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MOLDED ARTICLES MADE FROM BLENDS OF POLYESTERS
AND BISFHENOL A POLYCARBONATES

FIELD OF THE INVENTION
Uty The present invention relates generally to molded articles made
from polymer blends, and more specifically, blends of polyesters containing
terephthalic acid {TPA)}, 1 4-cyclohexanedimethanol {CHDM), and 2,2.4 4-
tetramethyl-1,3-cyclobutanediol (TMCD), blendead with up o about 85 wt.
percant of a polycarbonate comprised of hisphenol A. The blends may be
used {o provide molded articles having clarity, toughnass, and heat
resistance, making them espacially ussful in enginesring molding plastics and

i packaging.

BACKGROUND OF THE INVENTION
(o082} Polycarbonate comprised of bisphanol A, also known as 4.4~
isopropylidenediphenol or 2,2-bis-{(4-hydroxyphenylipropane), is a wall known
engineering molding plastic. Bisphenol A polycarbonate is a clear high-
performance plastic having good physical properties such as dimensional
stability, high heat resistance, and good impact strength. However, its
relatively high melt viscosily leads o poor melt processing and the
polycarbonate exhibits poor chamical resistance. His also difficult fo
thermoform.
{083 Folymers containing 2,2.4 4-tetrameathyi-1, 3-cyclobutanediol have
also been generally described in the art. Generally, however, these polymers
exhibit high melt viscosities and/or high Tgs (glass fransition temperatures),
such that the equipmernt used in industry can be insufficient to manufacture or
post polymerization process these materials.
{18044 i would be desirable 1o combine the propetiies of these two types
of polymers, especially those polycarbonates comprised predominantly of
bisphenol A and those polyesters comprising substantial amounts of 2,2 4 4-
tetramethyl-1,3-cyclobitanediol, while oblaining a clear polymer. However,
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clear, miscible blends of any two polymers are difficult {o obtain. The term
"miscible” refers to blends that are a mixture on a molecular level wherein
intimate polymer-polymer interaction is achieved. Miscible blends are clear,
not fransiucent or opagus. In addition, differential scanning calorimetry
testing detects only a single glass transition temperature (Tg) for miscible
blends composed of two or more components. Conventional blends of two
polymers are thus typically not clear, and show two glass transition
temperatures. Clear blends of polyesters containing 2,2 4 4-tetramathy-1,3-
cyclobutanediol with bisphenol A polycarbonates have nonetheless been
previously disclosed.

[G005] U.8. Fat. No. 6,005,058 discloses clear blends of polycarbonates
ard polyesters., The polycarbonales are comprisad of dihydroxydiphenyl
cycloatkanes, optionally with bisphenol A, and the polyesters are made from
{ergphthaiic acid, neopentyl glveol, and 2.2 4 d-tetramethyl-1,3-
cyclobutanediol. The inventive biends are clear and exhibil a single glass
transition temperature, indicating the existence of a single solid phase.
Although the patent suggests that the polycarbonates may optionally contain
bisphenol A, the comparative examples in which the polycarbonate was a
bisphenol A homopolymer werg opaque.

08061 .8, Pat. Nos. 5,011,124 and 8,037 424 disclose blends of
polycarbonates with polyesters containing aromatic dicarboxylic acids,

2.2 4 4-tetramethy-~1,3~cyclobutanediol, and ethylene glycol. These blends
were clear and exhibited a single glass transition temperature indicating the
gxistence of a single solid phase.

08077 U5 Pat No. 5,847 585 discloses blends of polycarbonates with
polvestars containing aliphatic dicarboxylic acids, 2,24 4tetramethy-1,3-
cyclobutanediol, and 1 4-cyclohaxanadimethanol. These blends were clear
and exhibited a single glass transition femperature indicating the existence of
a singie solid phase.

[0608] U8, Pat. No. 8,043,322 disclozes blends of polycarbonaies with
polyesters containing aromatic dicarboxylic acids, 2,2.4 4tetramethy-1,.3-
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cyclobutanedial, and 1 4-cyclohexanedimethanol. These blends were clear
and exhibited a single glass transition temperature indicating the existence of
a single solid phase. However the blends with the polycarbonate of pure
hisphenol & were not miscible. Inclusion of a dihydroxydipheny! cycloalkane
as a second diol in the polycarbonate was required for miscibility.

o009 U.S. Pat. Pubin. Nos. 2007/0010650 and 2008/0287479 disclose
polyesters preparad from terephthalic acwd, 2.2 4 4-tetramethy-1,3~
cyclobutanediol, and 1 4-cyclohexanedimethanol. The addition of a second
polymeric componant including polycarbonaies is disclosed in these
applications. Howsver the surprisingly clarity that can be oblained in blends
of these polyesters with polycarbonates is not disclosead.

[H310] U.S. Pat Appln. Publn. Nos. 2008/0270773 and 2006/0270808
disclose the use of a miscible polymer blend in the production of films useful
in various display applications. Blends of polyesters prepared from
terephthalic acid, 2.2 4 4-tetramethy-1,3-cyciobutanediol, and 1.4-
cyclohexanedimethanol with bisphenot A polycarbonate are disclosed.
However, the prefarred range of less than 40 mole percant 2.2.4 4-
tetramethy-1, 3-cyclohutanediol in the polyester required for miscibility with
polycarbonate is not specifically disclosed.

0611 Thus, there remains a need in the art for polymer blends that arg
miscible and that refain the benefits of each of the polymers from which they

are comprised.

SUMMARY OF THE INVENTION

1He12] in ong aspent, the invention relates o molded articles made from
miscible blends that include at least one polyester which comprises:
{a)y  a dicarboxylic acid companeant comprising 70 t© 100 mole
percent of ferephthalic acid (TPA) and/or isophthalic acid (1PA) residues; and
{0} a glycol component comprising:
i} 5 to 40 mole pereent of 2,2 4 4-tetramsthyl-1,3-

cyclobutanediol (TMCD) residues; and
3
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i) 60 to 85 mole percent of 1.4-cyciohexanadimethanol
(CHDM;) residues,

wherein the total mole percent of the dicarboxviic acid component is 100 mole

parcert, and the total mole percent of the glycol componant is 100 mols

parcent. The miscible biends of the invertion further comprise &

polycarbonate made from bisphenol A, The molded articles of the invention

are clear, tough, and heat resistant, making them especially useful in

angineering molding plastics and in packaging.

DETAILED DESCRIPTION OF THE INVENTION

{131 The present invention may be understood more readily by reference
to the following detailed description of certain embodiments of the invention
and the working examples.

{0014}  In one aspect, the invention relates o molded articles made from
clear, miscible blends of an aliphatic-aromatic copolyester of terephthalic acid
{TPA) and/or isophthalic acid {IPA), 2244, tetramethyi-1,3 cyclobutanediol
{TMCD), and 1.4 cycichexanedimethanol {(CHDM), blended with a bisphenat
A polycarbonate. Conventional blends of two polymers are not clear and
typically show two glass transition temperatures. The compatible blends of
this invention, on the ather hand, have excellent clarity indicating miscibility
and exhibit one glass transition temperature and have excellent heat
resistance.

[0615]  According to the present invention, there are provided moided
articles made from a clear polymer blend comprising:

[Hgie]  {1) 5-95 wi percent of a copulysster having repeat unils from TPA
andfor IPA, TMCD {(trans or cis or mixtures therecf), and CHDM {rans or ¢is
or mixtures thereof} wherein the CHDM content is from 80 to 895 mole percent
of the total glycol component, and the TMCD content is from 5 o 40 mole
neresnt; and

7] {2) 5-85 wi percent of a polycarbonate of bisphenol A
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{6618]  The blends of the present invention are about 5 to 95 weight percent
polyester portion and about § 10 85 weight percent polvearbonate portion, with
the total weight percant of the polycarbonate portion and polvester portion
preferably being egual to 100 weight percent. The preferred blend of the
prasent nvention 8 about 20 10 85 weight percent polyester and about 5 1o 80
weight percent polycarbonate, or from about 40 to 80 weight percent polyester
and about 10 to 80 weight percent polycarbonate, or from 50 to 80 weight
percent polyaster and about 20 to 50 weight percent polycarbonate.

[0019]  Greater concentrations of the polycarbonate of the blend nearer 85
weaight percent produce blends having greater impact strength, heat
resistance, and dimensional stability, while blends nearer 85 weight percent
polyester have better chemical resistance and melt processing. The most
useful blends will be those clear blends having a combination of physical
properties hest suited for a particular end use, as will be determined on a
case by case basis.

{201 The term "polyester”, as used herein, refers {o any unit-type of
polyester falling within the scope of the polyester portion of the present blend,
including but not limited to copolyesters and terpolyesters. The polyester
portion of the blends of the present invention comprises a dicarboxylic acid
component of typically about 70 to 100 mole percent TPA andfor isophthalic
acid {IPA)} units, and 0 1o about 20 mole percent maodifying dicarboxylic acid
units, and a glycol component of about 5 to 48 mole percent TMCD units, and
from 60 mole percent {0 85 mole parcent CHDM (frans or cis or mixtures
thereof}, with minor amounts of modifying glycol units, wherein the total
dicarboxylic actd units is equal to 100 mole percent, the otal glycol units is
sgual o 100 mole percert, with & total polyester unils equal to 200 mole
percent.

8021l Terephthalic acid {TPA} and isophthalic acid (IPA)} have been found
to be the preferred primary dicarboxylic acids for providing a polyester that
when blended with bispheano! A polycarbonate is clear. A higher cancentration

of TPA in the polvester than IPA is preferred because TPA produces a
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polyester that provides greater impact strength to the blend. Thergfore, itis
preferred that the dicarboxylic acid component of the polyester portion be 50
to 100 mole percent TPA and 0 to B0 mole percent IPA, more preferably 70 to
100 mole percent TRPA and O to 30 mole percent IPA, with at least 80 mole
percent, up fo 100 mole perocent terephthalic acid, being preferrad,

[0022]  In addition to TPA and IPA, the dicarboxylic acid component of the
pulyester can be substituled with up o 20 mole percent, but preferably less
than 10 mole percant of other modifying dicarboxylic acids having 2 to 20
carbon atoms. Suitable examples of moditying aromatic dicarboxylic acids
inciude 4 4'-hiphenvidicarboxylic acid, 1,4~ 1,5+, 2.6+, 2,7~
naphthalenedicarboxylic acid, 4 4'-oxybenzoic, trans-4 4'-stilbanedicarboxylic
acid, or mixtures thereof. Suilable examples of modifying aliphatic dicarboxylic
acids are those containing 2 to 12 carbon atoms, such as oxalic, malonig,
succinic, glutaric, adipic, pimelic, suberic, azelaic, and sebacic acids, or
mixtures thereof.

{88231 It is important to note that the dicarboxylic acid componeant of the
polyester portion of the present blend may be prepared from dicarboxylic
acids, their corresponding esters, or mixtures thereof. Examples of esters of
the dicarboxylic acids useful in the present invention include the dimethyl,
dipropy!, diisopropyl, dibutyl, and dipheny! esters, and the like.

{0024} in one embodiment, terephthalic acid may be usead as the starting
material {0 prepare the polyesters of the blends of the invention. in another
embodimant, dimeathyl terephthalate may be used as the starting material, In
vel another embodiment, mixtures of terephthalic acid and dimethyl
terephthalate may be used as the starting matenal and/or as an intermediate
matarial,

{8251 The aliphatic-aromatic copolvester portion of this invention thus
comprises TPA andfor IPA units, 40 to § mole percent TMCD units {trans o
cis o mixtures thereof), and 60 to 85 mole percent CHDM units{trans or cis or
mixtures therpof). The preferred rangs of the compositions of the copolyester
comprises 100 mole percent TRA units, 15 1o 35 mole percent TMCD {frans
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or ¢is or mixtures thereof), and 85 ¢ 85 maole percent cyclohexanedimethanal
units {trans or cis or mixturas thereof).

{#026]  The glycol component of the polvester portion of the present blend is
thus formed from & {0 40 mole percent of TMCD units, or from 10 to 35 mole
percent TMOD units, or from 15 to 25 mole percent TMCD units. The glycol
component of the polyester portion of the present blend further comprisaes
from 60 mole percent to 85 mole percent CHDM units, or from 85 o 80 mole
parcent CHDM units, or from 75 1o 85 mole percent CHDM units.

{8027]  The 2,24 4-tetramethyl-1,3-cyclobutanediol TMCTD) can be ais,
frans, or a mixturg thersof, preferably 45-55 mole percent trans, where the
total of cis and trans isomer content 8 squal to 100 mole percent, or
alternatively, about a BO/S0 trans/cis ratio.

{6028 In other aspects of the invention, the glycol component for the
polyesters usefu in the invention include but are not limited to at least one of
the following combinations of ranges: § to 40 mole percent 2.2.4.4-
tetramethyl-1,3-cyclobutanediol and 60 to 95 mole percent 1.4~
cyclchexanedimethanol; 10 o 35 mole percent 2,2 4 4-tetramethyl-1,3-
cyclobutanediol and 85 to 80 mole percent 1. 4-cyclohexanedimethanol; or 15
to 30 mole percent 2,24 4-tetramethyl-1,3-cyclobutanediol and 70 {o 85 mole
percent 1.4-cyclohexanedimethanol.

{8829] The 14-cyclohexanedimethanol may be cis, frans, or a mixture
thereof, for example, a cisftrans ratio of 80:40 to 40:680. In another
ambodiment, the trans-1.4-cycichexanedimethanol can be present in an
amount of 80 to 80 maole percent .

{00308 Modifying glycols useful in the polvesters useful in the invention refer
to diols other than 2.2 4 4-tetramethyi-1. 3-cyclobulanediol and 1.4~
cyclohexanedimethanol and can contain 2 to 16 carbon atoms. Examplas of
suftable modifying glyeols include, but are not limited {o, ethylene glyeol, 1,2~
propanediol, 1.3-propanediol, neopentyi giycol, 1.4-butanadiol, 1,5-
pantanadiol, 1,6-hexanediol, p-xyiene glycol, or mixtures thereof. In one

embodimant, the modifying glycol is ethylens glycol In another ambodiment,
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the modifying glycols include, but are not imited to, 1,3-propanediol and 1,4~
butanediol. In another embodiment, ethylene glycol is excluded as a
modifying diol. In another embodiment, 1.3-propanadiol and 1.4-butanediol
are excluded as modifying diols. In another embodiment, 2, 2-dimethyl-1 3-
propanedio is excluded as a modifying diol.
{00311 The glycol component can also be modified with 0 to about 10 mole
percent polyethylene glycol or polytetramethyiene glycol 1o enhance
elastomeric behavior,
{6632 The polyesters and/or the polycarhonates useful in the polyesters
compositions of the invention can comprise from O to 10 mole percent |, for
axampla, from 0.01 to 5 mole percaent, from 0.01 1o 1 mole parcent | from
(.05 10 & mole percent, from 0.08 to 1 mole percent | or from 0.1 {o 0.7 mole
percent, based on the total mole percent ages of either the diol or diacid
residues, respectively, of one or more residues of a branching monomer, also
referred to herein as a branching agent, having 3 or more carboxyl
suhstituents, hydroxyl substituents, or a combination thereof. In certain
embodiments, the branching monomer or agent may be added prior to and/for
during andfor after the polymerization of the polyester. The polyester(s}
useful in the invention can thus be linear or branched. The polycarbonate can
also be linear or branched. In certain embodiments, the branching monomer
or agent may be added prior to and/or during and/or after the polymerization
of the polycarbonate.
{033] Examples of branching monomers include, but are not limited to,
muitifunctionatl acids or multifunctional alcohols such as trimellitic acid,
trimeliitic anhydride, pyromeillitic dianhydride, trimethylolpropane, glycerol,
pentaarythritol, citric acid, tartaric acid, 3-hydroxyglutaric acid and the ke, In
ohe embodiment, the branching monomer residues can comprise 0.1 10 6.7
mole percent of one or more residues chosen from at least ong of the
following: trimellitic anhydride, pyromellific dianhydride, glycsrol, sorbitol,
1.2.6-hexangtnol, pentasrythritol, trimethyioclethane, and/or frimasic acid. The
branching monomer may be added {0 the polyester reaction mixture or

8
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blended with the polyester in the form of a concentrate as described, for
axample, in U.S. Patent Nos. 5,654,347 and 5,686,176, whose disclosure
regarding branching monomers is incorporated herein by reference.

[B334]  The polvestars of the invention can comprise at least one chain
extender.

Suitable chain exienders include, but are not limited to, multfunctional
{including, but not limited to, bifunctional) isccyanates, multfunclional
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 procasses such as injection molding or
extrusion. The amount of chain extender used can vary depending on the
specific monomer compaosition used and the physical properties desirad but is
generally about 0.1 percent by weight {o about 10 percent by weighi, such as
about 0.1 to about 5 percent by weight, based on the total weight of the
polyestar.

100635]  Thermal stabilizers are compounds that stabilize polyesters during
polyester manufacture andfor post polymerization, including but not limited to
phosphorous compounds including but not fimited to phosphoric acid,
phosphorous acid, phosphonic acid, phosphinic acid, phosphonous acid, and
various esters and salis thereof. These can be present in the polyester
compositions useful in the invention. The esters can be alkyl, branched alioy,
substituted alkyl, difunctional atkyl, alkyl ethers, aryl, and substituted arnvl I
one embodiment, the number of ester groups present in the particular
phosphorous compound can vary from zero up to the maximum aliowable
based on the number of hydroxy! groups present on the thermal stabilizer
used, The tenm "thermal stabilizer” s intended to nclude the reaction
product{s} thereaf. The term "reaction product” as used in connection with the
thermat stabilizers of the invention refers to any product of a polycondensation
or esterification reaction between the thermal sigbilizer and any of the

03
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monomers used in making the polvester as well as the product of &
polycondansation or esterification reaction between the catalyst and any other
type of additive.
{036} In some embodiments, use of the polyester compositions useful in
the invention minimizes and/or eliminates the drying step pricr to melt
processing and/or thermoforming.
{0637} The polyester portion of the polyestar 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 one or more glyeols at a temperature of 100°C (o
318°C at a pressure of 0.1 {o 760 mm Hg for a time sufficientto form a
polyester. See UL.S. Patant No. 3,772 405 for methods of producing
polyesiers, the discloswre regarding such methods is hereby incorporated
herein by reference.
038} in another aspect, the invention relates to molded articles
coOMprsing a polyester produced by a8 process comprising:
{H heating a mixture comprising the monomers useful in any of the
polyesters useful in the invention in the presence of a catalyst at a
temperature of 150 to 240°C for a fime sufficient to produce an initial
polyester;

(i}  heating the initial polyester of step () at a temperature of 240 to
320°C for 1 1o 4 howrs; and

(i removing any unregacted glycols,
j0039]  Suitable catalysts for use in this process include, bt are naot firmited
to, organo-zine or tin compounds. The use of this type of catalyst is well
Knowr in the art. Examples of catalysts usetul in the present invention
nclude, but are not limited {o, zinc acetate, butyltin fris-2-ethylhexanoate,
dibutyltin diacetate, and dibutyltin oxide. Other catalysis may include, but are
not fimited to, those based on titanium, zinc, manganess, lithium, germanium,

10
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and cobalt. Catalyst amounts can range from 10 ppm to 206,000 ppm or 10
1010,000 ppm, or 10 to 5000 ppm or 10 to 1000 ppm or 10 to 500 ppm, or 10
to 300 ppm or 10 t© 250 based on the catalyst metal and based on the weight
of the final polymer. The process can be camead oul in sither a bateh or
Continuous process,
{aa40]  Typically, step {1} can be camied out untit 50 percent by weight or
maore of the 2,2 4 4-tetramethyl-1,3-cyclobutanediol has been reacted. Slep
{1y may be caried out under pressure, ranging from atmospheric pressure {o
100 psig. The term "reaction product” as used in connection with any of the
catalysts useful in the invention refers {0 any product of a polycondensation or
esterification reaction with the catalyst and any of the monomers used in
making the polyaster as well as the product of a polycondensation or
esterification reaction between the catalyst and any other type of additive.
fo041] Typically, Step (1) and Step (i) can be conducied at the same
time. These steps can be carried nut by methods known in the art such as by
placing the reaction mixture under a pressure ranging, from 0.002 psig to
below atmospheric pressure, or by blowing hot nitrogen gas over the mixtuwre.
{0842]  The term "polycarbonate” is herein defined as the condensation
product of a carbonate source and a diol source, having a carbonate
component containing 100 mole percent carbonate units and a diol
component containing 100 mole percent diol units, for a total of 200 mole
percent monomeric units. The ferm "diol” as used herein, includes both
aliphatic and aromatic compounds having two hydroxyl groups.
{06431  The polycarbonate portion of the blend of the present invention is
based upan the polycarbonate of 4 4'-isopropylidenediphenol, commanly
known as bisphenol A, Suitable examplaes of commercially available
hisphanol A polycarbonate include LEXAN, from General Electric, and
MAKROLON, from Bayer, Inc.
joidd]  The polycarbonate portion of the prasent blend has a divl
component containing about 8C to 100 mole percent bisphenol A units,
wherein the total mole pereent of diol units s 100 mole percert. Alternatively,
11
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the amount of bisphenol A may be at least 85 mole percent, or at least 88
mole percent, bisphenol A, again, wherein the total mole percent of diol units
is 100 mole percent. 0 to about 10 mole percent of the diol compuonent of the
polycarbonate portion can be substituled with units of other modifying
aliphatic or aromatic dicls, baesides bisphenol A, having from 2 to 16 carbons.
it is preferable to have at least 85 mole percent of diol units in the
polycarbonate being bisphenol A, more praferably 100 mole percent. Suitable
examples of modifying aromatic dicls include those disclosed in U.S. Pat.
Nos. 3,030,335 and 3,317 466

[45]  The inherent viscosity of the polycarbonate portion of the blends
according {o the present invention is preferably at least about 0.3 dl/g, more
preferably at least 0.5 dLig, determined at 25°C in B0/M0 wifwd
phenolfistrachiorpethane.

[8846]  The polycarbonate of this invention thus consists of the
polycarbonate of 4, 4'-isopropyiidenedipheno! (bisphenol A). The
polycarbonate portion of the blend is prepared in the mell, in solution, or by
interfacial palymerization techniques well known in the art. Commercially
available polycarbonates are normally made by reacting bisphenol A with
phosgene, dibutyl carbonate, diphenyl carbonate, etc. Small amounts of other
madifying glycols or arematic dicls may also be included in the polycarbonate.
0471 The polycarbonales may be prepared according to known
procedures by reacting the dibydroxyvaromatic compound with a carbonate
precursor such as phosgene, a haloformate or 8 carbonale ester, a molecular
waight requiator, an acid acceptor and a catalyst. Methods for preparing
polycarbonates are known in the art and are described, for example, in U8,
Patent 4 452 833, which 15 hereby incorporated by reference herein.

{00481 Examples of suitable carbonate precursors inciude carbonyl

EE]

bromide, carbonyl chioride, and mixtures therecf, diphenyl carbonate; a
dithalophenyii-carbonate, e.g., di{trichloraphenyi} carbonate,

di{tribromophenyl) carbonate, and the like; di{fakyiphenylicarbonate, e.q.,
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diftolyhicarbonate; di{naphthylicarbonate; di{chioronaphthylicarbonats, or
mixtures thereof, and bis-haloformates of dihydric phenols.

[3049]  Examples of suitable molecular weight regulators include phenol,
cyelohexanod, methanol, alkylated phenols, such as oclyiphenol, para-tertiary-
butyl-phenol, and the like. The preferred molecular weight reguiator is phenol
or an alkylated phenol.

[0050]  The acid acceptor may be either an organic or an inorganic acid
acceptor. A suitable organic acid acceptor is a tertiary amine and includes
such materials as pyridine, tristhylamine, dimethylaniline, tributylamine, and
the like. The inorganic acid acceptor can be aither a hydroxide, a carbonate, a
bicarbonate, or a phosphate of an alkali or alkaline sarth metal,

{0051} The catalysts that can be used are those that typically aid the
polymerization of the monomer with phosgene. Suitable catalysts include
tertiary amines such as tnethvlaming, tripropylamine, N N-dimethylaniiine,
guaternary ammonium compounds such as, for example, tetrasthylammonium
bromide, cetyl triethyl ammaonium bromide, tetra-n-hepiylammonium iodide,
tetra-n-propyl ammonium bromide, tetramethyl ammonium chioride, tetra-
methyl ammonium hydroxide, tetra-n-butyl ammonium iodide, benzyltrimethyl
armmonium chioride and quatermnary phosphonium compounds such as, for
example, n-butyltriphenyl phosphonium bromide and methyitriphenyl
phosphonium bromide.

{68521 The blend compositions of the present invention are clear. The term
“clear” is defined herein as an absence of cloudiness, haziness, and
muddiness, when inspecied visually. The blends of the present invention also
exhibit a single glass transition temperature {Tg), as determinegd hy differential
scanning calorimetry (DSC).

{08531 The peolyester/polycarbonate blends of the present invention can be
made by methods which include the steps of blending the polycarbonate and
polyester portions of the present invention at a temperature of about 25°C to
350°C for a time sufficient to form a clear blend composition. Suitable
conventional blending technigues include the mell method and the solution-

12
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prepared method. Other suitable blending technigues include dry blending
andfar extrusion.

B054]  The melt blending method includes blending the polymers at a
temperature sufficient to melt the polycarbonate and polyester portions, and
thereafter cooling the blend o a temperature sulficient to produce a clear
blend. The term "mell” as used herein includes, but is not limited to, merely
softening the polymers. For melt mixing meathods generally known in the
polymers arl, see Mixing and Compounding of Polymers {{. Manas-Zioczower
[0035]  The solution-prepared method includes dissolving the appropriate
weaight/weight ratic of polyester and polycarbonate in a suitable organic
solvent such as methylene chioride ar & TO/30 mixtuwre of methylene chioride
and hexafluoroisopropanol, mixing the solution, and separating the blend
composition from solution by precipitation of the blend or by evaporation of
the solvent. Solution-prepared blending methods are generally known in the
polymers art.

[6036]  The mell blending method is the preferred method for producing the
blend compositions of the present invention. The melt method is more
economical and safer than the solution-prepared method which reguires the
use of volatile solvents. The melt method i also much more effective in
providing clear blends. Any of the clear blends of the present invention that
can be prepared by solution blending can also be prepared by the melt
method. However, some of the blends of the presant invention can be
preparad by the mell method, but not by the sciution method. Any blending
process which provides clear blends of the present invention is suilable. One
of ordinary skill in the art will be able to determine appropriate blending
methods for producing the clear blends of the present invention.

{B8571 The compositions of this invention may thus be prapared by any
conventional mixing methads. For example, a preferred method comprises

mixing the aliphatic-aromatic polyester and polycarbonate in powder or

14
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granular form in an extruder and extruding the mixture into strands, chopping
the strands into pellets and molding the pellets into the desired article.

[6058] i should, of course be clear that other additives may be included in
the present compositions. These additives include plasticizers, pigmentis
flame retardant additives, reinforcing agents such as glass fibers, stabilizers,
processing aids, impact modifiers, etc,

RUIRR The term “"container” as used heren is understood to mean a
receptacie in which material is held or stored. "Containers” include but are
not limited to botlles, bags, vials, tubes and jars. Applications in the industry
for thase typeas of containers include but are notlimited to food, beverags,
cosmetics and personal care applications.

{0068  The term "botHle” as used herein is undersiood o mean a
receptacie containing plastic which is capable of storing or holding liquid.
00611 The term "molded article” s intended fo include any article made in
a mold that takes on the shape of the mold in which it is formed, including
without limitation a bottle, tray. or botlle preform, but is not intended {0 include
films which are simply passed through a dye, for example.

{062 In addition, the polyester compositions and the polymer blend
compositions useful in the containers of this invention may aiso contain from
0.01 1o 25 percent by weight of the overall composition common additives
such as colorants, dyes, moled release agents, flame retardants, plasticizers,
nucleating agents, stabilizers, including but not limited to, UV stabilizers,
thermal stabilizers and/or reaction products thereof, fillers, and impact
madifiers. Examples of typical commercially available impact modifiers well
known in the art and useful in this invention include, but are nat limited to,
ethylene/propylene lerpolymers, functionalized polyolefins such as those
containing methyl acrylate andfor glycidyl methacrylate, styrene-based block
copolymeric impact modifiars, and various agcrylic core/shell type impadt
madifiers, Residues of such additives are also contemplated as part of the

polyester composition
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[6063]  Reinforoing materials may be useful in the compositions of this
invantion. The reinforcing materials may include, but are not limited to,
carbon filaments, silicates, mica, clay, tale, tlanium dioxide, Wollastonite,
glass flakes, glass beads and fihers, and polymeric fibers and combinations
thereot. In one embodimant, the reinforcing matarials include glass, such as,
fibrous glass filaments, mixtures of glass and tale, glass and mica, and glass
and polymeric fibers.

{0864} The mvention further relates to containers described herein, The
methods of forming the polymer blends inte containers are well known in the
art.

[8065]  The invention further relates {o bottles described herein. The
methods of forming the polymer blends into bottles are well known in the art,
txamples of bottles include but are notlimited to botlles such as baby botiles;
water bottles, juice botlles; large commercial water bottles having a weight
from 200 to 800 grams; beverage bottles which include but are not imited to
fwo liter bottles, 20 ounce botltles, 18.9 ounce bottles: medical bottles;
personal care bottles, carbonated soft drink bottles; hot fill bottles; water
bottles; alcoholic beverage botlles such as beer bottles and wine bottles; and
bottles comprising at least one handle. These bottles inciude but are not
imited to injection blow molded botlles, injection streich blow molded bottles,
gxtrusion blow molded botlles, and extrusion stretch blow molded botlles.
Methods of making botlles include but are not iimited to extrusion blow
molding, extrusion stretch blow moiding, injection blow molding, and injection
stretch blow molding.  In each case, the invention further relates {o the
preforms {or parisons) used to make each of said bottles.

{866 These botltles include, but are not limited 1o, injection blow molded
bottles. injaction stretch blow molded bottles, extrusion biow molded botlles,
and extrusion stretch blow molded botties. Methods of making bottles include
bt are not limited o extrusion blow molding, extrusion stretch blow molding,

thermoforming, injection blow molding, and injection stretch blow molding.

16



WO 2010/101562 PCT/US2009/035704

{067 Other examples of containers includsa, but are not limited to,
containers for cosmetics and personal carg applications including bottles, jars,
vials and tubes; sterilization containers: buffet steam pans; food pans or trays;
frozen food trays; microwaveable food trays; hot fill containers; food storage
containers; for exampla, boxes, tumblers, pitchers, cups, bowls, including but
not lirmited to those used in restaurant smallware, beverage comainers; retort
food containers; centrifuge bowls| vacuum cleaner canisters, and collection
and treatment canisters.

{(868]  For the purposes of this invention, the term "wi” means "weight".
{0069]  The following examples further lustrate how the molded articles of
the invention can be made and evaluated, and are intended {o be purely
axemplary of the invention and are not intended to imit the scope thereof.
Unless indicated otherwise, parts are parts by weight, temperature is in

degraes C or s at room temperature, and pressure is at or near atmospheric.
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EXAMPLES

Measuremeant Methods

{88741  The inherent viscosity of the polyesters and polycarbonates was
determined in 80/40 (wifwt) phenalftetrachioroethane at a concentration of 0.5
g/100mi at 25 °C. The composition of the polyesters was determined by
proton nuclear magnetic resonance spectroscopy (NMR). The glass transition
temperatures were determined using a TA Instruments Differertial Scanning
Calorimeter (DSC) at a scan rate of 20°C/min. The polycarbonate used it all
of the examples was Makrolon ™ 2008 which is manufactured by Bayer
Materials Science Ing. It had a measured inherent viscosity of 0.522.

{0871} The following abbrevialions apply throughout the warking examples

and figures:

TRPA Terephthalic acid
DMT Dimethyl terephthalate
TMCD 2.2.4 d-tetramethyl-1,3-cyciobutanediol
CHDM 1.4-cyclohexanadimethanaol
Y inherent viscosity

Example 1.

{06721 The aliphatic-aromatic copolyester used contained terephthalic
acid, 24.8 mole percent 2,.2,4 4, tetramathyl-1,3 cyclobutanediol (54.6 mole
percent cis isomer), and 75.2 mole percent cyclohexanedimathanol, The
inherent viscosity was measured to be 0.72,

{73} The aliphatic-aromatic copolyester was dried at 80°C and the
polycarbonate was dried at 100 °C. Blends were prepared in an 18mm
Leistritz twin screw extruder. The polymers were premixed by tumble
blending and fed into the extruder and the extruded strand was pelletized.

The pellets were injection molded into parls on a Toyo 90 injection molding

18



WO 2010/101562 PCT/US2009/035704

machine. The extruder was run at 350 rpms at a feed rate to give a machine
torque between 80-100 percent. Frocessing temperatures used were in the
range of 280°C to 280°C. The compositions and properiies of the blends are
showrn in Table 1.

| 6074] Heat deflection temperature, at 264 psi, was delerminad according
fo ASTM D848, Flexural modulus and flexural strength were determined
according to ASTM D780, Tensile properties were determined according to
ASTM DE38.
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Example 2.

B0 T75] The aliphatic-aromatic copolyester used contained terephthalic
acid, 33.9 mole percent 2.24 4, tetramethyl-1.3 cyclobutanadiol and,

56. Tmole percent cycliohexansdimethanol. The inherant viscosity was
measured to be .66,

[0876]  The aliphatic-aromatic copolyester was dried at 90°C and the
nolycarbonate was dried at 100°C. Blends were prepared in a 30mm Werher-
Pllieder twin screw extruder. The polyesters were premixed by tumble
blending and fed into the extruder and the exiruded strand was pelletized.
The peliels were ijection molded nto pards on a Toyoe 90 injection molding
machina. The extruder was run at 350 rpms at a feed rate 1o give a machine
torque between 80-100 percant. Processing temperatures used were in the
range of 260°C to 280 "C. The compositions and properties of the blends are
shown in Table 2.

Tabie 2. UNITS

56 Aliphatic-aromatic polyester S 106 85 7 50 50 25

% Polycarbonate S 0 15 30 40 & 75

Heat Defection Taemperature 254 Psi . {deg O 88 25 o8 101 s 114
Tensiie Sirengih MPa 48 48 8t 53 54 58

Teasiie Break Elongation W AP 88 &t T ™ s

Fiexural Moduhs - MPa 1688 1780 1H2G 4028 208¢ 2256
Flaxural Strength fFa R oo R BZ 3 20

LSO Ty {sacond cynie) C 148 123 125 128 121 138
Vigual Glanty clens clear sheay claar cloar olasy
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Comparative Example 1

{177} The aliphatic-aromatic copolyester used contained terephthalic
acid, 456.6 mole percent 2,2,4 4, tetramethyl-1.3 cyclobutanediol (54,1 mole
percent cis isomar), §3.7 mole percent cyclohexanedimethanol. The inherent
visgcosity was measurad to be 0.59,

B0 781 The aliphatic-aromatic copolyester was dried at 70°C and the
polycarbonate was dried at 100 *C. Blends were prepared in & 18mim Leistrilz
twin screw exiruder. The polymers were premixed by tumble blending and
fed into the extruder and the extruded strand was pellitized. The peliets were
injaction molded into parts on a Toyo 90 injection molding maching. The
extruder was run at 350 rpms at a fead rate o give a machine torque between
80-100 percent. Processing temperatures used were in the range of 260 °C
to 280 °C. The composttions and properties of the blends are shown in Table
3.

3079 For the blends containing 25 wit. percent of one of the polymers
there appeared 10 be a second Tg in the DSC scan due o the minor
component. However, the transition was too weak o accurately assign a Tg

value.

22
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Tabie 3. UNITE
¥ Aliphatic-aromalic polyester % 100 it 50 25
% Polycarhonate R 3 25 &0 75
Haat Deflsction Temperature 264 Pl {deg 143 W7 114 122
Tensile Strength MPa 48 . 8 55 B0
Tensile Break Elongation S 100 48 : 92 101
Flewural Modulus . MPa 1488 {728 1861 2052
Flaxural Strengin iPa 2 78 83 21
DEC Ty {Senond Oycly ¢ 128 130 131 weak
wesk 144 148
Visual Clarity ofear hazy hazy hazy

Counter Example 2.

{0088 The aliphatic-aromatic copolyester used contained terephthalic
acid, 85.7 mole parcent 2,2 4 4, tetramethyl-1,3 cyclobutanediol, and 4.3
percent ethylene glycol. s inherent viscosity was 0.457.

{3081} The aliphatic-aromatic copolyester was dried at 120°C and the
polycarbonate was dried at 100 °C. Blends were prepared in an 18mm

Leistritz twin screw exiruder. The polymers were premixed by tumble

blending and fed inte the extruder and the extruded strand was pelletized.

100

67
105

2245
g7

cigar

The pellets were injection molded into parts on a Toyo 80 injection molding

machine. The extruder was run at 350 rpms at a feed rate to give a machine

torgue between 80-100 percent. Processing temperatures used were in the

range of 270 °C to £80 °C. The compasition and properties of the blend are

shown in Table 4.

{0882 There appeared to be a second Tg in the DSC scan at higher

temperatives. However the transition was {o¢ broad o accurately assign a

Tg value.
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{BB83]

Table 4.
% Aliphatic-aromatic polvesier

% Polyearbonate

Haat Deflection Temperaiure 764 Psi

Tensile Strangth
Tensile Break Elongation

Flexural Modulus
Flexural Strangth

DSC Tg (second cycle;

Visual Clarity

Y

{deq C

MPa

or

e

MPa
MPa

PCT/US2009/035704

2106
92

148 7
proad

hazy

The invention has been described it detall with reference {o the

embodiments disclosed herein, but i will be understood that variations and

modifications can be effecied within the spirit and scope of the invention.
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CLAIMS

We claim:

1. A molded arlicle made from a miscible blend comprising

a polyaster which comprises: from 70 to 100 mole percent of
terephthatic acid andfor isophthalic acid residues; 5 to 40 mole percent of
2.2.4 4-tetramethyi-1 3-cyclobutanadiol residues:; and 60 {o 85 mole percent
of 1 4-cyclohexanedimethanol residues, wherein the total mole percent of
dicarboxylic acids in the polyester is 100 mole percent, and the total mole
percent of dicls in the polyester is 100 mole percent; and

a polycarbanate comprised of at least B0 mole percant bisphenol A,
whersin the total mole percent of diols in the polycarbonate is 100 mole

paresent.

2. The molded article of claim 1, wherein the polyester comprises af

least 70 mole percent terephthalic ackd.

3. The molded article of claim 1, wherein the polvester comprises at

least 80 mole percent terephthalic acid,

4. The molded article of claim 1, wherein the polyester is present in an
armount from 5wl % to 85 wil. %, and the polycarbonate is present in an

amount from 5 wi.% 1o 85 wi %, with respect to the tolal weight of the blend.

5. The molded article of claim 1, wherain the polyester is present in an
amount from 50wt % to 80 wi. %, and the polycarbonate is present in an

amount from 20 wit. % 1o 50 wt. %, with respect (o the {otal weight of the blend.

8. The molded atdicle of claim 1, wherein the 2.2 4 4-tetramethyl-1,3-
eyclobutanediol residues are present in the polyester in an amount from 1510
35 mole percent, and the cyclohexanedimethanal residues are present in the
polyester in an amount from 85 to 85 mole percent.

5
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7. The molded article of claim 1, wherein the polyester consists
essentially of terepthalic acid residues, 2.2 4 4-tetramethyl1,.3-

cyclohutanadiol rasidues, and cyclohexanedimethano! residuss.

8. The molded article of claim 1, wherein the polycarbonate comprises

at least 95 mole percent bishphenol A,

9. The molded article of claim 1, wherein the polycarbonate comprises

at {east 88 mole percent bisphenot A

10. The miolded article of claim 1, wherein the inherent viscosily of the
polycarbonate is at least 0.5 dl/g, determinad at 25°C in B8040 wifwt

phenciftetrachlorgethane.

11. The molded article of claim 1, wherein the inherent viscosity of the
polyester is at least 0.5 dl/g. determined at 25°C in 80/40 wtfwt
phenolftetrachlorosthane.

12. The molded article of claim 1, wherein the miscible blend is clear.

13. The molded article of claim 1, wherein the miscible blend exhibits a
single glass transition temperature {Tg), as determined by differential

scanning calorimetry (DSC).

14. The molded article of claim 1, wherein the molded article is in the

fonm of a bottle, tray, or botlle preform.

15, The molded article of claim 1, wherein the molded article iz it the

form of a botlle, a jar, a vial, a tube, a pan, a tray, a hot fill container, a food

28
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torage container, 8 tumbler, a pitcher, a cup, a bowl, or a vacuum cleaner

{5

canister.
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