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POLYESTER CONTAINER AND METHOD FOR MAKING SAME Field of the Disclosure This
disclosure retates to polyester containers and methods of making the same.
In particular, it relates to polyester containers having 5 an isosorbide
moiety) a terephthaloyl moiety and an ethylene glycol moiety, and methods
of making the same. Background of the Disclosure Plastic containers are
widely used for foods and beverages, and also for non-food materials.
Polyethylene terephthalate) (PET) is used to 10 make many of these
containers because of its appearance (optical clarity), ease of blow
molding, chemical and thermal stability, and its price. PET is generally
fabricated into bottles by blow molding processes, and generally by stretch
blow molding. In stretch blow molding, PET is first shaped by injection
molding 15 into a thick-walled preformed parison (a "preform"), which
typically is in the shape of a tube with a threaded opening at the top. The
parison may be cooled and then used later in a subsequent step, or the
process may be carried out in one machine with cooling just to the stretch
blow molding temperature. In the stretch blow molding step) the parison is
heated to a 20 high enough temperature in a mold to allow shaping, but not
so hot that it crystallizes or melts (i.e., just above the glass transition
temperature Tg, typically about 90 to 7 60C). The parison is expanded to
fill the mold by rapidly stretching it mechanically in the axial direction
(e.g., by using a mandrel) while simultaneously forcing air under pressure
into the heated 25 parison to expand it radially. PET is typically modified
for blow molding with a small amount of comonomer, usually
1,4-cyclohexanedimethanol or isophthalic acid, which increases the width of
the temperature window for successful blow molding to about 9C. The
comonomer is necessary because of the need to have a wider temperature
window, and also to    7 November 2002 WO 99/54S33 ~, PCT/US99/07011 -2
decrease the rate of stress induced crystallization. At the same time, the
comonomer may have the undesirable effect of lowering the glass transition
temperature and reducing the crystallinity of PET. Stretch blow molding of
PET, and blow molding processes in general, are well known in 5 the art.
Reviews are widely available, as for example, "Blow Molding" by C. Irwin in
Encyclopedia of Polymer Science And Engineering Second Edition, Vol. 2,
John Wiley and Sons, New York, 1985, pp. 447-478. This technology is widely
used, but there are still improvements that need to be made. First, a wider
temperature window for blow molding 10 would greatly enhance the process.
Second, a material that can be filled with liquid or solid foods at higher
temperatures than are currently used would significantly expand the
usefulness of the bottles by allowing packaging at elevated temperatures up
to 88C, and preferably even higher, as is necessary for pasteurized foods,
beverages and syrups that 15 are too viscous to transfer without being
heated. The maximum fill temperature for bottle-resin grades of PET is
generally about 60C to 65C. it is genes ally believed that a resin with a
higher Tg would be better for this purpose. PET bottles are currently
modified for hot fill applications by 20 annealing the bottles in the hot
mold for a few seconds immediately after stretch blow molding. This allows
PET, which is oriented during stretch blow molding, to partially
crystallize before the bottle is demolded and cooled. This can be done in
such a way that the crystallinity is sufficiently low and the crystallite
size sufficiently small that the bottle is still 25 transparent. The
crystallites in PET bottles apparently stabilize the bottles so that they
can be exposed to hot liquids, which are at a temperature of up to about
88C, during the hot filling process without deforming. The annealing step
significantly lengthens the time required to make a bottle, resulting in
reduced productivity and higher costs. Therefore, a polymer   7 November
2002 WO 99I54533 PCTIUS99/0701 I -3 which has a high Tg and low
crystallinity is desirable for forming hot and 



cold fill containers. The diol 1,4:3,6-dianhydro-D-sorbitol, referred to
hereinafter as isosorbide, the structure of which is illustrated below) is
readily made from 5 renewable resources, such as sugars and starches. For
example, isosorbide can be made from D-glucose by hydrogenation followed by
acid-catalyzed dehydration. OH H O O H OH Isosorbide has been incorporated
as a monomer into polyesters 10 that also include terephthaloyl moieties.
See, for example, R. Storbeck et al, Makromol. Chem., Vol. 194, pp. 53-64
(1993); R. Storbeck et al, Polymer, Vol. 34, p. 5003 (1993). However, it is
generally believed that secondary alcohols such as isosorbide have poor
reactivity and are sensitive to acid-catalyzed reactions. See, for example)
D. Braun et al., 15 J. Prakt.Chem., Vol. 334, pp. 298-310 (1992). As a
result of the poor reactivity) polyesters made with an isosorbide monomer
and esters of terephthalic acid are expected to have a relatively low
molecular weight. Ballauff et al, Polyesters (Derived from Renewable
Sources)) Polymeric Materials Encyclopedia, Vol. 8, p. 5892 (1996). 20
Copolymers containing isosorbide moieties) ethylene glycol moieties, and
terephthaloyl moieties have been reported only rarely. A copolymer
containing these three moieties, in which the mote ratio of ethylene glycol
to isosorbide was about 90:10, was reported in published   7 November 2002
WO 99/54533 PCT/~1599/07~1 I -4German Patent Application No. 1,263,981
(1968). The polymer was used as a minor component (about 10%) of a blend
with polypropylene to improve the dyeability of polypropylene fiber. !t was
made by melt polymerization of dimethyl terephthalate, ethylene glycol, and
isosorbide, 5 but the conditions, which were described only in general
terms in the publication, would not have given a polymer having a high
molecular weight. Copolymers of these same three monomers were described
again recently, where it was observed that the glass transition temperature
Tg of 10 the copolymer increases with isosorbide monomer content up to
about 200C for the isosorbide terephthalate homopolymer. The polymer
samples were made by reacting terephthaloyl dichloride in solution with the
diol monomers. This method yielded a copolymer with a molecular weight that
is apparently higher than was obtained in the German Patent 15 Application
described above but still relatively low when compared against other
polyester polymers and copolymers. Further, these polymers were made by
solution polymerization and were thus free of diethylene glycol moieties as
a product of polymerization. See R. Storbeck, Dissertation, Universitat
Karlsruhe ( 1994); R. Storbeck, et al.) J. Appl. Polymer Science, 20 Vol.
59, pp. 1199-1202 (1996). U.S. Patent 4,418,174 describes a process for the
preparation of polyesters useful as raw materials in the production of
aqueous stoving lacquers. The polyesters are prepared with an alcohol and
an acid. One of the many preferred alcohols is dianhydrosorbitol. However,
the 25 average molecular weight of the polyesters is from 1,000 to 10,000,
and no polyester actually containing a dianhydrosorbitol moiety was made.
U.S. Patent 5,179,143 describes a process for the preparation of
compression molded materials. Also, described therein are hydroxyl
containing polyesters. These hydroxyl containing polyesters are listed to
30 include polyhydric alcohols) including 1,4:3,6-dianhydrosorbitol. Again,
7 November 2002 WO 99/54533 PCT/US99I07011 -Showever, the highest molecular
weights reported are relatively low, i.e., 400 to 10,000, and no polyester
actually containing the 1,4:3,6dianhydrosorbitol moiety was made. 



Published PCT Applications WO 97I14739 and WO 96I25449 describe cholesteric
and nematic liquid crystalline polyesters that include isosorbide moieties
as monomer units. Such polyesters have relatively low molecular weights and
are not isotropic. Summary of the Disclosure Contrary to the teachings and
expectations that have been 10 published in the prior art, isotropic, i.e.,
semi-crystalline and amorphous or nonliquid crystalline, copolyesters
containing terephthaloyl moieties, ethylene glycol moieties, isosorbide
moieties and, optionally) diethylene glycol moieties, are readily
synthesized in molecular weights that are suitable for making fabricated
products such as containers on an industrial 15 scale. Containers made from
such polyesters provide improved strength) a higher Tg and lower
crystallinity, for example. In particular, containers made from such
polyesters are suitable for both cold fill and hot fill applications. The
process conditions for producing a polyester container, 20 particularly the
amounts of monomers used in the polyester) are desirably chosen so that the
final polymeric product used for manufacturing containers has the desired
amounts of the various monomer units, preferably with equimolar amounts of
monomer units derived from a diol and a diacid. Because of the volatility
of some of the monomers, including 25 isosorbide, and depending on the
method of manufacture of the polyester, some of the monomers are desirably
included in excess at the beginning of the polymerization reaction and
removed as the reaction proceeds. This is particularly true of ethylene
glycol and isosorbide.   WO 99I54533 -6 7 November 2002 PCT/US99107011 The
polyester may be formed by any method known in the art. Preferably,
however, the polyester is formed by solvent or melt polymerization. The
choice of method may be determined by the desired amount of diethylene
glycol in the final product. 5 In a preferred embodiment, the number of
terephthaloyl moieties in the polymer is in the range of about 25% to about
50 mole % (mole % of the total polymer). The polymer may also include
amounts of one or more other aromatic diacid moieties such as, for example,
those derived from isophthalic acid, 2,5-furandicarboxylic acid,
2,5-thiophenedicarboxylic 10 acid, 2,6-naphthalenedicarboxyiic acid,
2,7-naphthalenedicarboxylic acid) and 4,4'-bibenzoic acid at combined
levels up to about 25 mole % (mole of the total polymer). in a preferred
embodiment, ethylene glycol monomer units are present in amounts of about 5
mote % to about 49.75 mole 1. The 15 polymer may also contain diethylene
glycol moieties. Depending on the method of manufacture, the amount of
diethylene glycol moieties is in the range of about 0.0 mole % to about 25
mole %. In a preferred embodiment, isosorbide is present in the polymer in
amounts in the range of about 0.25 mole % to about 40 mole %. One or 20
more other diol monomer units may also be included in amounts up to a total
of about 45 mole %. The polyester has an inherent viscosity) which is an
indicator of 



molecular weight, of at least about 0.35 dL/g, as measured on a 1
(weight/volume) solution of the polymer in o-chlorophenol at a 25
temperature of 25C. A higher inherent viscosity) such as at least about
0.40 dL/g, preferably at least about 0.50 dL/g, is desired for optimal
container formation. Further processing of the polyester may achieve
inherent viscosities up to about 2.0 dL/g and even higher. The polyester
containers of the present invention are suitable for 30 holding beverages,
foods, and other solids and liquids) and may be filled   7 November 2002 7
with hot or cold substances. In particular, these containers offer a high
Tg, increased strength and reduced crystallinity. In a first aspect, the
invention provides a container comprising a polyester, wherein said
polyester comprises terephthaloyl moieties; optionally, one or more other
aromatic diacid moieties; ethylene glycol moieties; isosorbide moieties;
and, optionally one or more other diol moieties, wherein said polyester has
an inherent viscosity of at least about 0.35 dL/g when measured as a 1
(weight/volume) solution of said polyester in o-chlorophenol at a
temperature of 25C. In a second aspect, the invention provides a method of
making a container, wherein the container comprises a polyester, said
method comprising: a) forming the polyester; and b) preparing the
container; wherein the polyester comprises terephthaloyl moieties; and,
optionally, other aromatic diacid moieties; ethylene glycol moieties,
isosorbide moieties; and, optionally, other diol moieties; wherein said
polyester has an inherent viscosity of at least about 0.35 dL/g when
measured as a 1 % (weight/volume) solution of said polyester in
ochlorophenol at a temperature of 25C. Detailed Description of the
Invention The polyester containers and a method of manufacturing the same
are described in detail below. In particular, the method of manufacturing a
polyester comprising terephthaloyl moieties, ethylene glycol moieties and
isosorbide is described, as well as the process of forming containers from
such a polymer. In a preferred embodiment, ethylene glycol monomer units
are present in the polymer in amounts of about 28 mole% to about 49.75
mole%, preferably about 33 mole% to about 49.5 mole%, more preferably about
37 mole% to about 45 mole%, and most preferably about 41 mole% to about 49
mole%, although higher amounts may be included as necessary to achieve the
desired results. The polymer composition may also contain diethylene glycol
monomer units. Depending on the method of manufacture, the amount of
diethylene glycol monomer units is in the range of from about 0.0 mole% to
about 5.0 mole%, preferably 0.2S mole% to about 5 mole%, although higher
amounts may be   7 November 2002 7a included as necessary to achieve the
desired results. Diethylene glycol may be produced as a by-product of the
polymerization process, or may be added directly to the composition to help
accurately regulate the amount of diethylene glycol monomer units that are
in the polymer. In preferred embodiments, isosorbide moieties are present
in the polymer in amounts in the range of from about 0.10 mole% to about 12
mole%, preferably from about 0.25 mole% to about l0.0 mole%, more
preferably about 0.5 mole% to about 6.0 mole%, more preferably 1.0 mole% to
5.0 mole%, although higher amounts may be included as necessary to achieve
the desired results. Isosorbide is most preferably present in the range of
1 mole% to 3 mole%. One or more other diol monomer units may   7 November
2002 WO 99/54533 _g_ PCT/US99/0701 I optionally be included in amounts up
to a total of about 5.0 mole%, preferably less than 3 mole%) most
preferably less than 2 mole%. The amount of other diols included may
however be higher as necessary to achieve the desired results. Examples of
the optional other diol units include aliphatic alkylene 5 glycols having
from 3-12 carbon atoms and having the empirical formula HO 



C~H2~ OH, where n is an integer from 3-12, including branched diols such as
2,2-dimethyl-1,3-propanediol; cis or trans-1,4-cyclohexanedimethan of and
mixtures of the cis and trans isomers; triethylene glycol;
2,2-bis[4-(2hydroxyethoxy)phenyl] propane; 1,1-bis[4-(2 10
hydroxyethoxy)phenyl]cyclohexane;
9,9-bis[4-(2hydroxyethoxy)phenyl]fluorene; 1,4:3,6-dianhydromannitol;
1,4:3,6 dianhydroiditol; and 1,4-anhydroerythritol. Terephthaloyl moieties
in the polyester may range from 25-50 mole%, preferably about 35-50 mole%,
more preferably 40-50 mole%, and most 15 preferably 48-50 mole%, although
higher amounts may be included as necessary to achieve the desired results.
Other aromatic diacid moieties in the polymer) if desired) may include, for
example, those derived from isophthalic acid, 2,5-furandicarboxylic acid,
2,5-thiophenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid,
2,7-naphthalenedicarboxylic acid, and 20 4,4'-bibenzoic acid) at combined
levels up to about 15 mole%, preferably less than 10 mole%, more preferably
between about 0.01 mole% and 5 mole%, most preferably less than 2 mole%,
although higher amounts may be included as necessary to achieve the desired
results. It is preferable that equimolar amounts of diacid monomer units
and 25 diol monomer units are present in the polymer in order to achieve a
high molecular weight and high inherent viscosity, which provide a Power
shrinkage rate and higher glass transition temperature (Tg) than, for
example) polyethylene terephthalate). The polyester formed has an inherent
viscosity, which is an indicator of molecular weight, of at least about
0.35 30 dt-/g) as measured on a 1 % (weight/volume) solution of the polymer
in o    7 November 2002 WO 99I54533 PCT/US99/07011 _g_ chlorophenol at a
temperature of 25C. Preferably, the inherent viscosity is at least about
0.45 dL/g, more preferably greater than 0.5 dL/g, even more preferably
greater than 0.6 dL/g, and most preferably greater than 0.7 dL/g. The
inherent viscosity may be adjusted to achieve the desired characteristics 5
based on he composition of the polymer and the method of formation. The
molecular weight is normally not measured directly. instead, the inherent
viscosity of the polymer in solution or the melt viscosity is used as an
indicator of molecular weight. For the present polymers, the inherent
viscosity is measured by the method described previously) with a molecular
10 weight corresponding to an inherent viscosity of about 0.35 dL/g or
more. Higher molecular weights corresponding to inherent viscosities of at
least about 0.50 dL/g are preferred) and molecular weights corresponding to
inherent viscosities of about 0.7 dL/g and higher are desired for many
uses. Generally, the inherent viscosity/molecular weight relationship can
be fitted 15 to the linear equation: log (IV) = 0.586 x log(MW) - 2.9672.
The inherent viscosities are a better indicator of molecular weight for
comparisons of samples and are used as the indicator of molecular weight
herein. 20 The polyesters used to make the containers of the invention can
be made by any of several methods. The product compositions vary somewhat
depending on the method used, particularly in the amount of diethylene
glycol residue that is present in the polymer. These methods include the
reaction of the diol monomers with the acid chlorides of terephthalic acid
and 25 any other acids that may be present. The reaction of terephthaloyl
dichloride with isosorbide and ethylene glycol is readily carried out by
combining the monomers in a solvent (e.g., toluene) in the presence of a
base, such as pyridine, which neutralizes HCI as it is produced. This
procedure is described in R. Storbeck et at.) J. Appl. Polymer Science,
Vol. 59, pp. 1199 30 -9202 (1996). Other welt-known variations using
terephthaloyl dicloride may  



7 November 2002 WO 99/54533 PCT/US99I07011 -10also be used (e.g.,
interfacial polymerization)) or merely stirring the monomers together while
heating them, preferably in the presence of a base). When the polymer is
made using the acid chlorides, the ratio of 5 monomer units in the product
polymer is about the same as the ratio of reacting monomers. Therefore, the
ratio of monomers charged to the reactor is about the same as the desired
ratio in the product. A stoichiometric equivalent of the diol and diacid
generally will be used to obtain a high molecular weight polymer suitable
for making containers (e.g., an inherent 10 viscosity of at least about
0.50-0.60 dL/g). The polymers can also be made by a melt polymerization
process, in which the acid component is either terephthalic acid or
dimethyl terephthlate) and, also includes the free acid or dimethyl ester
of any other aromatic diacids that may be included in the polymer
composition. The diacids or 15 dimethyl esters are heated with the diols
(ethylene glycol, isosorbide, optional diols) in the presence of a catalyst
to a high enough temperature that the monomers combine to form esters and
diesters, then oligomers, and finally polymers. The polymeric product at
the end of the polymerization process is a molten polymer. The diol
monomers (e.g.) ethylene glycol and 20 isosorbide) are volatile and distill
from the reactor as the polymerization proceeds. Therefore, an excess of
these diols generally is charged to the reactor to obtain the desired
polymer, and the amounts are adjusted according to the characteristics of
the polymerization vessel (i.e. such characteristics as the efficiency of
the distillation columns and the efficiency 25 of monomer recovery and
recycle). Such modifications in the amounts of monomers and the like in
accordance with the characteristics of a reactor are readily made by
practitioners in the art. Melt polymerization processes using hydroxyethyl
esters of terephthalic acid, such as bis(2-hydroxyethyl) terephthalate) are
also known and may be modified to make the polymers 30 described herein.
' 7 November 2002 WO 99I54533 -11 PCT/US99/07011 The melt polymerization
process is the preferred method of making the polymer and is described in
detail in copending commonly assigned U.S. Application No. 09I064,844)
Attorney Docket No. 03258-001, filed on even date herewith, and
incorporated herein by reference. The melt 5 polymerization processes using
dimethyl terephthalate and terephthalic acid are also summarized below.
Dimethyl Terephthalate Process In this process, which is carried out in two
stages, terephthalic acid and the optional diacid monomers, if present, are
used as their dimethyl ester 10 derivatives. The diols (e.g., ethylene
glycol and isosorbide) are mixed with the dimethyl ester of the aromatic
diacid (e.g.) dimethyl terephthafate) in the presence of an ester
interchange catalyst, which causes exchange of the ethylene glycol for the
methyl group of the dimethyl esters through a transesterification reaction.
This results in the formation of methanol, which 15 distills out of the
reaction flask, and bis (2-hydroxyethyf) terephthalate because of the
stoichiometry of this reaction, somewhat more than two moles of ethylene
glycol are desirably added as reactants for the ester interchange reaction.
Catalysts that bring about ester interchange include salts (usually
acetates) of the following metals: Li, Ca, Mg) Mn, Zn, Pb, and combinations
20 thereof, Ti(OR)4) where R is an alkyl group having 2 - 12 carbon atoms)
and PbO. The catalyst components are generally included in an amount of
about 10 ppm to about 100 ppm. Preferred catalysts for ester interchange
include Mn(OAc)2, Co(OAc)2) and Zn(OAc)2, where OAc is the abbreviation for
acetate, and combinations thereof. The polycondensation catalyst which is
25 needed for the second stage of the reaction) preferably Sb(Ill) or
Ge(IV) 



oxide, may be added now or at the start of the polycondensation stage. A
catalyst that has been used with particularly good success for ester
interchange is based on salts of Mn(Il) and Co(If) at levels of about 50 to
about 100 ppm each. These were used in the form of Mn(II) acetate   3 `'~ ~
7 November 2002 WO 99I54533 PCT/US99/07011 -12 tetrahydrate and Co{II)
acetate tetrahydrate, although other salts of the same metals may also be
used. Ester interchange is brought about by heating and stirring the
mixture of reactants under an inert atmosphere {e.g.) nitrogen) at
atmospheric 5 pressure from room temperature to a temperature high enough
to induce the ester interchange (about 150C). Methanol is formed as a
by-product and distills out of the reactor. The reaction is gradually
heated to about 250C until methanol evolution stops. The end of methanol
evolution can be recognized by a drop in the overhead temperature of the
reaction vessel. 10 A small amount of an additive having a boiling point of
170-240C may be added to the ester interchange to aid in the heat transfer
within the reaction medium and to help retain volatile components in the
vessel that may sublime into the packed column. The additive must be inert
and not react with alcohols or dimethyl terephthalate at temperatures below
300C. 15 Preferably) the additive has a boiling point greater than 170C)
more preferably within the range of 170C to 240C, and is used in an amount
between about 0.05 and 10 wt%, more preferably between about 0.25 and 1 wt%
of the reaction mixture. A preferred additive is tetrahydronaphthalene.
Other examples include Biphenyl ether, Biphenyl-sulfane and benzophenone.
20 Other such solvents are described in U.S. Patent 4,294,956, the contents
of which are hereby incorporated by reference. The second stage of the
reaction is commenced by adding a polycondensation catalyst {if not already
present) and a sequestering agent for the transesterification catalyst.
Polyphosphoric acid is an example of a 25 sequestering agent and is
preferred. It is normally added in an amount of about 10 to about 100 ppm
of phosphorous per gm of dimethyl terephthatate. Examples of preferred
polycondensation catalysts are antimony (I11) oxide and germanium (IV)
oxide, which may be used at levels of about 100 to about 400 ppm. Germanium
(IV) oxide is the most preferred 30 polycondensation catalyst.   7 November
2002 WO 99I54533 -13 PCT/US991070I 1 The polycondensation reaction is
typically carried out at a temperature from about 250C to 285C. During this
time, ethylene glycol distills out of the reaction due to condensation of
the bis(2-hydroxyethyl) terephthalate to form polymer and by-product
ethylene glycol, which is collected as a 



5 distillate. The polycondensation reaction described above is preferably
carried out under vacuum, which can be applied while the reactor is being
heated to the temperature of the polycondensation reaction or after either
Sb(III) oxide or Ge{IV) oxide and polyphosphoric acid have been added.
Alternatively, 10 vacuum can be applied after the polycondensation reaction
temperature reaches 280C - 285C. In either case, the reaction is
accelerated by the application of vacuum. Heating under vacuum is continued
until the molten polymer reaches the desired molecular weight, usually
recognized by an increase in the melt viscosity to a pre-determined level.
This is observed as 15 an increase in the torque needed for the stirring
motor to maintain stirring at a constant rpm. An inherent viscosity of at
least 0.5 dL/g, and generally up to about 0.65 dL/g or greater, can be
achieved by this melt polymerization process without further efforts at
raising molecular weight. For certain composition ranges the molecular
weight can be increased further by solid 20 state polymerization, described
below. Terephthalic Acid Process The terephthalic acid process is similar
to the dimethyl terephthalate process except that the initial
esterification reaction that leads to bis(2 hydroxyethyl) terephthalate and
other low molecular weight esters is carried 25 out at a slightly elevated
pressure (autogenous pressure) about 25 to 50 psig). Instead of a two-fold
excess of diols) a smaller excess (about 10% to about 60%) of diols
(ethylene glycol, isosorbide and other diols, if any) is used. The
intermediate esterification product is a mixture of oligomers, since not
enough diol is present to generate a diester of terephthalic acid. The   7
November 2002 WO 99I54533 PCT/US99/07011 -14 catalysts are also different.
No added catalyst is necessary in the esterification reaction. A
polycondensation catalyst (e.g.) Sb(III)) Ge(IV), or Ti(IV) salts) is still
necessary to achieve a high molecular weight polymer. The catalyst that 5
is needed to achieve a high molecular weight can be added after the
esterification reaction, or it can be conveniently charged with the
reactants at the beginning of the reaction. Catalysts that are useful for
making a high molecular weight polymer directly from terephthalic acid and
the diola include the acetate or other alkanoate salts of Sb(IlI), oxides
of Sb(lll) and Ge(IV), 10 and Ti(OR)4 (where R is an alkyl group having 2
to 92 carbon atoms). Glycol solubilized oxides of these metal salts may
also be used. Co(II) salts may also be present. The use of these and other
catalysts in the preparation of polyesters is well-Known in the art. The
reaction may be carried out in discrete steps, but this is not 15
necessary. In practice on a large scale, it may be carried out in steps as
the reactants and intermediate products are pumped from reactor to reactor
at increasing temperatures. In a batch process, the reactants and catalyst
may be charged to a reactor at room temperature and then gradually heated
to about 285C as polymer forms. The pressure is vented in the range of
about 20 200C to about 250C, and a vacuum is then desirably applied.
Esterification to form bis(2-hydroxyethyl)terephthalate esters and 



oligomers takes place at elevated temperatures (between room temperature
and about 220C to 265C under autogenous pressure), and polymer is made at
temperatures in the range of about 275C to about 285C under a 25 high
vacuum (less than 10 Torr, preferably less than 1 Torr). The vacuum is
needed to remove residual ethylene glycol and water vapor from the reaction
to raise the molecular weight. A polymer having an inherent viscosity of at
least 0.5 dL/g, and generally) up to about 0.65 dL/g can be achieved by the
direct polymerization 30 process) without subsequent solid state
polymerization. The progress of the   7 November 2002 WO 99/54533
PCT/US99/07011 - I 5 polymerization can be followed by the melt viscosity,
which is easily observed by the torque that is required to maintain
stirring of the molten polymer. Solid State Polymerization Polymers can be
made by the melt condensation process described 5 above having an inherent
viscosity of at least about 0.5 dL/g, and often as high as about 0.65 dL/g
or greater, without further treatment. For containers, a polymer having an
inherent viscosity of at least about 0.6 dL/g, and preferably about 0.7
dL/g, is generally desirable to obtain containers having good tensile
properties. This is especially true for soft drink bottles that must 10
withstand internal carbon dioxide pressure. Compositions of ethylene
glycol, isosorbide, and terephthalic acid having isosorbide in an amount of
about 0.25% to about 10% on a mole basis may have their molecular weight
increased further by solid state polymerization. The product made by melt
polymerization, after extruding, cooling) and pelletizing, is essentially
non 15 crystalline. The material can be made semi-crystalline by heating it
to a temperature in the range of about 115C to about 140C for an extended
period of time (about 2 to about 12 hours). This induces crystallization so
that the product can then be heated to a much higher temperature to raise
the molecular weight. The process works best for low levels of isosorbide,
20 about 0.25 mole% to about 3 mote%) because the polyester crystallizes
more easily with low Levels of isosorbide. The polymer made by other
methods can also be crystallized under these same conditions. The polymer
may also be crystallized prior to solid state polymerization by treatment
with a relatively poor solvent for polyesters, such 25 as acetone, which
induces crystallization. Solvent-induced crystallization followed by solid
state polymerization is known for polyesters and is described in U.S.
Patent Nos. 5,164,478 and 3,684,766, which are incorporated herein by
reference.   WO 99I54533 -16 7 November 2002 PCT/US99/07011 The
crystallized polymer is subjected to solid state polymerization by placing
the pelletized or pulverized polymer into a stream of an inert gas, usually
nitrogen, or under a vacuum of 1 Torr, at an elevated temperature) above
about 140C but below the melting temperature, for a period of about 5 two
to about 16 hours. Solid state polymerization is preferably carried out at
temperatures of about 19CC to about 210C. Excellent results have been
obtained by heating the polymer to about 195 to about 198C for about 10
hours, which results in an increase in inherent viscosity to about 0.8 dL/g
or higher. 10 Method of Fabricating Containers The containers described
herein may be made by any method known in the art, such as extrusion,
injection molding, injection blow molding, 



rotational molding, thermoforming of a sheet, and stretch-blow molding. In
the present invention, the preferred method for molding a container 15 is
stretch-blow molding, which is generally used in the production of
polyethylene terephthalate) (PET) containers, such as bottles. In this
case, use may be made of any of the cold parison methods, in which a
preformed parison (generally made by injection molding) is taken out of the
mold and then is subjected to stretch blow molding in a separate step. The
hot parison 20 method as known in the art may also be used, wherein the hot
parison is immediately subjected to stretch blow molding in the same
equipment without complete cooling after injection molding to make the
parison. The parison temperature is about 100C to about 160C, and
preferably, about 110C to about 154C. 25 The stretch blow molding is
preferably conducted at a mold temperature of from about 90C to about 150C,
and still more preferably from about 100C to about 135C. Containers of the
invention may have any shape desirable, and particularly include
narrow-mouth bottles and wide-mouth jars having   7 November 2002 WO
99I54533 PCT/US99/07011 _17_ threaded tops and a volume of about 450 ml to
about 3 liters, although smaller and larger containers may be formed. The
containers can be used in standard cold fill applications and,
surprisingly, can be used in hot fill applications, even at the lowest
levels of 5 isosorbide inclusion (1 %), wherein the effect of isosorbide
content on glass transition temperature is very small. Hot fill bottles are
filled with hot liquids at temperatures greater than about 60C, preferably
up to at least about 88C) and, ideally, at temperatures above about 88C.
The containers of the invention can withstand the hot-fill process
temperatures without an 10 annealing step, unlike PET containers) although
the annealing step may be performed if desired. The containers of the
invention are suitable for foods and beverages, and other solids and
liquids. The containers are normally nearly colorless and transparent, but
can be modified to have color or to be opaque, rather 15 than transparent,
if desired by adding colorants or dyes, or by causing crystallization of
the polymer, which results in opaqueness. Additional additives, such as
oxidation stabilizers, ultraviolet light absorbers, antistatic agents and
flame retardants) may be added as desired depending on the specific end use
of the container. 20 The containers of the present invention may also be
made with the polyesters described in copending application 09l064,720
[Attorney Docket No. 032358-008] and the polyester blends described in
copending application 09I064,826 [Attorney Docket No. 032358-005J) the
contents of each of which are hereby incorporated by reference.   7
November 2002 W O 99I54533 -18 Examples PCT/tJS9910701 l The polymer
molecular weights are estimated based on inherent viscosity (i.V.), which
is measured for a 1 % solution (wt./volume) of polymer in o-chlorophenol at
a temperature of 25C. The levels of catalyst 5 components are expressed as
ppm, based on a comparison of the weight of 



the metal with the weight of either the dimethyl terephthalate or
terephthalic acid, depending on which monomer is used. EXAMPLE 1 The
following polymerization reactants are added to a 100 gal. 10 maximum
capacity, stainless steel polymerization reactor fitted with a 6" radius,
stainless steel, water cooled reflux column packed with stainless steel
rings, a stainless steel paddle-type stirrer, a water-cooled condenser and
bypass: dimethyl terephthalate (197kg), isosorbide (5.12kg), and ethylene
glycol (135kg), which corresponds to a mole ratio of 1: 0.0346: 2.00. The
15 catalyst is also charged and consists of Mn(li) acetate tetrahydrate
(72.1g), Co(II) acetate tetrahydrate (54.1g), and Sb(lll) oxide (88.5g).
This corresponds to 82 ppm manganese (weight of metal as a fraction of the
weight of dimethyl terephthalate), 65 ppm cobalt, and 375 ppm antimony. The
stirred reactor (50 rpm) is purged with a stream of nitrogen while the 20
temperature is raised to 250C) gradually, over a period of four hours. The
reactor is jacketed and uses a temperature controlled, hot oil loop system
as a heating medium. Methanol evolution commences, and methanol is
continuously collected after the reaction is heated above approximately
150C. By noting when the temperature drops at the top of the packed reflux
25 column it is possible to determine the end of methanol evolution,
indicating the finish of the first step of the reaction, which is the
transesterification of the diols and dimethyl terephthalate. At this point,
82 ppm of phosphorous is added in the form of a polyphosphoric acid
solution in ethylene glycol. In this case, 153m1 of the solution, which has
a concentration of 0.80 wt%   7 November 2002 WO 99/54533 -19
PCTIUS99/07011 phosphorous, is used. Also at this time, the nitrogen purge
is stopped while heating is continued. The reaction is heated to 285C over
a period of about 2 hours. Vacuum is then gradually applied using a
multi-vane vacuum pump with 20 horsepower blower. The attainment of full
vacuum) preferably less 5 than 1 Torr, takes approximately 1 hour. During
this time. ethylene glycol distills off, and a low molecular weight polymer
forms. The molten polymer is heated under vacuum at 285C for about 2 hours,
until the polymer achieves sufficient melt viscosity) as determined by an
increase in torque of the stirrer. When sufficient melt viscosity is
achieved, the polymerization is 10 stopped) and the polymer is emptied from
the reactor through a heated die at the bottom. The molten polymer emerges
as a strand that is cooled in a cold water trough and then chopped into
pellets. The polymer pellets ace dried overnight in a rotating drum heated
to 120C. The solution inherent viscosity (I.V.) of the material is 0.64
dL/g. 15 The pellrtized polymer is loaded into a tumble dryer and is heated
under a stream of nitrogen to 185C over a period of 4 hours. It is held at
that temperature for another 6 hours, allowing the polymer to partially
crystallize. After this treatment, a vacuum is applied to the tumble dryer)
achieving a vacuum less than 1 mm of Hg. The heating is continued to a 20
maximum temperature of 213C, which is held for a total of approximately 15
hours. This effects a solid-state polymerization and allows the molecular
weight to be significantly increased, as judged by an increase in the
inherent viscosity (I.V.) of the polymer solution in ortho-chlorophenol to
about 0.7 dL/g. 25 The monomer unit composition of the polymer, determined
by proton NMR, is about 1 % isosorbidr, 49% ethylene gylcol, 0.7%
diethylene glycol, and 50% terephthalic acid, all expressed as a mole % of
the polymer. It is noteworthy that the amount of isosorbide in the polymer
is approximately half of the amount that was charged, when compared with
the amount of 30 terephthalic acid. Unreacted isosorbide is found in the
distillates, especially  



7 November 2002 WO 99I54533 PCT/US99107011 -20in the ethylene glycol. The
amount of isosorbide in the polymer by this process thus is very dependent
on the efficiency of the distillation or other separation methods that are
used in the process. A skilled practitioner can readily establish specific
process details according to the characteristics of 5 the reactor,
distillation columns, and the like. EXAMPLE 2 A second polymer with a
greater isosorbide content was prepared in an analogous fashion as example
1 except that the amount of isosorbide charged was 17.8 kg and the amount
of Mn(II) acetate tetrahydrate catalyst 10 used was 79.2 g, corresponding
to 90 ppm Mn(II), calculated on the same basis as in the above example. The
transesterification and polycondensation were carried out as described
above. The finished polymer was pelletized, crystallized, and solid-state
polymerized by the same method as in the previous example. The change in
solution viscosity upon solid-state 15 polymerization already noted
occurred in the present case. The monomer unit composition of this polymer,
determined by proton NMR, shows the desired increase in isosorbide content
and comprises the following monomers: about 2.6% isosorbide, 46.7% ethylene
gylcol, 0.7% diethylene glycol, and 50% terephthalic acid, all expressed as
a mole % of the polymer. 20 EXAMPLE 3 The polymers of Examples 1 and 2 were
made into 460m1 jars on a commercial Nissei ASB100DH Injection Single Blow
stretch-blow molding unit using a one-stage stretch-blow molding process)
and using a 132.5mm rod for the stretch. The polymer was injection molded
at a melt temperature 25 of about 270C to make a preform, which was then
subjected to the stretchblow molding process at 102C in the same equipment
without complete cooling. The conditions of the stretch-blow molding
process were previously   ` 7 November 2002 WO 99/54533 PCT/US99107011 -21
optimized for PET, and may, therefore, have been less than optimum for the
polymers of Examples 1 and 2 that were molded under these conditions.
Analxtical and Test Data Analytical data relating to thermal properties and
monomer unit 5 compositions of the polymers are presented in Table 1. The
monomer unit compositions of the polymers of Examples 1 and 2 were measured
by NMR. The amounts of the monomers in the NMR analyses in Examples 1 and 2
were normalized to 100%. The PET control is a commercial bottle resin
having the following composition: 48.3 mole % terephthalic acid, 1.7 mole
10 % isophthalic acid, 1.25 mole % diethylene glycol, 48.75 mole % ethylene
glycol. The composition measured by NMR is 48.7 mole % terephthalic acid,
1.3 mole % isophthalic acid, 48.5 mole % ethylene glycol, and 1.5 mole
diethylene glycol. Thermal properties were measured by differential
scanning calometry 15 (DSC} at a heating rate of 10Clmin. The thermal
properties that were measured include glass transition temperature, cold
crystallization temperature during heating, melting temperature,
crystallization temperature on cooling, and the heat of crystallization.
Molding conditions for making the preforms are summarized in Table 2. Data
on hot fill performance of the jars 20 is presented in Tables 3 and 4. in
Table 3, the jars were filled with a hot liquid (water or corn syrup) at
the temperature shown in the first column and were then cooled either fast
or slow, as stated in the first column. In fast cooling) the jars were
capped 



and then tooted with water. In slow cooling, the jars were allowed to cool
in 25 air at ambient temperature. The shrinkages, measured as the %
decrease in volume, were measured for the jars made from the polymers of
Examples 1 and 2. Jars made from the PET control polymers deformed in all
the hot-fill experiments. Thus, no data are reported for jars made from the
PET control polymers. The jars made from the polymers of Examples 1 and 2
mostly did   7 November 2002 WO 99I54533 PCT/LJS99/07011 -22not deform, but
showed decreased volume due to shrinkage varying from less than 1 % up to
about 10% when filled at temperatures above about 92C. Table 4 reports data
for the same hot fill experiments as in Example 3. The data in Table 4 are
the shrinkage of the diameter of the neck finish 5 (the part of the neck
above the threads) after filling the jar with hot liquid and cooling the
jar. Less than 2% shrinkage of the neck is desirable. The stretch blow
molded jars that were tested had the following wall thicknesses: PET
control 10 Wall thickness of the bottle: 0.669 mm Wall thickness of the
neck : 2.051 mm Example 1 Wall thickness of the bottle: 0.580 mm Wall
thickness near the neck: 2.105 mm 15 Example 2 Wall thickness of the
bottle: 0.597 mm Wall thickness near the neck: 2.169 mm. EXAMPLE 4 The
polymer of Example 2 was dried overnight in a vacuum drier at 20 270F
(132.2C). After drying, the moisture content was approximately 50 ppm. The
dried polymer was injection molded into generic style 50.5 g preforms with
a standard 43 mm VHS finish. The preforms were placed in a Sidel SBO-2I3
repeat stretch blow molding machine where they were heated to 148C and
blown into generic 1-Titer heat set containers. The 25 mold temperature was
set at 270F (132.2C) with a base temperature of 160F (71.1 C). These mold
conditions are the standard conditions that ace used to make PET hot fill
containers. Several containers were then molded   7 November 2002 WO
99I54533 PCT/US99/07011 -23 at a rate of 800 bottles per hour with a dwelt
time in the mold of approximately 3 seconds. The mold temperature was then
reduced to 200F (93.3C), and severs( additional bottles were again made for
hot fill testing. This second set of mold conditions would not be suitable
for making a hot-fill 5 PET bottle. The resulting bottles were first
measured for diameter at four locations) for the bottle height, and for
bottle overfill volume. The bottles were then tested for hot fill
performance by filing them with hot water at temperatures that ranged from
185F (85C) to 205F (96.1 C). After cooling 10 the capped bottles, the
shrinkage of the bottle diameters was measured at the same 4 positions on
the bottles, and the changes in bottle height and volume were measured to
determine the percent shrinkage and to determine if the bottles had
distorted. The shrinkage for hot fill containers is preferably less than
3%. '! 5 The data for percent volume change are summarized in Table 5 for
bottles obtained using a 270F (132.2C) mold and in Table 6 for bottles
obtained from a 200F (93.3C) mold. Comparative data for percent volume
change was also obtained for standard PET bottle resins molded under
essentially the same conditions) with a mold temperature of 270F (132.2C).
20 Twenty PET bottle samples were tested at incrementally increasing
temperatures from 185.5F, (85.3C) to 195F, (90.6C), and the results of 4
representative tests are shown in Table 7. It can be seen in the data of
Tables 5 to 7 that the bottles containing isosorbide performed better than
PET bottles, even though PET bottles had 25 been subjected to a "heat set"
to improve their performance under hot-fill conditions. By comparing Tables
5 and 6, it can also be seen that the heat set step appears to further
improve the performance of the isosorbidecontaining polyester bottles. It
is to be understood that the above-described embodiments are 



30 illustrative only and that modification throughout may occur to one
skilled in   7 November 2002 WO 99/54533 PCT1US99/0701 l -24 the art.
Accordingly, this invention is not to be regarded as limited to the
embodiments disclosed herein.   7 November 2002 WO 99I54533 -25 TABLE 1.
ANALYTICAL DATA PCT/I1S9910~011 I Polymer Composition (mote % in
polymer)PETEx. 1Ex. 2Ethylene Glycol (%)NM48.346.7Isosorbide
(%)NM1.032.6Diethylene Glycol (%)NM0.710.7Terephthalic Acid (%)NM50.050.0I.
V. (solid-state polymerized) (dUg)NM0.700.71DSC Anal sis 10Clmin)Solid
State Polymerized ResinGlass transition Temperature (C)798185I Cold
Crystaliization/Onset Temp. (C)199.5185.5NMTemp. at peak maximum (C)16
8.5156.5NMFusionlonset melting Temp. (C)_ 233.2234225.5Fusionrfemp. at peak
maximum (C)239.8236.7230FusionlEnd melting Temp. (C)248.9256.7243.9l
Crystallization Temp. on Cooling (C)209.8202.3192.8i Heat of
Crystallization (Jlg)41.637.519.2Preform (460 ml)Glass transition
Temperature (C)76. 078 .982.3Cold CrystallizationlOnset Temp. (C)_ _ 132.6_
133.1149.1Cold Cryst.ITemp. at peak maximum (C)138.1138.7_ 158.6Cold
Cryst./End Temp. (C)153.8145.71l2.1i FusionlOnset melting Temp.
(C)222.5215.9FusionlTemp. at peak maximum (C)246.7252.0239.7FusionlEnd
melting Temp. (C)252.3258.2247.5t Crystallization Temp. on Cooling
(C)199.2209.8198.5 tHeat of Crystallization (Jlg)40.642.1 ~33.9I I Jar
WattsGlass transition Temperature (C)NMNM83.2Cold C stallizationlOnset
Temp. (C)NMNM118.7Cold Cryst.lTemp. at peak maximum C) _NMNM141.0Cold
Cryst.lEnd Temp. (C)NMNMFusionlOnset melting Temp. (C)215.7236~
218.2FusionlTemp. at peak maximum (C)247.3253.2241.0! FusionlEnd melting
Temp. (C)253.4259.3248.7Crystallization Temp. on Cooling
(C)200.3210.1198.4Heat of Crystallization (Jlg)40.143.133.8   WO 99I54533 7
November 2002 PCTIIJS99/07011 -26 TABLE 2. EXTRUDER OPERATING CONDITIONS
PETEX.1EX.2Barre! Temperatures (C) (Rear, Middle, Front,
Nozzle)270280270Pressure 1 kgf/cm` - sec. mm110 - 11110 -17100 - 15I
Pressure 2 (kgflcm` - sec. mm)70 - 280 - 260 - 1.5I Pressure 3 (kgf/cm`
-~mm)_50 - 7 040 - 1040 - 8Shot size (kgf/cm )403545Screw velocity ('% -
sec.mm)60 - 1560 - 2560 - 25Speed 1 % - sec.mm)90 - 1090 - 2099 - 20Speed 2
(% - sec.mm)70 - 970 -1180 -15' Speed 3 (% - sec.mm)60 - 1160 - 970 - 10  



7 November 2002 WO 99l54533 -27 TABLE 3 ! VOLUME SHRINKAGE OF 464 ml JARS
(AFTER FtLLtNG WITH HOT LIQUID) PCTNS99/070! 1 EXAMPLE 1EXAMPLE 2Hot
WaterS% Shrinkage - slow cooting)!% Shrinkage -slow cooling)80CNOT
TESTED4.47285C4.5218.23888CNOT
TESTEDDEFORMED90C5.464DEFORMEDg2C9.773DEFORMEDHot Water(% Shrinkage - fast
cooling~ Shrinkage - fast cooling)80CNOT TESTED2.63985C3.0888.21288CNOT
TESTEDDEFORMEDg0C7.040DEFORMED92C9.073DEFORMEDHot Corn Syrup~( Shrinkage -
slow cooling)(% Shrinkage-sslow coolinal80CNOT TESTED2.03485CNOT
TESTED3.01290C4.3486.04'!95C6.931DEFORMED98C9.820DEFORMEDHot Corn Syrup(.%
Shrinkage - fast cooling)(J Shrinkage - fast cootingy80CNOT
TESTED1.47485CNOT TESTED1.72990C4.2158.88095C5.072DEFORMED98C7.623DEFORMED
7 November 2002 WO 99I54533 PCT/US99107011 -28 TABLE 4. % SHRINKAGE OF NECK
FINISH OF 460 ml JARS (AFTER FILLING WITH HOT LIQUID) i Hot Water ~
Shrinkage - slow cooling) ~ Shrinkage - slow cooling)80CNOT
TESTED1.51285C1.3321.40288CNOT TESTEDDEFORMED90C1.062DEFORMEDi
92C1.532DEFORMEDj Hot Water1% Shrinkage - fast cooling(% Shrinkage - fast
cooling)! 80CNOT TESTED1.402i 85C0.8511.402' 88CNOT
TESTEDDEFORMED90C1.132DEFORMED92C'I .252DEFORMEDi Hot Corn Syrup ~%
Shrinkage - slow cooling) (% Shrinkage - slow cooling)i ~ 80CNOT
TESTED1.28285CNOT TESTED0.952I 90C0.681 !1.651_ y 95C ~0.911DEFORMEDf
98C0.731DEFORMEDHot Corn Svtrup ~I% Shrinkage - fast cooling)(% Shrinkage -
fast cooling)80CNOT TESTED1.412_ 85CNOT
TESTED1.45290C1.0021.31295C1.112DEFORMED9 C_ 0.902DEFORMED   7 November
2002 WO 99/S4533 PCT/US99/07011 -29 Table 5. Hot-Fill Bottle Performance of
Ex. 2 Polymer ( 270 F Mold) Hot-Fill Temperature F (C)No. of SamplesVolume
Change %Standard Deviation185 (85)10-0.80.2195 (90.6)10-1.30.2200
(93.3)10-2.10.4205 (96.1 )10-3.7 ~0.7 Table 6. Hot Fill Bottle Performance
of Ex. 2 Polymer (200 F Mold) 



Hot Fill Temperature  F (C)No. of SamplesVolume Change %Standard Deviation
o /195 (90.6)10-2.20.3200 (93.3)10-5.00.7205 (96.1 )4-5.6 ~0.5 Table 7.
Comparative PET Bottle Performance (270 F Mold) Hot-Fill Temperature, F
{C)No. of SamplesVolume Change185.5 (85.2)1-2.04189.6 {87.6)1-2.46192
(88.9)1-3.43195 (90.6)1-4.63   7 November 2002 WO 99I54533 I'CT/US99/070t 1
-30 What is claimed is: 1. A container comprising a polyester, wherein said
polyester comprises terephthaloyl moieties; optionally, one or more other
aromatic diacid moieties; ethylene glycol moieties; isosorbide moieties;
and, 5 optionally one or more other diof moieties, wherein said polyester
has an inherent viscosity of at least about 0.35 d~lg when measured as a 1
(weightlvolume) solution of said polyester in o-chlorophenol at a
temperature of 25C. 2. The container according to Claim 1, wherein said 10
terephthaloyl moieties are derived from terephthalic acid or dimethyl
terephthalate. 3. The container according to Claim 1, wherein the polyester
further comprises diethylene glycol moieties. 4. The container according to
Claim 1, wherein said one or 15 more other diol moieties are derived from
aliphatic alkylene glycots or branched aliphatic glycols having from 3-12
carbon atoms and having the empirical formula HO-C~H2n-OH, where n is an
integer from 3-12; cis or traps-1,4-cyclohexanedimethanol or mixtures
thereof; triethylene glycol; 2,2-bis[4-(2-hydroxyethoxy)phenyl]propane;
1,1-bis[4-(2-hydroxyethoxy) 20 phenyl]cyclohexane;
9,9-bis[4-(2-hydroxyethoxy)phenyl]fluorene; 1,4:3,6 



dianhydromannitol; 1,4:3,6-dianhydroiditol; or 1,4-anhydroerythritol. 5.
The container according to Claim 4, wherein said one or more other diol
moieties are derived from cis-1,4-cyclohexanedimethanol,
traps-1,4-cyclohexanedimethanol, or mixtures thereof.   7 November 2002 WO
99I54533 PCT/US991070t 1 -316. The container according to Claim 1) wherein
said optional one or more other aromatic diacid moieties are derived from
isophthalic acid, 2,5-furandicarboxylic acid, 2,5-thiophenedicarboxylic
acid, 2,6 naphthatenedtcarboxylic acid, 2,7-naphthalenedicarboxylic acid,
or 4,4' 5 bibenzoic acid. 7. The container according to Claim 6, wherein
said one or more other aromatic diacid moieties are derived from
isophthalic acid, 2,6 naphthalenedicarboxylic acid, 4,4'-bibenzoic acid, or
mixtures thereof. 8. The container according to Claim 1, wherein said
inherent 10 viscosity is at least about 0.50 dLlg. 9. The container
according to Claim 8) wherein said inherent viscosity at least about 0.70
dUg. 10. The container according to Claim 1, wherein said terephthaloyl
moieties are present in an amount of from about 40 to about 15 50 mole % of
said polyester, said other aromatic diacid moieties are present in an
amount up to about 10.0 mole % of the polyester, said ethylene glycol
moieties are present in an amount of from about 28 to about 49.75 mole % of
said polyester, said isosorbide moieties are present in an amount of from
about 0.25 to about 12.0 mole % of said 20 polyester, and said other diol
moieties are present in an amount of up to about 10.0 mole % of said
polyester. 11. The container according to Claim 10, wherein said other diol
moieties are diethylene glycol moieties in an amount up to about 5.0 mole %
of said polyester.   7 November 2002 WO 99I54533 PCT1US99/0701 i -32 12.
The container according to Claim 1, wherein said container may be filled
with liquid at a temperature of at least about 60C. 13. The container
according to Claim 12, having a decrease in volume less than about 3%. 5
14. The container according to Claim 12, wherein said container 



may be filled with liquid at a temperature of at least about 88C. 15. The
container according to Claim 14, having a decrease in volume less than
about 3%. 16. The container according to Claim 1, wherein said container 10
is a narrow-necked bottle or wide-mouth jar. 17. The container according to
Claim 1, wherein said isosorbide moieties are present in an amount of from
about 1 mole % to about 6 mole of the polyester. 18. The container
according to Claim 17, wherein said 15 isosorbide moieties are present in
an amount of from about 1 mole % to about 3 mole % of the polyester. 19. A
method of making a container, wherein the container comprises a polyester,
said method comprising: a) forming the polyester; and , 20 b) preparing the
container; wherein the polyester comprises terephthaloyl moieties; and,
optionally, other aromatic diacid moieties; ethylene glycol moieties,
isosorbide moieties; and) optionally, other diol moieties; wherein said   7
November 2002 WO 99I54533 PCTIUS99l07011 -33 polyester has an inherent
viscosity of at least about 0.35 dUg when measured as a 1 % (weightlvolume)
solution of said polyester in o-chlorophenol at a temperature of 25C. 20.
The method according to Claim 19) wherein forming the 5 polyester
comprises: (a) combining in a reactor a monomer comprising a terephthaloyl
moiety; optionally, one or more other monomers containing an aromatic
diacid moiety; a monomer comprising an ethylene glycol moiety; a monomer
comprising an isosorbide moiety; and optionally, one 10 or more other
monomers comprising a diol moiety with a condensation catalyst suitable for
condensing aromatic diacids and glycols; and (b) heating said monomers and
said catalyst to a temperature sufficient to polymerize said monomers into
a polyester polymer having at least a terephthaloyl moiety) ethylene glycol
moiety and 15 isosorbide moiety, wherein said heating is continued for a
sufficient time to yield a polyester having an inherent viscosity of at
least about 0.35 dL/g when 



measured as a 1 % (weightlvolume) solution of said polyester in o
chlorophenol at a temperature of 25C. 20 21. The method according to Claim
20, wherein heating said monomers further includes stirring said monomers
with the concurrent removal of by-products by distillation andlor
evaporation. 22. The method according to Claim 20, wherein said monomer
comprising a terephthaloyl moiety is terephthalic acid. 25 23. The method
according to Claim 22, wherein water and unreacted monomer are removed
while said monomers polymerize.   WO 99I54533 -34 7 November 2002
PCT/US99107011 24. The method according to Claim 20, wherein said monomer
comprising a terephthaloyl moiety is dimethyl terephthalate. 25. The method
according to Claim 24, wherein methanol and unreacted monomer are removed
while said monomers polymerize. 5 26. The method according to Claim 19)
wherein said one or more optional other diol moieties are derived from
aliphatic allcylene glycols or branched aliphatic giycois having from 3-12
carbon atoms and having the empirical formula hl0-C~H2n OH, where n is an
integer from 392; cis or trans-1,4-cyclohexanedimethanol or mixtures
thereof; 10 triethylene glycol; 2,2-bis[4-(2-hydroxyethoxy)phenyl)propane;
1,1-bis[4 (2-hydroxyethoxy)phenyl]cyclohexane; or 9,9-bis[4-(2
hydroxyethoxy)phenyl)-fluorene. 27. The method according to Claim 19,
wherein said optional other aromatic diacid moieties are derived from
isophthalic acid, 2,5 15 furandicarboxylic acid, 2,5-thiophenedicarboxylic
acid, 2,6 naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid,
or 4,4' bibenzoic acid. 28. The method according to Claim 19, wherein said
terephthaloyl moieties are present in an amount of about 40 to 50 mote 20
of said polyester, said one or more optional other aromatic diacid moieties
are present in an amount up to about 10 mole % of said polyester, said
ethylene glycol moieties are present in an amount of about 28 to 49.75 mole
% of the polyester, said isosorbide moieties are present in an amount of
about 0.25 to 20.0 mole lo of said polyester, and said one or 25 more other
diol moieties are present in an amount up to about 10.0 mole of said
polyester. 



7 November 2002 WO 99/54533 PCT/t3S99/07011 -3529. The method according to
Claim 28, wherein said one or more other dioi moieties comprise diethylene
glycol moieties in an amount of up to about 5.0 mole % of said polyester.
30. The method according to Claim 20, further comprising 5 increasing the
molecular weight of said polyester by solid state polymerization. 31. The
method according to Ctaim 30, wherein said solid state polymerization
comprises: (a) crystallizing said polyester by heating said polyester 10 at
a temperature in the range of about 115C to about 140C; and (b) heating
said polyester under vacuum or in a stream of inert gas at an elevated
temperature above 140C but below the melting temperature of said polyester
to yield a polyester having an increased inherent viscosity. 15 32. The
method according to Claim 31, wherein said heating step (b) is carried out
at a temperature of about 195 to 198C for about 10 hours. 33. The method
according to Claim 31, wherein said increased inherent viscosity is at
least about 0.65 dLlg. 20 34. The method according to Claim 19, wherein
preparing the container comprises extruding, injection molding,
stretch-blow molding, injection blow molding or thermoforming the polyester
to form the container.   7 November 2002 WO 99/54533 -36 PCT/US99/070I 1
35. The method according to Claim 34, wherein preparing the container
comprises stretch-blow molding the container. 36. The method according to
Claim 19, further comprising filling the container, wherein the container
is hot-filled or cold-filled.
.Ay{e.A{L%.AL2.AL.A9%.Ay.9.A9%.A92(.AfA9L.As2.AAL.Al.A,Y.A.L.AY.As.Asl.A.Ly
.A`Y.Ay.AS.Ll.A,`.A@A.AU.AF.996.ALB.A.9!*.A`_.A.9.AA&.Af@E
.ALE.AlU&.A9l.A.A%.A3{l15d|sZ      



X<
Y{vqkf`[V]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]caU]ca]caU]ca]ca]c:a
]ca]ca]ca]ca]ca]ca]c^a]ca]c^aU]caU]ca]cTa Yo@6=L}SVc'm
ytoje_ZU]ca]ca]c^a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]c^
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
!""">#P%%%((((&(5(q((())n)**!+8+u++,J,x,,-~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c^a]ca]caU]ca]
ca]ca!-I-c---&.r...9/|////r2u446e8u8x89x;
;;;;<%=n==0>>>zupkfa\W]]]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]
ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!>?Y??@A]AAABeBCCCCDDEFA
HfHEIJKK5LEL`LdLLMNHPQ{uoje`[V]]ca]ca]ca]ca]caU]caU]ca]ca]ca]c^a]ca]ca]ca]c
a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Q2SxTTTTTT7UUUV
'VFVVV,WYXXY*ZM[[\\\\\@]Y]]]3^V_~xsnid_ZU]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca!V__`
a3bbbb4cccdeeee
e%e5e}eef\fjfffIgggiVijjjzupkfa\V]]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!jkYkkk)m9mTm
YmmmmLnnopfpppqlqrrscss>tttt8uuuu|wrmhc^X]]U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca!uuVvq
v{Q}v}}}}}}9~~~-mF4}$4O~ytoje`[UU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]c^a]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]c^a]ca]ca!OT?2]mM-}zupk
f`[UU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]c
a]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca!])P8JZur\uf{vqkfa\WU]]ca]ca]ca]ca]c^a]ca]
ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!f
N0~d-7^{Y~ytojd_ZU]ca]ca]caU]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]c^a]ca]ca]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!YsB6FRWpt}$=?A}xrmgb\W~ytoj
d_ZU]]caU]ca]ca]c^a]ca]c^a]ca U]c^aU]ca]caU]ca]caU]ca]caU]ca]ca]ca
U]c^a]caU]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caADdh2<E$49`a%=pq:zuojd_YT~yto
jd_Z]ca]c^a]ca]c^a]ca]c^a]ca]ca
U]c^a]caU]ca]caU]ca]ca]c^a]caU]ca]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a
]ca]c^a:JV[ag}.<!#,|void^YSjd_YT~ytojd]c^a]ca]c^a]caU]ca U]c^a]c^a
U]c^a]caU]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]caU]caU]ca U]c^a]c^a
U]c^a]caU]ca]ca&/,4\ln+FKQT&1B
{vpke`ZU~ytojd]]caU]ca]ca]c^a]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca]ca]c^a]ca]
c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca
(.1b!#(<zT#l{!lY|wrmhc^Yjd]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]c^a]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]c^a
2m>hGTiG{vqlgb]X]c]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca!*K5u!i:}=S!H|wrmhc^Y]c]]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca!Ay%`RiH([Wm}!N{vqlga\W]]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca!N33z
dtJWm}!N{vqlga\W]]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cad|Ks{Y:LL10%&'()-!ls!10%8_8_&'(
)-z!`ls!10%&'()-z!y`ls!10%&'()-z!fUls!10%&'()-z`10%&'()-Z}[<yd$"10%&'()-!yd
$"10%&'()-""10%&'()-L!@10%&'()-!y"10%&'()-`!y"10%77&'()-`I      uj_@3"L10%
h&'()- 10 10 10!s<10%&'()-@510%&'()-y, "10%&'()-!$y, "10%&'()-  \
wU3j_@!"10%;h;h&'()-!"10%66&'()-!"10%;
;&'()-!Sf"10%&'()-L!f"10%aa&'()-L!svf"10% h h&'()-L<daVK@! 10 h 10 h 10
h210% h&'()->*l"10% h&'()-!8>*l"10%XhXh&'()-(!10% h&'()-&`10%
h&'()-Yo}^?VK@! `10%m&'()-910%m&'()- 10%m&'()-! 10%VV&'()-S!.
10%HH&'()-S"L10%m&'()-@^<VK@!!@@10%XX&'()-`!@@@10%(A(A&'()-`!,@@10%&'()-`S1
0%m&'()-@10%m&'()-10%m&'()-6SdEVK@!!4F10%m&'()--10%m&'()-,
10%m&'()-l%10%m&'()-#&!10%m&'()-
",10%m&'()-'m_=!!!Ly#10%/T/T&'()-4!Ly#10%]]&'()-4 10m 



10m 10m910%m&'()- 7G10%m&'()-&610%m&'()- v zX6_=!!<)
"10%&'()-`!8!"10%tt&'()-,"10%t&'()-!.,"10%&'()-!8,"10%dd&'()-!SLy#10%/r/r&'
()-4{      !{Y7!!!9m"10%&E&E&'()-!9m"10%mm&'()- 10t 10t
10t3!10%t&'()-!A3!10%&'()-!K)
"10%&'()-`!""">#e$P%^<{Y7!!!!84"10%&'()-!84"10%&'()-!10%m&'()-10%m&'()-s
-10%m&'()-!9m"10%55&'()-P%%%&(((((}oaS4!F10%&'()- 10 10
10!F+"10%&'()-!F+"10%&'()-&*G"10%m&'()-(`10%m&'()-((&(5(q(((dEaS4!F1010%&'(
)-Y
10%&'()-sY10%&'()-"10%&'()-"910%&'()-s10%&'()-())n)**!+8+dBaS4!F!s10%&'()-l
S10%&'()-G"10%&'()-10%&'()-`!10%&'()-
310%&'()-8+u++,J,x,,dEaS4!F!%10%&'()-f#310%&'()-!10%&'()-
t!10%&'()-``10%&'()-Z10%&'()-,-I-c---&.dEaS4!F!/10%&'()-s-10%&'()-+10%&'()-
*F 10%&'()-yY(!10%&'()-&y10%&'()-&.r...9/|////dE:/ 10
10y&9!10%&'()-7f10%&'()-5S10%&'()-
4Y10%&'()-y2`10%&'()-y0!10%&'()-////Z022r2u4uS4/ 1010% h&'()-
!S`10%&'()-!S`10% h h&'()-S`10% &'()-s10% h&'()-910% h&'()-
10u4456b8c8d8e8u8zodY: 10910%Z&'()- 10 h 10 h 10 hf/s10%
h&'()-:!%s10%hh&'()-!%s10% h h&'()-!\%s10%||&'()-u8x899u;v;w;x;;uj_@
10Y"910%&'()- 10Z 10Z 10Z10%Z&'()-!f10%BB&'()-mf10%Z&'()-m&10%Z&'()-;
;;;<%=n=dEj_@ 1010%&'()- LZ"10%&'()-
s10%&'()-"10%&'()-910%&'()-Yl10%&'()-n==0>>>?Y?aBj_@
10L10%&'()-L10%&'()-10%&'()-!y"10%&'()-S10%&'()-10%&'()-Y??@A]AAAdEj_@
10`-10%&'()-+10%&'()-*10%&'()-fY("10%&'()-!10%&'()-y
"10%&'()-ABeBCCCCCCdYNC 10 



10 10 10Y@:10%&'()-
y&9"10%&'()-f210%&'()-y0"10%&'()-`/10%&'()-CCD:EEFF}[<YNC 10f"10%m&'()-!
f"10%&'()-m"10%m&'()-! m"10%&'()-!.0m"10%
&'()-"s10%m&'()-FAHfHHEIkJJ}[<YNC
10*"10%m&'()-!.*"10%&'()-#"10%m&'()-!F#"10%&'()-
"T10%m&'()-!."10%mm&'()-JK2L3L4L5L`LLM{Y7
10!iL@#10%tt&'()-!PL@#10%&'()-!L@#10%((&'()- 10m 10m
10m2"10%m&'()-!<2"10%&'()-MNNOHPqQQ}[<{Y7
10!!"10%t&'()-!$!"10%&'()-Y"10%t&'()-!Y"10%&'()-"10%t7&'()-!
"10%&'()-QR2SuTvTwTxTTTrS4 1010%4|&'()-0s-10%4|&'()-Z 10tt 10tt
10tt!<f2"10%tt&'()-*"10%t&'()-!3*"10%&'()-TTTT7UUUdErS4 1010
10%4|&'()-910%4|&'()- 10%4|&'()-10%4|&'()-
"10%4|&'()-Z10%4|&'()-UV'VFVVV,WdErS4 1010"10%4|&'()-10%4|&'()-310%4|&'()-m
10%4|&'()-@y10%4|&'()-@l"10%4|&'()- ,WYXXY*ZM[[dErS4
10102"10%4|&'()-&+10%4|&'()-9*"10%4|&'()-
#10%4|&'()-!"10%4|&'()-910%4|&'()-[\\\\\\\\~_= 10! l 10%  &'()-l
10%`&'()-l, 10%`&'()-!l, 10%c c &'()- 104| 104|
104|&Y410%4|&'()-\@]Y]]]3^V_aB~_= 



10!S10%`&'()-m"10%`&'()- 10%`&'()-&10%`&'()-  m 10%`&'()-!l 10%XX&'()-V__`
a3bbbdE~_= 10!`*910%`&'()-("10%`&'()-"10%`&'()-S
"10%`&'()-10%`&'()-"10%`&'()-bb4cccdeeedE:/ 10`
10`s910%`&'()-210%`&'()-1"10%`&'()-f/10%`&'()--10%`&'()-,10%`&'()-eee
e%e5e}eexY:/ 10`  10% U&'()-310% U&'()-"10% U&'()-F10% U&'()-l10%
U&'()-l"L10% U&'()- 10`ef\fjfffIgdE:/ 10`10% U&'()-10% U&'()-, 10%
U&'()-S310% U&'()- 10% U&'()-&10% U&'()-IgggiVijjdE:/ 10`(10% U&'()-!10%
U&'()-, "10% U&'()-10% U&'()-"10% U&'()-310% U&'()-jjkYkkk&m'm(mdE:/ 10 



U 10 U9F410% U&'()-2"10% U&'()-9010% U&'()- 9@/10% U&'()-- 10% U&'()-+@10%
U&'()-(m)mEmYmmmmLnoP1/ 10%:&'()-L10%:&'()-  10%:&'()-!!10%22&'()-F! !10%
&'()-F!!10%::&'()-F 10 ULnnopfpppdE1/ 10%10%:&'()-
`10%:&'()-10%:&'()-"10%:&'()- S10%:&'()-9G"10%:&'()-pqlqrrscsdE1/
10%,10%:&'()- `*10%:&'()-(10%:&'()-"10%:&'()-f
"10%:&'()-10%:&'()-css>tttt8uaB1/ 10710%:&'()-610%:&'()- l410%:&'()-
2t10%:&'()-!3f/"10%::&'()--10%:&'()-8uuuuuuuVvqv~\: !,"10%&'()- !
10%kk&'()- !P 10%&'()- "s10%&'()- 10: 10: 10:s9"10%:&'()-qv;xy&{{||Q}wU3~\:
!A/"10%&'()-!P/"10%&'()-!F,"10%&'()- !3,"10%&'()- !3,"10%&'()- !,"10%&'()-
Q}s}t}u}v}}}}}bC !A/"1010%M&'()- "s10%M&'()-`F10%M&'()- l10%M&'()- 



10 10 107 10%&'()-}9~~~-dEbC !A/"10@10%M&'()-@10%M&'()-&F"10%M&'()-
10%M&'()-910%M&'()- 10%M&'()--mFdEbC !A/"10#10%M&'()-!"10%M&'()-@
10%M&'()--10%M&'()-s10%M&'()-L10%M&'()-4}dEbC !A/"10710%M&'()-6
10%M&'()-F410%M&'()-2"10%M&'()-+s10%M&'()-L*"10%M&'()-!"#$4T~\: !A!nflm"10%
U U&'()-'! flm"10%UU&'()-'!VUflm"10%c Uc U&'()-'"L10% U&'()- 10M 10M
10M`910%M&'()-?iwU6~\: !#"10% U&'()-!3#"10%@U@U&'()-!
9"10%-U-U&'()-!9"10%(U(U&'()-!.@"10%;U;U&'()-L!$@"10%1U1U&'()-LbC !#
10%t&'()-L3G10%t&'()-m10%t&'()-"`10%t&'()- 10 U 10 U 10 U&L*10%
U&'()-2]dEbC !#f10%t&'()-3"10%t&'()-10%t&'()-`10%t&'()-`
10%t&'()-"10%t&'()-]mdEbC
!#10%t&'()-s10%t&'()-"10%t&'()-`10%t&'()-l10%t&'()- 10%t&'()-M-}dEbC
!#2"10%t&'()-,10%t&'()-s*"10%t&'()-#10%t&'()-""10%t&'()-f 10%t&'()-}bC
!#l",10%&'()-`3F10%&'()-310%&'()-"10%&'()- 10t 



10t 10tl410%t&'()-])dEbC !#yy
"10%&'()-10%&'()-y&"10%&'()-f10%&'()-G"10%&'()-&10%&'()-)P8dEbC
!#y31"10%&'()--10%&'()-,,10%&'()-*10%&'()-y("10%&'()- "10%&'()-GHIJu~\=
!L#10%&'()-4 !L#10%FF&'()-4 !L#10%SS&'()-4  10 10 109"10%&'()-
210%&'()-(r|]>~\= !s#10%&'()-S9"10%&'()-!S9"10%&'()-S"10%&'()-!S"10%&'()-
$S"10%&'()-rS4 !3 10%u&'()-`10%&'()- 10 10
10!<S@/"10%&'()-!<S@/"10%&'()-S-M10%&'()-\u}^?rS4 !3Y"10%&'()-10%&'()-Lf
10%&'()-`10%&'()-!(3 10%&'()-! 3 10%uu&'()-f NdErS4 !3 10%&'()-`
10%&'()-sy10%E&'()-`10%&'()-,"10%&'()-`l10%&'()-N0~dErS4 !3s/10%&'()-s
.10%&'()-9y,10%&'()-,*10%&'()-`&$10%&'()-@l""10%&'()-d_= !!PY
"10%tt&'()-`!QY "10%&'()-` 10 10 10410%&'()-'@&3"10%&'()-l110%&'()--7xV7_=
!`10%&'()-!X@ "10%l+l+&'()- )@ "10%&'()-!@ "10%&'()-!@ "10%&'()-!>@
"10%&'()-7^a@_= ! 3@`*'10%&'()-#10%&'()-!@S 10%qq&'()-y@S 10%
&'()-yg10%&'()-10%&'()-xyz{oM= 



! 3@`*!HhSm"10%h hh h&'()-!L 10%6h6h&'()-G 10 10
10!3@`*'10%&'()-!@`*'10%11&'()-YLz[9M= !!!"10%6h6h&'()-"10% h&'()-!"10%;h;
h&'()-,"10% h&'()-!,"10%;h;h&'()-!Sm"10% h h&'()-sBz[PE: !! 10 h 10 h 10
hL9"10% h&'()-710% h&'()-!.-"10%NhNh&'()-`!.-"10%NhNh&'()-`!!"10%;h;
h&'()-3456F}rg\= !! 1"L10%@&'()- 10 10 109 10%&'()-!F 10%&'()-S!YF
10%jj&'()-Sl"910%&'()-FRWpdEg\= !! 1 !10%@&'()-* !10%@&'()-*!10%@&'()-fm
10%@&'()-f Z10%@&'()-l10%@&'()-eFg\= !! 1 !10%@&'()-* !10%@&'()-*
!10%@&'()-*#3C! !10%@&'()-* !10%@&'()-*eFg\= !! 1 !10%@&'()-* !10%@&'()-*
!10%@&'()-* 



!10%@&'()-*#3C! !10%@&'()-*eAg\= !! 1#3C! !10%@&'()-* !10%@&'()-*
!10%@&'()-* !10%@&'()-*#3C!25:?@fidJ+= !10%@&'()-* !10%@&'()-*#3C!
!10%@&'()-* !10%@&'()-* !10%@&'()-* !10%@&'()-*instjP6= !10%@&'()-*
!10%@&'()-* !10%@&'()-* !10%@&'()-*#3C! !10%@&'()-* !10%@&'()-*oK,=
!10%@&'()-*#3C! !10%@&'()-* !10%@&'()-* !10%@&'()-* !10%@&'()-*(#3C!eF,=
!10%@&'( !10%@&'()-* !10%@&'()-*#3C! !10%@&'()-* !10%@&'()-*
!10%@&'()-*037eF,= !10%@&'( !10%@&'()-* !10%@&'()-* !10%@&'()-*#3C! 



!10%@&'()-* !10%@&'()-*7=@AacieF,= !10%@&'( !10%@&'()-* !10%@&'()-*
!10%@&'()-*#3C! !10%@&'()-* !10%@&'()-*imsteF,= !10%@&'( !10%@&'()-*
!10%@&'()-* !10%@&'()-*#3C! !10%@&'()-* !10%@&'()-*eF,= !10%@&'(
!10%@&'()-* !10%@&'()-* !10%@&'()-* !10%@&'()-*#3C! !10%@&'()-*eA,=
!10%@#3C! !10%@&'()-* !10%@&'()-* !10%@&'()-* !10%@&'()-*#3C!38=BCTUdJ0=
!10%@&'()-* !10%@&'()-*#3C! !10%@&'()-* !10%@&'()-* !10%@&'()-*
!10%@&'()-*UVWXz~iJ+= !10%@&'()-* !10%@&'()-* !10%@&'()-* !10%@&'()-*#3C! 



!10%@&'()-* !10%@&'()-*eF+= !10%@&'( !10%@&'()-* !10%@&'()-*
!10%@&'()-*#3C! !10%@&'()-* !10%@&'()-*`F+= !10%@&'( !10%@&'()-*#3C!
!10%@&'()-* !10%@&'()-* !10%@&'()-* !10%@&'()-*"`F+= !10%@&'(
!10%@&'()-*#3C! !10%@&'()-* !10%@&'()-* !10%@&'()-* !10%@&'()-*"(.45W]^eF,=
!10%@&'()-* !10%@&'()-* !10%@&'()-*#3C! !10%@&'()-* !10%@&'()-*
!10%@&'()-*^deeF,= !10%@&'()-* !10%@&'()-* !10%@&'()-* !10%@&'()-*
!10%@&'()-*#3C! !10%@&'()-*eA,= !10%@&'#3C! !10%@&'()-* !10%@&'()-* 



!10%@&'()-* !10%@&'()-*#3C!&+dJ+= !10%@&'()-* !10%@&'()-*#3C! !10%@&'()-*
!10%@&'()-* !10%@&'()-* !10%@&'()-*+278:<FGeF,= !10%@&'()-* !10%@&'()-*
!10%@&'()-* !10%@&'()-*#3C! !10%@&'()-* !10%@&'()-*GHIJlorwiJ+= !10%@&'()-*
!10%@&'()-* !10%@&'()-* !10%@&'()-*#3C! !10%@&'()-* !10%@&'()-*wxeA+=
!10%@#3C! !10%@&'()-* !10%@&'()-* !10%@&'()-* !10%@&'()-*#3C!dJ+=
!10%@&'()-* !10%@&'()-*#3C! !10%@&'()-* !10%@&'()-* !10%@&'()-*
!10%@&'()-*"(,eF+= !10%@&'( !10%@&'()-* !10%@&'()-* !10%@&'()-*#3C! 



!10%@&'()-* !10%@&'()-*,45W]cieF+= !10%@&'( !10%@&'()-* !10%@&'()-*
!10%@&'()-* !10%@&'()-*#3C! !10%@&'()-*ijeA+= !10%@#3C! !10%@&'()-*
!10%@&'()-* !10%@&'()-* !10%@&'()-*#3C!dJ+= !10%@&'()-* !10%@&'()-*#3C!
!10%@&'()-* !10%@&'()-* !10%@&'()-* !10%@&'()-*zodC !10%@& 310%+!&'()- 10@
10@ 10@ !10%@&'()-*#3C! !10%@&'()-* !10%@&'()-*$49`ae|`@odC !10%@
10%+!&'()-  10%+!&'()- ,10%+!&'()- L410%+!&'()- ,#10%+!&'()--
"910%+!&'()-ejop_?odC !10%@  10%+!&'()-  10%+!&'()-  10%+!&'()--#3(N
10%+!&'()-  10%+!&'()-_?odC 



!10%@  10%+!&'()-  10%+!&'()-  10%+!&'()--#3(N  10%+!&'()-  10%+!&'()-
$_?odC !10%@  10%+!&'()-  10%+!&'()-  10%+!&'()-  10%+!&'()-#3(N
10%+!&'()-$%AKSZ[`<odC !10%#3(N  10%+!&'()-  10%+!&'()-  10%+!&'()-
10%+!&'()-#3(N[oruxy`DodC !10%#3  10%+!&'()-#3(N  10%+!&'()-  10%+!&'()-
10%+!&'()-  10%+!&'()-{_?odC !10%#  10%+!&'()-  10%+!&'()-#3(N  10%+!&'()-
10%+!&'()-  10%+!&'()-_?odC !10%#  10%+!&'()-  10%+!&'()-  10%+!&'()-#3(N
10%+!&'()- 



10%+!&'()-&-5_?odC !10%#  10%+!&'()-  10%+!&'()-  10%+!&'()-
10%+!&'()-#3(N  10%+!&'()-56789:JV[yX7  G10%"&'()- m10%"&'()-'
"`10%"&'()-10+!10+!10+!  10%+!&'()-#3(N[bDyX7  'P!<R!10%"&'()-u
<R!10%"&'()-u <R!10%"&'()-u  3"10%"&'()-  10%"&'()-- &jJ*<R!10%"&'()-u
<R!10%"&'()-u <R!10%"&'()-u 'P!<R!10%"&'()-u <R!10%"&'()-u <R!10%"&'()-u
&',289>IhL,<R!10%"&'()-u <R!10%"&'()-u 'P!<R!10%"&'()-u <R!10%"&'()-u
<R!10%"&'()-u 'P!IRSX^ghmeG+<R!10%"&'()-u 'P!<R!10%"&'()-u <R!10%"&'()-u
<R!10%"&'()-u 'P!<R!10%"&'()-u ms|}eE+<R!10%"&'()-<R!10%"&'()-u
<R!10%"&'()-u <R!10%"&'()-u 'P!-<R!10%"&'()-u <R!10%"&'()-u
hL,<R!10%"&'()-u <R!10%"&'()-u 'P!<R!10%"&'()-u <R!10%"&'()-u <R!10%"&'()-u
'P!eG+<R!10%"&'()-u 'P!<R!10%"&'()-u <R!10%"&'()-u <R!10%"&'()-u
'P!<R!10%"&'()-u $-eE+<R!10%"&'()-<R!10%"&'()-u <R!10%"&'()-u <R!10%"&'()-u
'P!-<R!10%"&'()-u <R!10%"&'()-u -.=\xy~hL,<R!10%"&'()-u <R!10%"&'()-u
'P!<R!10%"&'()-u <R!10%"&'()-u <R!10%"&'()-u 'P!eG+<R!10%"&'()-u
'P!<R!10%"&'()-u <R!10%"&'()-u <R!10%"&'()-u 'P!<R!10%"&'()-u
eE+<R!10%"&'()-<R!10%"&'()-u <R!10%"&'()-u <R!10%"&'()-u 'P!-<R!10%"&'()-u
<R!10%"&'()-u hL,<R!10%"&'()-u <R!10%"&'()-u 'P!<R!10%"&'()-u <R!10%"&'()-u
<R!10%"&'()-u 'P!/05@FGLeG+<R!10%"&'()-u 'P!<R!10%"&'()-u <R!10%"&'()-u
<R!10%"&'()-u 'P!<R!10%"&'()-u LW]^cioeE+<R!10%"&'()-<R!10%"&'()-u
<R!10%"&'()-u <R!10%"&'()-u 'P!-<R!10%"&'()-u <R!10%"&'()-u
opu{hL,<R!10%"&'()-u <R!10%"&'()-u 'P!<R!10%"&'()-u <R!10%"&'()-u
<R!10%"&'()-u 'P!^=<R!10% MF 10%aX#a&'()-s "910% X#
&'()-10"10"10"<R!10%"&'()-u 'P!<R!10%"&'()-u !#-.KLcG^=<R!10% M"10%
&'()-A"10% &'()-A"10% &'()-A"10% &'()-A"10% &'()-A  JF 10%
&'()-sLijozeG+="10% &'()-A',""10% &'()-A"10% &'()-A"10% &'()-A',""10%
&'()-AeE+="10% &'()-"10% &'()-A"10% &'()-A"10% &'()-A',"-"10% &'()-A"10%
&'()-AhL,="10% &'()-A"10% &'()-A',""10% &'()-A"10% &'()-A"10%
&'()-A',"&eG+="10% &'()-A',""10% &'()-A"10% &'()-A"10% &'()-A',""10%
&'()-A&178?EKeE+="10% &'()-"10% &'()-A"10% &'()-A"10% &'()-A',"-"10%
&'()-A"10% &'()-AKLS^ghmshL,="10% &'()-A"10% &'()-A',""10% &'()-A"10%
&'()-A"10% &'()-A',"s|}eG+="10% &'()-A',""10% &'()-A"10% &'()-A"10%
&'()-A',""10% &'()-AgI-="10% &'()-A',""10% &'()-A"10% &'()-A"10% &'()-A"10%
&'()-A"10% &'()-A eE-="10% &'("10% &'()-A"10% &'()-A"10% &'()-A-',""10%
&'()-A"10% &'()-A!#)*,fH,="10% &'()-A',""10% &'()-A"10% &'()-A"10%
&'()-A"10% &'()-A',",5;DELReE,="10% &'()"10% &'()-A"10% &'()-A',""10%
&'()-A"10% &'()-A"10% &'()-AR[\lneE,="10% &'()"10% &'()-A"10% &'()-A"10%
&'()-A"10% &'()-A',""10% &'()-AhL,="10% &'()-A"10% &'()-A',""10% &'()-A"10%
&'()-A"10% &'()-A',"eE,="10% &"10% &'()-A"10% &'()-A"10% &'()-A',""10%
&'()-A"10% &'()-AhL,="10% &'()-A"10% &'()-A',""10% &'()-A"10% &'()-A"10%
&'()-A'," +yl_>"10% l"&10%f"f&'()-10 10 10 "10% &'()-A',""10% &'()-A"10%
&'()-A+K~^>l_>"10%e10%Y}!Y&'()-Se10%Y}!Y&'()-Se10%Y}!Y&'()-Se10%Y}!Y&'()-S
l 10%Y}!Y&'()-- Yl
10%"&'()--[?l_>"10%e10%Y}!Y&'()-S)#3Tce10%Y}!Y&'()-Se10%Y}!Y&'()-Se10%Y}!Y&
'()-Se10%Y}!Y&'()-S{_?l_>"10%e10%Y}!Y&'()-Se10%Y}!Y&'()-S#3Tce10%Y}!Y&'()-S
e10%Y}!Y&'()-Se10%Y}!Y&'()-S
!_?l_>"10%e10%Y}!Y&'()-Se10%Y}!Y&'()-Se10%Y}!Y&'()-S#3Tce10%Y}!Y&'()-Se10%Y
}!Y&'()-S!%&25<@_?l_>"10%e10%Y}!Y&'()-Se10%Y}!Y&'()-Se10%Y}!Y&'()-Se10%Y}!Y
&'()-S#3Tce10%Y}!Y&'()-S@AB`Dl_>"10%Te10%r"&'()-/Te10%r"&'()-/Te10%r"&'()-/
Lz10%r"&'()-e10%Y}!Y&'()-S#3Tc_?l_>"10%Te10%r"&'()-/Te10%r"&'()-/Te10%r"&'(
)-/Te10%r"&'()-/Te10%r"&'()-/Te10%r"&'()-/dDl_>"10%Te10%r"&'()-/Te10%r"&'()
-/#3TcTe10%r"&'()-/Te10%r"&'()-/Te10%r"&'()-/_?l_>"10%Te10%r"&'()-/Te10%r"&
'()-/Te10%r"&'()-/#3TcTe10%r"&'()-/Te10%r"&'()-/
"&_?l_>"10%Te10%r"&'()-/Te10%r"&'()-/Te10%r"&'()-/Te10%r"&'()-/#3TcTe10%r"&
'()-/&'(bx`@l_>"10% !(10%r"&'()-^ !(10%r"&'()-^ !(10%r"&'()-^
z10%r"&'()-Te10%r"&'()-/#3TceEl_>"10% !(10%r"&'()-^ !(10%r"&'()-^
!(10%r"&'()-^'(- !(10%r"&'()-^ !(10%r"&'()-^hL,> !(10%r"&'()-^
!(10%r"&'()-^'( !(10%r"&'()-^ !(10%r"&'()-^ !(10%r"&'()-^'(eG,>
!(10%r"&'()-^'( !(10%r"&'()-^ !(10%r"&'()-^ !(10%r"&'()-^'( 



!(10%r"&'()-^#(<zuT3 ! L10% # &'()- s10% # &'()- F10% #
&'()-%!!@!10%K"K"&'()-s @!10% # &'()-s10r"10r"10r"zT|[:uT3 !  s&10% # &'()-
l-10% # &'()- 10% " &'()-  !10% # &'()- yM10% # &'()- s10% #
&'()-#l{!|[:uT3 !  9&$10% # &'()-  &10% # &'()- 9 10% # &'()- s10% # &'()-
f10% # &'()- 9s10% # &'()-!lY|[:uT3 !  4:10% # &'()- `&310% # &'()- /10% #
&'()- f .3"10% # &'()- s'&10% # &'()- f% 10% # &'()- vU4 !  10%?$&'()-
10%?$&'()- oPL"10% &'()- L"10%?$&'()-10 # 10 # 10 #  6 10% # &'()-
2m>h|[:vU4 !   10%?$&'()- `10%?$&'()-o 10%?$&'()- Ys10%?$&'()- 10%?$&'()-
S10%?$&'()-hG|[:vU4 !   `*10%?$&'()- (10%?$&'()-o 'M10%?$&'()- Y%10%?$&'()-
" 10%?$&'()- S 10%?$&'()-T|[NA4 ! 10?$10?$10?$ 9G 10%?$&'()-o 710%?$&'()-
&6s10%?$&'()- 210%?$&'()- 1!10%?$&'()-i|[:NA4 ! 10 Y"10%$&'()- Ly10%$&'()-o
f 10%$&'()-  F 10%#&'()-   F 10%j$j&'()-  "&10%$&'()-G|[:NA4 ! 10
!10%$&'()- l`m10%$&'()-o y10%$&'()- Yy10%$&'()- y10%$&'()-
S,10%$&'()-*K|[:NA4 ! 10  l0'10%jj&'()-V /810%$&'()-o +m 10%$&'()-
*!10%$&'()- yY(g10%$&'()- %10%&$&&'()-5vU4 !  I 10%`!&'()-S ,^ 10%x$&'()-S
"910%x$&'()-10ee10ee10ee  l0'10%ee&'()-V l0'10%$&'()-V5u!i|[:vU4 !  I
10%x$&'()-, `10%x$&'()-  @&10%x$&'()- S10%x$&'()- y910%x$&'()-
10%x$&'()-i:}|[:vU4 !  I  10%x$&'()-, g10%x$&'()- L10%x$&'()- !10%x$&'()-
10%x$&'()-  FG10%x$&'()-=S!H|[:vU4 !  I (m10%x$&'()-, &&10%x$&'()-
F%10%x$&'()- # 10%x$&'()- !10%x$&'()- S L10%x$&'()-HAy|[:vU4 !  I 7
10%x$&'()-, Y4 10%x$&'()- f210%x$&'()- S/f10%x$&'()- -10%x$&'()- +
10%x$&'()-%vU4 !  "10%l#&'()- #`10%l#&'()- LG10%l#&'()-
F10%l#&'()-10x$10x$10x$ s910%x$&'()-%`Ri|[:vU4 !   y910%l#&'()-  10%l#&'()-
10%l#&'()-  10%l#&'()-  



L10%l#&'()- 10%l#&'()-iH|[:vU4 !   3%Y10%l#&'()- y#10%l#&'()- !10%l#&'()-
10%l#&'()- 10%l#&'()- &!10%l#&'()- ([|[:vU4 !   0@10%l#&'()- ,/"10%l#&'()-
-&10%L"&'()- +10%l#&'()- (10%l#&'()- &@10%l#&'()-Wjklm!NvU4 !  L10%R$&'()-
1U l"10%"&'()- 0 l"10%R$&'()-10#l##10#l##10#l## L910%#l##&'()-
7!10%l#&'()-N3|[:vU4 !   y10%R$&'()-1 `!10%R$&'()-  10%R$&'()- 10%R$&'()-
:10%R$&'()- Z10%R$&'()-3z |[:vU4 !   -10%R$&'()-1 (z10%R$&'()-z '
10%R$&'()- #Z10%R$&'()- "10%R$&'()- S 10%R$&'()-abcdtvU4 !  l"10%S!S&'()-
fF10%S!S&'()- 3lm10%S!S&'()- 3"10%S!S&'()-10&R$&10&R$&10&R$&
2!10%&R$&&'()-J|vU4 !  l"10%S!S&'()- fF10%S!S&'()-  ` 10%S!S&'()- y
M10%S!S&'()- l 10%S!S&'()- y10%S!S&'()- Normal" "Heading 13]c" "Heading
23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font%,d5w8@4IwQYb(jruz#Iz59lc  "$&(*,.02468:Y->QV_juOfYA: N
!P%((8+,&./u4u8;
n=Y?ACFJMQTU,W[\V_beeIgj(mLnpcs8uqvQ}}-]})N7Fi7iU"^+Gw,ie$[5[&Im-LoL&Ks,R+!
@&z! h5iH%iN   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijkl6Times New
RomanArialCourier New"h Root EntryWordDocumentX
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopq 


