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TH 0426 

PROCESS FOR MANUFACTURING POLYESTER COPOLYMERS 
CONTAINING TEREPHTHALATE AND NAPHTHALATE UNITS 

This invention relates to a process for 
manufacturing a linear random polyester copolymer. 
More particularly, this invention relates to a process 
for manufacturing a polyethylene 

s terephthalate/naphthalate, or PET/N copolymer. 
Linear polyesters are generally made in two stages. 

In the first stage, called the esterification or 
transesterification stage, a dicarboxylic acid or 
diester is reacted with a diol at elevated temperatures 

10 and at either atmospheric or elevated pressures where 
water, or the corresponding alcohol, is produced as a 
byproduct. In the second or polycondensation stage, a 
vacuum is gradually applied, one or more catalysts are 
utilized, and additional water along with excess diol 

15 are withdrawn as condensation byproducts. This 
two-stage process is generally conducted in the melt 
phase, until the intrinsic viscosity of the polymer 
reaches about 0.2 dl/g or higher, for example, up to 
about 0.6 dl/g. At this point, the molten polymer is 

20 rapidly cooled to produce a solid polymer which is 
then pelletized, chopped, etc. Various polyesters can 
be made by such polymerization techniques, including 
polyethylene terephthalate (PET), and various 
copolymers thereof. 

25 To produce crystallizable copolymers with high 
molecular weights and high melting points, such as 
those suitable for use as bottle resins, the pelletized 
product of the melt phase process is subsequently 
subj~cted to solid state polymerization at a 

30 temperature below the melting point of the partially 
formed polymer, and in the presence of a vacuum or a 
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nitrogen purge to remove reaction byproducts. The 
polymer is actually polymerized in a solid state, with 
the polycondensation reaction being continued in such a 
state. Solid state polymerization is continued until 

s the intrinsic viscosity of the polymer reaches any 
desired level, such as from 0.6 dl/g to 1.0 dl/g or 
even higher. Desirably, the intrinsic viscosity ranges 
from 0.70 dl/g to 0.90 dl/g. 

Two major commercial processes are used to produce 
10 high molecular weight linear polyesters. These two 

processes are the ester-based process and the 
acid-based process, which react a diester and a diacid, 
respectively, with one or more diols. For example, in 
the production of high molecular weight polyethylene 

15 terephthalate, the dimethyl ester of terephthalic acid 
is heated with an excess of ethylene glycol in the 
presence of an ester interchange catalyst at a 
temperature of 185°C to 220°C under atmospheric pressure 
until approximately the theoretical amount of methyl 

20 alcohol has been liberated. The excess glycol is 
distilled off and the product remaining, which is the 
bis glycol ester, is polymerized by condensation. 
Glycol is eliminated by heating the bis glycol ester 
with a catalyst at elevated temperatures and under 

25 reduced pressures until a high molecular weight product 
is formed. 

High molecular weight polyesters can also be 
produced on a commercial scale by an acid-based 
process. Polyethylene terephthalate, for example, can 

30 be produced by heating terephthalic acid with ethylene 
glycol to form a mixture of low molecular weight 
oligomers, which can then be polycondensed by heating 
in the presence of a catalyst at a temperature of 260°C 
to 300°C under reduced pressures to form a high 

35 molecular weight product. The acid-based process is 
currently preferred for commercial operations. 
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The acid-based process has many advantages, both 
technical and economical. The free acids are less 
expensive than dialkyl esters of acids. There is no 
lower alkyl alcohol byproduct, and since the excess of 

5 diol used is kept at a minimum, recovery and losses of 
diol are considerably reduced. No transesterification 
catalyst is required, while reaction rates are rapid, 
and complete reaction from raw material to high polymer 
may be carried out in as little as three hours. 

10 Furthermore, polyesters formed by this method may 
attain intrinsic viscosities which are somewhat higher 
than those normally obtained by the ester interchange 
route. In addition to these advantages, the polyester 
product may contain less catalyst residue than 

15 polyester resin formed by the ester-based process. 
Although no catalyst is necessary in the initial 
esterification reaction, a catalyst such as zinc 
acetate, manganese acetate, or alkali metal alcoholates 
may be employed. The only catalyst actually necessary 

20 is a condensation catalyst, which may suitably be 
antimony trioxide, zinc borate, litharge, lead acetate, 
magnesium oxide, or other condensation catalyst. 

Polyester copolymers are generally prepared by 
combining one or more dicarboxylic acids with one or 

25 more diols, or by combining one or more diesters of 
dicarboxylic acids with one or more diols. A 
polyethylene terephthalate/naphthalate copolymer, for 
example, may be made by combining dimethyl 
terephthalate, dimethyl-2,6-naphthalene-dicarboxylate, 

30 and ethylene glycol. It is also possible to prepare 
such copolymers through a combination of terephthalic 
acid, 2,6-naphthalene dicarboxylic acid, and ethylene 
glycol. However, 2,6-naphthalene dicarboxylic acid; 
with a purity sufficient to produce high molecular 

35 weight polyester, is not currently comn:iercially 
available, while its diester equivalent, 
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dimethyl-2,6-riaphthalene-dicarboxylate, is commercially 
available. Consequently, manufacturers that employ an 
ester-based process can more readily make a polyester 
copolymer containing both phthalate-based units and 

5 naphthalate-based units. 
The conventional ester-based process to make 

polyethylene naphthalate (PEN) polymers employs 
dimethyl-2,6-naphthalene-dicarboxylate, ethylene 
glycol, and a catalyst, such as a manganese catalyst in 

10 the transesterification step. The presence of acidic 
impurities, such as the presence of terephthalic acid, 
would poison the catalyst, significantly reducing its 
activity. Thus, the presence of an acidic component 
would inhibit the formation of, for example, 

15 bis-(2-hydroxy-ethyl)-2,6-naphthalate, the 
transesterification product of dimethyl-2,6-naphth­
alene-dicarboxylate and ethylene glycol. It is 
important that all the methyl groups of 
dimethyl-2,6-naphthalene-dicarboxylate are completely 

20 exchanged with hydroxyethyl groups, since any residual 
methyl end groups will not be removed during the 
subsequent polycondensation reaction and will act as 
"dead ends" on the polymer chains, thus limiting the 
attainable molecular weight and rate of the melt and 

25 solid state polymerization steps. 
This invention provides an improved process for 

producing polyester copolymers. This invention allows 
manufacturers, who employ an acid-based process for the 
manufacture of polyester polymers, to utilize a 

30 combination of a diester of a dicarboxylic acid and a 
dicarboxylic acid to prepare a polyester copolymer. 
This invention allows production of a PET/N copolymer 
through a combination of terephthalic acid, 
dimethyl-2,. 6-naphthal ene-di carboxyla te, and ethylene 

35 glycol. 
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The subject invention is an improved process for 
the manufacture of polyester copolymers, wherein a 
combination of an acid-based process and an ester based 
process is used to make random copolymers containing 

5 phthalate-based units and naphthalate-based units. 
More specifically, the subject invention is an improved 
process for manufacturing, for example, a polyethylene 
terephthalate/naphthalate, or PET/N copolymer. 

The product of the ester-based process is combined 
10 with the product of the acid-based process, or simply 

added with raw materials utilized in the acid-based 
process, to form a polyester copolymer. More 
specifically, a low molecular weight naphthalate-based 
polymer is combined with phthalate-based oligomers. 

15 Preferably, the low molecular weight naphthalate-based 
polymer is added to the initial stage of an acid-based 
polymer process, and polymerization is continued to 
produce a polyester copolymer. Alternatively, the low 
molecular weight naphthalate-based polymer is added to 

20 phthalate-based oligomers after the initial 
esterification stage, and polymerization is continued 
to produce a polyester copolymer. For example, a low 
molecular weight PEN polymer is combined with 
terephthalic acid and ethylene glycol to form a PET/N 

25 copolymer. As an alternative, a small portion of a low 
molecular weight PEN polymer is added to PET oligomers~ 
and polymerization is continued to produce a PET/N 
copolymer. 

The subject invention also includes polyester 
30 copolymer products of the process described above. A 

PET/N copolymer containing carboxylate monomer units 
that are from 85 mole percent to 99 mole percent 
terephthalate-based and 15 mole percent to 1 mole 
percent naphthalate-based, based on total moles of 

35 carboxylate units, is preferred, and a PET/N copolymer 
containing carboxylate monomer units that are from 90 
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mole percent to 98 mole percent terephthalate-based and 

10 mole percent to 2 mole percent naphthalate-based, 

based on total moles of carboxylate units, is 

particularly preferred. These ranges define 

5 compositions that are crystallizable and yield improved 

strength on·--o~ientation at temperatures above the glass 

transition tein~~fa-t,µret of the composition. 
This inve~tlo~ -is :applicable t'.9 the preparation of 

polyester copolymers from various combinations of 

10 dicarboxylic acids, alkyl esters of dicarboxylic acids, 

and diols. A combination of an acid-based process 

and an e:ster-based process is employed in this 

invention to manufacture polyester copolymers. 

In one embodiment of the invention, an alkyl 

15 diester of a naphthalene dicarboxylic acid and a diol 

are combined in an ester-based process to manufacture a 

low molecular weight naphthalate-based polymer product 

with a degree of polymerization between 20 and 100, and 

preferably between 25 and 100. This naphthalate-based 

20 product may be stored for later use, or provided 

directly to the acid-based process. An aromatic 

dicarboxylic acid, a diol and the naphthalate-based 

product are combined in an acid-based process, where 

esterif ication and ester interchange reactions and 

25 further polymerization result in a random polyester 

copolymer. 
More preferably, dimethyl-2,6-naphthalene-di­

carboxylate and ethylene glycol are combined in an 

ester-based process to manufacture a low molecular 

30 weight PEN polymer, having an intr_insic viscosity of 

from 0.15 dl/g to 0.45 dl/g and a number average 

molecular weight of from 4,800 to 24,200, and 

preferably from 6,050 to 24,200. Then terephthalic 

acid, ethylene glycol, and the low molecular weight PEN 

35 polymer are combined in an acid-based process, where 

esterif ication and ester interchange reactions and 
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further polymerization result in a random PET/N 
copolymer. 

The random polyester copolymer prepared from a 
combination of dimethyl-2,6-naphthalene-dicarboxylate, 

s ethylene glycol, and terephthalic acid may be 
represented by the following structural formula: 

where x = mole fraction naphthalate-based units and y = 
mole fraction terephthalate-based units, based upon 
total moles of carboxylate units. 

IO An aromatic dicarboxylic acid and a diol are 
combined in an acid-based process to manufacture, for 
example, a phthalate-based product, preferably 
phthalate-based oligomers with a degree of 
polymerization of from 1.4 to 10 and preferably 1.6 to 

15 5. The phthalate-based oligomers have both acid and 
hydroxyl ends on the oligomer chains. Separately, an 
alkyl diester of a naphthalene dicarboxylic acid and a 
diol are combined in an ester-based process to 
manufacture a naphthalate-based product, preferably a 

20 low molecular weight naphthalate-based polymer with a 
degree of polymerization between 20 and 100, and 
preferably between 25 and 100. This naphthalate-based 
product may be stored for later use, or provided 
directly to the acid-based process. The 

25 naphthalate-based product is combined with the 
phthalate-based product in the acid-based process, 
where esterif ication and ester interchange reactions 
and further polymerization result in a random polyester 
copolymer. 
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More preferably, terephthalic acid and ethylene 
glycol are combined in an acid-based process to produce 
PET oligomers. Such PET oligomers have a degree of 
polymerization of from 1.4 to 10 monomer units, and 

5 preferably 1.4 to 5 monomer units, and a number average 
molecular weight of from 300 to 2000, and preferably 
from 300 to 1000. Separately, dimethyl-2,6-naph­
thalene-dicarboxylate and ethylene glycol are combined 
in an ester-based process, resulting in a low molecular 

IO weight PEN polymer having an intrinsic viscosity of 
from 0.15 dl/g to 0.45 dl/g and a number average 
molecular weight of from 4,800 to 24,200, and 
preferably 6,050 to 24,200. The low molecular weight 
PEN polymer is then added to the PET oligomers in the 

15 acid-based process, where esterification and ester 
interchange reactions and further polymerization result 
in a random PET/N copolymer. 

Representative examples of acids which can be used 
are linear dicarboxylic acids having from 2 to 16 

20 carbon atoms. Specific examples of such alkyl 
dicarboxylic acids include oxalic acid, malonic acid, 
succinic acid, glutaric acid, adipic acid, pimelic 
acid, suberic acid, azelaic acid, sebacic acid, and the 
like. Preferably, the acids are aromatic acids or 

25 alkyl-substituted aromatic acids containing from 8 to 
16 carbon atoms. Specific examples of such aromatic 
acids include the various isomers of phthalic acid 
(orthophthalic acid, metaphthalic or isophthalic acid, 
and paraphthalic or terephthalic acid), and the various 

30 isomers of dimethylphthalic acid (dimethylisophthalic 
acid, dimethylorthophthalic acid, and dimethyltere­
phthalic acid) • Naphthalic acids are specifically 
excluded, since the naphthalate-based component of the 
polymers of the invention is provided in the form of an 

35 ester. Terephthalic and isophthalic acid are the 
preferred acids, and a combination of terephthalic acid 
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and isophthalic acid, wherein isophthalic acid is a 
minor acid component, is particularly preferred. 

Representative examples of the diesters used in 
this invention are the alkyl diesters of the 

s naphthalene dicarboxylic acids which include 
1,2-naphthalene dicarboxylic acid, 1,3-naphthalene 
dicarboxylic acid, 1,4-naphthalene dicarboxylic acid, 
1,5-naphthalene dicarboxylic acid, 1,6-naphthalene 
dicarboxylic acid, 1,7-naphthalene dicarboxylic acid, 

10 1,8-naphthalene dicarboxylic acid, 2,3-naphthalene 
dicarboxylic acid, 2,6-naphthalene dicarboxylic acid 
and 2,7-naphthalene dicarboxylic acid. Preferably, the 
alkyl radicals bonded to the oxygen atoms of the 
diester molecule contain 1 to 6 carbon atoms. Such 

15 alkyl radicals.may be the same or different, and may be 
linear or branched. Suitable alkyl radicals include 
methyl, ethyl, propyl, isopropyl, n-butyl, iso-butyl, 
tert-butyl, n-pentyl, and n-hexyl. Diesters of 
phthalic acids are specifically excluded, since the 

20 phthalic-based component of the polymers of the 
invention is provided in the form of an acid. Diesters 
of 2,6-naphthalene dicarboxylic acid are the preferred 
esters for use in this· invention, and dimethyl-2,6~ 
naphthalene-dicarboxylate is particularly preferred. 

25 Representative examples of the diols which can be 
used in this invention are linear and branched alkyl 
diols having from 2 to 10 carbon atoms. Specific 
examples include ethylene glycol (1,.2-ethanediol), 
propylene glycol (e.g. 1,3-propanediol), trimethylene 

30 glycol, butylene glycol (e.g. 1,4-butanediol), and 
neopentyl glycol. Ethylene glycol, propylene glycol, 
and butylene glycol are pref erred, and ethylene glycol 
is particularly preferred. 

The molecular weight of a polymer is a measure of 
35 the average weight of the molecular chains in the 

mixture of different-sized molecular chains that make 
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up the polymer. The number average molecular weight is 

based upon the sum of the number fractions for the 
weight of each size of molecular chain present in the 
polymer. The number average molecular weight for the 

s polymers of the invention may be determined by 
end-group titration or gel-permeation chromatography, 
using conventional methods. 

Intrinsic viscosity is frequently utilized as an 
indication of the molecular weight of polyester 

10 polymers. The intrinsic viscosity of a polymer is 
determined by plotting the reduced or inherent 
viscosity of a series of polymer solutions with various 
polymer concentrations against the polymer 
concentration in the various solutions. Extrapolation 

15 of the plot ·to zero concentration yields the intrinsic 
viscosity of _the polymer. The intrinsic viscosity 
(measured in dl/g) is determined in a 60:40 

phenol:tetrachloroethane mixed solvent solution at 30°C. 

Another expression related to molecular weight is 
20 the degree of polymerization. This refers to the 

number of monomer molecules that combine to form a 
single polymer molecule. The degree of polymerization 
is estimated by dividing the number average molecular 
weight of the polymer by the molecular weight of the 

25 polymer repeat unit. 

30 

The operating conditions for the acid-based and 
ester-based polymerization processes described herein 
are generally known to those skilled in the art of 
preparing polyester polymers and copolymers. 

The temperature used for the esterification or 
transesterification reactions is from 150°C to 300°C, 
depending upon the monomer units present, and is 
preferably operated in the range of from 200°c to 280°C. 

The pressure used for the esterification or 
35 transesterification reactions will vary with the 

temperature used, and generally will be at least as 
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high as the vapor pressure of the most volatile glycol 
in the reaction mixture at the temperature used. The 
pressure used will be less than the vapor pressure of 
water at the temperature at which the reaction is 

s occurring. Thus, the pressure can suitably be from 20 
to 1000 pounds per square inch gauge (psig) and is 
preferably operated in the range of from 30 to 
100 psig. 

The temperature used for the polycondensation 
10 reaction is from about 250°C to about 295°C, depending 

upon the monomer units present, and is preferably 
operated in the range of 265°C to 285°C. The pressure 
used for the polycondensation reaction is gradually 
reduced over the course of the reaction, from 

15 atmospheric pressure to a high vacuum of less than 
133.3 Pascal. The reaction employs a polycondensation 
catalyst, which may suitably be antimony trioxide, zinc 
borate, litharge, lead acetate, magnesium oxide, or the 
like. 

20 It may be. desirable to prepare the low molecular 
weight naphthalate-based polymer and place it in 
intermediate storage for later use. To avoid the 
expense of storing the molten polymer at an elevated 
temperature, it is preferable to first cool and 

25 solidify (e.g. pelletize) the polymer prior to storage. 
If the low molecular weight naphthalate-based polymer 
has been cooled and solidified for storage, it must be 
exposed to a temperature sufficient to solubilize the 

. . 

polymer in order to effectively combine it with the 
30 aromatic dicarboxylic acid and diol (or phthalate-based 

oligomers} through ester interchange reactions. 
Heating the polymer to a temperature above its melting 
point will facilitate its copolymerization with the 
aromatic dicarboxylic acid and diol (or phthalate-based 

35 oligomers) through ester interchange reactions. For 
the low molecular weight PEN polymer, this melting 
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point is 265°C. Smaller particle sizes will also 
facilitate dissolution and copolymerization. 

When the low molecular weight PEN polymer is 

combined with terephthalic acid and ethylene glycol, 
5 its melting point is exceeded as the esterification 

reaction proceeds. The subsequent polycondensation 
conditions ensure efficient transesterification and 
production of the PET/N copolymer. When the low 
molecular weight PEN is added to PET oligomers formed 

IO after the initial esterification reaction, its melting 
point is exceeded in the early stages of the 
polycondensation reaction, again ensuring efficient 
transesterification and production of the PET/N 
copolymer. 

15 The acid-based process for melt polymerization is 
preferably carried out with the use of a "heel". The 
heel ·is an esterification product recycled to the 
initial stages of the esterification reaction to 
increase the solubility of the dicarboxylic acid, 

20 thereby increasing the reaction rate of the 
dicarboxylic acid and the diol. The use of a heel is 
explained in U.S. 4,020,049 (Rinehart), and may be 
applied to both continuous and batch manufacturing 
processes. 

25 A heel is advantageously used in either of the two 
embodiments described above. For example, when 
terephthalic acid, ethylene glycol, and the low 
molecular weight PEN polymer product are combined in 
the acid-based polymer process, the reactor in which 

30 these materials are combined may contain a heel of 
preformed PET oligomers to facilitate dissolution of 
the terephthalic acid. Also, for example, when 
terephthalic acid and ethylene glycol are combined to 
form the PET oligomers, the reactor in which these 

35 materials are combined may contain a heel of preformed 
PET oligomers. 
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A diester is not employed in preparing such a heel. 
The naphthalate-based·component of the polymers of the 
invention is relatively small on a weight percent 
basis, and consequently would be too small to serve as 

s the heel as described in U.S. 4,020,049. 
The molecular weight of the polymers produced by 

the process of this invention may be increased by 
polymerization in the solid state. The solid state 
polycondensation reaction is conducted at temperatures 

10 from 190°C to 250°C, in the presence of an inert gas 
(e.g. nitrogen). The inert gas serves to remove 
reaction byproducts, such as excess diol and water. 
The solid state polymerization reaction is generally 
continued until the polymer reaches an intrinsic 

15 viscosity of 0.7 dl/g or more. 
The polyester copolymer produced in the melt 

polymerization process preferably contains a carboxyl 
content that provides an enhanced solid state 
polymerization rate. A method for producing polyester 

20 polymers with an optimum carboxyl content is described 
in U.S. 4,238,593 (Duh). 

Polyester copolymers can be prepared with a wide 
variety of characteristics which make such polymers 
useful for a wide variety of applications. A PET/N 

25 copolymer, for example, exhibits improved gaseous 
barrier, greater UV absorption and chemical resistance, 
and higher temperature properties relative to a PET 
polymer, yet may be more economic than a PEN 
homopolymer. Such PET/N copolymers are particularly 

30 useful for making fibers, films, and food and beverage 
packaging articles. "Hot fill" and "returnable, 
reuseable" containers may require the thermal 
properties of a polyester copolymer such as a PET/N 
copolymer. Copolymers containing carboxylate monomer 

35 units that are from 90 mole percent to 98 mole percent 
terephthalate-based and 10 mole percent to 2 mole 
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percent naphthalate-based, based on total moles of 
carboxylate units, are particularly useful for such 
applications. 
Example 1 

A low molecular weight PEN polymer was prepared in 
the following manner. An oil-jacketed stainless steel 
reactor (378.54 liter capacity) preheated to 190°C was 
charged with 62.87 kg of dimethyl-2,6-naphthalene­
dicarboxylate, 35.15 kg of ethylene glycol, and a 

10 manganese transesterification catalyst. Mechanical 
agitation was initiated and the reactor oil temperature 
increased over the next hour to 220°C. The 
transesterification reaction, carried out under 
atmospheric pressure, was completed in about 2.5 hours, 

15 during which time 15.42 kg of by-product methanol were 
collected. The transesterification product had a final 
temperature of 209°C. The reactor contents were then 
transferred to a second oil-jacketed stainless steel 
reactor {264.95 liter capacity) preheated to 270°C. To 

20 the contents of the second reactor, held at atmospheric 
pressure under mechanical agitation, a manganese 
catalyst deactivator/stabilizer formulation and an 
antimony polycondensation catalyst were added. The 
reactor was then sealed, the oil temperature increased 

25 to 275°C, and the reactor pressure reduced at a 
controlled rate to about 666.5 Pascal. The 
polycondensation reaction cycle totalled about 1.5 
hours. The polycondensation product had a final 
temperature of 261°C. The reactor contents were then 

30 extruded onto a moving casting belt to form a ribbon 
which was then cooled, solidified, broken into pieces, 
and ground into a fine powder. This reaction produced 
63.50 kg of PEN having an IV of 0.17 dl/g and a melting 
point (Tm) of 265°C. This low molecular weight PEN was 

35 subsequently used as one of the starting materials for 
the reactions described in Examples 2 and 3. 
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Example 2 
A polyester copolymer containing 98 mole percent 

terephthalate units and 2 mole percent naphthalate 
units, based upon total moles of carboxylate units, was 

5 prepared in the following manner. An oil-jacketed 
stainless steel reactor (378.54 liter capacity), 
preheated to 260°C, contained approximately 117.93 kg of 
a PET oligomer "heel" at atmospheric pressure under 
mechanical agitation. The heel, prepared by reaction 

10 of terephthalic acid and ethylene glycol, was utilized 
to facilitate solubilizing the terephthalic acid. The 
reactor was charged with 57.33 kg of terephthalic acid 
and 4.67 kg of the low-IV PEN polymer prepared in 
Example 1. The reactor was then sealed, pressurized to 

15 206.82 kPa(g) with nitrogen gas, and charged with 22.72 
kg of ethylene glycol and an additive formulation. The 
amount of low molecular weight PEN polymer added was 
sufficient to adjust the entire contents of the reactor 
(the heel as well as the terephthalic acid and ethylene 

20 glycol added) to contain 2 mole percent naphthalate, 
based on total moles of carboxylate units. The reactor 
oil temperature was increased to 285°C, and the reaction 
pressure was increased to 482.58 kPa(g). 

Over the last hour of the esterification, the 
25 pressure was reduced at a controlled rate to 

68.94 kPa(g). The· total esterification reaction cycle 
was completed in about 2.0 hours, during which time 
12.24 kg of by-product water were collected. The 
esterification product had a final temperature of 276°C. 

30 Then, 68.03 kg ~f the reactor contents were transferred 
to a second oil-jacketed stainless steel reactor 
(264.95 liter capacity) preheated to 275°C. While the 
contents of the second reactor were held at atmospheric 
pressure under mechanical agitation, an additive 

35 formulation and an antimony polycondensation catalyst 
were added to the reactor. The reactor was then sealed 
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and the pressure reduced at a controlled rate over a 
period of about 1.1 hours to about 333.3 Pascal. The 
intermediate polycondensation product had a final 
temperature of 265°C. The reactor contents were then 

5 tran~ferred to a third oil-jacketed stainless steel 
reactor (291.45 liter capacity) preheated to 275°C. 
After increasing the oil temperature to 280°C and 
obtaining an ultimate vacuum of about 40.0 Pascal, the 
polycondensation was continued for about 1.4 hours 

10 until the agitator torque reached a predetermined 
target of 2.4 kilowatts at 30 rpm. This final 
polycondensation product had a final temperature of 
280°C. The reactor contents were then extruded through 
a die to form strands that were cooled in a water bath 

15 and pelletized. This reaction produced 71.21 kg of 
polyethylene(terephthalate) .9a(naphtha1ate) .02 
copolymer having the following properties: IV= 0.59 
dl/g, Tm= 250.0°C, glass tra~sition temperature (Tg) = 
77.9C, and color values Rd= 35.4 and b = 3.3. 

20 Example 3 
A polyester copolymer containing 95 mole percent 

terephthalate units and 5 mole percent naphthalate 
units, based on total moles of carboxylate units, was 
prepared in the following manner. About 117.93 kg of a 

25 PET oligomer "heel" was held at atmospheric pressure 
under mechanical agitation in an oil-jacketed stainless 
steel reactor (378.54 liter capacity) preheated to 
265°C. The heel, prepared by reaction of terephthalic 
acid and ethylene glycol, was utilized to facilitate 

30 solubilizing the terephthalic acid. The reactor was 
then charged with 48.85 kg of terephthalic acid and 
11.57 kg of the low molecular weight PEN polymer 
prepared in Example 1. The reactor was then sealed, 
pressurized to 206.82 kPa(g) with nitrogen gas, and 

35 charged with 19.60 kg of ethylene glycol and an 
additive formulation. · The amount of low molecular 
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weight PEN polymer added was sufficient to adjust the 

entire contents of the reactor (the heel as well as the 

terephthalic acid and ethylene glycol added) to contain 
5 mole percent naphthalate, based on total moles of 

5 carboxylate units. The reactor oil temperature was 

increased to 285°C, and the reactor pressure was 

increased to 482.58 kPa(g). Over the last hour of the 

esterif ication reaction, the pressure was reduced at a 

controlled rate to 68.94 kPa(g). The total 

10 esterification reaction cycle was completed in about 

2.0 hours, during which time 10.43 kg of by-product 

water were collected. The esterification product had a 

final temperature of 276°C. Then 68.04 kg of the 

reactor contents were transferred to a second 

15 oil-jacketed stainless steel reactor (264.98 liter 

capacity) preheated to 275°C. While the contents of the 

second reactor were held at atmospheric pressure under 

mechanical agitation, an additive formulation and an 

antimony polycondensation catalyst were added to the 
20 reactor. The reactor was then sealed and the pressure 

reduced at a controlled rate over a period of about 1.1 

hours to about 333.3 Pascal. The intermediate 

' polycondensation product had a final temperature of 

265°C. The reactor contents were then transferred to a 

25 third oil-jacketed stainless steel reactor (291.48 

liter capacity) preheated to 275°C. After increasing 
the oil temperature to 280°C and obtaining an ultimate 
vacuum of about 40.0 Pascal, the polycondensation was 

continued for about 1.3 hours until the agitator torque 

30 reached a predetermined target of 2.4 kilowatts at 30 

rpm. This final polycondensation product had a final 

temperature of 280°C. The reactor contents were then 
extruded through a die to form strands that were cooled 
in a water bath and pelletized. This reaction produced 

35 65.3 kg of polyethylene(terephthalate) .9s(naphtha­

late) .OS copolymer having the following properties: 
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IV= 0.58 dl/g, Tm= 242.6C, Tg = 79.6°C, and color 
values Rd= 33.l and b = 3.5. 
Example 4 

.A portion of the copolymer produced prepared in 
5 Example 3 was polymerized in the solid state by heating 

under high vacuum in a rotating reactor at temperatures 
from 220°C to 225°C until the IV had increased to 
0.8? dl/g. Maintaining the dry condition of the 
polymer, it was transferred to a Nissei 50-T single 

10 cavity blow molding unit and conventionally processed 
into 473 ml. biaxially oriented bottles with acceptable 
visual clarity and color, and suitable physical 
properties. The container was evaluated for oxygen 
barrier, and exhibited an oxygen transmission rate of 

15 6.0 cm3/645.16 cm2/.0254 mm/day. 
The following comparative examples illustrate use 

of the conventional ester based process to prepare 
PET/N copolymers. 
Comparative Example 1 

20 A polyester copolymer containing 98 mole percent 
terephthalate units and 2 mole percent naphthalate 
units was prepared using a conventional ester-based 
process in the following manner. An oil-jacketed 
stainless steel reactor (378.54 liter capacity) 

25 preheated to 180°C was charged with 67.04 kg of dimethyl 
terephthalate, 1.72 kg of dimethyl-2,6-naphthalene­
dicarboxylate, 48.35 kg of ethylene glycol, and a 
manganese transesterification catalyst. Once the melt 
temperature reached 140°C, mechanical agitation was 

30 initiate~. When the melt temperature reached 155°C, the 
reactor oil temperature was increased at a controlled 
rate over the next 1.7 hours to 230°C. The 
transesterif ication reaction cycle, carried out under 
atmospheric pressure, was completed in 3.2 hours, 

35 during which time 16.78 kg of by-product methanol were 
collected. The transesterification product had a final 
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temperature of 220°C. The reactor contents were then 
transferred to a second oil-jacketed stainless steel 
reactor (264.98 liter capacity), and held at 
atmospheric pressure under mechanical agitation, while 

s a stabilizer formulation and an antimony 
polycondensation catalyst were added. The reactor was 
then sealed, the oil temperature raised to 275°C, and 
the pressure reduced at a controlled rate over a period 
of about 1.5 hours to about 453.29 Pascal. The 

IO intermediate polycondensation product had a final 
temperature of 254°C. The reactor contents were then 
transferred to a third oil-jacketed stainless steel 
reactor (291.48 liter capacity) preheated to 280°C. 

After obtaining an ultimate vacuum of about 106.66 
15 Pascal, the polycondensation reaction was c9ntinued for 

about 2.2 hours until the agitator torque reached a 
predetermined target of 2.7 kilowatts at 30 RPM. The 
final polycondensation product had a final temperature 
of 280°C. The reactor contents were then extruded 

20 through a die to form strands that were cooled in a 
water bath and pelletized. This reaction produced 

66.68 kg of polyethylene(terephthalate) .9a(naphtha­
late) .02 copolymer having the following properties: 
IV= 0.58 dl/g, Tm= 255.SC, Tg = 81.6C, and color 

25 values Ra= 31.7 and b = 4.1. 
Comparative Example 2 

A polyester copolymer containing 95 mole percent 
terephthalate units and 5 mole percent naphthalate 
units was prepared in the following manner. An 

30 oil-jacketed stainless steel reactor (378.54 liter 
capacity) preheated to 180°C was charged with 64.46 kg 
of dimethyl-terephthalate, 4.26 kg of dimethyl-2,6-
naphthalene-dicarboxylate, 47.71 kg of ethylene glycol, 
and a manganese transesterification catalyst. Once the 

35 melt temperature reached 140°C, mechanical agitation was 
initiated. When the melt temperature reached 155°C, the 
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reactor oil temperature was increased at a controlled 
rate over the next 1.7 hours to 230°C. The transester­
ification reaction cycle, carried out under atmospheric 
pressure, was completed in 3.5 hours, during which time 

s 21.31 kg of by-product methanol were collected. The 
transesterification product had a final temperature of 
216°C. The reactor contents were then transferred to a 
second oil-jacketed stainless steel reactor (264.98 
liter capacity) preheated to 250°C. To the contents of 

10 the second reactor, held at atmospheric pressure under 
mechanical agitation, a stabilizer formulation and an 
antimony polycondensation catalyst were added. The 
reactor was then sealed, the oil temperature raised to 
275°C, and the pressure reduced at a controlled rate 

15 over a period of about 1.6 hours to about 359.96 
Pascal. The intermediate polycondensation product had 
a final temperature of 254°C. The reactor contents were 
then transferred to a third oil-jacketed stainless 
steel reactor (291.41 liter capacity) preheated to 

20 280°C. After obtaining an ultimate vacuum of about 
106.67 Pascal, the polycondensation was continued for 
about 2.0 hours until the agitator torque reached a 
predetermined target of 2.7 kilowatts at 30 RPM. The 
final polycondensation product temperature was 280°C. 

25 The reactor contents were then extruded through a die 
to form strands that were cooled in a water bath and 
pelletized. This reaction produced 68.95 kg of 
polyethylene(terephthalate).95(naphthalate) .OS 
copolymer having the following properties: IV = 0.61 

30 dl/g, Tm = 248.SC, Tg = 82.lC, and color values Rd = 
28.4 and b = 2.9. 
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CLAIMS 

1. A process for the manufacture of a random polyester 
copolymer which comprises contacting an alkyl diester 

of a naphthalene dicarboxylic acid with a first alkyl 
diol under transesterification conditions in the 

s presence of a transesterif ication catalyst to form a 
bis(hydroxyalkylnaphthalate), subsequently deactivating 
the transesterif ication catalyst, contacting the 
bis(hydroxyalkylnaphthalate) and a polycondensation 
catalyst, under polycondensation conditions, to form a 

IO low molecular weight naphthalate-based polymer product 
having a degree of polymerisation of from 20 to 100, 
and reacting the low molecular weight naphthalate-based 
polymer, under esterification conditions, with a 
phthalic acid· and a second alkyl diol, or with an 

15 oligomer formed from the phthalic acid and second alkyl 
diol, the proportions of the polymer and phthalic acid 
and second alkyl diol, or oligomer thereof, being 
chosen so that the resulting random polyester copolymer 
product contains from 85 mole percent to 99 mole 

20 percent phthalate-based units and from 1 mole percent 
to 15 mole percent naphthalate based units, based upon 
the total moles of carboxylate units. 
2. The process of claim 1 wherein the diester of 
naphthalene carboxylic acid is dimethyl-2,6-naph-

25 thalene-dicarboxylate. 
3. The_ process of claim 1 wherein the diester of 
napthalene carboxylic acid is an alkyl diester of 2,6-
naphthalene-dicarboxylate or mixtures thereof and the 
bis(hydroxyalkyl-naphthalate) is bis(hydroxyethyl-2,6-

30 naphthalate) having a number average molecular weight 
of 4,800 to 24,200. 
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4. The process of any one of Claims 1 to 3 wherein the 
first and second alkyl glycol diol is ethylene glycol, 
propylene glycol, butylene glycol or mixtures thereof. 
5. The process of claim 4 wherein the first and second 

s alkyl diol are ethylene glycol. 
6. The process of any one of claims 1-5 wherein the 
naphthalate based polymer is converted to solid form 
prior to combination with the phthalic acid and second 
diol, or the oligomer formed therefrom. 

IO 7. The process of any one of claims 1-6 wherein the 
oligomer formed from the phthalic acid and second diol 
has a degree of polymerization of from 1.4 to 10. 
8. The process of any one of claims 1-7 wherein the 
random polyester copolymer contains from 90 mole 

15 percent to 98 mole percent phthalate-based units and 
from 2 mole percent to 10 mole percent naphthalate­
based units and preferably 95 mole percent to 98 mole 
percent phthalate-based units and from 2 mole percent 
to 5 mole percent naphthalate units, based upon the 

20 total moles of carboxylate units. 
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