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ABSTRACT 

A process to produce polyester product from alkylene oxide 
and carboxylic acid. More speci?cally this process relates to 
a process to produce polyethylene terephthalate Where 
terephthalic acid and ethylene oxide are reacted to form a 
partially esteri?ed terephthalic acid product and then the par 
tially esteri?ed product is further reacted With ethylene glycol 
to produce polyethylene terephthalate. 
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PROCESS FOR THE PRODUCTION OF 
POLYESTER PRODUCT FROM ALKYLENE OXIDE 

AND CARBOXYLIC ACID 

RELATED APPLICATIONS 

[0001] This is a continuation of application Ser. No. 
10/793,384, ?led Mar. 4, 2004, the entire disclosure of Which 
is hereby incorporated by reference. 

FIELD OF INVENTION 

[0002] This invention relates to a process to produce a 
polyester product from alkylene oxide and carboxylic acid. 
More speci?cally this invention relates to a process to pro 
duce polyethylene terephthalate (PET) from ethylene oxide 
and terephthalic acid (TPA). Even more speci?cally, this pro 
cess relates to a process to produce PET by reacting tereph 
thalic acid and ethylene oxide in the presence of a catalyst and 
a solvent to form a partially esteri?ed terephthalic acid prod 
uct. The partially esteri?ed terephthalic acid product is fur 
ther reacted With a minimal amount of ethylene glycol to 
produce PET. 

BACKGROUND OF THE INVENTION 

[0003] Thermoplastic polyesters are step growth polymers 
that are useful When made at high molecular Weights. The ?rst 
step in a common method of producing a polyester or copoly 
ester, such as polyethylene terephthalate, is an esteri?cation 
or ester-exchange stage Where a diacid, typically terephthalic 
acid, or a diester, typically dimethylterephthalate, reacts With 
an appropriate diol, typically ethylene glycol, to give a 
bis(hydroxyalkyl)ester and some oligomers. Water or alcohol 
is evolved at this stage and is usually removed by fractional 
distillation. 

[0004] Pursuant to the goal of making polyethylene tereph 
thalate and other polyesters, a great deal of patent literature is 
dedicated to describing processes for preparing terephthalic 
acid/ethylene glycol mixtures suitable as starting materials. 
In general, these inventions describe speci?c mixing schemes 
With a puri?ed terephthalic acid solid and liquid ethylene 
glycol as starting materials. Additionally, there is a substan 
tial body of literature devoted to producing a puri?ed tereph 
thalic acid in the poWder form that is suitable for use in 
producing PET. 

[0005] In the present invention, a process to produce poly 
ethylene terephthalate from ethylene oxide and terephthalic 
acid is provided. Terephthalic acid and ethylene oxide are 
reacted to form a partially esteri?ed terephthalic acid product. 
The partially esteri?ed terephthalic acid product for example 
is subsequently reacted With ethylene glycol in a conventional 
polyethylene terephthalic process or through the use of a pipe 
reactor to produce polyethylene terephthalate. 

[0006] The use of ethylene oxide can be a preferred method 
over using ethylene glycol. In addition, less heat input can be 
required during esteri?cation using ethylene oxide versus 
using ethylene glycol. The polycondensation step can be con 
ducted in one or more stages and can be completed With 
ethylene glycol addition, if needed, in order to increase the 
rate and to control the mole ratio. Suitable catalysts and 
additives can be added prior to or during polycondensation. 
Possible catalysts include compounds based on Sb, Ge, Ti, Al, 
Sn and Zr or combinations thereof. 

SUMMARY OF THE INVENTION 

[0007] It is an object of this invention to provide a process 
for producing a partially esteri?ed carboxylic acid product by 

May 15, 2008 

contacting in a reactor Zone at least one carboxylic acid With 
at least one alkylene oxide in the presence of at least one 
solvent and at least one basic catalyst. 

[0008] It is another object of this invention to provide a 
process for producing a partially esteri?ed terephthalic acid 
product by contacting in a reactor Zone terephthalic acid and 
ethylene oxide in the presence of at least one solvent and at 
least one basic catalyst. 

[0009] It is another object of this invention to provide a 
process to produce polyethylene terephthalate by contacting 
in a reactor Zone terephthalic acid With ethylene oxide in the 
presence of a solvent and a basic catalyst to produce a par 
tially esteri?ed terephthalic product; and then reacting said 
partially esteri?ed terephthalic acid product With ethylene 
glycol to produce polyethylene terephthalate. 

[0010] In one embodiment of this invention, a process to 
produce a partially esteri?ed carboxylic acid product is pro 
vided. The process comprises contacting in a reactor Zone at 
least one carboxylic acid With at least one alkylene oxide in 
the presence of at least one solvent and at least one basic 
catalyst to produce the partially esteri?ed carboxylic acid 
product; Wherein said alkylene oxide is present in a molar 
ratio ranging from about 0.5: 1 to less than 1: 1 alkylene oxide 
to carboxylic acid. 

[0011] In another embodiment of this invention, a process 
to produce a partially esteri?ed terephthalic acid product is 
provided. The process comprises contacting in a reactor Zone 
terephthalic acid With ethylene oxide in the presence of at 
least one solvent and at least one basic catalyst to produce said 
partially esteri?ed terephthalic acid product; Wherein said 
ethylene oxide is present in a molar ratio ranging from about 
0.5:1 to less than 1:1 ethylene oxide to terephthalic acid. 

[0012] In another embodiment of this invention, a process 
to produce a partially esteri?ed terephthalic acid product is 
provided. The process comprises contacting in a reactor Zone 
terephthalic acid With ethylene oxide in the presence of at 
least one solvent and at least one basic catalyst to produce said 
partially esteri?ed terephthalic acid product; Wherein said 
ethylene oxide is present in a molar ratio ranging from about 
0.8:1 to 1.2:1 ethylene oxide to terephthalic acid. 

[0013] In another embodiment of this invention, a process 
to produce polyethylene terephthalate is provided. The pro 
cess comprises: 

[0014] (a) contacting in a reactor Zone terephthalic acid 
With ethylene oxide in the presence of a solvent and a basic 
catalyst to produce a partially esteri?ed terephthalic acid 
product; Wherein said ethylene oxide is present in less than 
1:1 molar ratio of ethylene oxide to terephthalic acid; 

[0015] (b) reacting saidpar‘tially esteri?ed terephthalic acid 
product With ethylene glycol to produce said polyethylene 
terephthalate. 
[0016] In another embodiment of this invention, a process 
to produce a partially esteri?ed terephthalic acid product is 
provided. The process comprises contacting in a reactor Zone 
terephthalic acid With ethylene oxide in the presence of a 
xylene, oligomeric polyester or toulene and triethylamine to 
produce said partially esteri?ed terephthalic acid product; 
Wherein said ethylene oxide is present in a molar ratio of 0.5 : 1 
to less than 1:1 ethylene oxide to terephthalic acid; Wherein 
said reactor Zone comprises at least one reactor operated at a 
pressure such that a substantial portion of the ethylene oxide 
is in a liquid phase; Wherein said reactor is operated at a 
temperature of about 1200 C. to about 2800 C. 
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[0017] In another embodiment of this invention, a process 
to produce a partially esteri?ed terephthalic acid product is 
provided. The process comprises contacting in a reactor Zone 
terephthalic acid With ethylene oxide in the presence of 
xylene, oligomeric polyester or toluene and triethylamine to 
produce said partially esteri?ed terephthalic acid product; 
Wherein said ethylene oxide is present in a molar ratio of 0.8: 1 
to less than 1:1 ethylene oxide to terephthalic acid; Wherein 
said reactor Zone comprises at least one reactor operated at a 
pressure such that a substantial portion of the ethylene oxide 
is in a liquid phase; and Wherein said reactor is operated at a 
temperature of about 120° C. to about 280° C. 

[0018] These objects, and other objects, Will become more 
apparent to others With ordinary skill in the art after reading 
this disclosure. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] In one embodiment of this invention, a process to 
produce a partially esteri?ed carboxylic acid product is pro 
vided. The process comprises contacting in a reactor Zone at 
least one carboxylic acid With at least one alkylene oxide in 
the presence of a solvent and at least one basic catalyst to 
produce said partially esteri?ed carboxylic acid product; 
Wherein said alkylene oxide is present in a molar ratio ranging 
from about 0.5:1 to less than 1:1 alkylene oxide to carboxylic 
acid. 

[0020] The alkylene oxides are selected from the group 
consisting of ethylene oxide, propylene oxide, butylene oxide 
or mixtures thereof. Preferably, the alkylene oxide is ethylene 
oxide. 

[0021] Suitable carboxylic acids include any chemical 
compound containing at least tWo carboxylic acid groups For 
example, carboxylic acids include aromatic dicarboxylic 
acids preferably having 8 to 14 carbon atoms, aliphatic dicar 
boxylic acids preferably having 4 to 12 carbon atoms, or 
cycloaliphatic dicarboxylic acids preferably having 8 to 12 
carbon atoms. Other examples of suitable carboxylic acids 
include, but are not limited to, terephthalic acid, isophthalic 
acid, trimellitic acid, naphthalenedicarboxylic acid, cyclo 
hexanedicarboxylic acid, cyclohexanediacetic acid, diphe 
nyl-4,4'-dicarboxylic acid, diphenyl-3,4'-dicarboxylic acid, 
succinic acid, glutaric acid, adipic acid, aZelaic acid, sebacic 
acid, and mixtures thereof. 

[0022] Suitable solvents include, but are not limited, tolu 
ene, xylene, methyl benZoate, ethyl benZoate, heptane, cyclo 
hexane, and other cyclic and acyclic hydrocarbons With 6 to 
1 6 carbon atoms, benZene, methyl ethyl ketone, other ketones 
With 5 to 7 carbon atoms such as methyl isopropyl ketone, 
3-pentanone (diethyl ketone), 3,3 dimethyl 2-butanone, ethyl 
isopropyl ketone, methyl isobutyl ketone, 3-hexanone, 3-hep 
tanone, di-isopropyl ketone, chlorobenZene and other chlori 
nated aromatic hydrocarbons, and oligomeric polyesters and 
the like, and mixtures thereof. Preferably, the solvent is oli 
gomeric polyesters, xylene or toluene. 

[0023] A basic catalyst results in a pH greater than 8 When 
1 gram of the catalyst is dissolved in 100 ml of Water. 
Examples of suitable basic catalysts include, but are not lim 
ited to, primary, secondary, and tertiary amines, benZyltri 
alkyl ammonium hydroxide, alkyl/aryl ammonium hydrox 
ide salts and tetraalkyl ammonium hydroxide salts. The basic 
catalyst can be triethylamine, tributylamine, trimethylamine, 
tripropylamine, tributylamine, diisopropylamine, diisopro 
pylethylamine, tetramethyl ammonium hydroxide, benZyltri 
alkyl ammonium hydroxide, tetraalkyl ammonium hydroxide 
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or mixtures thereof. Preferably, the basic catalyst is selected 
from the group consisting of triethylamine and tributylamine. 
Most preferably, the basic catalyst is triethylamine. 

[0024] The carboxylic acid, alkylene oxide, solvent and 
basic catalyst can be charged to the reactor Zone separately or 
mixed in any combination. Preferably, the basic catalyst and 
ethylene oxide are added in the presence of the carboxylic 
acid. For the reactor Zone, there are no special limitations in 
the form of construction thereof. HoWever, the reactor Zone is 
subject to an arrangement that alloWs contact of the alkylene 
oxide, carboxylic acid, solvent and basic catalyst at the given 
process conditions. Generally the reactor Zone comprises at 
least one reactor. Preferably, the reactor Zone comprises a 
plug ?oW reactor Where the ending temperature is about 180° 
C. to about 280° C. in order to obtain high reaction rates and 
near complete conversion of ethylene oxide. Side products 
such as diethylene glycol(DEG), may be controlled by addi 
tion of small amounts of Water, and Water may be used to 
insure complete reaction of the ethylene oxide. 

[0025] The reaction of the carboxylic acid, alkylene oxide, 
solvent, and basic catalyst in the reactor Zone is conducted at 
a temperature of about 120° C. to about 280° C. Preferably, 
the reaction is conducted at a temperature of about 180° C. to 
about 280° C. Generally, the reaction is conducted at a pres 
sure of about 100 psi to about 1500 psi. Preferably, the reac 
tion is conducted at a pressure of about 300 psi to about 1500 
psi. Most preferably the reaction is conducted at a pressure of 
about 500 psi to about 1200 psi. In a preferred embodiment of 
this invention, the reactor Zone comprises at least one reactor 
operated at a pressure such that a substantial portion of the 
alkylene oxide is in liquid phase. Substantial portion is 
de?ned as 90 Wt %. 

[0026] The alkylene oxide is present in a molar ratio rang 
ing from about 0.5 :1 to about 1.2:1 alkylene oxide to carboxy 
lic acid. In another range the alkylene oxide is present in a 
molar ratio ranging from about 0.5:1 to less than 1:1. In 
another range, the alkylene oxide is present in a molar ratio 
ranging from about 0.8:1 to less than 1:1. 

[0027] In the embodiment When the alkylene oxide is eth 
ylene oxide and the carboxylic acid is terephthalic acid and 
the solvent is toluene, the triethylamine is present in a con 
centration of about 0.5 to about 5 percent by Weight based on 
the Weight of the terephthalic acid. Preferably, the triethy 
lamine is present in a concentration of about 1 to about 5 
percent by Weight. Most preferably, the triethylamine is 
present in a concentration of about 1 to about 3 percent by 
Weight. In this embodiment the partially esteri?ed carboxylic 
acid product is knoWn as a partially esteri?ed terephthalic 
acidproduct. The conversion of terephthalic acidto a partially 
terephthalic acid product is de?ned as the percent conversion 
of the acid groups in the terephthalic acid to ester groups. 
Typically, the conversion is betWeen about 8% to about 60%. 
Preferably, the conversion is about 30% to about 50%. Most 
preferably, the conversion is about 40% to about 50%. 

[0028] The partially esteri?ed carboxylic acid product can 
be subsequently used to produce a polyester product. This can 
be accomplished by transferring the partially esteri?ed car 
boxylic acid product to a conventional type polyester process 
Where esteri?cation and oligomeriZation can be continued. 
As used herein, “conventional” process or apparatus With 
respect to polyester processing refers to a non-pipe reactor or 
process, including, but not limited to, a continuous stirred 
tank reactor (CSTR) process or apparatus, a reactive distilla 
tion, stripper, or recti?cation column process or apparatus, or 
tank With internals, screW, or kneader process or apparatus. 
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The partially esteri?ed carboxylic acid product can also be 
routed to a non-conventional pipe reactor process as 
described in US. application Ser. No. 10/013,318 ?led Dec. 
7, 2001 With a publication # 20020137877, herein incorpo 
rated by reference. 

[0029] The polyester ester product comprises at least one 
polyester. Examples of polyesters include, but are not limited 
to, homopolymer and copolymers of polyethylene terephtha 
late (PET); homopolymer and copolymers of polyethylene 
naphthalate; homopolymer and copolymers of polyethylene 
isophthalate; homopolymer and copolymers of polyethylene 
succinate; homopolymer and copolymers of polyethylene 
adipate and homopolyesters and copolyesters that are usually 
derived from 1,2-propanediol and 1,2-butanediol and mix 
tures thereof. 

[0030] In another embodiment of this invention, a process 
to produce a partially esteri?ed terephthalic acid product is 
provided. The process comprises contacting in a reactor Zone 
terephthalic acid With ethylene oxide in the presence of at 
least one solvent and at least one basic catalyst to produce said 
partially esteri?ed terephthalic acid product; Wherein said 
ethylene oxide is present in a molar ratio ranging from about 
0.5:1 to less than 1:1 ethylene oxide to terephthalic acid. 

[0031] These components and process steps have been pre 
viously described in this disclosure. 

[0032] In another embodiment of this invention, a process 
to produce a partially esteri?ed terephthalic acid product is 
provided. The process comprises contacting in a reactor Zone 
terephthalic acid With ethylene oxide in the presence of at 
least one solvent and at least one basic catalyst to produce said 
partially esteri?ed terephthalic acid product; Wherein said 
ethylene oxide is present in 0.8:1 to 1.211 molar ratio of 
ethylene oxide to terephthalic acid. 

[0033] These components and process steps have been pre 
viously described in this disclosure. 

[0034] In another embodiment of this invention, a process 
to produce a partially esteri?ed terephthalic acid product is 
provided. The process comprises: 

[0035] (a) contacting in a reactor Zone terephthalic acid 
With ethylene oxide in the presence of a solvent and a basic 
catalyst to produce said partially esteri?ed terephthalic acid 
product; Wherein said ethylene oxide is present in a molar 
ratio of about 0.5:1 to less than 1:1 ethylene oxide to tereph 
thalic acid; and 

[0036] (b) reacting the partially esteri?ed terephthalic acid 
product With a diol to produce polyethylene terephthalate. 

[0037] Step (a) has been previously discussed in this dis 
closure. 

[0038] Step (b) can be accomplished by transferring the 
partially esteri?ed terephthalic acid product to a conventional 
type PET process Where esteri?cation and oligomeriZation 
can be continued. As used herein, “conventional” process or 
apparatus With respect to polyester processing refers to a 
non-pipe reactor or process, including, but not limited to, a 
continuous stirred tank reactor (CSTR) process or apparatus, 
a reactive distillation, stripper, or recti?cation column pro 
cess or apparatus, or tank With internals, screW, or kneader 
process or apparatus. 

[0039] Suitable diols for producing copolyesters comprise 
cycloaliphatic diols, preferably having about 6 to about 20 
carbon atoms, or aliphatic diols, preferably having about 3 to 
about 20 carbon atoms. Examples of such diols include, but 
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are not limited to ethylene glycol(EG), diethylene glycol, 
triethylene glycol, 1,4-cyclohexanedimethanol, propane-1,3 
diol, butane-1,4-diol, pentane-1,5-diol, hexane-1,6-diol, neo 
pentylglycol, 3-methylpentanediol-(2,4), 2-methylpen 
tanediol-(1,4), 2,2,4-trimethylpentane-diol-(1,3), 
2-ethylhexanediol-(1,3), 2,2-diethylpropane-diol-(1,3), hex 
anediol-(1,3),1,4-di-(hydroxyethoxy)-benZene, 2,2-bis-(4 
hydroxycyclohexyl)-propane, 2,4-dihydroxy-1, 1 ,3 ,3 -tetram 
ethyl-cyclobutane, 2,2,4,4 tetramethylcyclobutanediol, 2,2 
bis-(3-hydroxyethoxyphenyl)-propane, 2,2-bis-(4 
hydroxypropoxyphenyl) -propane, isosorbide, hydroquinone, 
BDS-(2,2-(sulfonylbis)-4,1-phenyleneoxy))bis(ethanol), 
and the like, and mixtures thereof. Polyesters may be pre 
pared from one or more of the above type diols. Diacids other 
than terephthalic acid can be included in the process, such as, 
but not limited to, isophthalic acid, phthalic acid (or anhy 
dride), 2,6- or 2,7-naphthalenedicarboxylic acids, biphenyl 
dicarboxylic acid and stilbenedicarboxylic acid. These acids 
can be added at any time during the process. LoW levels of 
other additives can also be included in the process, such as 
ultraviolet absorbers, colorants, reheat agents, antisticking/ 
antiblocking agents, branching agents, processing aids, anti 
oxidants, acetaldehyde and oxygen scavengers, ?llers, and 
the like. Branching agents are compounds containing more 
than tWo carboxylic acids, more than tWo alcohol functions or 
a combination of both alcohol and carboxylic that totals more 
than tWo. 

Some examples of PET processes are described in US. Pats. 
Nos. 4,110,316, 4,235,844, and 4,230,818 herein incorpo 
rated by reference. 

[0040] In an alternative embodiment of this invention, the 
partially esteri?ed terephthalic acid product is transferred to a 
pipe reactor Where the esteri?cation and oligomeriZation can 
continue. The pipe reactor process as described in US. appli 
cation Ser. No. 10/013,318 ?led Dec. 7, 2001 With a publica 
tion # 20020137877 is herein incorporated by reference. 

[0041] Step (b) can be conducted in one of more stages and 
can be completed With ethylene glycol added. Suitable cata 
lysts and additives can also be added prior to or during poly 
condensation. Typical catalysts are compounds containing 
antimony (III) or titanium (IV). The ethylene glycol that is not 
reacted into the polyester product can be recycled to an earlier 
part of the process. 

EXAMPLES 

[0042] This invention can be further illustrated by the fol 
loWing examples of preferred embodiments thereof, although 
it Will be understood that these examples are included merely 
for purposes of illustration and are not intended to limit the 
scope of the invention unless otherWise speci?cally indicated. 

Example 1 

Use of Different Basic Catalyst 

[0043] Toluene (400 g), terephthalic acid (40 g) and a basic 
catalyst Were added to a one liter Hastelloy autoclave. The 
autoclave Was purged and pressurized to 100 psi With nitro 
gen. The autoclave Was heated to 2600 C., and the pressure 
Was then adjusted to 500 psi With nitrogen. Ethylene oxide 
(11.5 g) Was added at one time to the autoclave from another 
pressure vessel Which Was maintained at 700 psi of nitrogen. 
The temperature of the reaction Was maintained at 2600 C. for 
30 minutes to produce the partially esteri?ed terephthalic acid 
product. Then the partially esteri?ed TPA product Was cooled 
to ambient temperature. The resulting partially esteri?ed 
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product Was ?ltered and the solid esteri?ed TPA Was 
Weighed. The conversions for each of the examples are given 
in the Table 1 and Were measured by 1H NMR. A 50% con 
version of terephthalic acid Would mean approximately a 
100% yield based on ethylene oxide. 
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nitrogen. The autoclave Was heated to 2000 C., and the pres 
sure Was then adjusted to 1500 psi With nitrogen. Ethylene 
oxide (15.7 g) Was added at one time to the autoclave from 
another pressure vessel Which Was maintained at 1700 psi of 
nitrogen. The temperature of the reaction Was maintained at 

TABLE 1 

Yield of 
Solid Mole 

Example Wt. of Esteri?ed % % 
# Basic Catalyst Catalyst TPA Conversion DEG 

1.1 Triethylamine 1.2 g 38.5 g 18.0 2.18 2.6 
1.2 Triphenylamine 2.9 g 39.4 g 1.4 1.18 0.0 
1.3 Triethanolamine 1.8 g 38.9 g 17.5 11.27 10.8 
1.4 Diisopropylethylamine 1.5 g 37.3 g 2.3 1.77 8.4 
1.5 Trimethylamine 0.7 g 41.8 g 39.2 14.05 7.0 
1.6 Benzylamine 1.2 g 41.2 g 12.4 8.58 9.7 
1.7 Diisopropylamine 1.2 g 35.8 g 5.2 2.27 3.5 
1.8 Benzyltrimethyl 2.0 g 40.8 g 38.1 6.32 6.9 

ammonium hydroxide 
1.9 Benzyltrimethyl 1.0 g 40.4 g 18.6 2.26 3.9 

ammonium hydroxide 
1.10 Benzyltrimethyl 0.2 g 40.4 g 2.4 2.26 7.1 

ammonium hydroxide 
1.11 Tributylamine 2.2 g 41.1 g 10.1 NA 1.5 
1.12 Dimethyldodecylamine 3.2 g 35.8 24.3 5.6 5.2 

[0044] The choice of basic catalyst has a signi?cant effect 
on the conversion of the TPA. The best catalyst for this pro 
cess Would be the one that gives the best conversion While 
providing a product With loW DEG and loW b*. The b* is one 
of the three-color attributes measured on a spectroscopic 
re?ectance-based instrument. A Hunter Ultrascan XE instru 
ment is typically the measuring device. Positive readings 
signify the degree of yelloWness (or absorbance of blue light), 
While negative readings signify the degree of blueness. 

[0045] In general, the tertiary amines (triethylamine, triph 
enylamine, triethanolamine, diisopropyethyleamine, trim 
ethylamine, tributylamine, and dimethyldodecylamine) in the 
examples above under these conditions give the best results. 
HoWever, Within these, there are clear differences. Trimethy 
lamine, the least hindered amine gives the highest conversion, 
but also gives high color and DEG. Diisopropylethylamine, 
the mo st hindered amine in the group, gives very loW conver 
sion and high DEG. Triethanolamine, a hydroxyl-containing 
amine, also gives high color and DEG. The Weakest base of 
this group, triphenylamine, gives almost no conversion. The 
moderately hindered aliphatic tertiary amines, triethylamine, 
tributylamine and dimethyldodecylamine, gave the best 
results With triethylamine being the best overall catalyst 
under these conditions. The unhindered primary amine, ben 
Zylamine, gave reasonable conversion, but had very high 
DEG, and the hindered secondary amine, diisopropyamine, 
gave poor conversion. The tertiary ammonium hydroxide 
base, benzyltrimethylammonium hydroxide, gave good con 
version, but relatively high DEG. It appears that the success 
ful catalyst here has to be moderately hindered and fairly 
basic to give the desired properties of high conversion, loW 
DEG and loW b*. 

Example 2 

PET Oligomer Prepared and Converted to Polymer 

[0046] Terephthalic acid (60 g), toluene (600 g) and triethy 
lamine (1.8 g) Were added to a one liter Hastelloy autoclave. 
The autoclave Was purged and pressuriZed to 500 psi With 

2000 C. for 30 minutes and cooled to ambient temperature. A 
solid esteri?ed TPA Was recovered by ?ltration. Table 2 
shoWs the yield, conversion, b* and mol % DEG of the oli 
gomer formation. 

TABLE 2 

Yield of 
Solid %Yield of 

Example Esteri?ed % esteri?ed Mole % 
# TPA Conversion oligomer b* DEG 

2.1 64.5 g 48.4 96.8 4.70 0.8 
2.2 68.1 g 48.3 96.6 5.68 0.8 
2.3 63.8 g 46.2 92.4 4.18 0.7 
2.4 57.7 g 42.8 85.6 2.16 0.6 

[0047] 31.9 grams of the esteri?ed oligomer from example 
2.3 Were then combined With a titanium tetraisopropoxide 
catalyst (35 ppm in the ?nal polymer) in 3 g of EG. The 
mixture Was heated by the folloWing sequence: 

TABLE 3 

Time Temp Vacuum 
Stage (min) (0 C.) (mm) 

1 0.1 225 760 
2 5 225 760 
3 2 225 760 
4 60 225 760 
5 20 265 760 
6 10 285 760 
7 1 285 200 
8 2 285 0.8 
9 75 285 0.8 

[0048] A second example using Sb as the catalyst Was 
completed using the same stages as shoWn in Table 3. Anti 
mony oxide Was dissolved in EG (3 g) and added to the 
oligomer. The antimony concentration in the polymer Was 



US 2008/0114138 A1 May 15, 2008 
5 

calculated to be 250 ppm. Polyethylene terephthalate Was We claim: 
produced having the properties shoWn in Table 4. 1. A process to produce a partially esteri?ed terephthalic 

acid product said process comprising contacting in a reactor 
TABLE 4 Zone terephthalic acid With ethylene oxide in the presence of 

I I at least one solvent and at least one basic catalyst to produce 
Example # Inh?rentvlscoslty b* said partially esteri?ed terephthalic acid product; 

Egfgg?yigalyst) 8:23; 13:25 Wherein said ethylene oxide is present in a molar ratio of 
about 081 to 1.211 ethylene oxide to terephthalic acid. 

2. The process according to claim 1, Wherein said reactor 

Clearly’ a high inherent Viscosity (IV) PET can be prepared Zone comprises at least'one reactor operated at'a pressure'suc'h 
from the partially esteri?ed TPA product produced With eth_ that a substant1al port1on of the ethylene ox1de 1s 1n l1qu1d 
ylene oxide. Phase' _ _ _ _ _ 

3. The process according to claim 2, wherein said reactor 1s 
Example 3 operated at a temperature of about 120° C. to about 280° C. 

4. The process according to claim 2, Wherein said reactor is 
Using Different Temperatures, Pressures And operated at a temperature of about 180° C. to about 280° C. 

amounts of EI3N 5. The process according to claim 1, further comprising 
_ _ _ reacting said partially esteri?ed terephthalic acid product 

[004.19] Toluene (400 g)’ terephthahc ac1d(40 g) and methy' With a diol to produce polyethylene terephthalate. 
lam1ne Were added to a one l1ter Hastelloy autoclave. The 6 The recess accordin m1 wherein Saidbasic Catal Stis 
autoclave Was purged and pressurized to With nitrogen. The ' p g . ’. . y 

- selected from the group cons1st1ng of benzyltrialkyl ammo 
autoclave Was heated to the speci?ed temperature and the . . . . . . . 

pressure Was increased to the desired level. Ethylene oxide mum hyfiroxlde’ njlbutylamme’ methylamme’ mmethy' 
(about 11.5 g) Was added at one time to the autoclave from lamme’ mpropyl amlne’ tetraalkyl ammomum hydroxlde and 
another pressure vessel. The reaction temperature Was main- mlxtures thereof _ _ _ _ _ 

tained for 30 minutes and then the autoclave cooled to ambi- 7' The Process accordlng to Clalm 1>W1_1er_e1n Sald solvent 15 
em tempermure~ The resulting partially esteri?ed TPA prod- at least one selected from the group cons1st1ng of toluene and 
uct stream Was ?ltered and the solid Was Weighed. The Xylene 
conversions for each of the examples are given in the table 8. The process according to claim 1, Wherein said solvent 
beloW. comprises at least one oligomeric polyester. 

TABLE 5 

M01 % 
Example Temp Pressure Wt % Esteri?ed % DEG in 

# deg C. (psi) triethylamine TPA solid Conversion oligomer b* 

3.1 260 500 1.0 39.5 19.1 2.4 2.77 
3.2 200 1500 1.0 44.4 30.1 0.6 4.24 
3.3 230 1000 2.0 43.8 28.9 0.6 0.92 
3.4 200 500 3.0 42.0 47.0 0.9 6.64 
3.5 200 1000 2.0 43.7 39.2 0.5 3.27 

3.6 250 1000 2.0 40.6 18.3 1.7 2.38 
3.7 230 1000 2.0 44.0 33.1 1.0 6.97 
3.8 230 1000 2.0 44.1 32.6 0.7 1.73 

3.9 260 1500 1.0 40.5 17.3 2.8 2.67 
3.10 260 500 3.0 38.5 18.0 2.9 2.18 
3.11 200 500 1.0 45.2 34.1 0.6 0.85 

3.12 230 1000 2.0 41.2 27.2 0.8 1.21 
3.13 200 1500 3.0 45.8 54.4 0.9 6.40 
3.14 175 1000 2.0 43.1 28.2 1.0 4.19 

3.15 260 1500 3.0 38.0 29.6 3.8 5.63 
3.16 175 1500 3.0 48.5 49.6 1.3 2.16 
3.17 150 1000 2.0 42.3 20.4 0.7 1.43 

3.18 260 1500 3.0 39.3 24.1 2.9 2.95 

Good conversions of esteri?ed TPA Were obtained in this 

entire range of 150-260° C., 1-3 Wt % triethylamine, and 
500-1500 psi. The highest conversion With this experiment 
Were obtained in the range of 175-200° C. At higher triethy 
lamine levels the percent conversion Was relatively insensi 
tive to pressure. The most desirable temperatures from the 
point of vieW of continuing to make polymer from the oligo 
mer is in the range of 250 to 280° C. because that is the 

common range for the early part of the PET production pro 
cess. 

9. A process for the production of a polyester product, said 
process comprising: 

(a) contacting in a reaction Zone a dicarboxylic acidWith an 
alkylene oxide to produce a partially esteri?ed dicar 
boxylic acid product, Wherein said alkylene oxide and 
said dicarboxylic acid are present in a molar ratio in the 
range of from about 081 to about 1.211 alkylene oxide 
to-dicarboxylic acid; and 

(b) subsequently employing at least a portion of said par 
tially esteri?ed dicarboxylic acid product to produce 
said polyester product. 
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10. The process of claim 9, wherein at least a portion of said 
polyester product is produced in a pipe reactor. 

11. The process of claim 9, Wherein step (b) further com 
prises reacting at least a portion of said partially esteri?ed 
carboxylic acid With a diol to thereby produce said polyester 
product. 

12. The process of claim 11, Wherein said diol is an ali 
phatic diol having in the range of from 2 to 20 carbon atoms. 

13. The process of claim 12, Wherein said diol comprises 
ethylene glycol. 

14. The process of claim 9, Wherein said contacting of step 
(a) is performed in the presence of at least one solvent and at 
least one basic catalyst. 

15. The process of claim 14, Wherein said solvent com 
prises toluene, xylene, and/or one or more oligomeric poly 
esters. 

16. The process of claim 14, Wherein said basic catalyst 
comprises benZyltrialkyl ammonium hydroxide, tributy 
lamine, triethylemine, trimethylamin, tripropyl amine, and/ or 
tetraalkyl ammonium hydroxide. 

17. The process of claim 14, Wherein said basic catalyst 
comprises triethylamine. 

18. The process of claim 9, Wherein said dicarboxylic acid 
comprises terephthalic acid, isophthalic acid, naphthalenedi 
carboxylic acid, cyclohexanedicarboxylic acid, cyclohex 
anediacetic acid, diphenyl-4,4'-dicarboxylic acid, diphenyl 
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3,4'-dicarboxylic acid, succinic acid, glutaric acid, adipic 
acid, aZelaic acid, and/or sebacic acid. 

19. The process of claim 9, Wherein said dicarboxylic acid 
comprises terephthalic acid. 

20. The method of claim 9, Wherein said polyester product 
comprises homopolymers or copolymers of polyethylene 
terephthalate, polyethylene naphthalate, polyethylene isoph 
thalate, polyethylene succinate, and/or polyethylene adipate. 

21. The method of claim 9, Wherein said polyester product 
comprises polyethylene terephthalate. 

22. The method of claim 9, Wherein said alkylene oxide 
comprises ethylene oxide, propylene oxide, and/or butylene 
oxide. 

22. The process of claim 9, Wherein said alkylene oxide 
comprises ethylene oxide. 

23. The process of claim 9, Wherein said reaction Zone 
comprises at least one reactor operated at a pressure such that 
at least 90 Weight percent of said alkylene oxide remains in a 
liquid phase. 

24. The process of claim 23, Wherein said reactor is oper 
ated at a temperature in the range of from about 180 C. to 
about 2800 C. 

25. The process of claim 23, Wherein said reactor is oper 
ated at a pressure in the range of from about 500 to about 1200 
psi. 


