f|ndgetpdl y&e& [ Thisf| 4sk unde¥A a_p. 2 NA
SCEC pit¥lgenh fue ga whEh vacifim dedubt i on| calwabi | it WA
THe f|as®4was Metrersedsd nla BEl mpnt Wetal| bath af Na
20000 arff’stirred at 2H0 RPM2fter the reactemt s| hadia
mell t ed. After abeut] 20% hour s the teaperlat e wWas Na
#i sed t4922100@.and thesse| coredi t i onsnaver € heled Tor an
additjorfaB 2 hotrs.| Th® tenpevatlire mas rlaised tPp Na
28500 (48 apjpr axd mat ed.56 25 m2aut €s) mnd tjhe gy eSEUT ya
-Wals riedueed |t o48h 3|nmo.of Hg @v¥er [a peLi O OfNm NA
nonuties.4s3he| Skdd ringoswas| reguced asygd Ne Vi SGOST Y na
| RCT ejas ed, t B A5 | RRAMZDE| Ng1E e | i myqrumm st |,\§Ar| T NA
used.| Thertotal; pollyngdi ZRt TR I TTE y&s fu el to—a
artain uhie [argef ([ NMEgeen wz;»favﬁwqb;j “ I ¢ NA
pel yner I4§atll on4f¥)@l COjgrere, e IDICIJ}IIAUL:L N :‘@LI ST
ras TOVRE R [ANG f 1T Ry ET st ayed o qgot e Tug
It griass, T dn rop—tEirperat €= —t out——oY
U%t It I‘f 8 C i’i"p46|'1:’:‘u HH SO'Gu u..u ;Jb']ZlIHI nl;n e-as5eu—t+0 Nhén %]A
dprg—t 1i-5-36_Ai-Rite—wal-—ahd QA‘T yHer S§wa
heat-de—gnt-HH—-lpul 1 &4 am@%?? om t hd¥gl ads Masld  THA
nalas r & I wibd o !ﬁégd at 16? d p\/FNA in NA NA
AR T4 4gn | 0.66 128 NA NA NA
AB 45.2 46.4 0.66 128 NA NA NA
AC 45.1 465 0.68 129 NA NA NA
AD 46.3 52.4 0.52 NA NA NA NA
AE 45.7 50.9 0.54 NA NA NA NA
AF 46.3 52.6 0.56 NA NA NA NA
AG 46 50.6 0.56 NA NA NA NA
AH 46.5 51.8 0.57 NA NA NA NA
Al 45.6 51.2 0.58 NA NA NA NA
AJ 46 51.9 0.58 NA NA NA NA
AK 45.5 51.2 0.59 NA NA NA NA
AL 45.8 50.1 0.624 125 NA NA 7696
AM 45.7 49.4 0.619 128 NA NA 7209
AN 46.2 49.3 0.548 124 NA NA 2348
AP 45.9 49.5 0.72 128 76600 40260 19110
AQ 48.0 50 0.71 131 68310 32480 17817
AR 46.1 49.6 0.383 117 NA NA 387
AS 45.6 50.5 0.325 108 NA NA NA
AT 47.2 NA 0.48 NA NA NA NA

NA = Not available
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the flask until the polyner had cool ed. The pol yner
was renoved fromthe flask and ground to pass a 3 mm
W@ ereeassd/ari ati ons to this procedure were madeCT/0S2006/011913

produce the copol yesters descri bed below with a
targeted conposition of 45 nol % [00243] I|nherent
5&&%3&.&1035 were neasured as described in the
"Measurenment Met hods" section above. The conpositions

[0G245) e poﬂ'tntss&mmwierilmlfﬁgtl\f m'el“ﬁféd@%bf ﬂl\/ﬁ %oﬁgg%?ci:eo%f the type
| ai b | n the Measurenment Methods .

Oﬁﬁéé'ﬂ%%&am?h?vi—ﬁé—gwclpewaeam lsomeldeis ardrasnshondbe igjass

tr%ioﬁﬁmﬁe%@es&%ﬁg%to bg[erafter quench at a rate of

m n. [00244] I"e"bel ow shows the
002461 i nenbimeitiat wréphthalate, plolyoyslobesanddibistisare 2aml €.

[ . .
2,25 4Rl BrBIRAR 0B e BElal Pt WagRRCLING 81598k giggle neck
raginaistsotiona AasK.| PRe pBIJRRLEHs W thib Bxampid WRsd gké;g%gg with,a 1.2/1

fashion, for a constant inherent viscosit
glyealicit slio witle threpatirecaxsess coming frootned? 214, éietaardethyl-

1 BYRGBaeAEE Riqtiah b iy 3R s laliSl resaided togive 300
prartipoisithé dinaNfolymbet Tnéabbawa%ﬁzw\é?la%.éostﬁ@%ﬂ%%%ﬁggrge

xampl e illustrates the effect of the predom nancCe
W&'ﬁ 35‘89,% regluction capebildy.r hetlagk was imragrsedin eaBeldiasit metal

' [ i nsition
S4B o in RN ) BB SohI AR b . e
ahasit Eghhhatsathe tehplerajurt aves@isd 12 102004nd BR@e conditions were

-tef. -1, 3- | obut di ol were wei ghed
i for a0 SRBLARAL gk kS RRaTalUso e PiSERLto 2BRTE (n
iU I :
T S Pk o g e PR K b over
a perocobS minutest rTeestining wasYedyced betthe oibicobity eestad, with

14 RN Hobdng a8l gimlad wiRE 7hedRel Bebinrvieaten BFie was
vafel o nitfalrBetarj&t %é’l’ehf‘\ﬁg&éﬂé’?@ rr:) ﬁﬁé%{e&fbl@ﬁ?ﬂ?%tﬁdﬁ wWas

The fl ask was i nrersed
copriete. HriBelmantanetal bathovapiawered randrtbherpedyrnanas ladidwed to

coBEld 8oy Bl TeBUfie ot BN R 5 o o
wast@imenreed i thelBsimoht endtarmah Hhel e mperafu?é $86 Yen increased
to 58g9§ dgriﬂg 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 a 3 mm screen. Variations to this procedure were made to
produce the copolyesters described below with a targeted composition of 45
moi%.

[00247] Inherent viscosities were measured as described in the
“Measurement Methods” section above. The compositions of the polyesters
were determined by "H NMR as explained before in the Measurement Methods
section. The glass transition temperatures were determined by DSC, using the

second heat after quench at a rate of 20°C/min.
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approximately 25 mnutes) and the pressure was reduced
to 0.3 mmof Hg over a period of 5 mnutes. The .
W@ oor0orses was reduced as the viscosity increasedy/usionsn11913
15 RPM being the mninumstirring used. The total
merization time was varied to attain the target
[&Mé]ent Vi hedablletb%aw shbwsrthé legpprinened] idagd fdmhé\@élyesters of

WS BRI e d W R RO e s 20 %éﬁgﬁﬂh%“ﬁﬁﬁg%@globutanednol s
abpﬂjmbtélsﬂtwl@éfagfe@ﬁe@fnﬁe aé\ftrta‘ﬁé Q%’ce'i%rﬂ%:t'ﬂg ?){ utanediol

flask was reimersed in the Be noht e

af iefrAsiNg e glass Beasitipn teropsesdutedfor a5@Bsthnt umhgerehi \ﬂs&ﬁblty

mnute wait) and the polynie Irrg s was heated until it

pul I ed away fromthe gl asseﬁ The pol yner mass was
in the flask until the pol yner

ﬁgﬁ”e ?gél‘* gt ot et Sreslatianediol ¢igfinank sompasitiamen T,

ground 10 p a ! reer. Varigions tatihit sS4
prEéaé'l?Bur e vﬁ:ﬁc% ma e(rr[[,]g) prod(Eés,e thescopol yast er s90°c T/Mgg

c 8585 il t Peise) of (Peise)

A ol A tinr nnt A

nﬁ—%iruebw I F‘ESZZ%j'gJ;vnhu: %*; us$%' i esﬁ'ﬁ.br ¢ fasdr elfas 4.1

deseribed—ifz4He '!‘v".ab‘furenefqg A 26{3?4 cp*’?1j n_'?-')'ﬁ;nv 22.0
Fhegeerposti prs—pf 0';.259 polﬁg‘j‘i Rer e d8flar niffld by 226
4H 1S e%r'\ ain do}%_%fcrn 1i h the C%O%Q“r 8%?nf N?:,ts(?]o S 238
seeti-op—The-glass fﬁnc!fir‘% fsarrfuJMt ir 8L ré 24.5
detprm-hed—bye DSOS ng t N sedord@heht S8Ft dr Bfench 264
at—o rate ot 20C i 87 002487 Thé 1481 o] btow |sHbhe | he 272
bxpﬂrg " gl_afA'zdnt a 187 the A8 vest P¥ of (Bl s [Exhiplle. 200
mhnxﬁn thiat "8 s 12, %% 4{t Npanbt AW -1 NA 354
~3-Zycl pbut Fedi o] P appr I mal el VAt wi cdas [eftBct] ve ase
las trans 2 934 4 |t efPlanet hy | 3] cy¥toblit Aedi|ol NAt 36.3
increas) ng e gllas®® r ansi'® on| t Sber at Mre florNA 7.7
cont ant i n#€r ent] vP-&o$it Y28 Tabl A0 Exadpl é 1WA 724

[ 00%49] Thi Sexanpl 8% | |ust'?at es the pl epdy alli oMWA. Of| @ 723
o%l yelst er#'@ont di nP¥y 100 "ol % diFFEx hyyT 108%8r épHedaal|at € gg o
s? duels, 582l % 109%- cycl dexahedi2fiet haiedk 1| eSPAUES, oo

nd? 45 |nol %'2, 2, 4, 49-8Bet [ and¥hyM , F2tyc| ober anedeal 90.4
res? dues. [190250]] A%4%i xiur é34of P7.NA g] (0.A5 frOINA. 0.5
di net hyl t efépht Hal &%, | 52.1%6 g| (00586 Okpo0 | 2120 90.6
1, 4L cygl oheRdnedi|me$anpl , 134, 0/ @psto0. P4s4aml | 3531 912
2, M 4, 4-t etBanet Hyl oo , B- 137 NA., NA. NA. 98.1

NA = not available

Example 11

[00249] This example illustrates the preparation of a copolyester containing
100 mol% dimethyl terephthalate residues, 55 mol% 1 ,4-cyclohexanedimethanol
residues, and 45 mol% 2,2,4,4-tetramethyl-1,3-cyclobutanediol residues.
[00250] A mixture of 97.10 g (0.5 mol) dimethyl terephthalate, 52.46 g (0.36
mol) 1,4-cyclohexanedimethanol, 34.07 g (0.24 mol) 2,2,4,4-tetramethyi-1,3-
cyclobutanediol, and 0.0863 g (300 ppm) dibutyl tin oxide was placed in a 500-
milliliter flask equipped with an inlet for nitrogen, a metal stirrer, and a short
distillation column. The flask was placed in a Wood’s metal bath already heated
to 200°C. The contents of the flask were heated at 200°C for 1 hour and then

89



cycl obut anedi ol , and 0.0863 g (300 ppm) dibutyl tin
oxi de was placed in a 500- mlliliter flask equi pped
wowa/oenssi nl et for nitrogen, a netal stirrer, BCMUS2006/011913
short distillation colum. The flask was placed in a
Wod's netal bath already heated to 2000C. The
the taraperature waseintreesiedie 24 0nBaTae r@aclOd nlGui®vat Hxow bt

23 Be IO PRfics SRE e e SR 0 28ER TR 50 Binkien. sOmel ot 200°C, a
vtab@mﬂftﬁﬂ@ﬂpsligf\&égs %I%Qiu@@y bPpRY &%Nhlﬁﬁ'nexp?ﬁtﬁ %irﬁﬁ%sr. Full

0C, a vacuum o L psig was gradual l'y applied ov
VasldImdQ1013psig) wasimaintainedror b totat time ¢fatdiut @Si minutesto

b, B ueafiet i, AT Ie AU REhA R Sy

colosiaas bylyplerarasoistaitldoniie asylesd ransitivm terApsiiebMAsic and
| ass, transition tenperature of 125C and an 1 nherent

a,
apilineyent yiseasity .64 9. Exanpl e 12- Conparati ve Exanpl e
[00251] This exanple illustrates that a pol yester

ERaffsle qa—lég%e;gﬂréfiéﬁgxagﬁ@%aﬂet hyl -1

, 3-cycl obut an ow crystallization
0251 o e RS Bl R k00 2200
gt g AR L
[@&3&? on Aaelesiar basgdssolely padetephibalinacid andt2)2206-
RO oyt B SRR L3 hd 1 e o

d¢0iRBa]in ExanmplevAawith mmp Fiie® SHERVDbATBIO Y Y This Bdlyester
-tine neasurenments fromthe

3200C. Or | 1izati hal 1
Wﬁ%ma%{ﬁe‘f“@'\/%@ﬁépﬁ tbg\%ﬁémgmﬁ%ﬂheéwnms tafiopsiibe 2:2,4,4-
teﬂi’g%‘tﬁﬁqrﬁ!&g@%ﬁl%dﬂﬂ%v%?eﬁﬁ?é{sed in Table 11. The

f ysta al't -

astest cr I zat1 on ime for the sanple was
[002R3) as FKilmes wiené prewsedfrom die growsidapdlyzet beB820°C,

OB PR B B P OB e ot
tempRPatiitadrem. 220MoS2 8IS AP h?)?/érgﬁﬁ‘ftstefhcf %%hrfeﬂlﬁﬁea ri‘r.zf‘g‘able

t he pol yester (PCT) based sole er ephthalrc aci
11antihe fastestarysializatian helf-tisedior e samptenwas taken as the

j £ ' an extrenmely short .crystallization
R e BB 2o IR o2 Bt 7 el e
fastest crystallization half-time of this polyester is around 1300 minutes. This
value contrasts with the fact that the polyester (PCT) based solely on
terephthalic acid and 1,4-cyclohexanedimethanol (no comonomer modification)

has an extremely short crystallization half-time (<1 min) as shown in Figure 1.

Table 11
Crystallization Half-times (min)
at t t t
o | V@) | Teo) | Tw(o) | zc | 2sc | 2k | zsoc
(min) {min) (min) (min)
700 mol% F 0.63 170.0 330 3291 3066 1303 1888
where: F is 2,2,4,4-Tetramethyl-1,3-cyclobutanediol (65/35 Trans/Cis)
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Crystallization Half-tines (mn) where: is
2,2,4,4-Tetranet hyM , 3-cycl obut anedi ol (65/35

wae@nedi5ss) EXAMPLE 13 [ 00254] Sheets conpri si nRCEHUS2006/011913
pol yester that had been prepared with a target

conmposition of 100 nole % terephthalic acid residues,
ES&@EILE_% 1, 4- cycl ohexanedi net hanol residues, and 20

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

[0@254jues Bbeetsramprising aspoigestesthat hag beeh#bsael fivh a target
§xtrug.er. Aoéheelt O\Nﬂg extrL1_ded_cont_| nuously, gauged to
cgMprsiipn oL 0Bimalederepiitalicraid vesidiurss 80haelesYoner e
1shepdisnke | Vi i |25

67dIGHeXMediriSthahBl@skitlesY hRG 29 ﬁ‘g'&a%’ﬂz%#é‘?iﬁgag??thyhe

transition tenperature weré measure
1ghexalobyiaeedal residiessivere praducedissingd 8.5 iheh Girfe Sbricdy

ekRadt, ZShePts ol SRR Riokishe SeHasS iR dhiplasatt77 mil
ahtherevariouessHuemi dicty sRESrRBGIFOr In%e\‘\?rﬁkﬁﬁcog;g?ha glass
emal e

wer e subsequently thernofornmed into a
trangifion temperalireavers reasured bruenegheetBrivinsheet inherent

; , i i th i ng. heat
VRaraBRe MRSy RRE RS0 o Bl TS Bl Re i opmRgraturs of the
sigtataras measuredlth be 047, 08RBetsQlersaheR eonaiBHEY Sit 8b% relative

ti in order to determ ne the effect of sheet
h‘ﬂ'@ﬁ%@&@ﬁ%%ofﬁr £rEele t Shertsiwsrestibsaauentynthenaotaabied into a

, ' i ne ri t he ,
e o Rl Y 255 LGS, B ERR e i machine.
Thatharmelnriigg brep deaterg were sehey MOB0IBT4 dvdbit-usiittop heat
rﬂ%a\gv\%f cal clu ated as the part volune divided by the
O PREHISHAPE 1581 e Q¥en iy e@rions @meunisof Gne in order to
d i [ ; t :
AT CRCAEISTRE o A UL A5 B % T v
table kelewi Mart %uueld'tﬂy wasrieterniiNgd Uym\eéﬁl)rjng)ihe{]\'rcmhm(elkc&f.the
empnstrate that these thernoplastic
thftiofolkl bart EoPUERTIER gt cand BipeliEinspecing Fesoc
theranofoeméd arD fTH @AW AES lcaldifate 9 2! thé:ﬁ%ﬁ w%éﬁﬁg%‘by the
eas 0

as evidenced by these sheets having a raw
MK U Partivetusme aghiexed o this setaf gxpeginénts {EramplepG).oThe

3 0 RN L8735 IR A B
blistenipgsatedas wdne 00), tew €LY/ ok BIFPIH)D A e reatttd bekR BEBRnstrate
thaEﬁhggel ﬁ1e0r/(r)noplastic sheets with a glass transition temperature of 106°C can
be thermoformed under the conditions shown below, as evidenced by these
sheets having at least 95% draw and no blistering, without predrying the sheets
prior to thermoforming.

Thermoforming

Conditions Part Quality
Frample Sheet Part Volume Blist
Heat Ti 0 isters
at Time (s) Temg%r?ture (mL) Draw (%) N
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 o7 N
F 150 168 740 94 L
G 159 172 787
100 L
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1, 4- cycl ohexanedi nmet hanol residues, and 20 nole %

2,2,4,4-tetranet hyl - 1, 3-cycl obut anedi ol resi dues were
w@e@doersss using a 3.5 inch single screw. A sheRCT/uWaE06/011913

extruded conti nuously, gauged to a thickness of 177

ml| and then various sheets were sheared to size.

EXAMPLE{14/i scosity and glass transition tenperature
wer e measured on one sheet. The sheet i nherent

[00255])si t y Shestseaapriging taopdigedle6that had beEheprepassl with a target
t he sheet. was neasured to be

f
C‘ti%%g%ltt Igf?gébgn'aglée {RE fﬂﬁ‘ﬂﬂ’l 36id residugs. fhovplecteat i ve
118y slbhek=md wﬂél‘ﬁaﬁef re%l kén gberﬁb% W3 8 SN ?ét?%sm)}l—y

thernoformed into a f having d draw rati o of
18-sydolugrnedial &S&M&St\h@nawbduoemgsmahmﬁencﬁ single screw. A

SHASRL AP BTRER 308 G ThkRe P T g trr

vaneus Slesety dre @ﬁe@f@éﬂt@t $iz&f |iHet8nt is@sH§ ranHCglé%‘é REASIHEN
the effect of sheet tenperature on the part quality as

tesApRIARtUre were m%@ﬁl&edawe sheat. ging $hqetmrent ‘esmm’@d/vas

ReRREH] e B oA oS Bl TRREBRERS b ahoet was

miclasuraxf tmrhiEdiOW t Shéb’&; werthepconaitionedtz® d 089, FIgtiBhtmidity
[ deg t he maxi num part vol une achieved in

a?‘ﬁ .25@&" eexPe et WeleRabgaategily theranafeenesinie mdfgmale

rrfé?d ha\‘ﬁ’ﬁg faV%r%HﬁlaltléS diPSHq QJS‘C?ﬂQaE ‘Hro%%?%méfo%ﬁ@gcﬁﬂ% The

degree I'i'stering rat
theirpofarming dhen heaielras wvelne Isev\tod@@mnmo%tbetnm alsirighiepeheat only.

Shessarele ek b thersiaitiot xapds Sk of o A tidetermine
th@%ﬁédt bﬂ@ﬁeétHQMﬁeP&h%n%ﬁe gﬁmﬁﬂasbyhmﬁ .rpfr%deésté BSow.

of sheets having at | east 9% and no bliste
Pajtawality wasdetgrminachley stessusing the volume of the thermoformed part,

cAUATERS Bt g a0 e et Eee Baing e draw

w3s Balcokited alghégéﬁr\/@‘mméfd\ki@@d by g Yaaxirfum Pare08lume
consi sting of 69.85% PCTG (Eastar from East man

achiavackia) thiggset RAEKRENEDtEIxaMmple &)e phhenthiermofarmed part was

D RN L ——

loRCL{,ordpgieid). The edsudiariaioaidemorastehtd tHd thdstHrimdbastic
abi|izer sold by Cronpton Cor oratlonz) A sheet was
I’&,@% WHE@ dlgss rﬁugugp);emperature of 06°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.

Thermoforming -
E Conditions Part Quality
xamele Sheet Part Volume Blisters
Heat Time (s) Temperature (°C) (mL) Draw (%) (N.L H)
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 9% L
G 274 174 737 100 H
H 275 181 726 99 H
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gauged to a thickness of 177 m | and then various
sheets were sheared to size. The glass transition

W0 eoopeeEsur e was nmeasured on one sheet and waspdD081006/011913
Sheets were then conditioned at 50% relative humdity
and 6Q0C for 2 weeks. Sheets were subsequently

OMPARATIVEREXAMPLE havi ng a draw ratio of

2.5:1 using a Brown thernoform ng machi ne. The

[20296iof or Bhagtsmansistiagtod Kelwe2@1 sete brodRedUshtYa 3.5 inch

Sh | ef
syl Aot KaRus Sbibad EPRgstng BF 69 8506 PETIG trasiar from
Ebbena{ Caemi&ll Gﬁ‘q%tvﬁgfm@ﬁﬂﬂé‘ Wté?@ﬁ)ﬁtﬂ%h@gﬁﬁ J%Fﬂilubg%%?nole

oshown in the table Part quali
Yo rﬁe@i,qhaxlagedmethan@jrresuduesrmd B8 rmrdét% il | graes glycol

BB AR [5ohoNh KR B, SATREEH: Do e

(stabiliee sdld/byieﬂobmtdd"go?@fam D@éheé‘ﬂhé%‘%xﬁ&&\éc??@ﬁlﬁ%usly,

this set of experinments (Exanple E). The thernoforne

gaigad A thickness|of 17dgpikend dhervarions sheats evese shdatduteto size.

THE RS ol AP 18 ASaRIRE e bl bl 00

Shewts maepb dben conditioned vt 50%AreldtR@shurmidRy aht®D°C for 2 weeks.
of 1000C can_be thernoforned under the

SQ&EW&%%@ seauentlydheunofesmediintera tamale roold lmvmaﬁrm ratio
-off59 h%‘?ﬁé aﬁ&%&h@ﬁﬂbﬁ% ezfﬁ]é‘bﬂf _aw 'Iarﬂedthré?mgjfor%tir?é oVén

wi t hout predrying t I oF to

heatierisiwerersat g 7E)56£M§IIL% dﬁpﬁ@%@ NEatBWPSEeé@%@ left in

were pr oduced usi ng

858 ol i e das wo%réer o dlemning heciiactigbshest
tem%@t’am“‘p@ﬁ five PRI tytéé shdvih FiRSELRY béiZ\X, rﬁért ﬁﬂghty was

en various sh ee were sheared to size.
detergrined by nﬂ@%ﬁmmgdher\@lume oﬁﬂmtheeMoiommdepaheﬁlcmmwg the

e R PG T o T Pafieraatt T e vas calculated
as$ho paeuesilimng dlhdéd’ofﬁyﬂﬂ@%akiﬂﬁlﬂn%Jrﬁmbﬁer%iﬁe\f&l\’lhriﬂlsaset of

draw ratjo of 2.5:1 using a Brown thernoformn

eXRBLHERES (EN@@“ﬁ'ﬁ&)nﬁl@rﬂ?Bﬁ@OWm&dmaﬁ wes Weeradly yEtpacted for any
B B SR SRl AL A5 9. o

residtseraiowelenfienstfte tat thesdgrirmb HEE 3heR With b adPfrhnsition
ual i

It wn in the table belo Par t
terfalire 1 OB C b b HIRgmOo st Umerdh vacilioas siasindoeio,
as @@fdenc@é'ﬂyl{hétdraauét%% S het@ANing at least 95% draw and no

blistering, without predrying the sheets prior to thermoforming.

. | Thermoforming Conditions Part Quality
xample : Sheet -
Heat Time (s) Temperature (°C) Part(xclil)ume Draw (%) (alllst’er:)
A 90 146 582 75 N
B 101 150 644 83 N
C 111 154 763 98 N
D 126 159 733 95 N
E 126 159 775 100 N
F 141 165 757 98 N
G 148 168 760 o8 L
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visual ly inspecting the thernoforned part. The draw

was cal cul ated as the part volune divided by the
woreoorusspart vol une achieved in this set of PCT/US2006/011913

experinments (Exanple H). The thernofornmed part was

visually inspected for any blisters and the degree of

MBARA TIMICE PLBEw (L), or high (H).

The results bel ow denonstrate that these thernoplastic

[@025s wi Sheatsytamistingaofddelv:o201 evpe padduicdalisidd 85 mch

e R
tsleRIs8lof HrE P A @Iﬁ%ﬁfﬁhé‘%é&tﬁﬂ&é Rdaref fo% _Thg glass

predrying the sheets prior to thernmoformn
treasitied éempsuatimervay measRraRAIN YEe BabPaad W&Zﬁ(aj CShekéests

WeROFle ARyl BT R FS el B, S R B ek Pheets

wees bulbbsERjuehliyl tRSoTbende ity LeBma Wik hé%pdéi&%\m WRic®of 2.5:1

groduced using a 3.5 inch single screw ext
UIIRe & w@@m&%mmmammS e theamgéerming avehihsaterssvere

s&¥to LRAITbYEOGa Bt Rop BHEL AT Shelf Ref R d0e Byenior
vmws@aeﬂnianﬂ tinesinSarGer Bheeiesmitey BetdfrRitt 6P§Iﬁ’éét't8H1%@r§thre on

hO% tive humdity and 600C for 4 weeks.
t ﬁ?o‘?%{ %’t}’ 8y showrdn taa fahie delay.nRag qualit was gﬁt&m;ned by

m\éﬁfs@rl@ﬂr%e\%{ﬁme'df tﬁé‘g‘;é@{og{)lﬁﬁéjd Pgﬁocﬁ}%ylggﬁi; fhdBlv, and

having a draw ratio ng a
vistrllyrinspeciingdhedlotrinmeforriae patte rTief dravi weis euriuldteatertbe part

velf8 et By e FmUnEPol dhas Bomevens M entof experiments
(EtX'am%)Ié Fl) Oﬂ'%érthéﬁnéii%hﬂbﬂ‘déﬁ \f\lQ@ vfsfufaﬁgt]ns%fﬁc hanygbfters and

enperature on the part
thsaegwe phblistefing ratgd mmoanet(é&)mnme(&)mr mgas(up i Mpetrbsults below

de‘f% i Sughétaﬁ?%{j nﬁoﬁy{fﬁg‘?\% Lsrw@t? kgﬁ@%ng%ﬁ%%ggfature
ofle@\?C\msu eaihevmafctherBuidid tﬁé‘%bné{ iﬁng%hQWW B86WPYs EDRlenced

Xi mum part vol ume achi eved hi s set
bygtB

Eé}rPMtO@ ofisheeis baying gw@et W%rdrew ap"ed no \bhsten]pg,
f d the d
Wl B S S Bt e ™, 9697 E ©

The resul ts bel ow denonstrate that these thernoplastic

sheet vahdvm@rrgrigass t rqgg%&a,t}pn flenperature of 870C can
lEembil er-rofCPHES  und conditlions shown hel ow, as
Heat Time (s) Sheet emperature Part Volume Draw Blisters
- G (mL) (%) (N,L, H)
110 143 185 25 N
B 145 149 529 70 N
C 170 154 721 95 N
D 175 156 725 26 N
E 185 157 728 96 N
F 206 160 743 98 L
S 253 NR 742 08 H
261 166 756 100 H

NR = Not recorded
EXAMPLE 17—COMPARATIVE EXAMPLE

[00258] Sheets consisting of PCTG 25976 (100 mole % terephthalic acid

residues, 62 mole % 1,4-cyclohexanedimethanol residues, and 38 mole %
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evi denced by the production of sheets having greater
than 95% draw and no blistering, wthout predrying the
W@ b@ene15pF i or to thernoform ng. EXAMPLE 18- COMRARBI1006011913

EXAMPLE [ 00259] A m scible blend consisti ng of 20 wt %
Teijin L-1250 pol ycarbonate (a bi sphenol -
effisneaglyovlaesiduespwete ptoduced GsAPd 6.5 meH é?néle%c\f\év%éxtruder

At e S RoRBHES s ot s Briekmesstdletah and then
BHORISIRSb SIS SPodre oo STRQ y%s%%a%%@% telfifdratire was

sheet was extruded continuo gauged
msrasyner an ongshieshand wasi 87TEs Iieets wereetlﬁnﬁarr&tﬂtldrmd at 50%

| t t d
T e T N, U e

030%w1%! &hieets Worg slibseqriedtp M6 rifeIRRE S f
m)l sture | evel was rreggureg to be 0.25 wm% eﬁﬁcﬁe frold having a

o Meeildiming ath@wmdh@rrn@f@rmmgamchmmEmthemmoformmg

[
B e g e e
indbe ®veatfor mrﬁﬂs@hﬁﬁﬁtscuﬁtm inusrided td @dtehetie il offect of sheet
Sheet he oven for various anounts of

tefnwaf%%ﬁﬁe? p@Bt %@" #% SBOWRAN ghe table beloyheRart quality was
détefRRpRAtSY meaguﬁrlﬁqetri%%lumé%f'tﬁét n@ﬁc? @g?ﬁhga@ﬁg ifg the

bel ow. Part was determ ne
drawi, gnd \{bsuallhemsnwtlngﬁm ﬂmﬁ*mﬁmnﬂmed: pbnu Tanel drewt Wes darvlated

L M e
expRYinan PE\Xém%IS' A')WET l?éfﬂe?%%r‘lﬁb& ﬁo’? wildlvi é’uallly lna%ected for any

experinents . The ther orms
bligtars andythe ﬁ@g&e ggbhaﬁarm;ated astrone (N)dlot/\h@-)delghngh (Bf). The

BB B3AER S Bl ol s i

tesipeeateremt &7‘@ chrabe themnstofrhed maepﬁfeaédﬂofftugi SSwis BBlow, as
ormed under the conditi ons shown ﬁow as

eva%fﬁgﬁctg’g Swrﬁﬂ@ctmﬁﬁe@mhavmg gseater than Qﬁ%gdra’m amd no
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EXAMPLE [00260] A mscible bI end consi sting of 30 wt %

TeiHa—+ ’)5% polycarbonate 69 85 wt % PCTG 25976, and
0.[15 wt % Wes t@egﬂd,ﬁi‘ggwas produced rasewgy a 1. 25 inch
Si [nighreples(CT, & rUgmkr  Sheet s—consisting—of—the bl end
eat [im Part Volume Blisters
were then p(spaem é’dﬂ(e%r?ture (mL) Draw (%) (N, L, R)
A 102 183 816 100 N
B 92 171 811 99 N
C 77 160 805 99 N
D 68 149 804 99 N
E 55 143 790 97 N
F 57 138 697 85 N

EXAMPLE 18—COMPARATIVE EXAMPLE

[00259] A miscible blend consisting of 20 wt% Teijin L-1250 polycarbonate
(a bisphenol-A polycarbonate), 79.85 wt% PCTG 25976, and 0.15 wit% Weston
619 was produced using a 1.25 inch single screw extruder. Sheets consisting of
the blend were then produced using a 3.5 inch single screw extruder. A sheet

was extruded continuously, gauged to a thickness of 118 mil and then various
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using a 3.5 inch single screw extruder. A sheet was
extruded continuously, gauged to a thickness of 118
worRdo7meuds3 hen vari ous sheets were sheared to sSPZEUSZN€011913
glass transition tenperature was nmeasured on one sheet
and was 99C. Sheets were then conditioned at 50%
sheetstware sheareld to/siaed ThRAfadDtrardsinee tmpdiaturdtisd Hedsured on

. % Sh
b SBagl B PRER ForSionts waire dnen perdiflonerbatiretegive humidity
add B0°Cab} 9 wilek: Thb Bishttede i WAL FRBEIRIOLTAE 25 wic.
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deterng' ned by neasuri nfg_the vol'ume o m)yvorrre
di

the-pven Torvatips amguntsoidinein arderdo determing tepeffedtrof sheet

teSeraltie PR AGEER RIEY f MoWh I M Rei belru | far Fhaltnes
defernineedyi mebbiusng te Wilumensthe B ndfEMAER bartAalcliBfing the

t her mof ormed .part was, visually inspected for any
digi. g dsually insReciag e tamsomned pag. ribecirawswas asloulated

i . | t .
=4l o 51y Al RS Bl i st
expesisrents dnxamplenAL e'ﬁiphmthﬂrmo_éomﬁecﬂﬁéil'tq QRIS \galjally inspected for any

. t wn bel ow, as
o587 AR Blpol e Shplikrind Ged ESdmee QoW (kg o BahéH). The
rebk bYW GsrABhaRsteNRatthbss %élﬂ%&é@_’tfc@t&té’mﬂ 4 glﬁgs ttl%?‘nsi’tion
= not ap anl e,

sheets prior to thernoformng. plic
tegpeatus oM € ranbedhensnafhaned vedshéw comditiores siowmdelow, as

' ' [ intp the nold (lik ecause

e frech BaOlonbih ddeh R e GTBAL (L, DCRUE
blig@0idg1 Withoui sreidbing eIt Bwios to tHerflofdhiMg e Tei jin

L- 1250 pol ycar b?tlggt’ e, 59. 85% % PCTG 25976*\6and 0. 15
% Weston 619 was produced using a 1.25 inch single
SCr ew esgtTgh?mg‘?"mingch%E??nﬁ onsi st i ngPanfQuditie bl end wer e
t| M DtercBree Uisi iR, 3| Fat vouie Si ngl e, scr ewtisext r gider .
A _sheet| wa® extruded cohti ftuslly, é’vgﬁ)ged fNoL. &)
tlhi dknelss e 118 misk and then vdri ows shieet spwer e
edted tos&kjze THe glhssesganditi on tenpermaturé was

r' & shédt and W8 1050C9 Shelet s Mmere|t hen
ohditHonet at| 500 ol at i v@8hunmildit 9 and 600C for 4
E 55 143 665 79 N

[l
CRS.

EXAMPLE 19—COMPARATIVE EXAMPLE

[00260] A miscible blend consisting of 30 wt% Teijin L-1250 polycarbonate,
69.85 wt% PCTG 25976, and 0.15 wt% Weston 619 was produced using a 1.25
inch single screw extruder. Sheets consisting of the blend were then produced
using a 3.5 inch single screw extruder. A sheet was extruded continuously,
gauged to a thickness of 118 mil and then various sheefs were sheared to size.
The glass transition temperature was measured on one sheet and was 99°C,
Sheets were then conditioned at 50% relative humidity and 60°C for 4 weeks.
The moisture level was measured to be 0.25 wt%. Sheets were subsequently
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The noisture | evel was nmeasured to be 0.265 w %

Sheets were subsequently thernoforned into a femal e

woredod/obizss ng a draw ratio of 2.5:1 using a PCT/US2006/011913

Br ownt her nof or m ng machi ne. The t hernof orm ng oven

heaters were set to 70/ 60/ 60% out put using top heat
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[00261]
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EXA

Bart,

- U A

At ers

of

Abl e
Ei%lP‘? P %@d'ﬁ%‘ﬁsetf‘?hf%%heﬁywm iarmesybecaese it did not
V5 RReP

cal cul ating the draw,

r nof or med part.

vol une

The

A miscible blend consisting of 40 wt% Teijin L-1250 polycarbonate,

59.85 wt% PCTG 25976, and 0.15 wt% Weston 619 was produced using a 1.25
inch single screw extruder. Sheets consisting of the blend were then produced
using a 3.5 inch single screw extruder. A sheet was extruded continuously,
gauged to a thickness of 118 mil and then various sheets were sheared to size.
The glass transition temperature was measured on one sheet and was 105°C.
Sheets were then conditioned at 50% relative humidity and 60°C for 4 weeks.
The moisture level was measured to be 0.265 wt%. Sheets were subsequently

thermoformed into a female mold having a draw ratio of 2.5:1 using a Brown
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di vi ded by the maxi mum part vol une achieved in this

set of experinents (Exanples Ato D). The thernoforned
W@2007/00w8S5 vi sual | y i nspected for any blisters Bemusive6/011913

degree of blistering rated as none (N), low (L), or

high (H). The results bel ow denponstrate that these
therofeptiag machitee eThe Whemmafoghiag Dviehdnstéisalere set to

f. f d d h
RIS Lt 1 ot e Shaei uretiph imEreppvaniarivawous
affounbeLSt im8 &Y bREErds %iégmi@(?%é ?’ﬁ%ﬁ@ﬁ %We@ﬁ%nﬁk?era{u(ge on the part

bl istering, wthout pr eets prior
quality esfshominiy.theltable elovap Partcatlity was detereningd b9rReasuring
. Nali e t th heet was nat..forned because 1t did
"“ﬁ%?d'%@r%&'#ﬂ? ﬂ"‘%r ??I%I] E’?Fk%ﬁ"?x‘ﬂﬁféf&%ﬂz%gﬁwwﬁa@ Yigally
inspk theANBhOIOIMEENIANRAT aivAs
| mpsgti)nbgl e bl end %grr?si sting H(x)%/ggo wt %éé#??%gﬁsltggcpaﬁ volume
divisieddy theraasmu pe valympErBicysd 6 thisset Of égpaniriients
] a 1.25 inch singl rew
(FEFAAEs SN, YHECHER ot e Pt ag it dr e for By
blisters.aretitheseygea 0B bisternd ratet Hsendiid @NY, W (IUd8F _higlf(\ (H). The
shﬁeg? i/vas extruded continuously, gauged to a thickness
regtity pgloy demppstralethahinesedhemrenlastigesheats vatheal gless transition
i L Jeasured on
e g T 409 gah PRSP lrol BN i e EBTBY i Below,
a%eY'Qe%QCb?ﬁthﬁ?/Brdﬂiﬂlﬂfﬁdh of Sh%@s@ﬁ@(ﬁb g; @?fgema/k@gﬁ/ar Bfaw and no
ture,l evel was aspured to be 0. wt % eets
b'(%gérrﬁ‘gsu tQQHﬁBFﬂ“W“QEE‘? ﬁﬁ?%‘isr%@ritw%ﬁrmqf@mmg- nol d
having a draw ratio of 2.5:1 using a Brown

experinments (Exanple A).

T her mof O PR EHdligs | e t hermobgranooven—hegters
WBLAS et 70 607/5a&Y06 OUt put —USTmg top heat_—onty-
Sheet s vv'?ee%g"qeefﬂei“gﬁraﬁttﬁe oé\%é,\ﬁi'ff”fﬁr vevi (wus | arftiig s | of
i norgder—to—dererrire—the uffegct ot sheet
TETPET gt ur,g,on It;ucwa.t el ty-as—Ssreowh--a _ihe tabl e
DeTOW._ | Pard; quat T ty,,was u'cltsw et reaSt \lngt#.e
volmne| of ghe {herppformed gart caj uta ingNth" dr aw,
anck vi sualdsy | NSpeghi Ng | T Mg g Nenmof gmedrpar{—he
draw was cal cul at efigas The part Vol ggre dj vi dgd by t he
med mum passt  vpl umsachievegs i n [T hi g3 Set| of

The thernoforned part was
EXAMBPLE 21-—COMPARATIVE EXAMPLEt ers and the degree of

blistering rated as none (NJ, Tow (L),
[00262]r es ulA misoilewistIBorEistiEor ARvid MRS LR I9Sibbnate

a glass transition te
25976, and 0.15 wt% Weston 619 was produced using a 1.25

4037 P18

or

erature

high (H).

inch single screw extruder. A sheet was extruded continuously, gauged to a

thickness of 118 mil and then various sheets were sheared to size. The glass

transition temperature was measured on one sheet and was 111°C. Sheets
were then conditioned at 50% relative humidity and 60°C for 4 weeks. The

moisture level was measured to be 0.225 wt%. Sheets were subsequently

thermoformed into a female mold having a draw ratio of 2.5:1 using a Brown

thermoforming machine. The thermoforming oven heaters were set to
70/60/60% output using top heat only. Sheets were left in the oven for various
amounts of time in order to determine the effect of sheet temperature on the part
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of 117C cannot be thernoforned under the conditions
shown bel ow, as evidenced by the inability to produce

W@ b@avel1skavi ng greater than 95% draw and no bl PGL/E8100€011913
wi t hout predrying the sheets prior to thernoform ng.
EXAVMPLE 23- COMPARATI VE EXAMPLE [ 00264] A miscible
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di méit Yoke r@ﬁxlmwn@acmlumecam@yedgamlgecset of axpéﬁmkmsss
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Eicring: Wikholt peadrying the shgeteprisio demmsiemaingunt s of

time in order to determ ne the ef fect of sheet

Tenper al URferbBbmidd @ordidnt quat 7ty —as Péh\bm&ﬁ—ﬁ—t—he—t—&b‘ e
belaw. [Part qualt UysmweEs Cerm meg— oy neasprihg—the
r

[S]
vol ume o*ﬁeaﬂ'ﬂ@(% eTm%;@mred ﬁtvﬁfnfe ¢al aw (af |
b~ A~ tlhh

aIIdAVi aual | VB | 5] pcuﬁé ||3 it
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©
D T Q
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'l 1 L V\ﬁ \lf\l Ll 1
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TELXE TTOMT pargl Vo Ullb'::ﬁbili gve
EXPRT T MENT S EXapt € 4y~ (e tgermpfo
vi seal Ty Tngpecred {@r any vkL,sters aggthe ucw ee—pf
bl 1 Bt er]i ng gh af e asg30N€ [(N) 73l OW[ (L) o OT (T giT{ n)
TheGresul t o bel bw degonstirate, That thgsSe 1 nermp Fastic
NAsheettappliseble. A vell@sSzerd MBichtts PB the TART WAIRAR tdined BEEGse it did not
pultiateriiot mble (Itkbig bemlies imeab woadad). t he condi tions shown

bel ow, as evidenced by the inability to produce sheets
M@MWTWMNWP&M no blistering,

wi t hout predrying the sheets prior to thernoform ng.

[00268}PLE ArmBONRABRSHAV/EOidtvic) &F 6(9@2%5'ﬂe5|;ﬁn BB MbSycarbonate,

i i f 70 wt% T -
308 Ja e R G290 80g Ot Sinelerestv]O wag modeced sing a 1.25
inchesihgIe oW \WtruBER I8RESts INdtiAg bf e blend were then produced

using a 3.5 inch single screw extruder. A sheet was extruded continuously,

[&)]

b

-

2
-+
QD 9

hi o
AL LA

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 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
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inch single screw extruder. Sheets consisting of the

bl end were then produced using a 3.5 inch single screw
wearoasss A sheet was extruded continuously, PEUsH06/@11913

a thickness of 118 m | and then various sheets were

sheared to size. The glass transition tenperature was
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nalblisteriag, wmhmulmédﬂﬂragsthbf@a@w prmoﬂotmrrﬁbwrﬁhﬁib by the
maxi mum part vol ume achieved in this set of

—experinents (Exanples A and B). The thernoforned part
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bel ofy, as ey} denced|[by thejmabi ity o, Pt oduce Sstegts
Rvi ng greager t han[95% dr,ggv and o bt J,ﬁlcn 9 gq

Vil t hput pregyying The sheegs prior 1o gggerm) OT [ g}
NA = nof applicable. A vatue of zero indicates that

EXANMFLE28 VEOMPA Rﬁ\mwt@ pyge it did not pull iinto
the nold (TTkely becaus too col d). EXAMPLE
[OQEGQOVPA%HIé@wa&EOIEQ%f @WST & Hih?énwg%l%argonate

Teijin L-1 ol ycar bonat oduc
34;. 8ﬁ;wt°é>| RAGIe %5,9766/,\/%'odt0 19 evt% Wesltmesmmwmbuuded usmg a1.25

BB SieAERS ShePts inBistod Aane bland wite Gieadyoduced
usirigean i3 ineh SivgTe SERIW BRHrMAST. %%ﬁééﬁﬁaé’ %éﬂgtﬁegg%ﬂnmw,

was 1490C. Sheets were then conditione
gauged ite adhigkress of 14 milkoahenr vations shestsTwerershsdreddo size.

Th%ﬁ%%ésqf@%ﬁgﬂgﬁ?é‘rhsgrattﬁ’re%aso measited om oRe shert hed was 120°C.

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

Z|(rir|ir|xT

The moisture level was measured to be 0.23 wt%. Sheets were subsequently
thermoformed into a female mold having a draw ratio of 2.5:1 using a Brown
thermoforming machine. The thermoforming oven heaters were set to
70/60/60% output using top heat only. Sheets were left in the oven for various
amounts of time in order to determine the effect of sheet temperature on the part
quality as shown in the table below. Part quality was determined by measuring
the volume of the thermoformed part, calculating the draw, and visually
inspecting the thermoformed part. The draw was calculated as the part volume
divided by the maximum part volume achieved in this set of experiments
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thernmofornmed into a female nold having a draw rati o of
2.5:1 using a Brown thernoform ng nmachi ne. The
W@ b@roefses mi ng oven heaters were set to 70/ 60/ PORS2006/011913
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invention. WHAT IS CLAIMED IS: 1. An L ['m or
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nol e % of aromatic di carboxylic acid residues having
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thermoforming machine. The thermoforming oven heaters were set to
70/60/60% output using top heat only. Sheets were left in the oven for various
amounts of time in order to determine the effect of sheet temperature on the part
quality as shown in the table below. Part quality was determined by measuring
the volume of the thermoformed part, calculating the draw, and visually
inspecting the thermoformed part. The draw was calculated as the part volume
divided by the maximum part volume achieved in this set of experiments
(Examples A and B). The thermoformed part was visually inspected for any
blisters and the degree of blistering rated as none (N), low (L), or high (H). The

results below demonstrate that these thermoplastic sheets with a glass transition
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up to 20 carbon atoms; and iii) O to 10 nole % of
al i phatic dicarboxylic acid residues having up to 16
w@ 200000553 ons; and (b) a gl ycol conponent corerﬂ?B/U&g)D6/011913
i) 10 to 99 nole %of 2,2 ,4,4-tetramethyl -
3-cycl obut anedi ol residues; and ii) 1 to 90 nol e % of

tqmne@@ﬂaﬂféb%l i@CDaIIIEIDh be d)lheu IEHDﬂ'ﬂ@G undeethel (fDrfdltﬁ)O Oﬁé&l}'ﬁwn

% of. .t he box c aci onent |s no
B 8 iaife  Bbiiyodoturs Shapieriaving Greate than 95%
drak @ndoncaistaniey, Wlfhoht‘ rddMARGRRE skbels JrXo.‘ﬂ’;erﬁﬂﬁormm .
pol yest er |sfrom01? di&zbgf%g as determned 1n g
6QL40 (wt/wt) phenol/ tetrachloroethane at a
concent riat iTeernofgfming Cadiiphs] 00| i at 25C;Paaq@ditiwher ei Nt he
olBwegr % r om 96k oam@ 000 The il
pl | m or sHegiﬁlee %egperatuie whefrdd n theg:rl nﬁ/ rent (N.L H)
vilscési tly of2st he| pol ysst er| i s sbg om|0. 3504 0 1.2 di/g.
3, _THe LCD ffitl mr sheset df Clsad m 1, wherei n t hen
i nhefent] vi &tosity of77t he [pol yesster| is dbrom0. 350t 0
1 0 8L/g 474 Thel L CD'®®i | mlor dbleet |of Cai m|l. whereiln
£ Aherenf8 visicasi W} of lthe Baolyesterfis fromNA 35

oot

dl /AB Tha149(‘n flilm 91r sheet &f Cllai mNA

N,R er, t the shed weg Ingidarmad begause it did not
W g ot e B oo voory

ajons] f"’j’s e LCD filmor sheet of
neWh viscosity of the
EXAMIBL & 25" EOMPARAT, 42 10 0.80 dL/g. 7.

[0 ?g gt& tyé%%tgﬁgﬁﬁ'& b%%% -er%'?’é- ﬁ%g‘l)npﬁ r&’glﬂ?‘%ﬁageey\g?q'g%rrgg&ced
uslhg @. 85 iddtesihgle sfdré\me%ru%l@?el\ Heetlvaisd rud‘éﬁedogfgﬂuwﬁy,

i nherent viscosity of the polyester is fromQ
9gyiasdl 1913 Hhicknessieé 108mnil Bnehtlen warieus sheats avare heared to size.

THO 85 Ul Rioch N8BT et K §58Fhedsfhq RSO ES Sl Was 149°C.
F Gl tetyefiondShperatyle

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 volume achieved in this set of experiments
(Example A). The thermoformed part was visually inspected for any blisters and
the degree of blistering rated as none (N), low (L), or high (H). The results below
demonstrate that these thermoplastic sheets with a glass transition temperature
of 149°C cannot be thermoformed under the conditions shown below, as
evidenced by the inability to produce sheets having greater than 95% draw and
no blistering, without predrying the sheets prior to thermoforming.
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10. The LCD filmor sheet of Caiml1, wherein the

pol yester has a Tg of 100 to 180Q0C. 11. The LCD film
worooghersss of Cl aim 1, wherein the polyester haRCHUTH0O@H11913
100 to 1600C. 12. The LCD fil mor sheet of Claim1l,
wherein the polyester has a Tg of 100 to 150C. 13. The

LCD fil n’ihgi'fmf‘}ﬂﬂ?et of Chaidnid, Wierein the polyester

ondltlgn,s,\ N
E>ﬁra;§e HHo—to 1%%empbféture" e 1 b filmor-sheet of

L)
d ai H%Té’feésl)n t he pol yest er ra?éﬁ‘é"”fr'g("bf R@W@czﬁ'sfeﬁ)
1500C 15 1®he |LCD|film ew sheet| of &bai m([L, wherein
the Igl ycol ‘2fonponent of tdse pol yest esosconplr i s@s 10 o
e % 2132 4 A-tetranmetthyl -1 |, 3-cysl obut anedi ¢l H

erci dues anef 30 t ol 90 nohee % 1. 4- cycloohexaneds mef hanol
fesildues  ®8  The | CD fiten or sheet of Caimd, NA
\Ahpr ein t hedgl ycol | conpoment of [t he pol yeslt ero NA
| Frpl EFO A glus®f Beip éndigates thatlihd shest maseottigimed because it did not
g‘ o pRijse [t @af ipgesidand 40 to 90 nole %
["P ycI @ﬁﬁ @d?'%r%%ﬁfm frewsa gomwariggn ofthe dat mltlhenabove

SR SRR ol S B SRRl

da‘(rﬂ_’tezadtvantageammmm conBrengidilgvaiaisidi gy dstsisAvas retild to
I% ? ér:%a , 4-cycl ohexanedi met hanol resi dues.
al§ss r3pgite mP?frﬂ € dRasity. sfoverhstallizatignaate, ielhwiscosity, and
todge&ds. conponent of t he pol yester conprises 15 to 60

nole % 2,2,4,4-tetranet hyl -1 , 3-cycl obut anedi ol
[0p268Hues Eheiintention BSs trebe d%sd:rlblectyndietb&mﬂhﬁ@lféf@hb@wthe

e Sl o S etons an
modifipaticiescatbé efféStedRlithiYare gplﬁt énél %EB@%%? ﬂ?@ lng}entlon.
30 to nol e %

, 3-cycl obut anedi ol residues and
1 4- cycl ohexanedi net hanol residues. 20. The LCD film
or sheet of Caiml1, wherein the glycol conponent of
the pol yester conprises 30 to 70 nole %
2,2,4,4-tetranethyl -1 , 3-cycl obut anedi ol residues and
30 to 70 nole % 1, 4- cycl ohexanedi net hanol resi dues. 2
1. The LCD filmor sheet of Claim1l1, wherein the
gl ycol conponent of
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the pol yester conprises 40 to 70 nole %

2,2,4,4-tetranethyl -1 , 3-cycl obut anedi ol resi dues and
W@ 006B8s5 nol e % 1, 4- cycl ohexanedi net hanol r esPCiIES2006/011913

22. The LCD filmor sheet of Claim 17, wherein the

pol yester has a Tg of 100 to 1500C. 23. The LCD film

or sheet of Caim2 1, wherein the polyester has a Tg

WHATJS CbAIMEDJS:24. The LCD filmor sheet of Claimi,
wherei n the di carboxylic acid conponent conprises 80

to 100 nolAm EDffimerebleeheadmprisiogdt lemst dnespolydsteri®Smposition
LCD film 3r sheet of §I angDaj , Wherein the dicarboxylic
ogERySighAldReSHONEoRRY $8S GUTH GOTBHSRB! ¢ 06 of

terepy hab'dica?r%bﬁylfc%i&’%ﬁ?po%@g’g( g@ﬁgthpf i1 mor sheet

of aiml, wherein the dicarb cFPd conponent
conpri sesi)95 t 40100 0AvhelePpaff terepbptalinadid residubs;

resi dues. .;,27. e .CD fi]mor sheet.of Claim]l . .
wher ei n tHf: po§58$&be¢‘° offyffialed 'P&‘ﬁ%b@xﬁﬁaﬁd FRiidues having
of 1luptpropaiesh atoriedrfdues, 1, 4- but anedi ol resi dues,

or mxture thereof. 28. The LCD filmor sheet of Caim

1, wher ei i)t heOpePaveler%ds@iiphatic dicatimylic acid residuekséaving

% of 18" PEE ' .-resi dues, 1, 4-butanedi ol

resi Héé§,180r m X?to?és,t ?r eof. 29. The LCD film or

sheetb)of &lghjoni tompbaert dfbrhb@sin?j yester conprises from

0.01 to 1! m)li % of et h%l ene ycol residues. 30. The

LCD filmbr sht@do 8P neglgi%mof 2,34 -tatiamethyl-1,3-cyclobutanediol

2, 2, st saget hyl - 1, 3-cycl obut anedi ol residues is a

m xture conprising greater than 50 nole % of

ci s-2, 2, 4ij)4- t el t@BBirhgle-% of 3;4-¢ytiohexareriiinethanes rslidses,

and | ess.t han no %.0of trans-2,2,4, 4-tetranethyl -1

, 3 c@/ﬁ?mﬂ%@%m@ i?ig%%d'%raQXWﬁ@Cﬂﬁpmppﬂe@rls 100 mole
%S Beetotaf méleBikhe ‘M}%B?bcﬂngtiﬁeﬁt i$ 1H0nbR! 2gRy Y ! -

1, 3- Cécl obut anedi ol” residues I's a mxture ¢onprising

gr eavbereimthe Bberantyiskosity of thedpdlyester isdfrorartet iyt :2ldL/g as

ot B BB ol St A dpnhiSuon o
g/nesinlug253¢; anéie LCD film or sheet of Caim1, wherein
the 2,2, 4, 4-tetranethyl -

wherein the polyester has a Tg of from 90 to 200°C.

2. The LCD film or sheet of Claim 1, wherein the inherent viscosity of
the polyester is from 0.35 to 1.2 dL/g.

3. The LCD film or sheet of Claim 1, wherein the inherent viscosity of
the polyester is from 0.35 to 1.0 dL/g.

4, The LCD film or sheet of Claim 1, wherein the inherent viscosity of
the polyester is from 0.35 to 0.75 dL/g.

5. The LCD film or sheet of Claim 1, wherein the inherent viscosity of
the polyester is from 0.40 to 0.90 dL/g. '

6. The LCD film or sheet of Claim 1, wherein the inherent viscosity of
the polyester is from greater than 0.42 to 0.80 dL/g.

7. The LCD film or sheet of Claim 1, wherein the inherent viscosity of
the polyester is from 0.45 to 0.75 dL/g.
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1, 3-cycl obutanediol is a mxture conprising greater
than 50 nole % of cis- 2,2,4,4-tetranethyl -
WO 3schelssbut anedi ol and | ess than 50 nol e % of PCT/E82006/011913
2,2,4,4-tetranethyl -i , 3-cycl obut anedi ol , and wherein
the di carboxylic acid conponent conprises 80 to 100
mol e 8% of Therl.@jhtﬁhalarshaei af Clain dyeherdib.thd lihdrEht YibtdBity of

or sheet erei n the pol yester conposition
t*&%ﬂ%‘?’?@&& 1S flromgggb Jf%lqgépﬁlij?mar chosen from
| IOOI y bet herhai| &3 ¥ilm R sKBBEMEIBRE 1°Wh‘é nthel herent viscosity of
y(phenyl ene oxi de) / pol ystyrene’bl en y tyre

tthEQIMGStebtﬂ Yemdh60 émb. 7521d|£/gdesb pol yphenyl ene
t
PR N

oh oDy (et eIt et ones) , poI yam des poI ystyrene,
polystyrene copolymers, styrene acrylonitrile
copollyier $he &H filsmior sheet afitlaim dnwhersip dhe polyester has a Tg

pol y(net hyl met hacrylate), and acrylic
Oﬁmwy@? 34. The LCD filmor sheet of Caimi1l,

wher ¢2n t Tike h@LY filkh ©F shosiFClaineN, WPBRSiH 36S Fatyels@-,ﬁtf'rfas aTg
]pﬂs: oj} arbonate. 35. The LCD filmor sheet of Claim

0 Q/vﬁ’e %é:%{t he pol yester conprises residues at | easg

one bganc : 0
basei'}ﬁon ThOLCTHRN oE PSRRIl 1pwrdif 11 pifeStly ps 2 To
of 9 ta 150°6}. sheet of Cl aiml, vvherel n the melt

han 30, 000
R TR LY oo e b RabeB Fos a o

oﬁ'fmpmsmogt 29Q0C. 37. The LCD filmor sheet of Caim
1, wherein the polyester has a crystallization
hal f15.i meTleg LgD:Eimeer sheat of Claimn i} wherin ﬂ?&?@@co&&:mﬂh@ent of

op B B T T by 2 kS I S5 outaneio

residugsemdas0 /99 mold Y% 1T41@¥ Qﬁéiddéﬂlrﬁéthﬁh%ﬂres‘i’cﬁuéé ai m
1, vvhereln the ol yester has a crystallization
hal 11&i nel kg LgPefilber sheat of Gdaim huvberein ther@yep! epmponent of

BIRIER b loc Rt o ) 52 SRR 5 sty tanccon
residaes Bndo 1w 90 rese 8 1;147-€ﬁﬂbl4e>ébneﬂhﬁelk@aof fdsiads, sheet

of qfal m'I]He %Brﬁ}nnort shheeer’g%f ?asnt'ne%r where?n the glycol component of
the polyester comprises 15 to 70 mole % 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol
residues and 30 to 85 mole % 1,4-cyclohexanedimethanol residues.

18.  The LCD film or sheet of Claim 1, wherein the glycol component of
the polyester comprises 15 to 60 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues and 40 to 85 mole % 1,4-cyclohexanedimethanol residues.

19.  The LCD film or sheet of Claim 1, wherein the glycol component of
the polyester comprises 20 to 70 mole % 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues and 30 to 80 mole % 1,4-cyclohexanedimethanol residues.

20.  The LCD film or sheet of Claim 1, wherein the glycol component of
the polyester comprises 30 to 70 mole % 2,2,4,4-tetramethyl-1 ,3-cyclobutanediol

residues and 30 to 70 mole % 1,4-cyclohexanedimethanol residues.
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crystallization half-time of greater than 10,000

m nutes at 1700C. 42. The LCD filmor sheet of Claim
wda200nkerses n the pol yester conposition has a dePsi/U§2006/011913

less than 1.2 g/nl at 230C. 43. The LCD filmor sheet

of Claiml1, wherein the polyester conposition

conp&iises Tae LEasimenshebboh@laimtiabineraiartherglycol component of
m or sheet of

ti BBeSr RRRINRES U307 gl 2 D dstramethi 1 Pydebdianediol
resieessIang 3020 BB bl %%%—dy&#h%iéné@ﬁ%tﬁgnol4é%ig;&gﬁ.als‘cg

filmor sheet of Claiml, erern po_I yes .
not cRéd | 7be LiGR4ilra os sheeigpfiClaim 47, wbasin3hé polyestérhas a Tg

ording to ASTM D256 with a 10-m | notch in
Ogﬁqﬁg&ﬁ:ﬁg&‘h&‘t hick bar. 46. The LCD film or sheet of

dai @81, Whel@Dilnher BREMESHERIN2] Wh@?éiﬁ'?ﬁé’gb%%@ter has a Tg
impact strength of at least 10 ft-ibs/in at 230C
Ofagg%it%ﬂﬁ% Go ASTM D256 with a 10-mi| notch in a |

1/ 4-inch thick bar. 47. The LCD filmor sheet of Caim

1, whér ei hhe A&DHEiny os sheetafiGiains dswheeein disé dicariobxyit acid

iciains 4 ;
o R3be S orhifin s 1 PR ol 8 oficiepleBARY PhfdeSiient of

_ _ _ P
oxt 1981 bn PaCIET BEBNPRHIRI hchertin Enedisathox o acid

C%Vgﬁbﬁérﬁt ddMpridel? dd Lom ({chﬁﬂz-l? I% of %r@;ﬁ@ﬂ?ﬁcﬁ?ci@yrgﬁi%u?.

endering. 50. The mor s

wheresn t | 1S, pr by. . .
corrp?%ssi 'Eﬁe rll%gllB dllt"an.m gﬁel&%?%a'hiﬂj Wﬁgtﬁiﬁ&%ﬁ{é’@{ bCB?yI'C acid

caZhpomerit, conariseisro foel 000Molé Patobierabiethblid Sciaregidees. by
solution casting. 52. The LCD filmor sheet of Claim

1, viiar ei Th¢ heDfIR bt sHedlof DGR 1] WhERIARTE ?dlg?stgr comprises
injection nol ding. 53. The LCD filmor shee ) alm
frm Qb i 2brmelRds ot 3-Pronastedini cesidues, 1,4-butanediol residues, or
mixture thereof.
28.  The LCD film or sheet of Claim 1, wherein the polyester comprises
from 0.1 to 10 mole % of 1,3-propanediol residues, 1,4-butanediol residues, or

mixture thereof.

29.  The LCD film or sheet of Claim 1, wherein the polyester comprises

from 0.01 to 15 mole % of ethylene glycol residues.

30.  The LCD film or sheet of Claim 1, wherein the 2,2,4,4-tetramethyl-
1,3-cyclobutanediol residues is a mixture comprising greater than 50 mole % of
cis-2,2,4,4-tetramethyl-1,3-cyclobutanediol residues and less than 50 mole % of
trans-2,2,4,4-tetramethyl-1,3-cyclobutanediol residues.

31.  The LCD film or sheet of Claim 1, wherein the 2,2,4,4-tetramethyl-
1,3-cyclobutanediol residues is a mixture comprising greater than 55 mole % of
Gis-2,2,4,4-tetramethyl-1,3-cyclobutanediol residues and Iess than 45 mole % of
trans-2,2,4,4-tetramethyl-1,3-cyclobutanediol resid ues.
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chosen fromdiffuser filnms, diffuser sheets, and _

conpensation filns.54. The LCD filmor sheet of Caim
wazoorerses n the LCD filmor sheet is a conmponePCT/US2086/011913

bri ght ness enhancing film 55. The LCD film or sheet

of Claim1l, wherein the polyester has a Tg of 100 to

1500G@2and Thed CTHIrhidr sheet sfElatmifs Mﬁl@@iﬁﬁﬁé&@i,ﬁmﬁtetramethyl-
LCD fil mor sheet of Claimb55, wherein

1% eV O SROh o BTk tUB SYRBMSIa0 aesater Hahap realg Shof fis-

2t g (s TR ks RIESORETES) P

exanedi et hanol
2r%a4 Adierameadityl-TBeytlobutaniedialy arheberain titd dicarboxylic acid

AR RIS o B bl P
I R R N R
OSBRSS erE sty S AR chrtive)
pqgfnhGWem @x'me_dDnb(p’mmglen!ee:sdi@bj)amlysﬂg)renﬂmeh@ dalystyrene
S e o B0 e R Bon S e

: s ! i _
A oas ) KBRS, SIS, Pt Hidrs, oBlher.
kefangeks Pelyasuees. palystweneopaigstyosre eopolymers, styrene acrylonitrile

- - cycl obut anedi ol residues and
C§5 *rﬁeésotagbﬁ@%ﬁ/g@%%ac@%qeo#&%}?eﬁq Y'R&RbI residues. 6
pdly(nidtayint&hbietyiate), shaeiryiRf cddolymed. wWherein the LCD
filmis a retardation film 62.” The LCD fil mor sheet

of Q@4 mthe M fliiof Q?eé’f%@dléi}‘m,' \ﬁ/hé%e‘?r‘?ltf?é gégéster
protection film 63. An LCD filmor sheet c rrsing
compositian comprises yklsast one pplysathanate.onpri si ng at | east
one pol yester, which conprises:
35.  The LCD film or sheet of Claim 1, wherein the polyester comprises

residues at least one branéhing agent an amount of 0.01 to 10 weight % based

on the total weight of the polyester.

36.  The LCD film or sheet of Claim 1, wherein the melt viscosity of the
polyester is less than 30,000 poise as measured at 1 radian/second on a rotary

melt rheometer at 290°C.

37.  The LCD film or sheet of Claim 1, wherein the polyester has a
crystallization half-time of greater than 10 minutes at 170°C.

38.  The LCD film or sheet of Claim 1, wherein the polyester has a
crystallization half-time of greater than 50 minutes at 170°C.

39. The LCD film or sheet of Claim 1, wherein the polyester has a
crystallization half-time of greater than 100 minutes at 170°C.

40. The LCD film or sheet of Claim 1, wherein the polyester has a
crystallization half-time of greater than 1,000 minutes at 170°C.
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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 duespdiEU2996/011913

up to 20 carbon atoms; and iii) O to 10 nole % of

al i phatic dicarboxylic acid residues having up to 16

car bar. at dine; L@'Ddllrhhir shegt dﬁ@lalrﬁolnm{é?éfn thepIl e has a
e of 2,2, tetrarrethl-

C%St%]l?@tmﬁ%l e %@ﬁeaﬂw%ﬁaoummuw ato178)§Crm|e %
of 1, 4- cyclohexanedlnethanol resi dues, wherein the

t ot a¥2nol d heplLsD fiifra Qﬂlsbéﬁb‘@f)@ﬂaim 1awh§3remrtbemmiuetst@' 100
ent is
Tl AP | AT
/ in
P A b

iibhadol |Sadd/ t
a7t 0 1 4

tharedt. or sheet of Claim 63, wherein the inherent

viscosity_of the polyester is from0.45 to 0.75 dL/g.
65. #he LCDeﬂ-lQDrfIB'n o$ sbee¢t cnffCIrai1I;rWB®relmhlae§/eﬂb\Nh@es index of

i RV ERbr 25 8a b A RS B eto & m 63,
I
froniB: 60! b5 LE-L Biacr ShEeaT Chen cwherdimtds Pohestordes a
n@cir?%g]rlé):ldt lln‘é}ﬁr’]éﬁt %‘trr@rg@ﬂ'ﬁoﬁ-&q%efnét ‘P[?s/ﬁhﬁgir?gﬁae&{b?&lﬁa (t;{’ A%:IM
D&36 withea d0rmil hetahdD & 1/8Ainch thitlebaar.i s a conponent in a
bri ght ness enhancing film 69. The LCD fil mor sheet

of Gl&i m BBe Lokfile nr sh@etldﬂ@lélm m Wﬁeﬁem ﬂﬁ@bd@bb@ﬁ has a
m, , 70,. The LCD fj 63, wherein
tﬁbeq_@gq: mqﬁqt §trgngth of at Ieast 10 ft-lbslln at 23°C according to ASTM

D256 with a 10-mil notch in a 1/4-inch thick bar.

47.  The LCD film or sheet of Claim 1, wherein the polyester comprises
the residue of at least one catalyst comprising a tin compound or a reaction
product thereof.

48.  The LCD film or sheet of Claim 1, wherein the LCD film or sheet is
formed by extrusion.

49.  The LCD film or sheet of Claim 1, wherein the LCD film or sheet is
produced by calendering.

50.  The LCD film or sheet of Claim 1, wherein the LCD film or sheet is

produced by compression molding.

51. - The LCD film or sheet of Claim 1, wherein the LCD film or sheet is
produced by solution casting.

52.  The LCD film or sheet of Claim 1, wherein the LCD film or sheet is
formed by injection molding.

53.  The LCD film or sheet of Claim 1, wherein the LCD film or sheet is

chosen from diffuser films, diffuser sheets, and compensation films.
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pol arizer protection film 7 1. An LCD filmor sheet

conprising at |east one polyester conposition
weowpisshg at | east one pol yester, which conpPCBES2006/011913

(a) a dicarboxylic acid conmponent conprising:i) 70 to

100 nole % of terephthalic acid residues; ii) 0 to 30

mol e 5% of The @i filtn dr shedtf\Claim d¢ivhersinitle €SOV BOsheet is

£ to 20 carg torrs;handllj@é_Oto 10 nol e % of
aLonpRnEnt e QQB@S@?F‘@@ 88F89 W8 dues having up to 16
carbon at oirs; gl ycol  conponent conprisin

i) 48%to0 F0e ranEéfllm Qf She@ of {laing d¢ wheeein fine polyesfer%;s aTg
of foq 6188 ERE e L hAf e Shedtia sotrtherBof T G

t ot ab6nol €hed aD flheodshee!tttm@ibim SGQMemmg%ol @orﬂn@@nent
ycol conponent is

% the tota % of
o s prliestoh comBrTRan T n O FROIE Hhed A RteominYly T 6t ¢ he
cRAGDGBhEHIol .%sid R 80 P88 nfcte B /104230 BREREMB AR Hdhol
60/ 40 (wt/wt) enol / tetrach oroet’
T@dﬂﬂ@ntratl on of 0.5 g/1 00 M at 250C, and wherein
the polyester has a Tg of from 120 to 1500C. 72. The

LCD 67/ m 'ﬁhe EEefilnobr Shedtrof Tldim Wheherdin the 8b2€§fe¢ Rks a Tg
is from0.50 to 8 dL/

0%/435&%15‘1{ FF‘iS ﬂ!ﬁ b6 §ﬁ$rr%fee®'%¢hﬁ$mfromd@°Uﬁetihim and a

tviscosity of the polyester is from0.60 to
dlﬁnsglr%g 74. The LCD filmor sheet of daim?7 1,

wher23.n thlae LCD filim or sineetlmééllamsﬂhmbereflrﬁ lﬂmmlgfcélLomt onent
CD
of ghe oAt Comtises AT 7 (8 iRt P g tamaby b 3n
CyREmAsssdiol r@s@ubélasﬂtsmm@ma@% %1 Ekélah%éaﬁ}eq stHaﬁF}l

filmor sheet of Caim7 wher e mis
resiglug@sdat i on film

59.  The LCD film or sheet of Claim 1, wherein the polyester has a Tg
of 120 to 150°C and the LCD film or sheet is a component in a brightness
enhancing film.

60. The LCD film or sheet of Claim 59, wherein the glycol component

_ of the polyester comprises 40 to 70 mole % 2,2,4,4-tetramethyl-1,3-
cyclobutanediol residues and 30 to 60 mole % 1,4-cyclohexanedimethanol

residues.

61.  The LCD film or sheet of Claim 1, wherein the LCD film is a

retardation film.

62. The LCD film or sheet of Claim 1, wherein the LCD film is a
polarizer protection film.
63.  An LCD film or sheet comprising at least one polyester composition
comprising at least one polyester, which comprises:
(a)  adicarboxylic acid component comprising:
i) 70 to 100 mole % of terephthalic acid residues;
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i) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up fo 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 70 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 30 to 85 mole % of 1,4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.35 to 0.75 dL/g as
determined in 60/40 (wt/wt) phenol/ tetrachloroethane at a concentration of 0.5
g/100 ml at 25°C; and
wherein the polyester has a Tg of from 100 to 150°C.
64. The LCD film or sheet of Claim 63, wherein the inherent viscosity
of the polyester is from 0.45 to 0.75 dL/g.
65. The LCD film or sheet of Claim 63, wherein the inherent viscosity
of the polyester is from 0.50 to 0.68 dL/g.
66. The LCD film or sheet of Claim 63, wherein the inherent viscosity

of the polyester is from 0.60 to 0.72 dL/g.

67. The LCD film or sheet of Claim 63, wherein the LCD film or sheet is

chosen from compensation films.

68. The LCD film or sheet of Claim 63, wherein the LCD film or sheet is

a component in a brightness enhancing film.

69. The LCD film or sheet of Claim 63, wherein the LCD film is a

retardation film.

70.  The LCD film or sheet of Claim 63, wherein the LCD film is a
polarizer protection film.

71.  An LCD film or sheet comprising at least one polyester composition
comprising at least one polyester, which comprises:

(@)  adicarboxylic acid component comprising:
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i) 70 to 100 mole % of terephthalic acid residues;
i) 0 to 30 mole % of aromatic dicarboxylic acid residues having
up to 20 carbon atoms; and
iii) 0 to 10 mole % of aliphatic dicarboxylic acid residues having
up to 16 carbon atoms; and
(b)  aglycol component comprising:
i) 40 to 70 mole % of 2,2,4,4-tetramethyl-1,3-cyclobutanediol
residues; and
ii) 30 to 60 mole % of 1,4-cyclohexanedimethanol residues,
wherein the total mole % of the dicarboxylic acid component is 100 mole
%, the total mole % of the glycol component is 100 mole %; and
wherein the inherent viscosity of the polyester is from 0.35 to 0.75 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 from 120 to 150°C.
72.  The LCD film or sheet of Claim 71, wherein the inherent viscosity
of the polyester is from 0.50 to 0.68 dL/g. |
73.  The LCD film or sheet of Claim 71, wherein the inherent viscosity
of the polyester is from 0.60 to 0.72 dL/g.

74.  The LCD film or sheet of Claim 71, wherein the LCD film or sheet is

chosen from diffuser films and diffuser sheets.

75.  The LCD film or sheet of Claim 71, wherein the LCD film or sheet is

a component in a brightness enhancing film.

76.  The LCD film or sheet of Claim 71, wherein the LCD film is a

retardation film.

77.  The LCD film or sheet of Claim 71, wherein the LCD film is a

polarizer protection film.

111



