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puritied 2,6-naphthalenedicarboxylic acid. More particularly, this invention
relates to an improved process for preparing purified 2,6-
naphthalenedicarboxylic acid by hydrolyzing a dialkyl-2,6-
néphthalenedicafboxylate with water under reaction conditions that provide

10 for large particle size 2,6-naphthalenedicarboxylic acid.

Dialkyl-2,6-naphthalenediCarboxylates and 2,6-naphthalene-
dicarboxylic acid are useful monomers for the preparation of high
15 performance p'olymericA materials. For example, dimethyi-2,6-
naphthalenedicarboxylate and 2,6-naphthalenedicarboxylic acid can be
reacted with ethylene glycol to prepare poly(ethylene-2,6-naphthalate)
(PEN). Fibers and film manufactured from PEN have improved strength
and superior thermal properties relative to other polyester materials. Films
20 made from PEN demonstrate, for example, superior resistance to gas
diffusion and particularly to the diffusion of carbon dioxide, oxygen and
water vapor. Because of its exceptional properties, PEN is especially
suitable for applications such as food and beverage containers, particularly
for so-called "hot-fill" food and beverage containers, tire cord, magnetic

25 recording tape and electronic components.
Although the dialkyl-2,6-naphthalenedicarboxylates -- particularly
n dimethyl-2,6-naphthalenedicarboxylate -- are suitable monomers for
preparing PEN and other polymeric materials, in some commercial-scale
operations it is preferable to employ 2,6-naphthalenedicarboxylic acid
30 rather than a dialkyl ester. For example, a polyester manufacturer may
have equipment and associated processes available for manufacturing
polyesters only from an aromatic dicarboxylic acid. In these circumstances,
the diester materials would not be suitable and the use of 2,6-
naphthalenedicarboxylic acid would be required. Additionally, it is
35 advantageous to use 2,6-naphthalenedicarboxylic acid in the manufacture
of polyesters because the condensation of a diacid with a glycol to form a
polyester does not form an alcohol by-product as does the condensation of
a diester with a glycol. Polyester manufacturers who use diacids such as
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10 6-naphthoic acid, 2-naphthoic acid and trimellitic acid. These impurities,
particularly 2-formyl-6-naphthoic acid, are difficult to remove from crude 2,6-
naphthalenedicarboxylic acid. The 2,6-naphthalenedicarboxylic acid must,
however, be purified before it can be polymerized to form polymeric
materials. ,

15 The purification of 2,6-naphthalenedicarboxylic acid is considerably
more difficult than the purification of a dialkyl-2,6-naphthalenedicarboxylate
primarily due to the low solubility of 2,6-naphthalenedicarboxylic acid in
most ordinary solvents, and to its high melting point. In the aforementioned
U.S. Patent 4,933,491, for example, 2,6-naphthalenedicarboxylic acid was

20 purified only after reacting the 2,6-naphthalenedicarboxylic acid with a
lower alkanocic anhydride to produce a component that is soluble in excess
alkanoic anhydride. The "solubilized" 2,6-naphthalenedicarboxylic acid
was optionally tre_ated with one or more purification procedures. Xu et al.
(Chemistry of Synthetic High Polymers, Vol. 10, pp. 107-11, 1984,

25 Chemical Abstracts CA 102: 185547z) describes the purification of 2,6-
naphthalenedicarboxylic acid by routine sublimation, recrystallization or
distillation as inefficient and difficult due to the poor solubility of 2,6-
naphthalenedicarboxylic acid and also because the impurities present,
having similar properties, adhere to each other.

30 In contrast,- the diesters of 2,6-naphthalenedicarboxylic acid are

' considerably more eqluble than 2,6-naphthalenedicarboxylic acid in
ordinary organic solvents such as xylenes and methanol, and can be
purified in the dissolved state. Furthermore, these diesters, particularly the
dimethyl ester, are sufficiently volatile so that they can be purified by

35 distillation. Therefore, one potential method for preparing purified 2,6-
naphthalenedicarboxylic acid is to convert a purified dialkyl-2,6-
naphthalenedicarboxylate to 2,6-naphthalenedicarboxylic.acid by reacting
the diester with water to hydrolyze the ester bonds and form the free
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purified dimethyl-2,6-naphthalenedicarboxylate was subsequently

hydrolyzed'using a 12% potassium hydroxide solution at reflux conditions,

and the solution of hydrolyzed ester was acidified with hydrochioric acid to

free purified 2,6-naphthalenedicarboxylic acid. While it is reported that this

10 procedure produces: high purity 2,6-naphthalenedicarboxylic acid, the
process disclosed would not be desirable for large-scale production. The
use of concentrated base to hydrolyze the ester and the required use of an
acid to free the salt of 2,6-naphthalenedicarboxylic acid is not economical
on a large scale.

15 Other  processes for hydrolyzing dialkyl-2,6-
naphthalenedicarboxylates are known. For example, dimethyl-2,6-
naphthalenedicarboxylate can be reacted with a molar excess of water in a
low temperature, low pressure process, e.g. at 350°-430°F, using an acidic
catalyst such as an alkylbenzene sulfonic acid or mineral acid. Such a

20 process produces a 2,6-naphthalenedicarboxylic acid product having a
small particle size which is difficult to wash and filter, and that requires large
quantities of ethylene glycol to prepare slurries for the manufacture of
polyesters such as PEN. Additionally, the hydrolysis reaction is slow under
these reaction conditions. In European Patent Application 0432910A,

25 published on June 19, 1991, corresponding to U.S. Patent 5,068,410, a
process for hydrolyzing dimethyl-2,6-naphthalenedicarboxylate to 2,6-
naphthalenedicarboxylic acid is disclosed wherein an aromatic
polycarboxylic acid, for example, pyromellitic acid, trimellitic acid or phthalic
acid, is used as a catalyst. It is disclosed therein that these catalysts

30 provide for 2,6-naphthalenedicarboxylic acid with a large particle size, and
2,6-naphthalenedicarboxylic acid having an average particle size as large
as 67 microns is described in the examples. It is also taught therein that
temperatures in the range of 200-230°C may be used and that at
temperatures greater than 230°C the corrosive action of the carboxylic acid

35 s increased and, as a result, corrosion occurs on the surface of the vessel
material. The European Patent Application discloses that the concentration
of aromatic polycarboxylic acid catalyst may be in the range of 0.2-20% by
weight, however, all of the examples in the application utilize an amount of
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carbon number of 1-10. It is also disclosed that the solvent contains water
in addition to the monocarboxylic acid.
10 All of the aforementioned processes for hydrolyzing dimethyl-2,6-
naphthalenedicarboxylate require long reaction times and/or the presence
of a catalyst or carboxylic acid soivent to carry out the hydrolysis.
Additionally, 2,6-naphthalenedicarboxylic acid having a desirably large
particle size of greater than about 100 microns is not disclosed. The art,
15 therefore, needs an improved process for preparing 2,6-
naphthalenedicarboxylic acid from a dialkyl-2,6-naphthalenedicarboxylate,
and the present invention provides such an improved process. In the
present invention, a dialkyl-2,6-naphthalenedicarboxylate is hydrolyzed
with water at a temperature of at least about 450°F and the amount of water
20 present is sufficient to solubilize at least about 10% of the 2,6-
naphthalenedicarboxylic acid formed. Under these conditions, the
hydrolysis of the dialkyl-2,6-naphthalenedicarboxylate is rapid and,
particularly when the temperature of the process is about 500°F or greater,
the product 2,6-naphthalenedicarboxylic acid is in the form of large
25 particles having an average size of about 100 microns or greater thereby
making the product highly suitable for filtering, washing and preparing PEN.
An advantage of the instant invention is that other materials, such as acidic
acid catalysts or monocarboxylic acid soivents, need not be added to the
hydrolysis mixture and, consequently, need not be separated from the final
30 product as in the prior art processes. Extra processing steps are therefore
eliminated.

Additionally, when the process of the instant invention is carried out
such that a major portion of the 2,6-naphthalenedicarboxylic acid product is
dissoived in the hydrolysis water, the 2,6-naphthalenedicarboxylic acid

35 produced is in the form of large, well-formed crystals that are superior for
forming low viscosity slurries of 2,6-naphthalenedicarboxylic acid in
ethylene glycol. These slurries are used for preparing PEN.
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Patent 4,302,595 to Schoengen et al., a process is disclosed for preparing
fiber-grade terephthalic acid from intermediate stage crude
dimethylterephthalate wherein in one step of the process the crude
10 dimethylterephthalate, having a limited content of intermediate oxidation
products, is hydrolyzed in water in at least two stages at a temperature
between 140°C and 350°C preferably from 240° to 280°C in the first stage,
and 180° to 220°C in the second stage to produce a reaction mixture
containing terephthalic acid. Although a hydrolysis temperature of up to
15 350°C is disclosed in the Schoengen et al. patent, the examples provided
therein use a temperature of 250°C, and it is taught that hydrolysis
temperatures above 300°C do not ensure economical operation.

Summary of the Invention
20 A process for preparing purified 2,6-naphthalenedicarboxylic acid
comprises (a) hydrolyzing a dialkyl-2,6-naphthalenedicarboxylate with
water at a reaction temperature of at least about 450°F under liquid phase
conditions and for a time sufficient to convert a major portion of the dialkyi-
.2,6-naphthalenedicarboxylate to 2,6-naphthalenedicarboxylic acid thereby
25 forming a reaction prbduct mixture, the amount of water present being
sufficient to solubilize, at the reaction temperature, at least about 10 weight
percent of the 2,6-naphthalenedicarboxylic acid formed; and (b) recovering
2,6-naphthalenedicarboxylic acid from the.reaction product mixture.
This process produces 2,6-naphthalenedicarboxylic acid in the form
30 of large particles which are desirable for filtering and washing operations,
and for preparing polyesters such as PEN. Additionally, although one or
more hydrolysis catalysts can be added to the hydrolysis reaction, the
instant process proceeds at high reaction rates and produces large particle
size product even in the absence of an added hydrolysis catalyst or co-
35 solvent such as a monocarboxylic acid.
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on al agge scal °m the process of the invention a dialkyil-2,6-
naphthalenedicarbo'xylate is reacted with water under liquid phase
conditions at an elevated temperature of at least about 450°F to hydrolyze
the dialkyi ester and form 2,6-naphthalenedicarboxylic acid. When a pure
dialkyl-2,6-naphthalenedicarboxylate is used, purified 2,6-
10 naphthalenedicarboxylic acid is produced. Additionally, the process of this
 invention can be used to prepare desirably large particle size 2,6-
naphthalenedicarboxylic acid.
The dialkyl-2,6-naphthalenedicarboxylate hydrolyzed in the process
of this invention is preferably a lower dialkyl ester, wherein the alkyl portion
15 of the ester groups contains from 1 to about 4 carbon atoms. For example,
dimethyl-, diethyl-, di-n-propyl-, diisopropy!, di-n-butyl-, ethylmethyl- and
diisobutyl-2,6-napthalenedicarboxylate are suitable dialkyl-2,6-
naphthalenedicarboxylates. Dimethyl-2,6-naphthalenedicarboxylate,
however, is the most preferred dialkyl-2,6-naphthalenedicarboxylate
20 because it is most easily prepared and purified. The dialkyl-2,6-
naphthalenedicarboxylates can be prepared by any known method. For
example, they can be prepared by the method disclosed in U.S. Patent No. °
4,886,901 to Holzhauer et al. wherein a naphthalenedicarboxylic acid is
esterified with methanol and then purified by recrystallization, and they can
25 be prepared by the methods disclosed in U.S. Patent No. 4,847,400 to
Steinmetz et al. The dialkyl-2,6-naphthalenedicarboxylates used in the
process of this invention can conveniently be prepared by esterifying 2,6-
naphthalenedicarboxylic acid prepared by the liquid-phase, cobalt,
manganese and bromine catalyzed oxidation of a 2,6-dialkylnaphthalene.
30 Preferably, the 2,6-dialkylnaphthalene is 2,6-dimethyinaphthalene. A
suitable method for oxidizing 2,6-dimethylnaphthalene to 2,6-
naphthalenedicarboxylic acid is disclosed in Albertins et al., U.S. Patent
No. 4,933,491. | ,
Before the dialkyl-2,6-naphthalenedicarboxylate is used in the
35 process of this invention, it is preferably purified to a purity of at least about
95%, preferably at least about 99% and most preferably at least about
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particle s.ngphtrw;lqnedlcarboxylate is at least about 450°F, preferably at least about
500°F, and most preferably at least about 570°F. At these reaction
10 temperatures, the hydrolysis reaction proceeds rapidly and, as will be
described in greater detail hereinbelow, these reaction temperatures
provide for the formation of 2,6-naphthalenedicarboxylic acid having a
large particle size making the manipulation of these particles, for example,
in washing and filtering procedures easier. A maximum hydrolysis
15 temperature is preferably about 700°F.

The pressure for the hydrolysis reaction is a pressure sufficient to
maintain a major portion, preferably at least about 75 percent, and more
preferably at least about 95 percent of the water in the liquid phase.
Suitable reaction pressures are in the range of about 20 atmospheres to

20 about 200 atmospheres.

The amount of water used in the hydrolysis reaction is related to the
temperature at which the hydrolysis reaction is conducted. Water should be
present in the reaction mixture in an amount sufficient to solubilize, at the
reaction temperature, at least about 10 weight percent, preferably at least

25 about 25 weight percent, more preferably at least about 50 weight percent
of the 2,6-naphthalenedicarboxylic acid produced in the hydrolysis
reaction. Most preferably, the amount of water present in the reaction
mixture is an amount sufficient to solubilize all of the 2,6-
naphthalenedicarboxylic acid produced in the hydrolysis reaction. We

30 have determined that the hydrolysis reaction proceeds rapidly when the
aforementioned amounts of water are present, and, moreover, the 2,6-
naphthalenedicarboxylic acid produced under these reaction conditions
has an average (mean) particle size of at least about 100 microns. The
amount of water necessary to achieve the hereinabove solubility levels can

35 be determined from the solubility data presented in Examplie 11. For
example, at a reaction temperature of 608°F, the solubility of 2,6-
naphthalenedicarboxylic acid is reported in Example 11 as 33.2 grams per
100 grams of water. Therefore, assuming substantially complete hydi'olysis
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because each gram of dimethyl-2,6-naphthalenedicarboxylate produces,
after complete hydrolysis, approximately 0.885 gram of 2,6-
naphthalenedicarboxylic acid and, based on the solubility data in Example
11, approximately 2.7 grams of water are required to solubilize 0.885 gram

10 of 2,6-naphthalenedicarboxylic acid at 608°F. This calculation does not
take into consideration the amount of water consumed in the reaction;
therefore, additional water can be added. Aiso, this calculation provides
the minimum amount of water required to achieve complete solubility. A
similar calculation at 500°F, and assuming 10 percent of the 2,6-

15 naphthalenedicarboxylic acid will be solubilized, results in a value of 3.3
grams of water for each gram of dimethyl-2,6-naphthalenedicarboxylate
charged to the hydrolysis reaction. This value also does not take into
consideration the consumption of water by the hydrolysis reaction.
Therefore, additional water should be added, i.e. at least two moles of water

20 per mole of dialkyl-2,6-naphthalenedicarboxylate charged to the reaction
mixture. _

These calculations for determining the amount of water charged to
the reaction mixture assume that the water contains no other component to
affect the solubility of 2,6-naphthalenedicarboxylic acid. Therefore, if other

25 components are added, the solubility data provided in Example 11 may not
apply. Also, if the herein disclosed process is practiced wherein water is
recycled, the recycled water may contain, depending on the temperature at
which the 2,6-naphthalenedicarboxylic acid is partitioned from the water
(i.e. mother liquor), various amounts of 2,6-naphthalenedicarboxylic acid.

30 This 2,6-naphthalenedicarboxylic acid should be counted, after adjusting
for molecular weight differences, as part of the charge of dialkyl-2,6-
naphthalenedicarboxylate for the purpose of determining the level of water
charged to the reaction mixture. Therefore, when the water charged to the
hydrolysis reaction already contains, for example, dissoived 2,6-

35 naphthalenedicarboxylic acid, the amount of water charged to the
hydrolysis reaction should be an amount sufficient to solubilize at least
about 10 weight percent, preferably at least about 25 weight percent, more
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naphthalenedlcarboxylate in the range of at least about 4:1, and preferably
at least about 5:1, respectively. The preferred reaction temperature being
10 at least about 500°F, preferably at least about 540°F, and most preferably at
least about 570°F. At these conditions, the hydrolysis rate is rapid and
large particle size 2,6-naphthalenedicarboxylic acid is formed. Preferably,
the maximum hydrolysis temperature is about 700°F and, preferably the
maximum weight ratio of water to dimethyl-2,6-naphthalenedicarboxylate is
15 about 25:1, more preferably about 10:1, respectively.

It is advantageous to conduct the hydrolysis reaction so that
substantially all of the dialkyl-2,6-naphthalenedicarboxylate charged to the
reaction mixture is converted to 2,6-naphthalenedicarboxylic acid, thereby
eliminating a step to separate the desired 2,6-naphthalenedicarboxylic acid

20 from unreacted diester. However, the hydrolysis reaction can be conducted
at lower conversion such as, for example, 50 percent conversion of the
dialkyl-2,6-naphthalenedicarboxylate. Therefore, the hydrolysis reaction
shouid be conducted for a time sufficient to convert at least 50 percent of
the dialkyl-2,6-naphthalenedicarboxylate, more preferably at least about 95

25 percent and, as stated above, most preferably for a time sufficient to convert
substantially all of the dialkyl-2,6-naphthalenedicarboxylate to 2,6-
naphthalenedicarboxylic acid.

When operating the process of this invention under conditions where
at least 10 percent and, preferably, where substantially all of the 2,6-

30 naphthalenedicartboxylic acid is solubilized during the reaction, 2,6-
naphthalenedicarboxylic acid can be produced having excellent particle
size, for example an average particle size of at least about 100 microns and
preferably at least about 125 microns as measured by a Microtrac™particle
analyzer. Preferably, the average particle size is up to about 1000 microns,

35 more preferably up to about 800 microns. Furthermore, the 2,6-
naphthalenedicarboxylic acid prepared using conditions where
substantially all of the acid is solubilized has, in addition, excellent crystal
morphology in that the particles are well-defined, individual crystals that are
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2 6- phthalenedlcarboxyhc acid to the polymerization reactor as a
pumpable slurry of 2,6-naphthalenedicarboxylic acid in ethylene glycol.

10 Furthermore, since the mole ratio of ethylene glycol to 2,6-
naphthalenedicarboxylic acid in PEN is 1:1, it is desirable to charge to the
polymerization reactor a mole ratio of ethylene glycol to 2,6-
naphthalenedicarboxylic acid as close to 1:1 as possible. This is because
any excess glycol must be removed in a later stripping step, and excess

15 glycol also leads to the formation of undesirable ethers which can become
incorporated into the polyester. The 2,6-naphthalenedicarboxylic acid
prepared by the process of this invention wherein a major portion of the 2,6-
naphthalenedicarboxylic acid produced in the hydrolysis reaction was
solubilized required about 2-3 times less ethylene giycol to achieve the

20 same viscosity of a slurry of ethylene glycol and 2,6-
naphthalenedicarboxylic acid wherein the 2,6-naphthalenedicarboxylic
acid was prepared by a hydrolysis process conducted at 380-400°F using
p-toluenesulfonic acid as a catalyst and a 5:1 ratio of water to dimethyl-2,6-
naphthalenedicarboxylate. At a reaction temperature of 380-400°F and a

25 weight ratio of water to dimethyl-2,6-naphthalenedicarboxylate of 5:1, only
approximately 1.4 weight percent of the 2,6-naphthalenedicarboxylic acid is
solubilized. The particles produced by the low-temperature process have a
highly porous structure and require larger amounts of ethylene glycol to
form a pumpable slurry. Under microscopic examination they appear as an

30 agglomeration of “very small crystals. This structure causes the high
porosity. European Patent Application WO 90/14375 discloses methods for
preparing PEN.

Operating under conditions wherein substantially all of the 2,6-
naphthalenedicarboxylic acid produced is solubilized is also

35 advantageous, particularly when using a baffled, plug flow-type reactor or
other type of baffled reactor, because plugging problems are eliminated.
Whereas, when operating under conditions where a portion of the 2,6-
naphthalenedicarboxylic acid is not in solution, the resulting slurry of 2,6-
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5 asitis formed. Removal of the alcohol provides for more rapid and more
complete conversion of the dialkyl-2,6-naphthalenedicarboxylate to 2,6-
naphthalenedicarboxylic acid. The alcohol can be removed from the
reaction mixture by, for example, venting a portion of the gaseous phase of
the reaction mixture. However, unless provisions are taken to separate the .
10 alcohol from the water, this venting procedure will also remove a quantity of
water. Depending on the amount of water initially used, this may be a loss
of water significant enough to affect the rate of hydrolysis or the dissolution
of 2,6-naphthalenedicarboxylic acid. However, any water lost can
~ optionally be replaced. It is advantageous to remove, during the hydrolysis
15 reaction, at least about 30 weight percent of the alcohol, more preferably at
least about 90 percent and most preferably at least about 99% of the
theoretical amount of alcohol produced by the hydrolysis reaction.

Following the hydrolysis reaction, the reaction mixture is optionally
cooled to crystallize the 2,6-naphthalenedicarboxylic acid. When operating

20 under conditions where substantially all of the 2,6-naphthalenedicarboxylic
acid is in solution, this cooling step is necessary to recover the 2,6-
naphthalenedicarboxylic acid by crystallizing the dissolved 2,6-
naphthalenedicarboxylic acid. Preferably, the reaction mixture is cooled to
a temperature below about 400°F, more preferably below about 250°F.

25 The rate of cooling affects particle size of the 2,6-naphthalenedicarboxylic
acid produced. It is preferable to cool the reaction mixture at a rate that
promotes the formation of large particle size 2,6-naphthalenedicarboxylic
acid. Cooling rates of less than about 50°F per minute, preferably less than
about 40°F per minute and most preferably less than about 10°F per minute

30 provide for large particle size 2,6-naphthalenedicarboxylic acid.

Following the optional cooling step, the 2,6-naphthalenedicarboxylic
acid is recovered by partitioning the 2,6-naphthalenedicarboxylic acid from
residual water using a suitable means for partitioning a solid phase
component from a liquid phase component. For example, solid 2,6-

35 naphthalenedicarboxylic acid can be partitioned from the water phase by
filtration, centrifugation, settling, and the like. In this partitioning or
separation process the large particle size 2,6-naphthalenedicarboxylic acid
produced by the process of this invention is advantageous in that large
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2, 6- napht hal eneaﬂftmrﬁinm?lﬁ oaabmlermdmalrboawuc acid is partltloned from the

water, it is preferably washed with a suitable solvent such as water, a low

10 molecular weight carboxylic acid, e.g. acetic acid, or an aromatic

hydrocarbon such as toluene, xylene, etc. Water is the preferred solvent for

washing the 2,6-naphthalenedicarboxylic acid. A suitable amount of

solvent to wash the 2,6-naphthalenedicarboxylic acid is an amount such

that the weight ratio of solvent to 2,6-naphthalenedicarboxylic acid is at

15 least about 1:1, and preferably at least about 2:1, respectively. It is also

- preferable to conduct the washing step at an elevated temperature. For

example, when water is the solvent for the washing step, it is advantageous

for the water to be at a temperature of at least about 150°F. Preferably the

water should be at a temperature in the range of about 200°F to about

20 300°F. Due to the solubility of 2,6-naphthalenedicarboxylic acid in water,

the amount of water used to wash the 2,6-naphthalenedicarboxylic acid

preferably should riot be an amount that will dissolve more than about 10

weight percent of the 2,6-naphthalenedicarboxylic acid being washed.

Otherwise, the losses of 2,6-naphthalenedicarboxylic acid will be too great.

25 Large particle size and purer 2,6-naphthalenedicarboxylic acid can

also be prepared by heating 2,6-naphthalenedicarboxylic acid in water so

that the 2,6-naphthalenedicarboxylic acid is partially or, preferably,

completely dissolved, followed by slowly cooling the resulting mixture to

crystallize 2,6-naphthalenedicarboxylic acid. A suitable temperature for

30 contacting the 2,6-naphthalenedicarboxylic acid with water is a temperature

of at least about 450°F, preferably at least about 500°F, and most preferably

at least about 600°F, and preferably up to a temperature of about 700°F.

The weight ratio of water to 2,6-naphthalenedicarboxylic acid is preferably

at least about 2:1, more preferably at least about 3:1, and most preferably at

35 least about 5:1, respectively. Preferably, the weight ratio of water to 2,6-

naphthalene-dicarboxylic acid is no more than about 25:1, more preferably

no more than about 10:1, respectively. The mixture of 2,6-

naphthalenedicarboxylic acid and water should be maintained at these
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than about 40°F per minute and most preferably no greater than about 10°F

5 per minute. Cooling to a temperature of no greater than about 400°F is

suitable. The 2,6-naphthalenedicarboxylate produced is then partitioned
from the water.

The hydrolysis process of this invention can be conducted in the

batch mode, semi-continuous mode or in the continuous mode. In the

10 batch mode, all of the reactants are charged to a suitable reaction zone at
the start of the reaction. As described hereinabove, a portion of the
reaction vapor can be released from the reaction zone to further the
conversion of the dialkyl-2,6-naphthalenedicarboxylate to 2,6-
naphthalenedicarboxylic acid. In the semi-continuous mode of operation,

15 at least one of the reactants is added to the reaction zone during the course
of the reaction. For example, a quantity of water can be charged to the
reaction zone initially and the dialkyl-2,6-naphthalenedicarboxylate can be
added to the reaction zone during the course of the reaction. In the
continuous mode of operation, the reactants are added to the reaction zone

20 continuously throughout the course of the reaction and the reaction product
mixture is continuously removed from the reaction zone. For commercial-
scale operations, it is preferable to operate in the continuous mode. The
reaction zone used for a continuous mode of operation can be any suitable
reaction apparatus such as at least one continuous stirred tank reactor, a

25 plug flow reactor, a column reactor or a combination of such reactors. The
liquid phase reaction residence time, depending on the preselécted
reaction temperature and ratio of dialkyl-2,6-naphthalenedicarboxylate to
water, is suitably about 1 min. to about 5 hrs., preferably about 1 min. to
about 2 hours.

30 A preferred method for conducting the hydrolysis process of this
invention in a continuous manner is to use a reactor that is essentially a
distillation column equipped with a means for providing liquid hold-up in
the column. Suitable means for providing the liquid hold-up include, for
example, trays, highly structured packing, and the like. In this method, a

35 dialkyl-2,6-naphthalenedicarboxylate and, optionally, water are introduced
near or at the top of the column and an inert gas or, preferably, steam is
added to the bottom of the reactor. The addition of steam at the bottom of
the reactor is required if water is not added with the dialkyl-2,6-
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naphthalenedlcarboxyhc acid from the water.

Preferably, the vapor exiting the top of the column reactor, which
vapor comprises a mixture of alcohol and water, is condensed. Part of the
condensate is returned to the top of the column reactor and the remaining
part is directed to a means for separating the alcohol from the water, e.g. a

distillation column. The feed mixture of dialkyl-2,6-

15

20

25

30

35

naphthalenedicarboxylate and water (if added) is preferably added to the
column reactor at a feed location somewhat below the top of the column.
The portion of the column above the feed location will preclude mono-alkyl-
2,6-naphthalenedicarboxylate and dialkyl-2,6-naphthalenedicarboxylate
from entering and, potentially, fouling the overhead condenser. This
column reactor, particularly with the inert gas or steam stripping, provides
for a very efficient hydro!ysis reaction because alcohol is rapidly separated
from the reaction mixture thereby shifting the equilibrium to the desired
dicarboxylic acid product.

Before the dialkyi-2,6-naphthalenedicarboxylate is fed to the column
reactor, the dialkyl-_é,s-naphthalenedicarboxylate can be "prereacted” with
water in a prereactor, such as, for example, one or more stirred tank
reactors. This prereaction converts the dialkyl-2,6-
naphthalenedicarboxylate into a mixture of 2,6-naphthalenedicarboxylic
acid and mono-alkyl-2,6-naphthalenedicarboxylic acid. Introducing such a
mixture into the column reactor will preclude the presence of a liquid
dialkyl-2,6-naphthalenedicarboxylate phase in the column reactor. The
melting point of dimethyl-2,6-naphthalenedicarboxylate, for example, is
about 374°F (190°C) and, therefore, any dimethyl-2,6-naphthalene that is
present in the reactor will exist as a separate liquid phase. The presence of
two liquid phases' in the column reactor is not desirable because the
contents of the column reactor are not mechanically agitated, although such
agitation couid be provided, if required, by a suitable agitating means. A
suitable liquid phase residence time in the column reactor is about 1 min. to
about 5 hours. The reaction temperature and water levels in the column
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substantially no internal porosity.

Figure 1 represents, in schematic form, the pretferred method for

10 conducting the continuous hydrolysis of a dialkyl-2,6-
naphthalenedicarboxylate to form purified 2,6-naphthalenedicarboxylic
acid. For the purposes of this description, dimethyl-2,6-
naphthalenedicarboxylate is the diester that is hydrolyzed. The reaction
temperatures and quantity of water in the prereactor and column reactor, as

15 well as the crystallization and filtration temperatures, are as described
hereinabove.

Referring to Figure 1, dimethyl-2,6-naphthalenedicarboxylate,
preferably in molten form, is added to prereactor 10 along with water using
feed lines 1 and 2, respectively. The liquid-phase residence time of the

20 reaction mixture in reactor 10 is preferably sufficient to convert most of the
dimethyl-2,6-naphthalenedicarboxylate to a mixture of 2,6-
naphthalenedicarboxylic acid and mono-methyi-2,6-
naphthalenedicarboxylic acid. Prereactor 10 comprises a stirred tank
reactor having a lower and upper section separated by a baffle. The

25 reaction mixture exits from the upper section of prereactor 10 through
line 15 and is directed to the upper part of column reactor 20. Column
reactor 20 comprises a vertical column equipped with a plurality of trays 22
to provide liquid holdup in the column. Steam is added to the bottom of
column 20 through steam line 25. Overhead vapor is removed from column

30 reactor 2Q and is directed through line 26 to condenser 30. Condensate
from condenser 3Q is partitioned and part of the condensate is returned to
column 20 through line 32 and part is directed through line 34 to distillation
column 40 where methanol is separated from water. The water is recycled
to prereactor 10 through line 42 and the methanol is directed to, for

35 example, an esterification reactor (not shown) for converting 2,6-
naphthalenedicarboxylic acid to dimethyl-2,6-naphthalenedicarboxylate.
The hydrolysis reaction product, preferably having all the 2,6-
naphthalenedicarboxylic acid dissolved in the reaction mixture, exits
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cooling. Vesseis 50, 55 and 60 can be substituted with one or more batch
crystallizers or with a substantially plug flow-type crystallizer. Product slurry
exits last crystallizer 80 through line 62 and is directed to centrifuge 65
wherein the product 2,6-naphthalenedicarboxylic acid is separated from
10  mother liquor. Product exits the centrifuge through line 66 and is typically
sent to a dryer (not shown). Mother liquor is removed from centrifuge
through line 68 and is recycled through line 72 to prereactor 1Q. Part of the
mother liquor is purged through line 70.
An advantage of the present invention is that the hydrolysis reaction
15 is rapid and large particle size 2,6-naphthalenedicarboxylic acid is
produced without the inclusion of a hydrolysis catalyst or other component
such as a monocarboxylic acid co-solvent in the reaction mixture.
Consequently, this invention is the hereinabove described hydrolysis
reaction carried out in the substantial absence and, preferably, in the
20 absence of a hydrolysis catalyst and/or monocarboxylic acid co-solvent.
However, if desired, a hydrolysis catalyst can be added to the hydrolysis
reaction mixture. For example, from about 0.001 to about 2.0 weight
percent of a catalyst, based on the weight of the dialkyl-2,6-
naphthalenedicarboxylate charged to the hydrolysis reaction, can be used.
25 Suitable catalysts include, for example, strong acids such as hydrochloric
acid and sulfuric acid; alkyl or aryl sulfonic acids, such as toluene sulfonic
acid; or one or more metal-based catalysts, such as, for example, an oxide,
halide, sulfate or carboxylic acid salt of antimony, copper, zinc, etc.
This invention is also 2,6-naphthalenedicarboxylic acid produced by
30 the hydrolysis process described herein, particularly when the hydrolysis
reaction is conducted at temperatures of at least about 500°F, and more
preferably at temperatures of at least about 540°F, and most preferably at
temperatures of at least about 570°F. The 2,6-naphthalenedicarboxylic
acid produced by the process of this invention is characterized by its large
35 particle size wherein the average particle size, as measured by a
Microtrac™ particle size analyzer, is at least about 100 microns and
preferably at least about 125 microns. Preferably, the average patrticle size
is up to about 1000 microns, more preferably up to about 800 microns.
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This invention is also 2,6-naphthalenedicarboxylic acid having an
10 average particle size of at least about 100 microns, preferably at least about
125 microns, and preferably up to about 1000 microns, more preferably up
to about 800 microns, wherein the 2,6-naphthalenedicarboxylic acid is in
the form of well-formed crystals having substantially no internal porosity
and which, therefore, do not require large amounts of ethylene glycol or
15 other glycol such as 1,4-dihydroxybutane to form a pumpable slurry; and
this invention includes physical mixtures of such 2,6-
naphthalenedicarboxylic acid with a glycol containing 2 to about 6 carbon
atoms, preferably ethylene glycol, wherein the mole ratio of glycol to 2,6-
naphthlenedicarboxylic acid is about 1:1 to about 10:1, and preferably 1:1
20 to about 4:1, respectively.
Furthermore, this invention is a composition consisting essentially of
a physical mixture of 2,6-naphthalenedicarboxylic acid and a glycol
wherein the composition has a Brookfield viscosity of no more than about
1000 centipoise measured using a number 4 spindle rotated at 50 rpm, and
25 wherein the molar ratio of glycol to 2,6-naphthalenedicarboxylic acid is
about 1:1 to about 4:1, preferably about 2:1 to about 4:1, respectively. The
glycol contains 2 to about 6 carbon atoms, most preferably the glycol is
ethylene glycol. This invention is also a composition consisting essentially
of a physical mixture of 2,6-naphthalenedicarboxylic acid and a glycol
30 wherein the Brookfield viscosity of the composition (number 4 spindle, 50
rpm) is no more than about 3000 centipoise and the mole ratio of giycol,
preferably ethylene glycol, to 2,6-naphthalenedicarboxylic acid is about 1:1
to about 3.5:1, preferably about 2:1 to about 3.5:1, respectively.
The following examples demonstrate the hydrolysis of dimethyl-2,6-
35 naphthalenedicarboxylate according to the process of this invention. These
examples also demonstrate the hereinabove described compositions. In
these examples, dimethyl-2,6-naphthalenedicarboxylate is referred to as
DM-2,6-NDC, the mono-methyl ester of 2,6-naphthalenedicarboxylic acid is



M Xt uil‘lgsshgetaiasmg éplaciuf ficient to solubilize all of the 2,6-

naphth |c acid produced in the hydrolysis reaction. W have
determ m ydrol ysis reaction 1Siroceeds rapi dly when the
aforemantlone s of water are pre and, noreover, the 2, 6-

napht hal enedi car boxyl i c acid produced under these reaction conditions has
an average (nean) particle size of at |east about 100 m crons. The anount

of water neMMZENDE, 2 hinaphthalengeicarpaxdiceasisl isni26-NDAe2anaphihaiche
determ ned H&idTstRAS AndPdimdtity ldahérwawt qthel Dwﬁaasmm LbedHer tiesanpl e,
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desired'to
purified according to the procedure disclosed in U.S. Patent 4,886,901 to

Holzhauer et al. The organic components were analyzed by liquid
chromatography, the metal analyses were conducted by Inductively
Coupled Plasma (ICP) analysis. ND means not detected.

10 Color of the 2,6-naphthalenedicarboxylate was evaluated visually as
noted, and it was evaluated by its optical density (OD) at 380 nm. Optical
density at 380 nm is the absorbance of a 0.5% (weight/volume) solution in a
50 mm pathlength cell. A Perkin-Elmer 552A UV-Vis spectrophotometer (or
similar instrument) can be used. In this procedure, after calibrating the

15 spectrophotometer at 380 nm with the reference and sample cells
containing 4.0 N NH40H, the sample cell of the spectrophotometer is filled
with a solution prepared by dissolving 0.25 grams of 2,6-
naphthalenedicarboxylic acid in 50.0 ml of 4.0N NH4OH. The absorbance
at 380 nm (read within one hour of sample preparation) is the OD at 380

20 nm.

The color of the 2,6-naphthalenedicarboxylic acid was also
evaluated by Tri-stimulus Color measurements, L, a* and b*. The
measurement of the b*-value of a solid on the Hunter Color Scale is
described in Hunter, Ihp_M_e_as_Lemem_Qf_Anpga_angg Chapter 8, pp. 102-

25 132, John Wiley & Sons, N.Y., N.Y. (1975), and in Wyszecki et al., Color
Science, Concepts and Methods, Quantitative Data and Formulae, 2d Ed.,
pp. 166-168, John Wiley & Sons, N.Y., N.Y. (1982).

More specifically, the b*-value of purified 2,6-
naphthalenedicarboxylic acid was determined using a Diano Match Scan

30 Spectrophotometer as follows. 2,6-Naphthalenedicarboxylic acid was
pressed into a pellet by placing 7 grams of 2,6-naphthalenedicarboxylic
acid into a 32 mm mold and applying 7000 psi pressure for at least 90
seconds. The pellet was then irradiated with white light that was UV-
filtered. The spectrum of the visible light reflected from the sample was

35 determined and Tri-stimulus values (X, Y, and Z) were computed using the
CIE Standard Observer functions. Using the weighted-ordinate method,
Tri-stimulus values are obtained from the following equations: '



OWr"‘te crmder Feact+on conditions where substantially all of the 2, 6-

|c r oxyllc acid is solubilized, the weight ratio of water to
fal enedi car boxyl ate ¢ arged to the hydrolysis reaction
at | east approxi matel\p 2.7: 1, respectively. This is
bec

of di nmethyl -2, 6-napht hal enedi car boxyl ate produces, after
conpl ete hydrol ysi's, approxi mately 0.885 gram of 2,6-
napht hal enedi car boxyl iC ac7| g and, basgg on the so i lity data in Exanple

11, approximately 2.7 qU| Iub| lize 0.885 gram
of 2, 6-napht hal enedi ca %ﬁ éx&clg ;o[e%* %’OR dtdati on does not take
I nto consi deration the anount of vvater consurred in the reaction; therefore,
additi onal water can be added. Also, this calculation provides the nini mum

anount of water required to achieve conplete solubility. A simlar
calculation at [err] and assum ng 10 percent of the 2, 6-

napht ha:c e \f/‘\gfhéfﬁ ROMY e péfae@lnt veﬂéctéwbes@d tHa! abj éétOht wméh%thl xragdval ue of 3.3
har ged o FheaRidiol 3% Sar BEethoSIERRTE Qhpeiob U iasBeat BV BEEHT fr o
CIE llluminant D65. The Tri-stimulus values, X, Y and Z, identify the color of
the object in terms of the mixture of the primary lights that match it visually.
Tri-stimulus values, however, are of limited use as color specifications
because they do not correlate with visually meaningful attributes of color
10 appearance and are not uniform in the spacing of colors as related to visual
differences. As a result , "Uniform Color Scales” (UCS) have been adopted
which use simple equations to approximate visual response. The UCS
scale used by the Diano instrument is the CIE 1976 L*a*b* formula which
converts Tri-stimulus values to L*, a*, and b* values as shown below:
15 L* = 25(100Y/Y,)18 _ 46

a* = 500[(X/X,)V3 - (Y/Y)1/3]
b* = 200[(Y/Yo)13 - (2/Z,)1/3]

The L*-value is a measure of the luminosity or whiteness of an object where
L* = 100 is pure white, L* = 0 is black, and in between is gray. The L*-value
20 is strictly a function of the Tri-stimulus Y-value. The b*-value is a measure
of the yellowness-blueness attribute where positive b*-values represent
yellow appearance and negative b*-values represent blue appearance.
The b*-value is a function of both Tri-stimulus values Y and Z.
Particle size was measured using a Microtrac 1™ Standard Range
25 Analyzer manufactured by Leeds and Northrup Co., St. Petersburg, Florida.
Methanol (or water) was used as circulating liquid for suspending the 2,6-
naphthalenedicarboxylic acid particles. This method is a based on laser
light scattering, and provides both a mean (average) and median value for
the particles measured.
30 It is to be understood that the following examples are being provided
to set forth embodiments of the present invention and are not intended to
limit the scope thereof.



con5|derat|on t he consunptlon of water by the hydrolysis reaction.
er eftqy Sheet HakBetd Replfedwat er shoul d be added, i.e. at |east two noles of

water I kyl - 2, 6- napht hal enedi car boxyl ate charged to the
reacti gmm!n mﬁse calcul ations f@0 determining the anount of water
char ge reaction mxture assume that the water contains no ot her
conponent to affect the solubility of 2,6-naphthal enedi carboxylic acid.
Therefore, if other conponent S are added the solubility data provided in

Exanpl e 11 RagmQe PORARAMIWYR i f t he herein di scl osed process is

practiced mere'D:rH@th?f—Z'@néﬁﬁmié%dléd?Sok ai hed Mﬁdr@f yZ@RYinCPia! Bateh
dependi ng on the t

t h | d | id
e e, es; pbing e s teisbt Shyoner ¢n§aﬂgﬁ’)waxﬁ;ﬂ‘€@%&f£u¢¥@' of
2,h6- Ingloht haiaﬁmﬁgmfémmbft bﬁylacet @suﬁplwtom&wmmmlmdscar@awﬁc ACI d
shou e c after adjustin mol ecul ar el ences
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of det erm nisegl fdretheehytralysisat €he aleactien times,hpressace, temperatures and

Therefore, JMGnsiENG ¥Rt Alsuftity 9% nhphthifenedicarboxylic acid are provided in
Table 1. In each of Runs 1 and 2, as noted, the product from an initial four
hour reaction was reacted a second time under identical conditions for an

10 additional four hours using fresh water and a fresh catalyst charge. 1950
Grams of dimethy-2,6-naphthalenedicarboxylate were charged to the
reactor. After filtration at room temperature, the 2,6-NDA product was
washed with about 1200 grams of water.

The solubility of 2,6-naphthalenedicarboxylic acid in water at 430°F

15 (220°C) is approximately 0.5/100 g (See Example 11). Therefore, at these
reaction ~conditions, assuming 100% conversion to 2,6-
naphthalenedicarboxylic acid, it is calculated that only about 1.9 weight
percent of the 2,6-naphthalenedicarboxylic acid product was in solution at
the end of the hydrolysis reaction. As the data in Table 1 show, the 2,6-

20 naphthalenedicarboxylic acid produced had a median particle size of about
6.8 microns.




hydgpl Siwsmrmea(‘;t”i"d'n""'a-l-ready contains, for exanple, dissolved 2, 6-
napziﬁe @R, éél Ic acid, the amount of water charged to the hydrolysis

reac an anount sufficient_to solubilize at |east about 10
wei g l ef erably at | east abo%l 25 wei ght percent, nore 9
preferably at t about 50 wei ght percent, and nost preferably all of the
2, 6- napht hal enedi carboxylic acid in the reaction product m xture. Wiile the
solubility data in Exanple 11 can be used to determ ne the anount of water
required to achieve the desired dissolution of 2,6- naphthal enedi carboxylic
acid in the hydrolysis reaction m Xt!’tlr%lrét ‘is generally preferable when
hydrol yzi ng the preferred di nethyl -2, Al p’T]t hal enedi carboxyl ate to use a
wei ght ratio of water to dinmethyl-2,6- naphthal enedi carboxylate in the
range of5 at | east about 4:1, and preferably

Buni Bun 2
Solvent Ratiod 3.33:1 3.33:1
Wt.% p-TSAD 0.78 0.78
Reaction Temp., °F 430 430
Reaction Press., psig 350 350
Reaction Time, hrs : 444 4+4
Product Analysis
Visual Color White White
OD (at380 nm) 0.025 0.035
Median Particle Size,
(Microns) . 6.8 6.7
Mean Particle Size 11.5 6.8
(Microns)
Wt.% DM-2,6-NDC ND - 0.04
Wt.% MM-2,6-NDC 0.17 0.21

Metal AnalysisC® ppm

Al 2.0 1.9
Cr 1.6 1.6
Fe 3.1 3.0

2 Weight ratio of water to DM-2,6-NDC.
b Weight percent of p-toluene sulfonic acid based on DM-2,6-NDC.
10 © Only for metals at greater than 1 ppm.



.at lea ccEfRR BeenX laced espectively. The preferred reaction tenperature being
at | preferably at |east about [err] and nost preferably at
| east t hese conditions, the hydrolysis rate is rapid and

‘I arge 1 |® sl ze 2, 6-napht hal enedi c%?boxyl ic acid is formed. Preferably,
the maxinum hydrolysis tenperature is about [err] and, preferably the

maxi mum wei ght ratio of water to dinethyl-2,6-naphthal enedi carboxylate is
about 25: 1Exgmmple @ ef erably about 10:1, respectively. It is advantageous to
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water. The reaction time, temperature, pressure and analysis of the
resulting 2,6-naphthalenedicarboxylic acid are provided in Table 2. During

10  each of the runs reported in Table 2, approximately one-half of the soivent
was unintentionally lost. This loss of solvent likely caused the removal of
methanol from the reaction mixture thereby shifting the equilibrium towards
2,6-naphthalenedicarboxylic acid. Runs 1, 2 and 3 reported in Table 2
were run consecutively in the same autoclave reactor.

15 These data demonstrate that the hydrolysis reaction is rapid at
temperatures of 540°F and greater in the absence of a catalyst. A product
containing only about 0.144 wt.% MM-2,6-NDC was obtained which result
is superior to that using the two-stage reaction reported in Table 1.
Additionally, the particle size of the 2,6-naphthalenedicarboxylic acid

20 produced by this process is approximately 4 to 7 times larger than the 2,6-
naphthalenedicarboxylic acid produced by the low-temperature hydrolysis
reported in Table 1.

The metals in the product 2,6-naphthalenedicarboxylic acid are due
either to corrosion of the Hastelloy C autoclave or, more likely, to

25 contaminants from previous uses of the autoclave reactor. However, as
shown by Examplé 6, Run 2, which used a much larger reactor and,
consequently, a much smaller ratio of reactor surface to reaction mixture,
metal contamination was not observed to a significant extent in the product.

The color data reported in Table 2 show that the product is gray-colored,

30 however, the OD ‘measurements, which are measured using a filtered
solution of the 2,6-NDA in aqueous base, are quite low at 0.015-0.025,
indicating that the color-causing impurities are most likely inorganic
contaminants.

Based on the data from Example 11, the solubility of 2,6-

35 naphthalenedicarboxylic acid in water at 540°F is approximately 6.6 g/100
g. Therefore, at the reaction conditions shown for Run 2, assuming 100%
conversion to 2,6-naphthalenedicarboxylic acid, it is calculated that 30
weight percent of the 2,6-naphthalenedicarboxylic acid product was




erc'ﬁrgSh@e@ﬁasgq,gn qd above, nost preferably for a time sufficient to

conve y all of the dial kyl -2, 6-napht hal enedi car boxyl ate to
wﬂm‘!ﬂlg"m iar boxylic acid. V\heg operating the process of this

|nven di ti ons where at st 10 percent and, preferably, where

substantially all of the 2, 6- napht hal enedi carboxylic acid is solubilized

during the reaction, - napht hal enedi car boxylic acid, c pr oduced

havi ng exceﬁollléblhzﬁsbr tAt&QD °F, i@e sphbilty A2.8-naphilaleageics. g?‘?’f iCcAdd IR of at
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mcrons. FRgidher iorealctiated, that r'&mh‘bbmh mihrdioﬂ';é iproduct auidpaasd usi ng
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wel | - def i nddll when thelselvant ysas Qsttdmngamese runs the effect of the loss of

solvent on the particle size cannot be determined. Nevertheless,

exceptionally large particle size 2,6-naphthalenedicarboxylic acid was
formed by this process as shown by the particle size data.

10
JABLE 2

BRun 1 Bun 2 Bun 3
Solvent Ratio@ 4:1 4:1 4:1
Catalyst None None None
Reaction Temp., °F 590 540 590
Reaction Press., psig : 1370 920 1530
Reaction Time, hrs.- 1.0 1.0 G.17
Product Analysis
Visual Color Gray Gray Gray
OD (380 nm) 0.020 _ 0.015 0.025
Median Particle Size '
(Microns) 30.1 116.9 110.3
Mean Particie Size 34.4 142.9 130.7
(Microns)
Wit.% DM-2,6-NDC <0.032 0.061 0.446
Wt.% MM-2,6-NDC 0.144 1.20 6.76
Metal Analysis.P ppm
Al 8.9 6.0 4.8
Ca 2.3 3.6 2.0
Co 21.9 13.6 1.31
Cr 39.5 19.9 11.4
Cu 1.9
Fe . 123 48 7.3
K 1.8 2
Mg 12.6 4.3
Mn 1.02 3.19 1.3
Mo 21.2 15.9 15.7
Na 1.7
Ni 83 25.3 7.6
Ti 1.53
Zn : 1.8

a2  Weight ratio of water to DM-2,6-NDC
b Only for metals at greater than 1 ppm.



10 s l%sghgg LR del R orous rather than highly porous aggregates of snall
crys e, well-forned, well-defined crystals are desirable for
form E“ m h, for exanple, et PB/Jaene gl ycol because the | arge,

wel | - i , I dual crystals that“"are substantially non-porous do not
require a large quantity of a slurry nmedium such as ethylene glycol to form
an easily m xed and easily punped slurry of 2,6-naphthal enedi carboxylic

gci d. Jlf\)/f)re specifically, in a continuous process for preparing PEN, it is
esirabl e tExﬂﬁﬁlég& napht hal enedi carboxylic acid to the polynerization

byl ene gl ycol  DREIMEAoAEPRRISIRE ST et S SSbEes: BHBe s o
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temperature followed by washing with about 450 grams of water. The
reaction time, reaction temperature, reaction pressure and analysis of the
resulting 2,6-naphthalenedicarboxylic acid are provided in Table 3. Runs
10 1-3in Table 1 were run consecutively in the same titanium reactor.

These data show the rapid hydrolysis of dimethyl-2,6-
naphthalenedicarboxylate at about 540°F and 590°F in the absence of a
catalyst. Additionally, these data show that the methanol recovery was less
than quantitative, possibly due to the formation of dimethylether. As in the

15 prior example, large particle size 2,6-naphthalenedicarboxylic acid was
produced, i.e. a median particle size of 188.3 microns.

Example 4
Table 4 lists the results of the hydrolysis of dimethyl-2,6-

20 naphthalenedicarboxylate in the batch-mode using a stirred, 2 liter, 316
stainless steel pressure reactor. No hydrolysis catalyst was used. The
reactor was charged with 200 grams of dimethyl-2,6-
naphthalenedicarboxylate and 1000 grams of distilled water. In each of
Runs 1-3, the product 2,6-naphthalenedicarboxylic acid was separated

25 from the remaining water, dried and analyzed.

During Runs 2 and 3, a portion of the gas phase of the reaction
mixture was vented to remove water and methanol hydrolysis product. For
Run 2, 110 grams of a gaseous mixture of methanol and water were
removed from the reaction 15 minutes after the reaction mixture reached

30 the noted reaction'temperature. In Run 3, the reactor was vented twice,
once as soon as the reactor reached the noted reaction temperature, and a
second time 20 minutes later. In the first venting, 99 grams of a gaseous
mixture of water and methanol were removed. In the second venting, 155
grams were removed. For Run 4, the reaction mixture was vented three

35 times. Once when the reaction mixture reached the reaction temperature,
then two more times at 10 minute intervals.

The solid reaction product comprising mainly 2,6-
naphthalenedicarboxylic acid was washed, as noted, by slurrying the



|ncor he polyester. The 2, 6- napht hal enedi carboxylic acid
prep cess of this invention wherein a major portion of the

- na enedi arboxylrc acid prodd@%d in the hydrolysis reaction was
solubrlrzed requi red about 2-3 tinmes |ess ethylene egcoI to achi eve the
same viscosity of a slurry of ethylene glycol and
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g Pegt ent Application WO 90/14375 di scl oses nethods for
i Etlng under conditions wherein substantially all of the

por Oﬂlgsﬁee
prepa :

B rboxylic acid produced is solubilized is also
advan ularly when using &baffled, plug flowtype reactor or
ot her type of baffled reactor, because pluggi ng problens are elim nated.
Wher eas, when operating under conditions where a portion of the 2, 6-
naphthalenedicarboxylic-acid is not in solution, the resulting slurry of
2, 6- napht hal enedi car boxyl i c aCiﬁlﬁﬂLEﬂ% reactor and piping could |ead
to plugging. During the hydrolysiS reaction of the dialkyl-2,6-
napht hal enedi car boxyl ate, it is preferable to renbve a portion of the
al cohol as it is fornmed. Renoval Rfintihe al coholRypygvi des for RE 8 rapid and
nor e

Solvent Ratiod 4:1 4:1 4:1
Catalyst : None None None
Reaction Temp., °F 587 588 537
Reaction Press., psig 1410 1420 970
Reaction Time, hrs. 1.0 0.25 1.0
Product Analysis

Visual Color Gray Off-White Off-White
OD (380 nm) 0.05 0.01 0.05
Median Particie Size

(Microns) 188.3 - -
Mean Particle Size . 214.8

(Microns)

Wt.% DM-2,6-NDC - 0.2 0.496 0.329
Wt.% MM-2,6-NDC 3.75 4.89 2.95

Recovered Methanolb 51.6 74.7 86.8

Metal Analysis,© ppm

Al 5.9 3.19 10.3
Ca 3.7 6.5
Fe | 2,27 2.79 2.27
K 1.8 2.1
Mg - ' 1.79
Ni : 1.2 | 1.46
Ti 7.6 14.6 16.6
zr 3.49 4.1

S 2 Weight ratio of water to DM-2,6-NDC
b 9% of theoretical
¢  Only for metals greater than 1 ppm



conplete conver si bn of the di al kyl - 2, 6- napht hal enedi car boxyl ate to 2, 6-
napht Imgg{wdlacmb %‘E acid. The al cohol can be renoved fromthe reaction

mxtur venting a porté_?n of the gaseous phase of the
reactl ver, unless provi4{ons are taken to separate the
al cohol e water th| s venting procedure wll also renove a quantity

of water. Dependlng on the anount of water initially used, this nmay be a
| oss of water significant enough to affect the rate of hydrolysis or the
di ssol ution of 2,6-naphtha|enedicarbgﬁﬁudiéﬁcid However, any water | ost
can optionally be replaced. It |s advant ageous to renove, during the
~hydrolysis * reaction, at | eadBUBBout 3d%ﬂkaght of tiR404 cohol ,
nore preferably at | east about 90 percent and nDst preferably at | east

about 99% oSSolventiRutigaet i cal anm@int of al ¢ghol prodyged by thegghydrol ysis
reaction. F Lng the hydrol ysis reacti the regction mxgure is
optionally @@5&%& o crystalli z’io??‘ne 2, 6- 'ﬁ%ﬁﬁt hal end8l€ar boxy#'PEeaci d. When
oper ati ng uhttactionddimp.pPE wher 608ubst ant 680l y al | &0O he 600
2, 6- napht hah?e%%ﬂb Hlﬁ(éwm?c acigéss in SO|dJSi on, thi§5cool'i ng §kep S

“6- . . . .

necessary to recover

Times vented 0 1 2 3
Filter Cake Washed No No Yes No Yes No
Product Analysis

Wt.% DM-2,6-NDC 0.28 0.10 0.16 0.09 0.04 0.04
Wit.% MM-2,6-NDC 2.9 14 14 063 0.71 0.86
Wt.% 2-NA 0.19 034 0.18 0.05 0.05 0.41
Visual Color cream - - - - beige

2 Weight ratio of water to DM-2,6-NDC
5. b Time at 600°F

Exampie 5
The hydrolysis of dimethyl-2,6-naphthalenedicarboxylate was

conducted in the batch-mode in a 2 liter, stirred, titanium-lined reactor. The
10 reaction time, temperature, pressure and analysis of the resulting 2,6-
naphthalenedicarboxylic acid are provided in Table 5.

In Run 1, the reactor was charged with 150 grams of dimethyi-2,6-
naphthalenedicarboxylate and 1500 grams of distilled water. When the
reaction mixture reached 600°F, 75 grams of the gaseous mixture of water

15 and methanol were vented from the reactor. This venting was repeated 20
minutes later. After a total reaction time of 30 minutes, the reaction mixture
was cooled and, at a temperature of 308°F, the mother liquor was removed
through a filter located at the bottom of the reactor. At this point, while the
reactor was still at about 309°F, 300 grams of fresh distilled water were

20 added to the reactor and the resulting slurry was stirred for about 15
minutes. The slurry was again filtered and the 2,6-naphthalenedicarboxylic
acid product was dried and analyzed.



:napmmhﬁi wfl ic acid by crystallizing the dissolved 2, 6-
naph ylic acid. Preferably, the reaction mxture is cooled to
‘a te about [err] nore preferably bel ow about [err] The rate
‘of cooling affects particle size of t hé82, 6- napht hal enedi car boxylic acid
produced. It is preferable to cool the reactlon m xture at a rate that
pronotes the fornmation of |arge particle size 2,6-naphthal enedi carboxylic
acid. Cooling rdtes 2owassant Hbsubstpatially the sameumanngr eéxeepblhat| ess

than about 1[7§e #raﬂﬂ& BN ifheth |§®hzagfhgﬁ§reamdfcém yiagD dleegt Jsed] per

m nute provi or parti F Si ht hal ned car I'ic acid.
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Conponelt | -SmaphtidleRadisaBealisnemodueh At ldpefy et e froddt aag
napht hal enemmmwyglﬁﬂmams:ahdllshllqmwaten axraetempmatmneeofv@hmn 359036 by
filtration, cent 0 ' I iggni ng or
separation Sr oceﬁiéﬁaéﬂla &mﬁﬁ%t?%ﬂer}ﬁ '}cg dobah%gq %ﬁ% | car% & ic acid
-2,6-NDC and M -2, 6 NDC can be obtamed usmg the process of thls
invention. The hot filtration appears to have reduced the level of 2-NA in
10 the product relative to the results reported in Table 4. Additionally, the

product filtered at the. higher temperature exhibited superior color.

JABLE 5

Run1 Bun?2
Solvent Ratio2 10:1 10:1
Catalyst None None
Reaction Temp., °F 600 600
Reaction Time,b hrs. 0.5 0.5
Times Vented ' 2 2
Filtration Temperature; °F 309 331
Pr Analysi
Wt.% DM-2,6-NDC 0.06 - 0.09
Wit.% MM-2,6-NDC 0.07 0.23
Wt.% 2-NA Not detected Not detected
Visual Color Off-white . White
Tri-stimulus Color .
L 91.27 94.85
a* -0.03 -0.71
b* 4.97 3.7

15
a  Weight ratio of water to DM-2,6-NDC
b Time at 600°F



produced-by the process of this invention is advantageous in that |arge
12 pa Baﬁlwd blind" filters and plug centrifuge baskets as readily

It BEA
as fIp i‘&hﬁé or retain as nmuch nother |iquor, thereby nmaking the
parti consi derably nore €9ficient. It is desirable to
parti , b- napht hal enedi carboxylic acid fromthe water at an

el evated tenperature, preferably at a tenperature of at |east about [err]
and nore preferably at a tenperature of at |east about [err] Filtration at

these_tenpew%ovi des for a purer 2,6-naphthal enedi carboxylic acid.
After the 2,6-na al enedi car pgxylic acid i artitioned fromthe ter,
it is preferably é)ﬂ"%%‘ﬂaag&%?%?ﬁ'@amv Hfsh hydrolyzed, e cgvl\éa
mol ecul ar wgatlbh, Ba6hstairléss steal,reactr iACNO Separaie ransagccordimgt toC the

P)C/)Elr ocaré)onfa%%]nssprb%a&%g, xyl ene, etc. Water is the preferred sol vent
In Run 1, the reactor was charged with 23.9 Ibs of dimethyl-2,6-

naphthalenedicarboxylate and 110 Ibs of distilled water. After 0.5 hours at
the reaction temperature, the reactor was cooled to 258°F and the product
2,6-naphthalenedicarbo$<ylic acid was filtered from the water. The filter

10 cake was washed with 25 Ibs of near-boiling distilled water, and the product
was dried and analyzed. '

In Run 2, the reactor was charged with 25 Ibs of dimethyl-2,6-
naphthalenedicarboxylate and 110 Ibs of water. The reaction mixture was
maintained at the reaction temperature for 20 minutes and then cooled to

15  265°F for filtration. The filter cake was washed with 50 Ibs of hot distiilled
water before it was dried and analyzed.

Except for MM-2,6-NDC and DM-2,6-NDC, the products from these
reactions contained 0.03 are 0.043 weight percent 2-NA, respectively, as
the only significant impurity. Additionally, metals analysis of the product

20 from Run 2 demonstrated a low level of metal contamination indicating that
reactor corrosion was not significant.

The data for the two runs are summarized in Table 6.



was hiThi3 ShdagrR q{aihtaél enedi carboxylic acid. A suitable anount of sol vent

to was e al enedi carboxylic acid is an anount such that the
viei ght Mﬂ m ent to 2, 6-napht hal enedi carboxylic acid is at |east
about 19T, rably at |east abodP 2:1, respectively. It is also
preferable to conduct the washing step at an el evated tenperature. For
exanpl e, when water is the solvent for the washing step, it is advantageous
for the water to be at a tenperaturel@Rleib | east about [err] Preferably the
wat er should be at a tenperature in the range of about [err] to about [err]
Due to the solubility of 2,6-naphthal enedi carboxylic acid in water, the
anount of water used to wash the 2, 6- ht hal enedi car boxylj c acid
preferably should not be an anobunt th -1 | di ssol ve nor n about 10
wei ght percent of the 2, 6-naphthal enedi carboxylic acid bei ng washed.

O her wi se, SdieentdBatie? of 2, 6- napht hal ede8li car boxylic acid W4l be too
great. Lar icle size and purer - napht hal enedi car ic acid can
al so be prg?%{[rag_{?ib heati ng 2, 6- napht ﬁ?%%edi car boxylic awe{ n water so

t hat the 2,%&@'9!% Bnéli car boxyl i c 5885-605s partially oBf00HQE erabl y,

Reaction Time, hrs. 0.5 0.33
Times Vented None None
Filtration Temp., °F 258 256
Washed Yes Yes
Product Analysis

Wt.% DM-2,6-NDC 1.2 2.9
Wt.% MM-2,6-NDC : 1.9 4.8
Wt.% 2-NA 0.03 0.043
Visual Color Yellow Yellow
Metals Analyses.k ppm

Na _ ND 1.4
Fe 2.5

Al 1.4

Cr 7.8 0.8

a2  Weight ratio of water to DM-2,6-NDC
5 b Only for metals greater than 1 ppm.



conpl etely dissolved, followed by slowy cooling the resultlng -m-xture to

crystallize 2, 6- napht hal enedi carboxylic acid. A sTGHStSa&ﬂeas
cont acti'ng t he 2, 6- napht hal enedi car boxylic acid WI

of at |east, about [err] preferably at %/bast about m’m
at |east about [err] and preferably up to a tenperature

weight ratio of water to [err] acid is preferably at |east about

ture for
nperature
preferably
[err] The
1, nore

pr ef er abl ymmmg_sz about 3:1, and nost preferably at |east about 5 1,

respective
napht hal en
no nore th
napht hal en
tenperaéur
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e-di ca

ly. Pr I‘?\F’é éi?eoY"eéjl%tngPtz?nqr?HfﬁO@nédi’cé’rb@rx ylate was

t 25
anndbotad 1m auaoae@pegmrre@ 316 qtggﬂ%s(tsmu@ @a@%meg Pheterably

gghf%léb&g%{ff? Viititg aBG'eﬁH%ta@lr véb@ﬂlaﬁdba dﬁbl-légasmdleiitub@dee
grams of distiled water and 20 grams of dimethyl-2,6-
naphthalenedicarboxylate were used for each run. A hydrolysis catalyst
was not added.

The reaction conditions and sample analysis data for three runs are
reported in Table 7. Samples designated "1" were taken from the reaction
bottom during the reaction. Samples designated as "D" are vapor samples
taken at the reaction times indicated. At the end of the reaction, the reactor
was rapidly cooled and the remaining liquid was removed by low-
temperature distillation. Samples of the resuiting liquid are designated "F".
Finally, samples designated as "2" were taken from the dried and well-
mixed reactor bottoms.

Run 1 was conducted at 625°F. The data from Run 1 indicates that
most of the hydrolysis reaction occurs after only 15 minutes. A small
amount of 2-NA was formed. No methanol was removed during the run.

Run 2 was conducted at 550°F. Again, high conversion was
obtained after only 15 minutes (Sample 2, Run 2). However, in this run
some vapor was removed from the reaction mixture (Sample D, Run 2).
This sample contained 8.6 percent methanol (by weight) and about 17
grams of total material was removed. After 38 minutes of reaction time the
reaction was terminated and the ahalysis of the product (Sample 2, Run 2)
indicated 98.7 percent ester conversion (conversion of ester groups to acid
groups). The final vapor sample (Sample F, Run 2) contained only 3
percent methanol compared to 5.4 percent in the sample from the previous
run (Sample F, Run 1). This indicates that the removal of methano! during
the run provided higher conversion of dimethyl-2,6-
naphthalenedicarboxylate compared to Run 1 in Table 7, even at a lower
reaction temperature. .

Run 3 in Table 7 was conducted at 500°F with vapor removal during
the run. In this example, 42.7 percent conversion (conversion of ester
groups to acid groups) was achieved after 15 minutes (Sample 1, Run 3).
After vapor removal (Sample D, Run 3), the reaction was terminated at a
total of 43 minutes reaction time. The conversion was 91.8 percent
(conversion of ester groups to acid groups). Run 3 in Table 7 demonstrates

sampling the bottdm lggwél p?\ase o?tt)he react%%urrn?ﬂu ref N %&?u?é 8113%5 0.1

13



mnute to about 1.0 hour. The rate of cooling t esrhgéuhgn ure IS
preferably no greater than about [err] per mnu 0 greater
than about [err] per minute and nost preferably: i‘mg\ about [err]
per minute..Cooling to a tenperature of 380 great out [err] is
suitable. The 2, 6- napht hal enedi car boxyl ate produced is then partitioned
fromthe water. The hydrolysis process of this invention -can be conducted
in the bat chhatpds, expetted,chti reactisn matdedecreases las thenteiaction tempaeaturen t he

bat ch node, .al S b one at
the start oi’éﬂj1 iec?%g%%& o%éﬁés 5%%& ogfg"(én%bsg'\ue%é{a %ftgd?g?gf th&
reaction vaMcrataac%medaareasawle 8I6mf0hther %&N%p@@#@eﬂ@ Run Bavas 10
conver si on W’h QisC e to 2,6-

napht hal enedl c J}% :ﬂlgé/ggl&?@e Elgaés!ﬁ coﬂgtgl)%%ﬂt@%rmde of operation, at

| east one of the react ants is added to the reaction zone during the course
of the reaction. For exanple, a quantity of water can be charged to the
reaction zone initially and the dial kyl -2, 6-napht hal enedi car boxyl ate can be



added to the reaction zone during the course afisthet Hae BeshiReplaced n t he

conti nuous node of operation, the reactants ar reaction zone
¢ontinuously throughout the course of hge reactj action product
m xture i s continuously renoved fromt reacti zone. For conmerci al -
scal e operations, it is preferable to operate in the conti nuous node. The
reaction zone used for a continuous node of operation can be any suitable
reacti on apparatus such as at |east one continuous stirred tank reactor, a
plug flow rgactor, a colum reactor or a conbination of such reactors. The
| i quid phasg reactio %%?IQEHCE tinme, depgquqypongthempreseLected reaction
tenperaturejand rati gf digl kyl - 2, 6- naph@mﬁe:nedlgar ngy?-‘atcemto water, is
suitably abgqut 1 mn. to about 5 hrs. preferably about 1 mn. to about 2
hours. A pré¢ferred nmethod for conducting the hydrolysis process of this

I nvention i a Qont;F Us Jmnner ig 4o use a reactor that is essentially a

distillati i DR with a‘é}reans for providing liquid hold-up in
t he col um.gSuiTabl e m?et'n§“for provﬁjl ng the i quid hol d-up include, for
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exanpl e, trays, highly structured packing, and the like. -In this method, a
di al kyl - 2, 6- napht hal enedi car boxyl at e and, optionall y wat er are introduced

near or at -the top of the colum and an inert gdbis cpd steami s
added tp the bottom of the reactor. The34ddition e bottom of
the reactor is required if water is not added wt

2, 6- 14
napht hal enedi car boxyl ate. The steam or inert gas introduced at the bott om
of the col ulnxamgletbr provides for the renobval of alcohol fromthe reaction

e b Y ot B % AN

conpl eti on. gueous s t|o
napht hal ened‘?@ﬁf"tﬁlﬁ%@@amxﬁm acig ke precess: abthisinvantion ase

- colum reacisgdll ad fbysasléw-!fehﬁferﬁfurémydruly'sfs érddﬁ%%esixdlpaél tnavsé@éﬂtedml on

zone, foll 0\@%(%,,?3.9&120“% Omorshclogy was' detecrer: %l by2€8adnidy electron

microscopy analysis.
Hydrolysis Process

Low-temperature hydrolysis
catalyzed by p-toluene sulfonic acid.
5:1 weight ratio of water to DM-2,6-
NDC. Reaction temperature of 390-
400°F.

High-temperature hydrolysis. No
catalyst. 4:1 weight ratio of water to
DM-2,6-NDC. Reaction temperature
587°F. 2,6-NDA prepared by
Example 3, Run 1.

High-temperature hydrolysis. No
catalyst. 4:1 weight ratio of water to
DM-2,6-NDC. Reaction temperature
of 537°F. 2,6-NDA prepared by
Example 3, Run 3.

2.6:NDA Particle Morphology

Particles up to about 60 microns at
low magnification. At high
magnification, particles appear as
highly porous agglomerates of small
crystals wherein the small crystals
have a length of about 1 micron and a
width of a few tenths of a micron.

Particles are well-formed,
substantially non-porous crystals with
a median patrticle size of greater than
100 microns as measured by the
Microtrac™ particle analyzer.

Particles typically greater than 100
microns in length, consisting of
agglomerates of smaller crystals
having a length of about 20-50
microns and a width of about 5-10
microns. -



napht hal enedi carboxylic acid fromthe water. Preferably, the vapor .exi ting
the top of the colum reactor, which vapor conprfhﬁgﬁeeﬁ{éghggn‘lirgfa&j al cohol

and water, i s condensed. Part of the condensate I the top of
tthe colum reactor and the remaining p&& is di reﬁlm 'Mﬁ

s for
separating the alcohol fromthe water, e.g. a dis um. The

feed mxture of dialkyl-2,6- naphthal enedi carboxyl ate and water (if
added) is preferably added to the columm reactor at a feed | ocation

sonmewhat b%ﬁﬂt op of the colum. The portion of the colum above the
feed | ocati ~precl ude nmono-al kyl - 2, 6-napht hal enedi car boxyl at e and
di al kyl - 2, 6- naph? higl exesapleieports| the sesults ot arqualitativenanalyses eonducted

nort gs o SRiGe” M ARBLN KT SUHMASTYIVEOR ML |9 TBQUISHOLS Yot 0 1N
reacti g beR‘éfUEEgg %‘Hﬁ'ké)sp ng"ﬁaﬁamtbakeé\@ﬁ%ﬁf Qﬁxﬁ{‘%@ﬁg@ 2 er“é‘ﬁ@f‘?ﬁb’?ﬂ'it ure
thereby shif ti ngRbpertedWweldwrary thé minlmusegiants oflietreyldmx glyool per gramoduct .
Before the g 26 ¥dottndiehBRatEhaE UGS R dePequired 18%ohR 4 PSadteh 4Ha
a "slurry". "Paste" is defined as a mixture with all the crystals wetted.
"Slurry” is defined as a mixture that has a smooth, creamy consistency
10

Hydrolysis Process Paste Slyrry

2,6-NDA produced by low- 0.802 0.966
temperature process as
reported in Example 1.

Process of this invention as 0.513 0.666
reported in Example 3, Run 1.

Although these data are qualitative, they demonstrate that the 2,6-

naphthalenedicarboxylic acid produced by the low-temperature process

15 requires approximately 50% more ethylene glycol to produce a siurry
compared to the 2,6-NDA produced at 590°F.

Example 10
Table 8 reports the Brookfield viscosities of mixtures of ethylene
20 glycol and 2,6-naphthalenedicarboxylic acid. These data demonstrate that
the 2,6-naphthalenedicarboxylic acid prepared in Example 6 according to
the process of this invention provides for a substantially less viscous
mixture of 2,6-naphthalenedicarboxylic acid and ethylene glycol compared
to the 2,6-naphthalenedicarboxylic acid prepared by a low-temperature
25 process as exemplified by Example 1.



?'r eactor, the dialkyl -2, 6-napht hal enedi car boxyl ate R0 "with

| 08 HLhSh RAGLEH
water in a prereactor, such as, for exanple, one or mﬂﬂm i ﬂlﬁ Kk
ylic acid

vyeactors. - This prereaction converts the dial
napht hal enedi car boxyl ate into a nixtur86of 2,6-napht

and nono- al kyl - 2, 6- napht hal enedi carboxylic acid. |ntroducing such a m xture
into the colum reactor will preclude the presence of a liquid

di al kyl - 2, 6- napht hal enedi car boxyl at e phase in the colum reactor. The

mel ting point of dinethyl-2,6-naphtﬂ&ﬁihﬁdﬁcarboxylate, for exanple, is
about [err] and, therefore, any dinethyl-2, 6-naphthal ene that is present in
the reactor will exist as a separate |liquid phase. The presence of two

| i quid phases in the colum reactor is not desirable because the contents

of the columm reactor are not nechani cal b¥ i'tI d a{lghough such
agi tation could be provided, M_QLM% i i et ans. A

suitable liquid phase residence tinme in the colum reactor is about 1 mn.

to about 5 rmg{esRan%tﬁﬁ%ﬁél on tenperMﬁAand wat er IWe col um

Glycol: 2.6-NDA (Example 6) Temp. ProcessP

2.0 12,373
2.5 2,480
3.0 800
3.5 373 20,160
4.0 10,293
4.5 6,240
5.0 4,320
5.5 3,253
6.0 | | 2,400
6.5 1,760
7.0 1,280
7.5 _ 1,120
8.0 960
8.5 ) 800

a Viscosities in centipoise measured using a #4 spindle at room

temperature (ca 70°F) and at 50 rpm.
5 b Prepared by process equivalent to that reported in Example 1 using
a

reaction temperature of 380-400°F and a weight ratio of water to
DM—2,6-ND§: of 5:1.



1.5 reactor are the sane as those described herei nabive for thehydrol ysi s

reaction. In order to preclude plugging the col uth® en Replaced st
preferable to operate the reaction under conditiowﬂ iﬂj or
substantially all of the 2,6-naphthal en8@i car boxy sol ution.
Addi tionally, conplete solubilization provides for the |argest 2, 6-

napht hal enedi car boxylic acid particles and 2, 6- napht hal enedi car boxylic acid
in the formof well-formed, substantially individual crystals having

subst anti al Iz po~ikf£r nal porosity. Figure 1 represents, in schematic form
the preferréa netnod for conducting the continuous hydrolysis of a

di al kyl - 2, 6- naplfioidbihedateaios &§inapbthalenedioahoxylic egid in distiled water
2, 6- napht hali¢ paddaEIoN: YThdse 8atd - can E&ﬁsé&'tﬁ‘%ga RS e P gc%éﬁt:z.ﬂ-?g?)l' ption,

di met hyl - 2, 6- ht hal dicarb ate 1 | ester | ol yzed.
Tlhge r egct i O,$oluri>?leecp 1?1 v%gteerlat tI[te %)s%d reac’}lgn temperature. y
5
Temperature Solubility
(C/I°F) (grams 2.6-NDA/100 g H,0)
160/320 0.041
200/392 0.22
240/464 1.19
280/536 6.07
320/608 33.2

A plot of this data as the Ln(grams 2,6-NDA/100 grams water) vs.
temperature is linear and, therefore, provides for other solubility values by
10 interpolation or extrapolation.

Example 12

A sample of crude 2,6-naphthaienedicarboxylic acid having the
composition reported in Table 9 was dissolved in 5 parts by weight of
distilled water at 630°F and held there for 10 minutes. For each of the three

15 runs reported in Table 9, the solution of 2,6-naphthalenedicarboxylic acid
was cooled, at the cooling rates shown, to 400°F. At 400°F the crystallized
2,6-NDA was separated from the mother liquor.

These data demonstrate that the particle size of the resulting 2,6-

naphthalenedicarboxylic acid is a function of the cooling rate. These data

20 also demonstrate the preparation of 2,6-naphthalenedicarboxylic acid
having an average (mean) patticle size of 133-207 microns.



fenperatures and quantity of water in the prereactor and colum reactor, as
wel I’ITmsShednHaaB latedzati on and filtration tenperatures, are as descri bed
~here| ng to Figure 1, dinethyl-2, 6-naphthal enedi carboxyl at e,
prefe E form i s added to38rereactor 10 along with water using
feed |nes respectively. The |iquid-phase residence tinme of the
reaction mxture In reactor 10 is preferably sufficient to convert nost of
t he di met hyl - 2, 6- napht hal enedi car boxBABLE 80 a ni xture of 2,6-

napht hal enedi car boxyl i c acid and nono- et hyl - 2, 6-
napht hal enedi car boxylic acid. Prereactor 10 conprises a stirred tank
reactor having a | ower and upper section separatgd a él The

reaction mxture exits fromthe upper secti l'ine

15 and is diogplosflign@ t he upper partEgédcol uRyg gact orRdA.2 Col uRunEact or

20 conprises a vertical colum equipped with a plurality of trays 22 to
provi de |i gui | dup in the colum. S amis ded to bot t f colum
20 t'hroughogbggﬁ% i ne 25. Overhead va ttSf isr ved fr(?%]@ol um’noé%B

2,7-NDA 0.01 0.00 0.00 0.00
Br-2,6-NDA 0.55 0.24 0.16 0.06
2-FNA 0.62 0.59 0.55 0.53
2-NA 0.00 0.12 0.10 0.18
TMA 0.36 0.11 0.07 0.07
Others 0.93 2.18 1.96 2.94
Total 85.72 96.73 95.85 97.19
Cooling Rate, °F/min. 125 16 6.5
Median Particle Size 50 118 169
(Microns)

Mean Particle Size (Microns) 54 133 207
% < 11 microns 2.2 0 0
%.Solids recovered 95.4 97.6 98.2

While only certain embodiments of the present invention have been
5 set forth, alternative embodiments and various modifications will be
apparent from the above description to those skilled in the art. These and
other altternatives are considered equivalents, and are within the spirit and
scope of the present invention.



r~eactor nd is directed through line 26 to condenser 30. Condensate from
condenser ”ﬁ, ﬂm mm d and part of the condensat efhisSheeeHasBe@xReplaced
coI um- 2 m

and part is digected through
739

di stillation coI umi 4d where net hanol separated fro mlilelm MNI ter is
recycled to prereactor 10 through line 42 and the nmethanol 1s directed to,

for exanple, S rlf cation reactor (not shown) for converting 2, 6-
napht hal enedTQ?gr@?Jﬁ I'?E%Pg %0 di met hyl - 2, 6- napht hal enedi car boxyl ate. The
hydrol ysi s reactitin prAdrocespifef pregaringhpurifigd @,6-rapbtizalénedicarboxylic
napht hal ene%&@%ﬂﬁﬂé:ﬁg acid dissolved in the reaction mxture, exits This

I the repl acemnent 16 colum reactor 20 through line 46 | ocated
near the bottom @) col ydiolyzing addiaikyb2,6-haphthelgnedicarbexylsteywith watares of

stirred pankgvgsggictionOterAperitre of at least about 450°F under liquid phase
conditions and for a time sufficient to convert a major portion of the dialkyl-
2,6-naphthalenedicarboxylate to 2,6-naphthalenedicarboxylic acid thereby
forming a reaction product mixture, the amount of water present being
sufficient to solubilize, at the reaction temperature, at least about 10 weight

10  percent of the 2,6-naphthalenedicarboxylic acid formed; and

b) recovering 2,6-naphthalenedicarboxylic acid from the reaction
product mixture.

2. The process of Claim 1 wherein the amount of water present
is an amount sufficient to solubilize at least about 50 weight percent of the

15 2,6-naphthalenedicarboxylic acid present in the reaction product mixture.

3. The process of Claim 1 wherein the amount of water present
is an amount sufficient to solubilize substantially all of the 2,6-
naphthalenedicarboxylic acid present in the reaction product mixture.

4. The process of Claim 1 wherein the reaction temperature is at

20 least about 570°F.

5. The process of Claim 1 wherein the dialkyl-2,6-
naphthalenedicarboxylate is dimethyl-2,6-naphthalenedicarboxylate.

6. The process of Claim1 wherein the 2,6-
naphthalenedicarboxylic acid formed has an average particle size of at

25 least about 100 microns.
7. 2,6-Naphthalenedicarboxylic acid having an average particle
size of at least about 100 microns.

8.* The 2,6-naphthalenedicarboxylic acid of Claim 7 wherein the
2,6-naphthalenedicarboxylic acid is in the form of well-formed crystals

30 having substantially no internal porosity.

9. A composition éomprising 2,6-naphthalenedicarboxylic acid
and a glycol wherein the 2,6-naphthalenedicarboxylic acid has an average
particle size of at least about 100 microns.

10. The 2,6-naphthalenedicarboxylic acid made by the process of

35 Claim 1.

11. The composition consisting essentially of 2,6-
naphthalenedicarboxylic acid and ethylene glycol having a Brookfield
viscosity of no more than about 1000 centipoise and a mole ratio of



where the reactlon m xture is cooled to slowmy crystallize the 2, 6-
napht hal eneHIH m Hl Cool i ng can be acconplished by |owering the
pressure’an action mxtyre to cool by evaporative cooling.
Vessel s. 50, 55 an 60 can be substituté® with one or nore batch
crystalli zers or with a substantially plug flowtype crystallizer. Product
slurry exits st s | i zer fi t hr ou line dis directed to
cent 111 uge Gbvine: gl f2 Santhsnsciathonuiccac: Lo g taAoovs
separ at ed f4qprespettivelyl quor. Pr oduct exits the centrifuge through line 66
and is typically ent ed from
centrifuge throu Ebgé%r&é%s%%'{ ?g&“ﬂ)%lﬂgﬁq ngﬁﬂﬁ%? rﬁé'gag{'?lg %‘gﬁ ctor
|Q Part ofismoammenban labgub B0 ceatipaise tandoinghmioien eatinoof Mymﬁm‘ya@e of
t he pregent S rgn (=" o7 ar ge
particl gesﬁgler%emlwaﬁaﬁéﬁg |ca9}l:?)ox #:% 'as(sll ?@Up?omjéc%daﬂ\?\nb%%?ithe
i ncl usi on otespegl} Yﬁw ysi s catalyst or other conponent such as a

nonocar boxyl i c a1=3d ceﬁaﬁhpﬁmaleﬁeamarb@mtd oab:al ¥t UCRInC@siaNAgt an, this
invention is the hereinabove, descr bb 1)%{ é/SI S
average particle size of at least about microns.
14. 2,6-naphthalenedicarboxylic acid of Claim 8 having an

10 average particle size of at least about 195 microns.
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reaction carried out in the substantial absence and, preferably, in the
absence of a hydrolysis catal yst and/ or nonocarboxytic acid co-sol vent.
However ;"4 f desired, a hydrolysis catalyst can be added to the hydrolysis
reaction mixture. For exanple, from abo#t 0.001 to about 2.0 wei ght percent
of a catalyst, based on the weight of the dialkyl-2,6-

. napht hal enedi car boxyl ate charged to the hydronS|s reaction, can be used.
Sui t abl e catal ysts include, Abstraain i patiati ds such as hydrochloric
acid and sulfuric acid; alkyl or aryl sulfonlc acids, such as tol uene
sul fonic acid; or one or nore netal -based catal ysts, such as, for exanple,
an oxide, halideA piocess: for peepasing pusfiadi 2 6saaphtbelenadicarbpxylio@sid |

Zinc, ete droph@ldg@&qyderggzg@s 1) £ ST RRHRARBBAIERAHE i dpde ot Oduced
hydroly &t Gﬁt‘P@P@EﬁH[ﬁ:PE@ Igast r%ﬁ‘g% ndgr | 5’(”"{95%9 5889&“0[‘& ]

and nore prﬂieeramu/ntaéf wgtmem@uhe%em @bfﬂc@ﬁttoa@aubm&eralm@deamdn

> 6- napht haleRBATRar s (et abbl aﬁﬁﬁéﬁc%a‘? D

i's char act emcicbtbriyed.t sTHisupyecess provides for 2,6-naphthalenedicarboxylic acid
having an average patticle size of at least about 100 microns.
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besass-) _ REPLACEMENT SHEETS
This invention is al so 2, 6-napht hal emesli car boxyl{i B Besiceh diohig | ke erag

particle size of at |east about 100 m crons, prvfﬁr@bayy(s;at J,g ]

,‘ " 0} Vi 3&
about 80(1 mcrons, wherein the 2, 6-naphthal ened] carAxyai C . L0 paged. .
formoT \NEII-forrred crystals haV| ng substantial{y no inter 1‘0§‘?m a..

whi chi “therefore, do not require | arge anounts pbfne hy, col or ot her
glycol such as 1, 4-di hydroxybutane to forma puLmD éﬁr}&&i ......

"nvention i ncl udes phYROBESS! KO PREPAING PORIFED! S8l enedi car Lk

bt eneatydol < unr o1 NAPATHALENEBTEARBERATE &, P o' oo

napht hl enedi carboxylic acid is about 1 1 to about 1071, and preferably 1:1
to about 4:1, respectlvely Furt nvention is a conposition -

O g oo et AL, serah i s B i o Saedar POV ¢
nmor e t han abpurifietiOR,6-naphthalenedicarbexzyliceakid.s iMoreaparticbiarly Athig imanton ot at ed
at 50 rpm offfates to an improved process for preparing purified 2.6-
' naphthalenedicarboxylic acid by hydrolyzing a dialkyl-2,6-
naphthalenedicarboxylate with water under reaction conditions that provide
for large particle size 2,6-naphthalenedicarboxylic acid.

m crons, and preferably up to about 1000 mi cron >,ﬂrmlam@(5 C

Background of the Invention

Dialkyl-2,6-naphthalenedicarboxylates and 2,6-naphthalene-
dicarboxylic acid are useful monomers for the preparation of high
performance polymeric materials. For example, dimethyl-2,6-
naphthalenedicarboxylate and 2.6-naphthale_hedicarboxylic acid can be
reacted with ethylene glycol to prepare poly(ethylene-2,6-naphthalate)
(PEN). Fibers and film manufactured from PEN have improved strength
and superior thermal properties relative to other polyester materials. Films
made from PEN demonstrate, for example, superior resistance to gas
diffusion and particularly to the diffusion of carbon dioxide, oxygen and
water vapor. Because of its exceptional properties, PEN is especially
suitable for applications such as food and beverage containers, particularly .
for so-called "hot-fill* food and beverage containers, tire cord, magnetic
recording tape and electronic components.

Although the dialkyl-2,6-naphthalenedicarboxylates -- particularly
dimethyl-2,6-naphthalenedicarboxylate -- are suitable monomers for
preparing PEN and other polymeric materials, in some commercial-scale
operations it is preferable to eniploy 2,6-naphthalenedicarboxylic acid
rather than a dialkyl ester. For example, a polyester manufacturer may
have equipment and associated processes available for manufacturing
polyesters only from an aromatic dicarboxylic acid. In these circumstances,
the diester materials would not be suitable and the use of 2,6-
naphthalenedicarboxylic acid would be required. Additionally, it is
advantageous to use 2,6-naphthalenedicarboxylic acid in the manufacture
of polyesters because the condensation of a diacid with a glycol to form a
polyester does not form an alcohol by-product as does the condensation of
a diester with a glycol. Polyester manufacturers who use diacids such as

Date: 2 0 SEP 19%
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wherein the nolar ratio of glycol to 2, 6-naphthal enedi carboxylic acid is
about 1:1 to about 4:1, preferably about 2:1 to about 4:1, respectively.
The gl ycol contai'ns 2 to about 6 carbon atons, nost preferably the glycol
is ethylene glycol. This |nvent|on is al so a conposition consisting
essentiafly of a physical mxture of 2p6- napht hal enedi carboxylic acid and a
gl ycol wherein the Brookfield viscosity of the conposition (nunber 4
spindle, 50 rpn) is no nore than about 3000 centipoise and the nole ratio

of glycol, re%ﬁ mhhwn@atwmgn@hmoao nbf tﬁe@fmphhbélzsrm@khaaw@pw ic acid
i's about 1: 1 ag uéfg h efer chy about 2:1 to about 3.5

respecti veI y ﬁé % ! ﬁﬁ'}@ Qgé Q—f@' enonstrate the hydr ol ysi s of

di net hyl - 2, 6- naMeammSammreaamglﬁanaptubalgngﬂwgquyhh@qﬁ tnetude the t hi s

i nventi 0_”- EP@{%Q’A@ PoRbES, altﬁélaﬂéﬁﬁ cﬁt Ei'?de PSR Wﬂ)tﬂﬂﬁc'?' éed

COmDOs! {0 AL o At A e I G SeighReL = © 1

2, 6- napht haB8#0j754r 4cS50,786 aandl 4,933,491. The bromine-promoted, metal-
catalyzed, liquid phase oxidation of 2,6-dialkylnaphthalenes, particularly
2,6-dimethyinaphthalene, produces a crude product containing a variety of
impurities such as brominated 2,6-naphthalenedicarboxylic acids, 2-formyl-
6-naphthoic acid, 2-naphthoic acid and trimellitic acid. These impurities,
particutarly 2-formyl-6-naphthoic acid, are difficult to remove from crude 2,6-
naphthalenedicarboxylic acid. The 2,6-naphthalenedicarboxylic acid must,
however, be purified before it can be polymerized to form polymeric
materials.

The purification of 2,6-naph{halenedicarboxylic acid is considerably

- more difficult than the purification of a dialkyl-2,6-naphthalenedicarboxylate
primarily due to the low solubility of 2,6-naphthalenedicarboxylic acid in
most ordinary solvents, and to its high melting point. In the aforementioned
U.S. Patent 4,933,491, for example, 2,6-naphthalenedicarboxylic acid was |
purified only after reacting the 2,6-naphthalenedicarboxylic acid with a
lower alkanoic anhydride to produce a component that is soluble in excess
alkanoic anhydride. The "solubilized" 2,6-naphthalenedicarboxylic acid
was optionally treated with one or more purification procedures. Xu et al.
(Chemistry of Synthetic High Polymers, Vol. 10, pp. 107-11, 1984,
Chemical Abstracts CA 102: 185547z) describes the purification of 2,6-
naphthalenedicarboxylic acid by routine sublimation, recrystallization or
distillation as inefficient and difficult due to the poor solubility of 2,6-
naphthalenedicarboxylic acid and also because the impurities present,
having similar propetties, adhere to each other.

In contrast,-the diesters of 2,6-naphthalenedicarboxylic acid are
considerably more soluble than 2-,6-naphthalenedica'rboxylic acid in
ordinary organic solvents such as xylenes and methanol, and can be
purified in the dissolved state. Furthermore, these diesters, particularly the
dimethyl ester, are sufficiently volatile so that they can be purified by
distillation. Therefore, one potential method for preparing purified 2,6-
naphthalenedicarboxylic acid is to convert a purified dialkyl-2,6-
naphthalenedicarboxylate to 2,6-naphthalenedicarboxylic acid by reacting
the diester with water to hydrolyze the ester bonds and form the free

This is the replacement sheet
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18 MM 2,6-N DC, 2, 6-naphthal enedi carboxylic acid is 2,6-N DA, 2-naphthoic

acid is 2-NA, and dinethyl ether is DVE. The DM 2, 6- NDC used for these

exanpl es was obtained by esterifying the 2,6-NDA forned by the |iquid phase

oxi dation of 2,6-dinethyl napht hal ene using cobalt,

t he oxi dati

on catal yst. The DM 2, 6- NDC,was esterified and purified

manganese and brom ne as

accogding to the procedure disclosed in U S. Patent 4,886,901 to Hol zhauer
et al. The organic conponents were analyzed by |iquid chronmatography, the °

riGkyfic HUE UBInR kRt drBckislis Hiddlodddtin! (R dibdpiBatibhédxuAnal ysi s.
e o il T

nmetal analy
ND means no
eval uated v

(OD) at 380 inaphthaienedivaboyylit adid byn dissolvinghcradeadimetiyl-2,6- 5%

(wei ght/ vol
UV-Vi s spec
pr ocedur e,

ABphuaienbaiciop Rydterth R EEND i) norfReB bt AR 2524

ahen ccrystaflizing jpwsifiededimethyl-2,6-naphthalenedicarboxylate.  The
purified dimethyl-2,6-naphthalenedicarboxylate was subsequently
hydrolyzed using a 12% potassium hydroxide solution at reflux conditions,
and the solution of hydrolyzed ester was acidified with hydrochloric acid to
free purified 2,6-naphthalenedicarboxylic acid. While it is reported that this
procedure produces high purity 2,6-naphthalenedicarboxylic acid, the

~ process disclosed would not be desirable for large-scale production.: The

use of concentrated base to hydrolyze the ester and the required use of an
acid to free the salt of 2,6-naphthalenedicarboxylic acid is not economical
on a large scale.

Other processes for hydrolyzing dialkyl-2,6-
naphthalenedicarboxylates are known. For example, dimethyl-2,6-
naphthalenedicarboxylate can be reacted with a molar excess of water in a
low temperature, low pressure process, e.g. at 350°-430°F, using an acidic
catalyst such as an alkylbenzene sulfonic acid or mineral acid. Such a
process produces a 2.6-naphthalenedicarboiylic acid product having a
small particle size which is difficult to wash and filter, and that requires large
quantities of ethylene glycol to prepare slurries for the manutfacture of

polyesters such as PEN. Additionally, the hydrolysis reaction is slow under

these reaction conditions. In European Patent Application 0432910A,
published on June 19, 1991, corresponding to U.S. Patent 5,068,410, a

process for hydrolyzing dimethyl-2,6-naphthalenedicarboxylate to 2,6- -

naphthalenedicarboxylic acid is disclosed wherein an aromatic
polycarboxylic acid, for example, pyromellitic acid, trimellitic acid or phthalic
acid, is used as a catalyst. It is disclosed therein that these catalysts
provide for 2,6-naphthalenedicarboxylic acid with a large particle size, and
2,6-naphthalenedicarboxylic acid having an average particle size as large
as 67 microns is described in the examples. It is also taught therein that
temperatures ig the range of 200-230°C may be used and that at
temperatures greater than 230°C the corrosive action of the carboxylic acid
is increased and, as a result, corrosion occurs on the surface of the vessel
material. The European Patent Application discloses that the concentration
of aromatic polycarboxylic acid catalyst may be in the range of 0.2-20% by
weight, however, all of the examples in the application utilize an amount of
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spectrophotoneter at 380 nmw th the reference and sanple cells containing
4.0 N[err] the sanple cell of the spectrophotoneter is filled with a

sol ution prepared by dissolving 0.25 grans of 2,6- naphthal enedi carboxylic
acid in 50.0 m of 4.0N [err] The absorbance at 380 nm (read wi thin one
hour of Sanple preparation) is the 0D gt 380 nm The color of the

2. 6-ynapht hal enedi carboxylic acid was al so eval uated by Tri-stinulus Col or
measurenents, L, a* and b*. The neasurenent of the b-value of a solid on

the Hunter ma:.éﬁg%amm@ﬁggﬁ:wgagatygt ﬂmvg gg L\kﬁ@ﬁ{‘bﬁﬁ%m

1975
ropesr e, A o APl (1075
Dat a and ForEaropeaddPatent Applldaﬁtbrﬂﬁﬂuam’m AV progeds Sonshydiolzing\. &'

ﬁ, ;gﬁg)hal ene?mlﬁ?@%&ér’ 624! Xa;g\tﬁgfenga c‘é% Oéctd RY rdl&ﬂﬁged \%}a(?rehn the -

Spect r ophot m#s@i '?f Eﬂa}% in @%Pmﬁﬁeﬂf@ﬁ Q’%’%S@?Iqa&a lysti withinca
temperature range of 70-350°C and in a solvent inclusive of a
monocarboxylic acid containing no unsaturated bond group and having a
carbon number of 1-10. It is also disclosed that the solvent contains water
‘in addition to the monocarboxylic acid.

All of the aforementioned processes for hydrolyzing dimethyl-2,6-
naphthalenedicarboxylate require long reaction times and/or the presence
of a catalyst or carboxylic acid solvent to carry out the hydrolysis.
Additionally, 2,6-naphthalenedicarboxylic acid having a desirably large
particle size of greater than about 100 microns is not disclosed. The art,
therefore, needs an improved process for preparing 2,6-
naphthalenedicarboxylic acid from a dialkyl-2,6-naphthalenedicarboxylate,
and the present invention provides such an improved process. In the
present invention, a dialkyl-2,6-naphthalenedicarboxylate is hydrolyzed
with water at a temperature of at least about 450°F and the amount of water
present is sufficient to solubilize at least about 10% of the 2,6-
naphthalenedicarboxylic acid formed. Under these conditions, the
hydrolysis of the dialkyl-2, 6-naphthalenedicarboxylate is rapid and,
particularly when.the temperature of the process is about 500°F or greater,
the product 2,6-naphthalenedicarboxylic acid is. in the form of large
particles having an average size of about 100 microns or greater thereby
making the product highly suitable for filtering, washing and preparing PEN.
An advantage of the instant invention is that other materials, such as acidic
acid catalysts or monocarboxylic acid solvents, need not be added to the
hydrolysis mixture and, consequently, need not be separated from the final
product as in the prior art processes. Extra processing steps are therefore
eliminated.

Additionally, when the process of the instant invention is carried out
such that a major po_rtion of the 2,6-naphthalenedicarboxylic acid product is
-dissolved in the hydrolysis water, the 2,6-naphthalenedicarboxylic acid
produced is in the form of large, well-formed crystals that are superior for
forming low viscosity slurries of 2,6-naphthalenedicarboxylic acid in
ethylene glycol. These slurries are used for preparing PEN.
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pressed into a pelTet by placing 7 grans of 2, 6- naphthalenedlcarboxyllc

acid into &hﬁﬁheemméeﬂkamﬂeeppl yi ng 7000 psi ; efor at |east 90
seconds. The en irradiated with - P ags UV-
fir-ltered. Th the visible light rd £h @Varrple was
determ nned a S|rru us values (X, gY. and 2) weTs-edhy ed pising the
Cl E_.Standard Cbserver functions. Using the weighted- ord| nat e Itet hod,

Tri-stimulus val ues are obtained fromthe foll ow ng equati ons: 19 700
700 ayﬁh 'cﬁgébﬁﬂ%lt@% afeet‘d @FépHiRfIcCAcihe obj ect

700p g
t | engt h A St dard b
functions o8 qﬂéﬁsa”kngwn i % flanl 2SEHIEAN SIS val ues,

X, Y and Z prbeess figr preparing dibeoigrade terephthalic acad compnsmg hydrolyzmg
dimethylterephthalate at a temperature of from about 180° to 280°C,
preferably 200°-250°C, and preferably in the presence of neutral salts such
as sodium chloride, potassium chloride and calcium chloride. In U.S.
Patent 4,302,595 to Schoengen et al., a process is disclosed for preparing
fiber-grade terephthalic acid from intermediate stage crude
dimethylterephthalate wherein in one step of the process the crude
dimethyiterephthalate, having a limited content of intermediate oxidation
products, is hydrolyzed in water in at least two stages at a temperature
between. 140°C and 350°C preferably from 240° to 280°C in the first stage,

“and 180° to 220°C in the second stage to produce a reaction mixture

- containing terephthalic acid. Ailthough a hydrolysis temperature of up to
350°C is disclosed in the Schoengen et al. patent, the examples provided
therein use a temperature of 250°C, and it is taught that hydrolysis
temperatures above 300°C do not ensure economical operation.

Summary of the Invention :

A process for preparing purified 2,6-naphthalenedicarboxylic acid
comprises {(a) hydrolyzing a dialkyl-2,6-naphthalenedicarboxylate with
water at a reaction temperature of at least about 450°F under hqund phase
conditions and for a time sufficient to convert a major, portion of the dlalkyl-
2,6-naphthalenedicarboxylate to 2 6-naphthalenedncarboxyhc acid thereby
forming a reaction product mixture, the amount of water present being
sufficient to solubilize, at the reaction temperature, at least about 10 weight
percent of the 2,6-naphthalenedicarboxylic acid formed; and (b) recovering
2,6-naphthalenedicarboxylic acid from the reaction product mixture.

This process produces 2,6-naphthalenedicarboxylic acid in the form
of large particles which are desirable for filtering and washing operations,
and for preparing polyesters such as PEN. Additionally, although one or
more hydrolysis catalysts can be added to the hydrolysis reaction, the
instant process proceeds at high reaction rates and produces large particle
size product even in the absence of an added hydrolysis catalyst or co-
solvent such as a monocarboxylic acid.
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the object in terns of the mxture of the primary lights that match it
visual ly. Tri-stinulus val ues, however, are of |imted use as col or

speci fications because they do not correlate with visually meaningful
attributes of color appearance and are not unlforn1|n t he spacing of colors
as relateéd to visual differences. As agesult, "Uniform Col or Scal es" (UCS)
haves: been adopted whi ch use sinple equations to appr oxi mat e vi sual

response. The UCS scal e used by the Diano instrunment is the CIE 1976 L*ab*
formul a which converts Tri-stinmulus values to L*, a*, and b* val ues as

shown -bel ow. [err] The L*-Vﬁbﬂb&ﬁﬁmﬁgﬁ%&e | umi n05|ty or whiteness
of an obj ect wher 00 Is nd,i.,n between
is gray. The L*- \éﬁh@gs}s‘ﬁ?&% tf%rfﬁ?g'@ﬁ“ oqf FhB?ef T'%ét T'WE“Q& f?’ val ue.
The b*-val ueopesatingrthespnocess oft this ineéntiomiodbe icootimunus mode. but e where

posi‘tive b*-val ues represent yellow appear ance and negat I ve b*-val ues
represent bl ue appearance. pétfieé of both Tri-stjnulus

\églnggs Y anq Z. Partltﬁl e Sp'r%eve\;%s m%as%g ﬁbﬂl h cgot&?a(ikglﬁrzr'k_ St andar d
naphthalenedicarboxylate is reacted with water under liquid phase
conditions at an elevated temperature of at least about 450°F to hydrolyze
the dialkyl ester and form 2,6-naphthalenedicarboxylic acid. When a pure
dialkyl-2,6-naphthalenedicarboxylate is wused, purified 2,6-
naphthalenedicarboxylic acid is produced. Additionally, the process of this
invention can be used to prepare desirably large particle size 2,6-
naphthalenedncarboxyhc acid.

The dialkyl-2,6-naphthalenedicarboxylate hydrolyzed in the process
of this invention is preferably a lower dialkyl ester, wherein the alkyl portion
of the ester groups contains from 1 to about 4 carbon atoms. For example,
dimethyl-, diethyl-, di-n-propyl-, diisopropyl, di-n-butyl-, ethyimethyl- and
diisobutyl-2,6-napthalenedicarboxylate are suitable dialkyl-2,6-
naphthalenedicarboxylates. Dimethyl-2,6-naphthalenedicarboxylate,
however, is the most preferred dialkyl-2,6-naphthalenedicarboxylate
because it is most easily prepared and purified. The dialkyl-2,6-
naphthalenedicarboxylates can be prepared by any known method. For
example, they can be prepared by the method disclosed in U.S. Patent No. -
4,886,901 to Holzhauer et al. wherein a naphthalenedicarboxylic acid is
esterified with methanol and then purified by recrystallization, and they can
be prepared by the methods disclosed in U.S. Patent No. 4,847,400 to
Steinmetz et al. The dialkyl-2,6-naphthalenedicarboxylates used in the
process of this invention can conveniently be prepared by esterifying 2,6-
naphthalenedicart?oxylic acid prepared by the liquid-phase, cobalt,
manganese and bromine catalyzed oxidation of a 2,6-dialkylnaphthalene.
Preferably, the 2,6-dialkylnaphthalene is 2,6-dimethylnaphthalene. A
suitable method for oxidizing 2,6-dimethyinaphthalene to 2,6-
naphthalenedicarboxylic acid is disclosed in Albertins et al., U.S. Patent
No. 4,933,491.

Before the dialkyl-2,6-naphthalenedicarboxylate is used in the
process of this invention, it is preferably purified to a purity of at least about
95%, preferably at least about 99% and most preferably at least about
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Anal yzer manufactured by Leeds and Northrup Co., St. Petersburg, Florida.
Met hanol (or water) was used as circulating liquid for suspending the 2, 6-
napht hal enedi car boxylic acid particles. This nmethod is a based on | aser

i ght scattering, and provides both a nean (average) and nedi an val ue for
the parttcles neasured. It is to be ungerstood that the foll ow ng exanpl es
are peing provided to set forth enbodi nents of the present invention and
are not intended to limt the scope thereof. 20 Exanple 1 - Conparative

using & 3. 3520 RernpREC ot (AOF ity RS 4 hAanocsigh BT

napht hal enefgcystalization, @%ﬂﬁﬁw-@wmgﬁeﬁﬁ'ﬂﬁ?'@'ﬁf’d a{‘aey combingfiga; A
of recrystallizing dimethyl-2,6-naphthalenedicarboxylate from a solvent
such as methano!l or xylene, followed by a fractional distillation of the
recrystallized dimethyl-2,6-naphthalene-dicarboxylate, is a particularly
suitable method for preparing pure dimethyl-2,6-naphthalenedicarboxylate.

The reaction temperature for the hydrolysis of the dialkyl-2,6-
naphthalenedicarboxylate is at least about 450°F, preferably at least about
500°F, and most preferably at least about 570°F. At these reaction
temperatures, the hydrolysis reaction proceeds rapidly and, as will be
described in greater detail hereinbelow, these reaction temperatures
provide for the formation of 2,6-naphthalenedicarboxylic acid having a
large particle size making the manipulation of these particles, for example,
in washing and filtering procedures easier. A maximum hydrolysis
temperature is preferably about 700°F.

The pressure for the hydrolysis reaction is a pressure sufficient to
maintain a major portion, preferably at least about 75 percent, and more
preferably at least about 95 percent of the water in the liquid phase.
Suitable reaction pressures are in the range of about 20 atmospheres to
about 200 atmospheres. '

The amount of water used in the hydrolysis reaction is related to the
temperature at which the hydrolysis reaction is conducted. Water should be
present in the reaction mixture in an amount sufficient to solubilize, at the
reaction temperature, at least about 10 weight percent, preferably at least
about 25 weight percent, more preferably at least about 50 weight percent
of the 2,6-naphthalenedicarboxylic acid produced in the hydrolysis
reaction. Most preferably, the amount of water present in the reaction
mixture is an amount sufficient to solubilize all of the 2,6-
naphthalenedicarboxylic acid produced in the hydrolysis reaction. We
have determined that the hydrolysis reaction proceeds rapidly when the
aforementioned amounts of water are present, and, moreover, the 2,6-
naphthalenedicarboxylic acid produced under these reaction conditions
has an average (mean) particle size of at least about 100 microns. The
amount of water necessary to achieve the hereinabove éolubility levels can
be determined from the solubility data presented in Example 11. For
example, at a reaction temperature of 608°F, the solubility of 2,6-
naphthalenedicarboxylic acid is reported in Example 11 as 33.2 grams per
100 grams of water. Therefore, assuming substantially complete hydrolysis
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stirred, 6-gallon pressure vessel constructed of 316 stainless steel was
used for the hydrolysis. The reaction tines, pressure, ternperature and

anal ysis of the resulting 2, 6-naphthal enedi carboxylic acid are provided in
Table 1. In each of Runs 1 and 2, as noted, the product froman initial
four- houfr reaction was reacted a secong tinme under identical conditions for
an additional four hours using fresh ter and a fresh catal yst charge.
1950 Grans of dinethy-2, 6- naphthalenedicarboxylate were charged to the

[SaCLOr. b6 shreld B 4 SHELNEERICH Gl And 1P iy ves
2, 6- napht haPRefate dwmx;na%toacpanqﬁnommergt splstantia rﬁ" iof thep2&xi natel y

0.5/ 100 g (ReshthanedicatBoxylichadidfiorsolutiizdd)ane weight iratio ofowalieritons,
SR e e
2, 6- napht hamixye @é\pymhcﬁ at deast gmrematﬁys 2 Hilsseepedtivelit. (Husdid of the
hydr ol ysi s beékide0 Bach\grafe of dirfethl-2 &n lﬂhéhﬁwuchhﬁ:x%léie produces,
napht hal eneghear Ratdibte 2hyarély SR C epptakinfallly 87688 \grlil® 8f 25,627 aPoUt
naphthalenedicarboxylic acid and, based on the solubility data in Example
11, approximately 2.7 grams of water are required to solubilize 0.885 gram
of 2,6-naphthalenedicarboxylic acid at 608°F. This calculation does not
take into consideration the amount of water consumed in the reaction;
therefore, additional water can be added. Also, this calculation provides
the minimum amount of water required to achieve complete solubility. A
similar calculation at 500°F, and assuming 10 percent of the 2,6-
.- naphthalenedicarboxylic acid will be solubilized, results in a value of 3.3
grams of water for each gram of dimethyl-2,6-naphthalenedicarboxylate
charged to the hydrolysis reaction. This value also does not take into
consideration the consumption of water by the hydrolysis reaction.
Therefore, additional water should be added, i.e. at least two moles of water
per mole of dialkyl-2,6-naphthalenedicarboxylate charged to the reaction
mixture.
These calculations for determining the amount of water charged to
the reaction mixture assume that the water contains no other component to
affect the solubility of 2,6-naphthalenedicarboxylic acid. Therefore, if other
components are added, the solubility data providéd in Example’ 11 may not
apply. Also, if the herein disclosed process is practiced wherein water is
recycled, the recycled water may contain, depending on the temperature at
which the 2,6-naphthalenedicarboxylic acid is partitioned from the water
(i.e. mother liquor), various amounts of 2,6-naphthalenedicarboxylic acid.
This 2,6-naphthalenedicarboxylic acid should be counted, after adjusting
for molecular weight differences, as part of the charge of dialkyl-2,6-
naphthalenedicarboxylate for the purpose of determining the level of water
charged to the reaction mixture. Therefore, when the water charged to the
hydrolysis reaction already contains, for example, dissolved 2,6-
naphthalenedicarboxylic acid, the amount of water charged to the
hydrolysis reaction should be an amount sufficient to solubilize at least
about 10 weight percent, preferably at least about 25 weight percent, more
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6.8 mcrons. 21 TABLE 1 Run 1 Run 2 Sol vent Ratiof[err]

3.33:1 3.33:1 W.%[err] 0.78 -

0. 78 Reaction Tenp., [err] 430 430 Reaction
Press., psig 350 ‘350 -Reaction Tine, hrs

4+4 . - 7 4+4 Product Anal ysis Visual Color

Wi te Wiite OD (at 380°nm 0. 025

0. 035 Median Particle Size,

preferably at least about 50 weight percent, and most preferably ali of the
2,6-naphthalenedicarboxylic acid in the reaction product mixture.

While the solubility data in Example 11 can be used to determine the
amount of water required to achieve the desired dissolution of 2,6-
naphthalenedicarboxylic acid in the hydrolysis reaction mixture, it is
generally preferable when hydrolyzing the preferred dimethyl-2,6-
naphthalenedicarboxylate to use a weight ratio of water to dimethyi-2,6-
naphthalenedicarboxylate in the range of at least about 4:1, and preferably
at least about 5:1, respectively. The preferred reaction temperature being
at least about 500°F, preferably at least about 540°F, and most preferably at
least about 570°F. At these conditions, the hydrolysis rate is rapid and
large particle size 2,6-naphthalenedicarboxylic acid is formed. Preferably,
the maximum hydrolysis temperature is about 700°F and, preferably the
maximum weight ratio of water to dimethyl-2,6-naphthalenedicarboxylate is
about 25:1, more preferably about 10:1, respectively.

It is advantageous to conduct the hydrolysis reaction so that
substantially all of the dialkyl-2,6-naphthalenedicarboxylate charged to the
reaction mixture is converted to 2,6-naphthalenedicarboxylic acid, thereby
eliminating a step to separate the desired 2,6-naphthalenedicarboxylic acid

- from unreacted diester. However, the hydrolysis reaction can be conducted
~ at lower conversion such as, for example, 50 percent conversion of the
dialkyl-2,6-naphthalenedicarboxylate. Therefore, the hydrolysis reaction
shouid be conducted for a time sufficient to convert at least 50 percent of
the dialkyl-2,6-naphthalenedicarboxylate, more preferably at least about 95
percent and, as stated above, most preferably for a time sufficient to convert
substantially all of the dialkyl-2,6-naphthalenedicarboxylate to 2,6-
naphthalenedicarboxylic acid. '

When operating the process of this invention under conditions where
at least 10 percent and, preferably, where substantially all of the 2,6-
naphthalenedicarbboxylic acid is solubilized during the reaction, 2,6-
naphthalenedicarboxylic acid can be produced having excellent particle
size, for example an average particle size of at least about 100 microns and
preferably at least about 125 microns as measured by a Microtrac™particle
analyzer. Preferably, the average particle size is up to about 1000 microns,
more preferably up to about 800 microns. Furthermore, the 2,6-
naphthalenedicarboxylic acid prepared using conditions where
substantially all of the acid is solubilized has, in addition, excellent crystal
morphology in that the particles are well-defined, individual crystals that are
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(M crons) "+ 6.8 6.7 Mean Particle Size

1.5 6.8 (M crons) W.%DMZ,G-N_DQQ ND
0.04 W. % M\t 2, .6- NDC 0. 17 0.21 Metal

Anal ysis[err] ppm A 2.0 1.9
G ® ’ 1.6 10 1.6 Fe

3.1, 3.0 a Wight rati©o of water to DM 2,6-NDC. b Wi ght

percent of p-toluene sulfonic acid based on DM 2,6-NDC. ¢ Only for netals
at greater [jgStahti8 non-pcréus rather than highly porous aggregates of small
crystals. These large, well-formed, well-defined crystals are desirable for
forming slurries with, for example, ethylene glycol because the large, well-
defined, individual crystals that are substantially non-porous do not require
a large quantity of a slurry medium such as ethylene glycol to form an easily
mixed and easily pumped slurry of 2,6-naphthalenedicarboxylic acid. More
specifically, in a continuous proceés for preparing PEN, it is desirable to
add 2,6-naphthalenedicarboxylic acid to the polymerization reactor as a
‘pumpable slurry of 2,6-néphthalenedicarboxylic acid in ethylene glycol.
Furthermore, since the mole ratio of ethylene glycol to 2,6-
naphthalénedicarboxylic acid in PEN is 1:1, it is desirable to charge to the
polymerization reactor a mole ratio of ethylene glycol to 2,6-
naphthalenedicarboxylic acid as close to 1:1 as possible. This is because
any excess glycol must be removed in a later stripping step, and excess
glycol also leads to the formation of undesirable ethers which can become
incorporated into the polyester. The 2,6-naphthalenedicarboxylic acid
prepared by the process of this invention wherein a major portion of the 2,6-
naphthalenedicarboxylic acid produced in the hydrolysis reaction was
solubilized required about 2-3 times less ethylene glycol to achieve the
same viscosity of a slurry of ethylene glycol and 2,6-
naphthalenedicarboxylic acid wherein the 2,6-naphthalenedicarboxylic
acid was prepared by a hydrolysis process conducted at 380-400°F using
p-toluenesulfonic acid as a catalyst and a 5:1 ratio of water to dimethyi-2,6-
naphthalenedicarboxylate. At a reaction temperature of 380-400°F and a
weight ratio of water to dimethyi-2,6-naphthalenedicarboxylate of 5:1, only
approximately 1.4 weight percent of the 2,6-naphthalenedicarboxylic acid is
solubilized. The particles produced by the low-temperature process have a
highly porous structure and require larger amounts of ethylene glycol to
form a pumpable slurry. Under microscopic examination they appear as an
agglomeration of “very small crystals. This structure causes the high
porosity. European Patent Application WO 90/14375 discloses methods for
preparing PEN. | .
Operating under conditions wherein substantially all of the 2,6-
naphthalenedicarboxylic acid produced is solubilized is also
advantageous, particularly when using a baffled, plug flow-type reactor or
other type of baffled reactor, because plugging problems are eliminated.
Whereas, when operating under conditions where a portion of the 2,6-
naphthalenedicarboxylic acid is not in solution, the resulting slurry of 2,6-
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Exampl e 2 Di net hyl - 2, 6- napht hal enedi car boxyl ate was hydrol yzed at el evated
tenperatures and el evated pressures in the batch-node in a stirred, 300 ni
Hastell oy C autoclave reactor. 37.5 Ganms of dinethyl-2, 6-

napht hal enedi car boxyl ate were charged to the reactor. No catal yst was used.
The 2, 6- NDA product was separated fron1iﬁe not her liquor by filtration at
roomtenperature foll owed by washing w about 150 grans of water. The
reaction tine, tenperature, pressure and analysis of the resulting

2, 6-napht hal qiagfcabRENKaioIRE ok nPite restiol TarkRRiing. cddie’ @aqoRen of

the runs repo approxi mately one- of t e solvent was
uni nt ent i onalPY891B8¢ . This | oss of solvent likely caused the renoval of

net hanol from t he Dierdagi othen' thmlth elrgaghiont i g t biee eqdidlkipt-2,63 t owar ds
i conaen REYEARRAbGnasls S YRlotbicteriincie RO o e ) 2, 1o °
that the hydra§ %5 @’F@&’ct BGWOP@' ohivepleahal pipvides fermors rarid andimareyr eat er
in the absencomplete cohvérsiin of\tipy @kaIKkyl-2,6-naphthalenedicarboxylate to 2,6-

naphthalenedicarboxylic acid. The alcohol can be removed from the

reaction mixture by, for example, venting a portion of the gaseous phase of

" the reaction mixture. However, unless provisions are taken to separate the

alcohol from the water, this venting procedure will also remove a quantity of

water. Depending on the amount of water initially used, this may be a loss

of water significant enough to affect the rate of hydrolysis or the dissolution

of 2,6-naphthalenedicarboxylic acid. - However, any water lost can

optionally be replaced. It is advantageous to remove, during the hydrolysis

reaction, at least about 30 weight percent of the alcohol, more preferably at

least about 90 percent and most preferably at least about 99% of the

theoretical amount of alcohol produced by the hydrolysis reaction.

Following the hydrolysis reaction, the reaction mixture is optionally
cooled to crystallize the 2,6-naphthalenedicarboxylic acid. When operating
under conditions where substantially all of the 2,6-naphthalenedicarboxylic
acid is in solution, this cooling step is necessary to recover the 2,6-
naphthalenedicarboxylic acid by crystallizing the dissolved 2,6-
naphthalenedicarboxylic acid. Preferably, the reaction mixture is cooled to
a temperature below about 400°F, more preferably below about 250°F.
The rate of cooling affects particle size of the 2,6-naphthalenedicarboxylic
acid produced. It is preferable to cool the reaction mixture at a rate that
promotes the formation of large parti&le size 2,6-naphthalenedicarboxylic
acid. Cooling rates of less than about 50°F per minute, preferably less than
about 40°F per minute and most pfeferably less than about 10°F per minute
provide for large patticle size 2,6-naphthalenedicarboxylic acid.

Following the optional cooling step, the 2,6-naphthalenedicarboxylic
acid is recovered by partitioning the 2.6-naphtha|énedicarboxylic acid from
residual water using a suitable means for partitioning a solid phase
component from a liquid phase component. For example, solid 2,6-
naphthalenedicarboxylic acid can be partitioned from the water phase by
filtration, centrifugation, settling, and the like. In this partitioning or
separation process the large pardicle size 2,6-naphthalenedicarboxylic acid
produced by the process of this invention is advantageous in that large
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contai ning only about 0.144 wt.% MW 2, 6- NDC was obtai ned which result is
superior to that using the two-stage reaction reported in Table 1.
Additionally, the particle size of the 2,6-naphthal enedi carboxylic acid
produced by this process is approximately 4 to 7 tinmes larger than the 2, 6-
napht hal enedi car boxyl i c acid produced By the | owtenperature hydrolysis
reported in Table 1. The netals in thé product 2, 6- napht hal enedi car boxylic
acid are due either to corrosion of the Hastell oy C autoclave or, nore

oo SRR BTl TS A o S o o se dyy daine
and, consecpastielpg, otretaimas mughemothar; liqugr. therrly,making: the-parilioniag; ; on
{nh>e<t ur gaug?ér%be@%bﬁéidéﬁéﬁlvﬂnweffmembsleriyeiésirabm 0 ga'rt:tiouattle 2%tent in
ar ay" col or tpPiEefioafiRbib B e, b Waed'a"af WAYdtod tohpBrtlRl 01 1 ©
filtered soprefarsblycat a temperatuneefat least abaut 1RACE, agddmere Rreterably at
0. 015- 0. 0254 taflefatishe) of (b Abasthabair! Z00°FauFiligtionTatithese temperatares | i kel'y
' norgant provides for a purer 2,6-naphthalenedicarboxylic acid.
After the 2,6-naphthalenedicarboxylic acid is’ partitioned from the

water, it is preferably washed with a suitable solvent such as water, a low
molecular weight carboxylic acid, e.g. acetic acid, or an aromatic
hydrocarbon such as toluene, xylene, etc. Water is the preferred solvent for
washing the 2,6-naphthalenedicarboxylic acid. A suitable amount of
solvent to wash the 2,6-naphthalenedicarboxylic acid is an amount such
that the weight ratio of solvent to 2,6-naphthalenedicarboxylic acid is at
least about 1:1, and preferably at least about 2:1, respectively. It is also
preferable to conduct the washing step at an elevated temperature. For
example, when water is the solvent for the washing step, it is advantageous
for the water to be at a temperature of at least about 150°F. Preferably the
water should be at a temperature in the range of about 200°F to about
300°F. Due to the solubility of 2,6-naphthalenedicarboxylic acid in water,
the amount of water used to wash the 2,6-naphthalenedicarboxylic acid
preferably should not be an amount that will dissolve more than about 10
weight percent of the 2,6-naphthalenedicarboxylic acid being washed.
Otherwise, the losses of 2,6-naphthalenedicarboxylic acid will be too great.

~ Large patrticle size and purer 2,6-naphthalenedicarboxylic acid can
also be prepared by heating 2,6-naphthalenedicarboxylic acid in water so
that the 2,6-naphthalenedicarboxylic acid is partially or, preferably,
completely dissolved, followed by slowly cooling the resulting mixture to
crystal\izé 2,6-naphthalenedicarboxylic acid. -A suitable temperature for
contacting the 2,6-naphthalenedicarboxylic acid with water is a temperature
of at least about 450°F, preferably at least about 500°F, and most preferably
at least about 600°F, and preferably up to a temperature of about 700°F.
The weight ratio of water to 2,6-naphthalenedicarboxylic acid is preferably
at least about 2:1, more preferably at least about 3:1, and most preferably at
least about 5:1, respectively. Prefegably, the weight ratio of water to 2,6-
naphthalene-dicarboxylic acid is no more than about 25:1, more preferably
no more than about 10:1, respectively. The mixture of 2,6-
naphthalenedicarboxylic acid and water should be maintained at these



contam nants. Based on the data from Exanple 11, the solubility of 2,6-

napht hal enedi carboxylic acid in water at [err] is approximately 6.6 g/100

g. Therefore, at the reaction conditions shown for Run 2, assumi ng 100%

conversion to 2, 6-napht hal enedi carboxylic acid, it is calculated that 30

wei ght percent of the 2,6-naphthalenedtgarboxylic acid product was 23
o]

sol ubilized. At [err] the solubility 2, 6- napht hal enedi carboxylic acid in
water is 22.79/100 g. Therefore, the reaction conditions for Runs 1 and 3,

assumn 0 - i . : :
Ol cal curaEREe ol B0 By B o ol B e s ol ubi 1 zed
t hr oughout RjBUtR/ iR (ﬁbPé'EsL?é!ﬁ':{'i ojﬁge et iCPOM tﬁ%tr 'EB@@E‘PW'S %el | when
the sol vent preferablgtnalgréater thers aboutnSQ°R per efifdte:r poetferatly Ingsgregger

than about 40°F per minute and most preferably no greater than about 10°F

per minute. Cooling to a temperature of no greater than about 400°F is

suitable. The 2,6-naphthalenedicarboxylate produced is then partitioned

from the water.

The hydrolysis process of this invention.can be conducted in the
batch mode, semi-continuous mode or in the continuous mode. In the
batch mode, all of the reactants are charged to a suitable reaction zone at
the start of the reaction. As described hereinabove, a portion of the
reaction vapor can be released from the reaction zone to further the
conversion of the dialkyl-2,6-naphthalenedicarboxylate to 2,6-
naphthalenedicarboxylic acid. In the semi-continuous mode of operation,
at least one of the reactants is added to the reaction zone during the course
of the reaction. For example, a quantity of water can be charged to the
reaction zone initially and the dialkyl-2,6-naphthalenedicarboxylate can be
added to the reaction zone during the course of the reaction. In the
continuous mode of operation, the reactants are added to the reaction zone
continuously throughout the course of the reaction and the reaction product
mixture is continuously removed from the reaction zone. For commercial-
scale operations, it is preferable to operate in the continuous mode. The
reaction zone used for a continuous mode of operation can be any suitable
reaction apparatus such as at least one continuous stirred tank reactor, a
plug flow reactor, a column reactor or a combination of such reactors. The
liquid phase reaction residence time, deper_ldihg on the preselected
reaction temperature and ratio of dialkyl-2,6-naphthalenedicarboxylate to
water, is suitably about 1 min. to about 5 hrs., preferably about 1 min. to
about 2 hours.

A preferred method for conducting the hydrolysis process of this
invention in a continuous manner is to use a reactor that is essentially a
distillation column equipped with a means for providing liquid hold-up in
the column. Suitable means for providing the liquid hold-up include, for
example, trays, highly structured packing, and the like. In this method, a
dialkyl-2,6-naphthalenedicarboxylate and, optionally, water are introduced
near or at the top of the column and an inert gas or, preferably, steam is
added to the bottom of the reactor. The addition of steam at the bottom of
the reactor is required if water is not added with the dialkyl-2,6-
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solvent on the particle size cannot be determ ned. Nevertheless,
exteptionally large particle size 2,6-naphthal enedi carboxylic acid was
formed by this process as shown by the particle size data. TABLE 2 Run 1

Run 2 ) Run 3 Sol vent Ratioa 4:1 4:1
4:1 Catalyst None 4, None None
React:ion Tenp., [err] 590 540 590
Reaction Press., psig 1370 920 1530 Reacton
Time, hrs. P4 Anal ysi s
v sual ol o naphthalenehuﬁrboxy&te The stedmbr merbpas mtrodu%eﬂi t'fﬁé’ggﬁﬁm oD (380

a
of the colupmyragctor proyades forthg removal ofy alcoholdrqjggh%mcgwnpart icle
S| ze (M cronsixture thereby helping to3drivie the equilibrium Icomtilied reaction t0110. 3

Mean Particl gopidiBtion. An 3ubous solution of4%ifrry of purified39;6.

naphthalenedicarboxylic acid is withdrawn at or near the bottom of the
column reactor. This solution or slurry is directed to a crystallization zone,
followed by a zone for separating the crystallized 2,6-
naphthalenedicarboxylic acid from the water.

Preferably, the vapor exiting the top of the column reactor, which
vapor comprises a mixture of alcohol and water, is condensed. Part of the
condensate is returned to the top of the column reactor and the remaining
part is directed to a means for separating the alcohol from the water, e.g. a
distillation column. The feed mixture of dialkyl-2,6-
naphthalenedicarboxylate and water (if added) is preferably added to the
column reactor at a feed location somewhat below the top of the column.
The portion of the column above the feed location will preclude mono-alkyl-
2,6-naphthalenedicarboxylate and dialkyl-2,6-naphthalenedicarboxylate
from entering and, potentially, fouling the overhead condenser. This
column reactor, particularly with the inert gas or steam stripping, provides
for a very efficient hydrolysis reaction because alcohol is rapidly separated
from the reaction mixture thereby shifting the equilibrium to the desired
dicarboxylic acid product.

Before the dialkyl-2,6-naphthalenedicarboxylate is fed to the column
reactor, the dialkyl-2.6—naphthalenedicarboxylate can be "prereacted” with
water in a prereactor, such as, for example, one or more stirred tank

" reactors. This prereaction converts the dialkyl-2,6-

naphthalenedicarboxylate into a mixture of 2,6-naphthalenedicarboxylic
acid and mono-alkyl-2,6-naphthalenedicarboxylic acid. Introducing such a
mixture into the column reactor will preclude the presence of a liquid
dialkyl-2,6-naphthdlenedicarboxylate phase in the column reactor. The
melting point of dimethyl-2,6-naphthalenedicarboxyliate, for example, is
about 374°F (190°C) and, therefore, any dimethyl-2,6-naphthalene that is
present in the reactor will exist as a separate liquid phase. The presence of
two liquid phases in the column reactor is not desirable because the
contents of the column reactor are not mechanically agitated, although such
agitation could be provided, if required, by a suitable agitating means. A
suitable liquid phase residence time in the column reactor is about 1 min. to
about 5 hours. The reaction temperature and water levels in the column
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(M.crons) W. % DM 2, 6- NDC <0. 032 0. 061

0. 446 W % MVt 2, 6- NDC 0. 144 1.20 6. 76
Met al Anahysis[err] ppm Al 8.9 6.0
4.8 Ca 2.3 3.6 2.0 Co
21.9 ) 13.6 1.31 Cr 39.5
19. 9+ 11.4 CU 15 1.9 Fe
123 48 7.3 K : 1.8

i gg reactor3_a|?9the same as thoselqgsc%)ed here:anza'b%ve for the hydrolyéi'sg 1!\/2
15.9 reactionl15lv oxder to preclude plugging the column reactor, it is most 1.7 Ni
83

preferablé to operate the reaRtion under conditions wherein all or
substantially all of the 2,6-naphthalenedicarboxylic acid is in solution.
Additionally, complete solubilization provides for the largest 2,6-
naphthalenedicarboxylic acid particles and 2,6-naphthalenedicarboxylic

- acid in the form of well-formed, substantially individual crystals having
substantially no internal porosity.

Figure 1 represents, in schematic form, the preferred method for
conducting the continuous hydrolysis of "a dialkyl-2,6-
naphthalenedicarboxylate to form purified 2,6-naphthalenedicarboxylic

~ acid. For the purposes of . this description, dimethyl-2,6-
naphthalenedicarboxylate is the diester that is hydrolyzed. The reaction
temperatures and quantity of water in the prereactor and column reactor, as
well as the crystallization and filtration temperatures, are as described
hereinabove. _

Referring to Figure 1, dimethyl-2,6-naphthalenedicarboxyiate,
preferably in molten form, is added to prereactor 10 along with water using
feed lines 1 and 2, respectively. The liquid-phase residence time of the
reaction mixture in reactor 10 is preferably sufficient to convert most of the
dimethyl-2,6-naphthalenedicarboxylate to a mixture of 2,6-
naphthalenedicarboxylic acid and mono-methyl-2,6-
naphthalenedicarboxylic acid. Prereactor 10 comprises a stirred tank

- reactor having a lower and upper section separated by a baffle. The
reaction mixture exits from the upper section of prereactor 10 through
line 15 and is directed to the upper part of column reactor 20. Column
reactor 20 comprises a vertical column equippéd with a plurality of trays 22
to provide liquid holdup in the column. Steam is added to the bottom of
column 20 through steam line 25. Overhead vapor is removed from column
reactor 20 and is directed through line 26 to condenser 30. Condensate
from condenser 3Q is partitioned and part of the condensate is returned to
column 20 through line 32 and part is directed through line 34 to distillation
column 40 where methanol is separated from water. The water is recycled
to prereactor 1Q through line 42 and the methanol is directed to, for
example, an esterification reactor (noi-- shown) for converting 2,6-
naphthalenedicarboxylic acid to dimethyl-2,6-naphthalenedicarboxylate.
The hydrolysis reaction product, preferably having all the 2,6-
naphthalenedicarboxylic acid dissolved in the reaction mixture, exits
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Ti 1.53 Zn

1.8 a Wight ratio of water to DM2,6-NDC b Only for netals at greater
than 1 ppm 24 Exanpl e 3 D net hyl -2, 6- napht hal enedi car boxyl at e was
hydrol yzed in the batch- node using a 1 liter titaniumpressure reactor in
t he absence of a catalyst. 115.5 G anggof

di net hyl - 2, 6- napht hal enedi car boxyl ate Wwere charged to the reactor. Product
was separate frommother |iquor by filtration at roomtenperature followed

by vashing diiidindB8tior S0ANESRRIRY Qg:_d‘aﬁigﬁfed 168 853 of CBRmr. °9Ré 1 O
2 Spf

terrper ature, reacti on ESSUI’ resu

6. napht hale@RtiRN ExY €% plistrres, lniy yassels 5,55 and

60 where the reaction mlxture is cooled to slowly crystallize the 2,6-
naphthalenedicarboxylic acid. Cooling can be accomplished by lowering
the pressure and allowing the reaction mixture to cool by evaporative
cooling. Vessels 50, 55 and 60 can be substituted with one or more batch
crystallizers or with a substantially plug flow-type crystallizer. Product sturry
exits last crystallizer 60 through line 62 and is directed to centrifuge 65
wherein the product 2,6-naphthalenedicarboxylic acid is separated from
mother liquor. Product exits the centrifuge through line 66 and is typically
sent to a dryer {(not shown). Mother liquor is removed from centrifuge
through line 68 and is recycled through line 72 to prereactor 10. Part of the
mother liquor is purged through line 7Q.

An advantage of the present invention is that the hydrolysls reaction
is rapid and large particle size 2,6-naphthalenedicarboxylic acid is
produced without the inclusion of a hydrolysis catalyst or other component
such as a monocarboxylic acid co-solvent in the reaction mixture.
Consequently, this invention is the hereinabove described hydrolysis
reaction carried out in the substantial absence and, preferably, in the
absence of a hydrolysis catalyst and/or m'onocarboxylic acid co-solvent.
However, if desired, a hydrolysis catalyst can be added to the hydrolysis
reaction mixture. For example, from about 0.001 to about 2.0 weight
percent of a catalyst, based on the weight of the dialkyl-2,6-
.naphthalenedicarboxylate charged to the hydrolysis reaction, can be used.
Suitable catalysts include, for example, strong acids such as hydrochloric
acid and sulfuric acid; alkyl or aryl sulfonic acids, such as toluene sulfonic
acid; or one or more metal-based catalysts, such as, for example, an oxide,
halide, sulfate or carboxylic acid salt of antimony, copper, zinc, etc.

This invention is also 2,6-naphthalenedicarboxylic acid produced by
the hydrolysis process described herein, particularly when the hydrolysis
reaction is conducted at temperatures of at least about 500°F, and more
preferably at temperatures of at least about 540°F, and most preferably at
temperatures of at least about 570°F. The 2,6-naphthalenedicarboxylic

" acid produced by the process of this invention is characterized by its large
particle size wherein the average particle size, as measured by a
Microtrac™ panticle size analyzer, is at least about 100 microns and
preferably at least about 125 microns. Preferably, the average particle size
is up to about 1000 microns, more preferably up to about 800 microns.
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1-3in Table 1 were run consecutively tn the sane titaniumreactor. These
data show the rapid hydrol ysis of dinethyl-2,6- naphthal enedi carboxyl ate at
about [err] and [err] in the absence of a catalyst. Additionally, these
data show that the methanol recovery was |ess than quantitative, possibly

due to tHe formation of dimethylether fs in the prior exanple, |arge
partixcl e size 2, 6-napht hal enedi car boxy? c acid was produced, i.e. a nedian
particle size of 188.3 microns. Exanple 4 Table 4 |lists the results of the

eing 5t AT i ionliBR ARG RNRUIIEE ormoSRg althafialr>e
hydrol ysi s dnixtirgsef &-napbthalenegicashexylic agid Mﬂ%éﬂ‘ W?W@Oﬁag}‘%ﬁm of

di met hyl - 2, Gzd) apail@ds@%éucaobwwse praterabipat Wastrabolt ¢25 mictard, vat er .
In each of Run

separ at ed fr PW&G@LY&PPI {ﬁo&‘)m’%ﬂé h'ﬁb%nﬁéf%g@o 6&6 Sbgﬁ‘Rﬁ%s 2 and

3, a por ti ormigfons; @ng-a gbmlseomammez te gbeutdh carbon atoms, and prefera ly
ethylene glycol, wherein the mole ratio of glycol to 2,6-
naphthalenedicarboxylic acid is about 1:1 to about 10.1. preferably 1:1 to
about 4:1, respectively.

This invention is also 2,6-naphthalenedicarboxylic acnd having an
average particle size of at least about 100 microns, preferably at least about
125 microns, and preferably up to about 1000 microns, more preferably up
to about 800 microns, wherein the 2,6-naphthalenedicarboxylic acid is in
the form of well-formed crystals having substantially no internal porosity
and which, therefore, do not require large amounts of ethylene glycol or
other glycol such as 1,4-dihydroxybutane to form a pumpable slurry; and
this invention includes physical mixtures of such 2,6-
naphthalenedicarboxylic acid with a glycol containing 2 to about 6 carbon
atoms, preferably ethylene glycol, wherein the mole ratio of glycol to 2,6-
naphthlenedicarboxylic acid is about 1:1 to about 10:1, and preferably 1:1
to about 4:1, respectively.

Furthermore, this invention is a composition consisting essentially of
a physical mixture of 2,6-naphthalenedicarboxylic acid and a glycol
wherein the composition has a Brookfield viscosity of no more than about
1000 centipoise measured using a number 4 spindle rotated at 50 rpm, and
wherein the molar ratio of glycol to 2,6-naphthalenedicarboxylic acid is
about 1:1 to about 4:1, preferably about 2:1 to about 4:1, respectively. The
glycol contains 2 to about 6 carbon atoms, most preferably the glycol is
ethylene glycol. This invention is also a composition consisting essentially
of a physical mixture of 2,6-naphthalenedicarboxylic acid and a glycol
wherein the Brookfield viscosity of the composition (number 4 spindle, 50
rpm) is no more than about 3000 centipoise and the mole ratio of glycol,
preferably ethylene glycol, to 2,6-naphthalenedicarboxylic acid is about 1:1
to about 3.5:1, preferably about 2:1 to about 3.5:1, respectively.

The following examples demonstrate the hydrolysis of dimethyi-2,6-
naphthalenedicarboxylate according to the process of this invention. These
examples also demonstrate the hereinabove described compositions. In
these examples, dimethyl-2,6-naphthalenedicarboxylate is referred to as
DM-2,6-NDC, the mono-methyl ester of 2,6-naphthalenedicarboxylic acid is
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mxture was vented to renove water and nmet hanol hydrol ysis product. For Run
2, 110 grans of a gaseous m xture of nethanol and water were renoved from
the reaction 15 mnutes after the reaction m xture reached the noted
reaction tenperature. In Run 3. the reactor was vented tw ce, once as soon
as the reactor reached the noted reactggn tenperature, and a second tine 20
m nut:es later. In the first venting, 99 grans of a gaseous m xture of water
and nmet han were renoved. In the second venting, 155 -granms were renoved. For

mixt Ut e Pia;@%? DD, Rl A BatbRIRy abid e 2 N B it o
i nterval s. é]m %&i‘é‘ﬂ%’“ﬁ%&%ﬁmﬁp ﬁ!q RWW; Eséﬁ?or%e
napht hal enedixampbes wasc obtainedvby esistifyihg the 8&-NDA Formeadiby \tha diquice 25
phase oxidation of 2,6-dimethylnaphthalene using cobalt, manganese and
bromine as the oxidation catalyst. The DM-2,6-NDC was esterified and
purified according to the procedure disclosed in U.S. Patent 4,886,901 to
Holzhauer et al. The organic components were analyzed by liquid
chromatography, the metal analyses were conducted by Inductively
Coupled Plasma (ICP) analysis. ND means not detected.

Color of the 2,6-naphthalenedicarboxylate was evaluated visually as
noted, and it was evaluated by its optical density (OD) at 380 nm. Optica
density at 380 nm is the absorbance of a 0.5% (weight/ivolume) solutionina -
50 mm pathlength cell. A Perkin-Elmer §52A UV-Vis spectrophotometer (or
similar instrument) can be used. In this procedure, after calibrating the
spectrophotometer at 380 nm with the reference and sample cells
containing 4.0 N NH4OH, the sample cell of the spectrophotometer is filled
with a solution prepared by dissolving 0.25 grams of 2,6-
naphthalenedicarboxylic acid in 50.0 mi of 4.0N NH4OH. The absorbance
at 380 nm (read within one hour of sample preparation) is the OD at 380
. - ) .

The color of the 2,6-naphthalenedicarboxylic acid was also
evaluated by Tri-stimulus Color measurements, L, a* and b*. The
measurement of the b*-value of a solid on the Hunter Color Scale is
described in Hunter, Ihe_Mgasu[e_m_enLgLAnp_e_aLang_e_. Chapter 8, pp. 102-
132, John Wiley & Sons, N.Y., N.Y. (1975), and in Wyszecki et al., Color
WMM&MMMM&E&M& 2d Ed.,
pp. 166-168, John Wiley & Sons, N.Y., N.Y. (1982).

More specifically, the b*-value of purified 2,6-
naphthalenedicarboxylic acid was determined using a Diano Match Scan
Spectrophotometer as follows. 2,6-Naphthalenedicarboxylic acid was
pressed into a pellet by placing 7 grams of 2,6-naphthalenedicarboxylic
acid into a 32 mm mold and applying 7000 psi pressure for at least 90

- seconds. The pellet was then irradiated with white light that was UV-
filtered. The spectrum of the visible light reflected fr_oni the sample was
determined and Tri-stimulus values (X, Y, and Z) were computed using the
CIE Standard Observer functions. Using the weighted-ordinate method,
Tri-stimulus values are obtained from the following equations:
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pr-oduct with three parts by weight of water for 30 minutes followed by .
filtration. These data denonstrate that the hydrolysis reaction is rapid at
[err] and that the venting of the reactor reduces the -anobunt of MV 2, 6- NDC

and DM 2,6-NDC i n the product. 26 TABLE 3 Run 1 Run 2 .
Run 3 Solvent Ratioa 4:1 19 4:1 4:1 Catalyst
None- None None Reaction Tenp., [err] 587
588 537 Reaction Press., psig 1410 1420
970 Reaction Tinme, hrs. 1.0 0. 25 1.0
700 700 : 700
X= %oﬂkxl- Y= Z Rava. Z= Z RaZy .

where Ry is the percent reflectance of the object at wavelength A and

X) ., andy, , and Z, are the Standard Observer functions at wavelength A
CIE llluminant D65. The Tri-stimulus values, X, Y and Z, identify the color of
the object in terms of the mixture of the primary lights that match it visually.
Tri-stimulus values, however, are of limited use as color specifications
because they do not correlate with visually meaningtul attributes of color
appearance and are not uniform in the spacing of colors as related to visual
differences. As a result , "Uniform Color Scales” (UCS) have been adopted
which use simple equations' to approximate visual response. The UCS
scale used by the Diano instrument is the CIE 1976 L*a*b* formula which
-converts Tri-stimulus values to L*, a°, and b* values as shown below:

L*  =25{(100Y/Y,)18 _ 44

a* = 500[(X/Xc)13 - (YIY,)1/3]
b* = 200[(Y/Y,)173 - (Z/Z,)113)]

The L*-value is a measure of the luminosity or whiteness of an object where
L* = 100 is pure white, L* = 0 is black, and in between is gray. The L"-value
is strictly a function of the Tﬁ-stimu!ué Y-value. The b*-value is a measure
of the yellowness-blueness attribute where positive b*-values represent
yellow appearance and negative b*-values represent blue appearance.
The b*-value is a function of both Tri-stimuius values Y and Z.

Particle size was measured using a Microtrac Ii™ Standard Railge
Analyzer manufactured by Leeds and Northrup Co., St. Petersburg, Florida.
Methanol (or water) was used as circulating liquid for suspending the 2,6-
naphthalenedicarboxylic acid particles. This method is a based on laser
light scattering, and provides both a mean (average) and median value for
the particles measured. :

It is to be understood that the following examples are being provided

to set forth embodiments of the present invention and are not intended to
limit the scope thereof.
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Product Anal ysis Visual Col or G ay Of-Wite

O f-Wiite OD (380 nm , 0. 05 0.01 0. 05 Medi an
Particle Size (M crons) 188.3 Mean Particle Size 214.8
(Mcrons) W. % DMW 2, 6- NDC 0. 29 0. 496 ' 0.329 W. %
MW 2, 6- NDC 3.75 4. 899 2. 95 Recovered Met hanol b
51. 6, 74. 7 86. 8 Met a? Anal ysis,[err] ppm Al

5.9 3.19 10.3 Ca " 3.

6.5 Fe 2. 27 2.79 2.27 K

1.8 Exaingle M- Comparative

1.79

- Dimethyl-2,6-naphthalenedicarboxylate was hydrolyzed in the batch
mode using a 3.33:1 weight ratio of distilled water to dirriethyl-z.s-
naphthalenedicarboxylate using p-toluenesulfonic acid as a catalyst. A
stirred, 6-gallon pressure vessel constructed of 316 stainless steel was
used for the hydrolysis. The reaction times, pressure, temperature and
analysis of the resulting 2,6-naphthalenedicarboxylic acid are provided in
Table 1. In each of Runs 1 and 2, as noted, the product from an initial four
hour reaction was reacted a second time under identical conditions for an
additional four hours using fresh water and a fresh catalyst charge. 1950
Grams of dimethy-2,6-naphthalenedicarboxylate were charged to the
reactor. After filtration at room temperature, the 2,6-NDA product was
washed with about 1200 grams of water.

The solubility of 2,6-naphthalenedicarboxylic acid in water at 430°F
(220°C) is approximately 0.5/100 g (See Example 11). Therefore, at these
reaction 'conditibn_s, assuming 100% conversion to 2,6-
naphthalenedicarboxylic acid, it is calculated that only about 1.9 weight
percent of the 2,6-naphthalenedicarboxylic acid product was in solution at
the end of the hydrolysis reaction. As the-data in Table 1 show, the 2,6-

naphthalenedicarboxylic acid produced had a median particle size of about
6.8 microns. '

ek
rep\a‘;eme‘-“ ene
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Ni . ' 1.2 1.46 Ti

7.6 14. 6 16.6 Zr
3. 49 4.1 a Wight ratio of water to DM 2,6-NDC b % of theoretical
c Only for netals greater than 1 ppm 27 TABLE 4 Run 1 Run 2 Run
3 Run 4 Sol vent Rati oa 5:1 o4 10: 1 10: 1 10: 1
Cat al yst None None . None None Reaction Tenp.,
[err] 600 600 600 600 Reaction Tinme[err] hrs. 0. 25
0.5 0.5 0.5
TABLE 1 _
Bun1i Rup2

Solvent Ratiod 3.33:1 3.33:1

Wt.% p-TSAP : 0.78 0.78

Reaction Temp., °F 430 430

Reaction Press., psig 350 350

“Reaction Time, hrs _ 444 444

Product Analysis

Visual Color White ~ White

OD (at 380 nm) 0.025 , 0.035

Median Particle Size,

(Microns) 6.8 6.7

Mean Particle Size 11.5 6.8

(Microns)

Wt.% DM-2,6-NDC ND " 0.04

Wt.% MM-2,6-NDC 0.17 0.21

Metal AnalysisC ppm

Al 2.0 1.9

Cr 1.6 1.6

Fe 3.1 3.0

a  Weight ratio of water to DM-2,6-NDC.
b Weight percent of p-toluene sulfonic acid based on DM-2,6-NDC.
¢ Only for metals at greater than 1 ppm.
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Ti mes vent ed 0 1 2 3 Filter Cake Washed

No No Yes No Yes No Product Analysis W.% DM 2, 6- NDC 0. 28
0.10 0.16 0.09 0.04 0.04 W.% MM 2, 6- NDC 2.9 1.4 1.4 0.63
0.71 0.86 W. % 2-NA 0. 19 0.34 0.18 0.05 0.05 0.41

Vi sual Col or cream - - - - bei ge a Weight ratio of
waterr to DM2,6-NDC b Tine at [err] Ex%%‘rple 5 The hydrolysis of .
di met hyl - 2, 6- napht hal enedi car boxyl ate was conducted in the batch-node in a

2 liter, sti i taniumlined reactorz. 6The rﬁaﬁt: on gl nme, bterrlp_eratu_rg,
- [ - n t hal enedi car boxyli c aci
bre prov a0 ?ﬂggﬁs'ﬁﬁwﬁhéﬁe WfalEnepirarbcaiate wak SYEIAY AR SWPINAESD or ars
of di met hyl témperanaestdnal slovatod PréssurésinetharshtdhAdderiaBstitted)iadbimi ed
water. \Wenjhgelioy C autoclave reactor. 37.5 Grams of dimethyl-2,6-
~ naphthalenedicarboxylate were charged to the reactor. No catalyst was

used. The 2,6-NDA product was separated from the mother liquor by

filtration at room temperature followed by washing with about 150 grams of

water. The reaction time, temperature, pressure and analysis of the

resulting 2,6-naphthalenedicarboxylic acid are provided in Table 2. During

each of the runs reported in Table 2, approximately one-half of the solvent

was unintentionally lost. This loss of solvent likely caused the removal of

methanol from the reaction mixture thereby shifting the equilibrium towards

2,6-naphthalenedicarboxylic acid. Runs 1, 2 and 3 reported in Table 2

were run consecutively in the same autoclave reactor.

These data demonstrate that the hydrolysis reaction is rapid at
temperatures of 540°F and greater in the absence of a catalyst. A product
containing only about 0.144 wt.% MM-2,6-NDC was obtained which resuit
is superior to that using the two-stage reaction reported in Table 1.
Additionally, the particle size of the 2,6-naphthalenedicarboxylic acid
produced by this process is approximately 4 to 7 times larger than the 2,6-
naphthalenedicarboxylic acid produced by the low-temperature hydrolysis
reported in Table 1. .

The metals in the product 2,6-naphthalenedicarboxylic acid are due
either to corrosion of the Hastelloy C autoclave or, more likely, to
contaminants from previous uses of the autoclave reactor. However, as
shown by Example 6, Run 2, which used a much larger reactor and,
consequently, a much smaller ratio of reactor suirface to reaction mixture,
metal contamination was not observed to a significant extent in the product.
The color data reported in Table 2 show that the product is gray-colored,
however, the OD ‘measurements, which are measured using a filtered
solution of the 2,6-NDA in aqueous base, are quite low at 0.015-0.025,
indicating that the color-causing impurities are most likely inorganic
contaminants. '

Based on the data from Example 11, the solubility of 2,6-
naphthalenedicarboxylic acid in water at 540°F is approximately 6.6 g/100
g. Therefore, at the reaction conditions shown for Run 2, assuming 100%
conversion to 2,6-naphthalenedicarboxylic acid, it is calculated that 30

- weight percent of the 2,6-naphthalenedicarboxylic acid product was
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reaction m xture reached [err] 75 grans of the gaseous m xture of water and
met hanol were vented fromthe reactor. This venting was repeated 20 m nutes
| ater. After a total reaction tinme of 30 mnutes, the reaction m xture was
cooled and, at a tenperature of [err] the nother |iquor was renoved through
a filter located at the bottom of the ggactor. At this point, while the
reactor was still at about [err] 300 grans of fresh distilled water were
added to the reactor and the resulting slurry was stirred for about 15

m _ngt es. dTh?oﬁlumzreu_. WAS ssgm hé isbmgwi oﬁ%b-gﬁﬂnga@n%am&myﬁﬂg?éi&ﬁ{ boxylic
Subst ant 1 af WAIBRls 22708 TReEd; the rmacysh CoRaliBfs 6 AURE Sand’s,
di met hyl - 2, @ssuming appraximateiy 4Q0%acenvession o c2|6-naphthalenedicagpoxgis gr ans of
the gaseous geat HI' & ehicuRitBa "Mat ailfpré@nfitely all of the product acid was -
solubilized throughout the hydrolysis reaction. Since it was not possible to
tell when the solvent was lost during these runs, the effect of the loss of
solvent on the particle size cannot be determined. Nevertheless,
exceptionally large particle size 2,6-naphthalenedicarboxylic acid was
formed by this process as shown by the particle size data. '

JABLE 2

BRun 1 Run 2 Bun 3
Solvent Ratiod 4:1 4:1 : 4:1
Catalyst None None None
Reaction Temp., °F 590 540 590
Reaction Press., psig 1370 920 1530
Reaction Time, hrs.- 1.0 1.0 0.17
Broduct Analysis
Visual Color Gray Gray Gray
OD (380 nm) 0.020 0.015 0.025

- Median Patticle Size :
{Microns) 30.1 116.9 ' 1103
Mean Particle Size 34.4 142.9 130.7
{Microns) '
Wt% DM-2,6-NDC . <0.032 0.061 0.446
Wt.% MM-2,6-NDC 0.144 1.20 6.76
Metal Analysis P ppm
Al 8.9 6.0 4.8
Ca 2.3 3.6 2.0
Co 21.9 13.6 1.31.
Cr 39.5 19.9 11.4
Cu 1.9
Fe 123 48 7.3
K 1.8 2
Mg 12.6 4.3
Mn 1.02 3.19 1.3
Mo 21.2 . 16.9 15.7
Na 1.7
Ni 83 25.3 7.6
Ti 1.53
Zn 1.8
2 Weight ratio of water to DM-2,6-NDC
©  Only for metals at greater than 1 ppm.
' gheet
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were vented during each venting, the nother |iquor was separated fromthe
2, 6- napht hal enedi car boxyl i c acid product at [err] and the product was
washed usi ng 500 grans of distilled water at a tenperature of about [err]
These data denonstrate that product of good color and | ow | evel s of

DM 2, 6- NDC and MW+ 2, 6- NDC can be obt ai pgd using the process of this

I nvention. The hot filtration appears to have reduced the level of 2-NA in
the product relative to the results reported in Table 4. Additionally, the
product filtered at the higher tenperature exhibited superior color. TABLE

5 Run 1 Run 2 Sol vent Rat | oa : 10: 1

10: 1 Catal ysg)samm'e‘a - None Reaction Tenp.,
[err] Qimsthyl-2, 6-naphthalenedlcempxm@ée wasrhydralyzed in the,batch-

0.5 mode usingla 3 Ifemitanidemprssure reactor in the absenée of a catalyst.

2 Filtrationy {EeHREfAthd!of ‘di&ityl-2,6-n33fthalenedicarboxylate ware charged to

the reactor. Product was separate from mother liquor by filtration at room
temperature followed by washing with about 450 grams of water. The
reaction time, reaction temperature, reaction pressure and analysis of the
resulting 2,6-naphthalenedicarboxylic acid are provided in Table 3. Runs
1-3'in Table 1 were run consecutively in the same titanium reactor.

These data show the rapid hydrolysis of dimethyl-2,6-
naphthalenedicarboxylate at about 540°F and 590°F in the absence of a
caialyst. Additionally, these data show that the methanol recovery was less
than quantitative, possibly due to the formation of dimethylether. As in the
prior example, large particle size 2,6-naphthalenedicarboxylic acid was
produced, i.e. a median particle size of 188.3 microns.

Example 4

Table 4 lists the results of the hydrolysis of dimethyl-2,6-
naphthalenedicarboxylate in the batch-mode using a stirred, 2 liter, 316
stainless steel pressure reactor. No hydrolysis catalyst was used. The
reactor was 'charged with 200 grams of dimethyl-2,6-
naphthalenedicarboxylate and 1000 grams of distilled water. In each of
Runs 1-3, the product 2,6-naphthalenedicarboxylic acid was separated
from the remaining water, dried and analyzed.

During Runs 2 and 3, a port:on of the gas phase of the reaction
mixture was vented to remove water and methanol hydrolysis product. For
Run 2, 110 grams of a gaseous mixture of methanol and water were
removed from the reaction 15 ‘minutes after the reaction mixture reached
the noted reaction- temperature In Run 3, the reactor was vented twice,
once as soon as the reactor reached the noted reaction temperature, and a
second time 20 minutes later. In the first venting, 99 grams of a gaseous
mixture of water and methan@awere removed. In the second venting, 155
grams were removed. For Run 4, the reaction mixture was vented three
times. Once when the reaction mixture reached the reaction temperature,
then two more times at 10 minute intervals.

The solid reaction product comprising mainly 2,6-
naphthalenedicarboxylic acid was washed, as noted, by slurrying the

\
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Product Anal ysis W. % DM 2, 6- NDC 0. 06 0. 09

94. 85 a -

W'. % MW+ 2, 6- NDC 0. 07 0.23 W. % 2-NA
Not detected Not detected Visual Color Of-white
White Tri-stimulus Color. L 91. 27
-0.08 -0.71 b*
3.7 a Wight ratio of water to DM 2,6-NDC b Ti ne at
29 Exanple 6 '

product with three parts by weight of water for 30 minutes followed by
filtration. : .

These data demonstrate that the hydrolysis reaction is rapid at 600°F
and that the venting of the reactor reduces the amount of MM-2,6-NDC and
DM-2,6-NDC in the product.



D net hyl - 2, 6- napht hal enedi car boxyl ate was hydrolyzed in a 25 gallon, 316
stainless steel reactor in two separate runs according to the foll ow ng
procedure: In Run 1, the reactor was charged with 23.9 | bs of dinethyl-2,6-
napht hal enedi car boxyl ate and 110 I bs of distilled water. After 0.5 hours at
the reaction tenperature, the reactor s cooled to [err] and the product
2, 6- napht hal enedi carboxylic acid was filtered fromthe water. The filter
cake was washed with 25 | bs of near-boiling distilled water, and the
product was dried and analyzed. I'n Run 2, the reactor was charged with 25

| bs of dinethyl -2, 6- naphthalenedicahgﬁﬁggite and 110 | bs of water. The
reaction m xture was nai ntai ned at tion tenperature for 20 m nutes
and then cooled to [err] for filtration. The filter cake was washed with 50

| bs of hot distilled water beforegjfwas dried anal yzed.gymxgept for
MW 2, 6- NDC and DM 2, 6-NDC, the products fromthese reactions contained 0.03
are 0.043 VW%&“%nﬂ*%%&%nt 2- NA, resgﬁctlvely, as 4.4 4:1
Catalyst . None None None
Reaction Temp., °F 587 588 537
Reaction Press., psig 1410 1420 970
Reaction Time, hrs. 1.0 0.25 1.0
Product Analysis
Visual Color Gray Off-White Off-White
OD (380 nm) 0.05 0.01 0.05
Median Particle Size _
(Microns) 188.3 - -
Mean Particle Size 214.8
(Microns)
Wt.% DM-2,6-NDC 0.29 0.496 0.329
“Wt.% MM-2,6-NDC 3.75 4.89 2.95
Recovered Methanolb 51.6 74.7 86.8
Metal Analysis,© ppm
Al 5.9, 3.19 10.3
Ca 3.7 6.5
Fe 2.27 279 2.27
K ' | 1.8 2.1
Mg , 1.79
yi : 1.2 1.46
Ti ' 7.6 14.6 16.6
7r .

3.48 4.1

a Weight ratio of water to DM-2,6-NDC
b 9% of theoretical
¢ Only for metals greater than 1 ppm



the only significant inpurity. Additionally, netals analysis of the product
from Run 2 denonstrated a |low | evel of netal contam nation indicating that

reactor corrosion was not significant. The data for the two runs are

sumari zed in Table 6. 30 Table 6 Run 1 Run- 2 ‘Sol vent
Ratioa ° 4.6 07 4.4 Catal yst
None - ' None Reaction Terrp [err] 595- 605
600- 605 Reaction Tinme, hrs. .5 ' 0.33 Tines
Vent ed None None F| ltration Tenp., [err]
258 256 IABLE 4
Runi Bun?2 Run3 Run4

Solvent Ratioa 5:1 10:1 10:1 10:1

Catalyst None None . None None

Reaction Temp., °F 600 600 600 600

Reaction Time, hrs. 0.25 0.5 0.5 0.5

Times vented 0 1 2 3

Fil{ér Cake Washed No No Yes No XYes No

Product Analysis '

Wt.% DM-2,6-NDC~ 0.28 0.10 0.16 0.09 0.04 0.04
Wit.% MM-2,6-NDC 2.9 14 14 063 0.71 0.86
Wt.% 2-NA 0.19 0.34 0.18 0.05 0.05 0.41
Visual Color cream - - - - beige

2  Weight ratio of water to DM-2, 6-NDC
b Time at 600°F

Example 5 ,

‘* The hydrolysis of dimethyl-2,6-naphthalenedicarboxylate was
conducted in the batch-mode in a 2 liter, stirred, titanium-lined reactor. The
reaction time, temperature, pressure and analysis of the resulting 2,6-
naphthalenedicarboxylic acid are provided in Table 5. "

In Run 1, the reactor was charged with 150 grams of dimethyl-2,6-
naphthalenedicarboxylate and 1500 grams of distilled water. When the
reaction mixture reached 600°F, 75 grams of the gaseous mixture of water
and methanol were vented from the reactor. This venting was repeated 20
minutes later. After a total reaction time of 30 minutes, the reaction mixture
was cooled and, at a temperature of 309°F, the mother liquor was removed
through a fiiter located at the bottom of the reactor. At this point, while the
reactor was still at about 309°F, 300 grams of fresh distilled water were
added to the reactor and the resulting slurry was stirred for about 15
minutes. The slurry was again filtered and the 2,6-naphthalenedicarboxylic
acid product was dried and analyzed.

e replacement gheet
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Washed . Yes ' Yes Product Anal ysis

W . % DM 2, 6- NDC 1.2 2.9 W. % MV 2, 6- NDC
1.9 ' 4.8 W. % 2-NA . 0. 03

0. 043 Vi sual Color Yel | ow Yel l ow Metal s
Anal yes.[err] ppm Na 28 ND 1.4
Fe - 2.5 A _ 1.4 C
7.8 0.8 a Weight ratio of water to DM2,6-NDC b Only for

netal s greater t/Run 2 wa¥tonducted in substantially the same manner except that
175 grams of dimethyl-2,6-naphthalenedicarboxylate were used,
approximately 150 grams of the gaseous mixture of methanol and water
were vented during each venting, the mother liquor was separated from the
2,6-naphthalenedicarboxylic acid product at 331°F, and the product was
washed using 500 grams of distilled water at a temperature of about 250°F.
These data demonstrate that product of good color and low levels of
DM-2,6-NDC and MM-2,6-NDC can be obtained using the process of this
invention. The hot filtration appears to have reduced the level of 2-NA in
the product relative to the results reported in Table 4. Additionally, the
product filtered at the higher temperature exhibited superior color.

JABLE S
Run1 Bun2
Solvent Ratio2 101 10:1
Catalyst None None
Reaction Temp., °F 600 600
Reaction Time,P hrs. 0.5 0.5
Times Vented 2 _ 2
Filtration Temperature; °F 309 331
Pr Analysi
Wt.% DM-2,6-NDC 0.06 0.09
Wt.% MM-2,6-NDC : 0.07 0.23
- WL.% 2-NA - Not detected Not detected

Visual Color Off-white . White

A
Tri-stimulus Color ,
L : . 91.27 94.85
a* -0.03 -0.71
b* . 4.97 3.7

a  Weight ratio of water to DM-2,6-NDC
b Time at 600°F



31 Exanple Z The hydrol ysis of dinethyl -2, 6-naphthal enedi carboxyl ate was
conducted in a 300 m, stirred, 316 stainless steel reactor fitted with a
sanpl e port for venting overhead vapor and a dip-leg sanple tube for
sanpling the bottom |iquid phase of the reaction mxture. A mxture of 100
granms of distilled water and 20 grans ofpgdi net hyl - 2, 6-

napht hal enedi car boxyl ate were used for each run. A hydrolysis catalyst was
not added. The reaction conditions and sanple analysis data for three runs
are reported in Tablre 7. Sanpl es designated "1" were taken fromthe

reaction bot;eg%ﬂ#@g the reaction. Sanples designated as "D' are vapor
sanpl es take T reaction tinmes indicated. At the end of the reaction,
the reactor was rdpimethyt3&-aaphihalenssicarhaxylatg) wasghiydrolxzed dAo@eddby | ow

t enper at ure dgallan, |36 StainlGss BleRt rohctbh 16 Wepardte! funei abcordingasitaeat ed
"F'. Fi nal_;ll Y, foigmﬂgeam%%ah%qat ed as "2" were taken fromthe dried and well -
| ' In Run 1, the reactor was charged with 23.9 Ibs of dimethyl-2,6-
naphthalenedicarboxylate and 110 [bs of distilled water. After 0.5 hours at
the reaction temperature, the reactor was cooled to 258°F and the product
2.6'"-'naphthalenedicarbokylic acid was fitered from the water. The filter
cake was washed with 25 Ibs of near-boiling distilled water, and the product
was dried and analyzed.

In Run 2, the reactor was charged with 25 Ibs of dimethyi-2,6-
naphthalenedicarboxylate and 110 Ibs of water. The reaction mixture was
maintained at the reaction temperature for 20 minutes and then cooled to
265°F for filtration. The filter cake was washed with 50 Ibs of hot distilled
water before it was dried and analyzed.

Except for MM-2,6-NDC and DM-2,6-NDC, the products from these
reactions contained 0.03 are 0.043 weight percent 2-NA, respectively, as
the only significant impurity. Additionally, metals analysis of the product
from Run 2 demonstrated a low level of metal contamination indicating that
reactor corrosion was not significant.

The data for the two runs are summarized in Table 6.

ool L
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m xed reactor bottonms. Run 1 was conducted at [err] The data fromRun 1

i ndi cates that nost of the hydrolysis reaction occurs after only 15

m nutes. A small anount of 2-NA was fornmed. No nethanol was renoved during
the run. Run 2 was conducted at [err] Again, high conversion was obtai ned
after only 15 mnutes (Sanple 2, Run 2 However, in this run some vapor
was renoved fromthe reaction m xture anple D, Run 2). This sanple

contai ned 8.6 percent nethanol (by weight) and about. 17 grans of total
material was renoved. After 38 m nut eaction time the reaction was
term nated and the analysis of the p (Sanple 2, Run 2) indicated 98.7
percent ester conversion (conversion of ester groups to acid groups). The
final vapor sanple (Sanple F. Run 2) contained only 3 percent nethanol
conpared to 5.4 percent in the sanpl e Rumb t he previ ous ridwnfSanple F, Run
1). This indicates that the renoval of nmethanol during the run provided
hi gher convgbreafRatied di methyl -2, 6- ggpht hal enedi car boxyyat e conpared to

Run 1 in Tabb%tazySteven at a | ower None None
Reaction Temp., °F 595-605 600-605
Reaction Time, hrs. 0.5 0.33
Times Vented : None " None
Filtration Temp., °F 258 256
Washed . Yes ' Yes
Product Analysis
Wt.% DM-2,6-NDC 1.2 2.9
Wt.% MM-2,6-NDC 1.9 ' 4.8
Wt.% 2-NA . 0.03 _ 0.043
Visual Color Yellow: Yellow
Metals Analyses.P ppm
Na ND . . 1.4
Fe 2.5
Al - ' 1.4

Cr 7.8 0.8

a8 Weight ratio of water to DM-2,6-NDC
b Only for metals greater than 1 ppm.



reaction tenperature. Run 3 in Table 7 was conducted at [err] with
renmoval during the run. In this exanple, 42.7 percent conversion

(conversion of ester groups to acid groups) was achieved after

(Sanple 1, Run 3). After vapor renoval (Sanple D, Run 3), the react

termnated at a total

percent (conversion of ester groups to acid groups). Run 3 in Table
denonstrat es 32 that, as expected, the reaction rate decreases a

reaction te

is decreased. However, the reaction was still

[err] The Mcrotr

Run' 5 was 140 cicPis N 8, ARpl S Bl Bpuidficarbotiiang ageoec 17

conducted in a 300 ml, stirred, 316 stainless steel reactor fitted with a
sample port for venting overhead vapor and a dip-leg sample tube for
sampling the bottom, liquid phase of the reaction mixture. A mixture of 100
grams of distilled water and 20 grams of dimethyi-2,6-
naphthalenedicarboxylate were used for each run. A hydrolysis catalyst
was not added. '
© The reaction conditions and sample analysis data for three runs are
reported in Table 7. Samples designated "1" were taken from the reaction
bottom during the reaction. Samples designated as "D" are vapor samples
taken at the reaction times indicated. At the end of the reaction, the reactor
was rapidly cooled and the remaining liquid was removed by low-
temperature distiflation. Samples of the resulting liquid are designated "F".
Finally, samples designated as "2" were taken from the dried and well-
mixed reactor bottoms. _
Run 1 was conducted at 625°F. The data from Run 1 indicates that
maost of the hydrolysis reaction occurs after only 15 minutes. A small
amount af 2-NA was formed. No methanol was removed during the run.
Run 2 was conducted at 550°F. Again, high conversion was
obtained after only 15 minutes (Sample 2, Run 2). However, in this run
some vapor was removed from the reaction mixture (Sample D, Run 2).
This sample contained 8.6 percent methanol (by weight) and about 17
grams of total material was removed. After 38 minutes of reaction time the
reaction was terminated and the analysis of the product (Sample 2, Run 2)
indicated 98.7 percent ester conversion (conversion of ester groups to acid

~groups). The ﬁnagvapor sample (Sample F, Run 2) contained only 3

percent methanol &¥npared to 5.4 percent in the sample from the previous
run (Sample F, Run 1). This indicates that the removal of methanol during

naphtha!enedicarboxylate compared to Run 1 in Table 7, even at a lower
reaction temperature.

Run 3 in Table 7 was conducted at S00°F with vapor removal during

the run. In this example, 42.7 percent conversion (conversion of ester

groups to -acid groups) was achieved after 15 minutes (Sample 1, Run 3).
After vapor removal (Sample D, Run 3), the reaction was terminated at a
total of 43 minutes reaction time. The conversion was 91.8 percent
(conversion of ester groups to acid groups). Run 3 in Table 7 demonstrates

This
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33 34 Exanple 8 This exanple reports the crystal norphology for 2, 6-
napht hal enedi car boxyl i c acid produced by the process of this invention as
well as by a | owtenperature hydrolysis process such as that reported in
Exanpl e 1. The norphol ogy was determ ned by scanning el ectron m croscopy
anal ysi s+ Hydrol ysis Process 5 6- NDA Particl e Mrphol ogy

Low tenperature hydrol ysis - Partic gs up to about 60 m crons at

catal yzed by p-toluene sulfonic acid. |ow magnification. At high

that, as expected, the reaction rate decreases as the reaction temperature
is decreased. However, the reaction was still rapid at 500°F. The
Microtrac™ median particle size for the 2,6-NDA produced in Run 3 was 140
microns and the average particle size was 195 microns.
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5:1 weight ratio of water to DW 2, 6- magni fi cation, particles appear as
NDC. Reaction tenperature of 390- highly porous aggl onerates of snall

[err] crystals wherein the small crystals have a
| ength of about 1 micron and a width of a few tenths of a mcron.

H gh-tenperature hydrolysis. No Particigs are well-fornmed, catal yst.. 4:1
wei ght ratio of water to substantially non-porous crystals with

DM 2, 6- NDC. Reaction tenperature a nedian particle-size of greater than

[err] 2,6-NDA prepared by 100 microns as neasured by the Exanple 3,
Run 1. : Mcrotrac[err] particle analyzer. H gh- terrperature
hydrolysis. Np Partiglegs typically great%htahga 190 ca,ta‘l,yst,, ;1 wei ght
ratio of watef to nﬂcr%ﬂs ;N | ength g@g af MGQ@C Reacti on
tenperature fggl oerdt & of “snal | er crystals of [err] 2. 6- NDA prepared by
having a | ength of about 20-50 Exanple 3, Run 3. m crons and
a w dth.of abut § 10 m,g‘rroong. - '
[
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35 Exanpl e -9 This exanple reports the results of a qualitative anal yses
conducted to determ ne the anount of ethylene glycol that is required to
form punpabl e slurries of 2,6-naphthal enedi carboxylic acid in ethyl ene

gl ycol. Reported bel ow are the mninmum grans of ethylene glycol per gram of
2, 6- naphthal enedi carboxylic acid that ar¥ required to forma "paste" and a
"slurry". "Pastel" is defined as a mxture with all the .crystals wetted.

"Slurry"

i s define
Hydr ol ysi s Pr’gé@@ﬂe-g

| ow
Exanpl e 1.

Past e

s a mixture that has a snmooth, creany consistency

Slurry 2,6-NDA produced by

0. 802This example0.rep0rtsenthar atrystabpr owephobogy efpor t 2¢5-i n
naphthalenedicarboxylic acid produced by the process of this invention as
well as by a low-temperature hydrolysis process such as that reported in

Example 1.
microscopy analysis.

Hydrolysis Process

Low-temperature hydrolysis
catalyzed by p-toluene sulfonic acid.
5:1 weight ratio of water to DM-2,6-
NDC. Reaction temperature of 390-
400°F.

High-temperature hydrolysis. No
catalyst. 4:1 weight ratio of water to
DM-2,6-NDC. Reaction temperature
587°F. 2,6-NDA prepared by
Example 3, Run 1.

High-temperature hydrolysis. No

catalyst. 4:1 weight ratio of water to
DM-2,6-NDC. Reiiction tempetature

" of 537°F. 2,6-NDA prepared by

Example 3, Run 3.

The morphology was determined by scanning electron

Particles up to about 60 microns at
low magnification. At high
magnification, particles appear as
highly porous agglomerates of small
crystals wherein the small crystals
have a length of about 1 micron and a

* width of a few tenths of a micron.

Particles are well-formed,
substantially non-porous crystals with
a median particle size of greater than
100 microns as measured by the
Microtrac™ particle analyzer.

Particles typically greater than 100
microns in length, consisting of
agglomerates of smaller crystais
having a length of about 20-50
microns and a width of about 5-10
microns. '

. ;'heet'
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Process of this invention as 0. 513 0. 666 reported in Exanple
3, Run 1. Although these data are qualitative, they denonstrate that the

2, 6- napht hal enedi carboxylic acid produced by the |owtenperature process
requi res approxi mately 50% nore et hyl ene glycol to produce a slurry
conpared-to the 2,6-NDA produced at [eg§] Exanple 10 Table 8 reports the
Brookfield V|sc05|t|es of- mi xtures of ethylene glycol and

2, 6- naphthalenedlcarboxyllc acid. These data denpnstrate that the

2, 6- napht hal enedi carboxylic aci.d prepared in Exanple 6 according to the
process of t %#gﬂgéfntlon provides for a substantially |ess viscous m xture
of 2, 6-naph arboxylic acid and et hyl ene gl ycol conpared to the

2, 6- napht hal enediT&if 8xamplecreperts the wtécpf@/qaahtwq BRgJ¥san eondystestess as

exenpl i fi ed thydEtenmme the amount. of ethylene glycol that is required to form
- pumpable slurries of 2,6-naphthalenedicarboxylic acid in ethylene glycol.
Reported below are the minimum grams of ethylene glycol per gram
of 2,6-naphthalenedicarboxylic acid that are required to form a "paste” and
a "slurry". *Paste” is defined as a mixture with all the crystals wetted.
*Slurry” is defined as a mixture that has a smooth, creamy consistency

2,6-NDA produced by low- - 0.802 0.966
temperature process as
reported in Example 1.

Process of this invention as 0.513 0.666
reported in Example 3, Run 1.

Although these data are qualitative, they demonstrate that the 2,6-
naphthalenedicarboxylic acid produced by the low-temperature process
requires approximately 50% more ethylene glycol to produce a slurry
compared to the 2,6-NDA produced at 590°F.

Example 10

Table 8 reports the Brookfield viscosities of mixtures of ethylene
glycol and 2,6-naphthalenedicarboxylic acid. These data demonstrate that
the 2,6-naphthalenedicarboxylic acid prepared in Example 6 according to
the process ot thils invention provides for a substantially less viscous
mixture of 2 .6-naphthalenedicarboxylic acid and ethylene glycol compared
to the 2,6-naphthalenedicarboxylic acid prepared by a Iow-temperature
process.as exemplified by Example 1.
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36 TABLE 8 Brookfield Viscosity[err] Mdle Ratio Ethylene 2, 6- NDA

[err] dycol: 2.6-NDA ExTenp. [err] 2.0 12,373 2.5
2,480 3.0 ' 800 3.5 - ' 373
20,160 4.0 o 10,293 4.5
6,240 5.0 . _ . 36 4,320 5.5
3,253 6.0 : ' ' 2,400 6.5
1, 760 - |
IABLE 8
Brookfield Viscosity2
Mole Ratio Ethylene 2.6-NDA 2.6-NDA Low-
Glycol: 2.6-NDA_ (Example 6) Temp. Processb
2.0 12,373
2.5 2,480
3.0 _ ~ 800
3.5 373 20,160
- 4.0 10,293
4.5 _ ' _ 6,240
50 4,320
5.5 . 3,253
6.0 2,400
6.5 1,760
7.0 : 1,280
7.5 1,120
8.0 ' ‘ 960
8.5 ) 800
a " vViscosities in centipoise measured using a #4 spindie at room

 temperature (ca 70°F) and at 50 rpm.
Prepared by process equivalent to that reported in Example 1 using

reaction temperature of 380-400°F and a weight ratio of water to
DM-2,6-NDC of 5:1. |
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7.0 1,280 7.5
1,120 8.0 960 8.5

800 a Viscosities in centipoise neasured using a #4 spindle at room
tenperature (ca [err] and at 50 rpm b Prepared by process equivalent to
that repotted in Exanple 1 using a reac3¥on tenperature of [err] and a

wei ght ratio of water to DM 2, 6- NDC of 5: 1. 37 Exanple 11 Solubility
data for 2, 6-naphthal enedi carboxylic acid in distilled water

Example 11

Solubility data for 2,6-naphthalenedicarboxylic acid in distilled water
is listed below. These data can be used to calculate the percent 2,6-NDA
solubilized in water at the listed reaction temperature.

Jemperature . Solubility
(C°F) Lqrams_z.ﬁ_NDAa.Qo_g_Hgm
160/320 0.041
200/392 0.22
2407464 1.19
280/536 ' 6.07

320/608 33.2

A plot of this data as- the Ln(grams 2,6-NDA/100 grams water) vs.
temperature is linear and, therefore, provrdes for other solubility values by
interpolation or extrapolation.

Example 12 _

A sample of crude 2,6-naphthalenedicarboxylic acid having the
composition reported in Table 9 was dissolved in 5 parts by weight of
distilled water at 630°F and held there for 10 minutes. For each of the three
runs reported in Table 9, the solution of 2,6-naphthalenedicarboxylic acid .
was cooled, at the cooling rates shown, to 400°F. At 400°F the crystaliized
2,6-NDA was separated from the mother liquor.

These data demonstrate that the particle size of the resuiting 2,6-
naphthalenedicarboxylic acid is a function of the cooling rate. These data
also demonstrate the preparation of 2,6-naphthalenedicarboxylic ac|d
havmg an average (mean) particle size of 133-207 microns.

This is the replacement sheet
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is isted bel ow These data can be used to cal cul ate the percent 2, 6-NDA
salubilized in water at the |isted reaction tenperature. Tenperature

Solubility [err] - (grans 2.6-NDA/ 100 g [err] 160/320
0.041 200/ 392 0. 22 240/ 464
1.19 280/ 536 : 887 320/ 608

33.2 A plot of this data as the Ln(grans 2, 6- NDA/ 100 grans water) vs.
‘tenperature is linear and, therefore rovi des for other solubility val ues
by interpolation or extrapol ation. éléE%ﬁ%ﬁhZ A sanpl e of crude

2, 6- napht hal enedi car boxylic acid having the conposition reported in Table 9
was dissolved in 5 parts by weight of distilled water at [err] and held

there for 10 mnutes. For each of the three Crystallized 2,6-NDA
Compositiond Eeed  Buni Bun2 Bun3
2,6-NDA - 83.0 93.0 93.0 93.0
2,7-NDA 0.01  0.00 0.00 0.00
Br—2,6-NDA 0.55 0.24 0.16 0.06
2-FNA 0.62 0.59 0.55 - 0.53
2-NA _ 0.00 0.12 0.10 0.18
TMA 0.36 0.11 0.07 0.07
Others - 0.93 2.18 1.96 2.94
Total . 95.72 96.73 95.85 97.19
Cooling Rate, °F/min. 125 16 6.5
Median Patrticle Size - 50 118 - 169
(Microns)
Mean Particle Size (Microns) . 54 133 207
% < 11 microns : 2.2 0 0
% Solids recovered 95.4 97.6 98.2

While only certain embodiments of the present invention have been
set forth, alternative embodiments and various modifications will be
apparent from the above description to those skilled in the art. These and
other altternatives are considered equivalents, and are within the spirit and
scope of the present invention.

.
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runs reported in Tabl € 9, the sol ution of 2,6- napht hal enedi car boxylic acid
was cool ed, ﬂ!mmﬂ” ates shown, to [err] At [err] the crystallized
2, 6- NDA was mﬂmﬁﬁr‘"he nmot her Ilquor These data denonstrate that

the particle size of ®he resultl ng 2, 6- naphthal en¢g QH‘FBi'SHQ VA is a
function df the cooling rate. These dat@ al so derrmstrat&é g%é @ﬁ@ruation
of 2, 6-napht hal enedi carboxylic acid having an aver (ticlle size

of 133-207 m ns,. 38. TA LE 9. Crystallized 2, 6- NDA Corrp05|t|on[err]
A AT E & “ ichy i, Glaim 93. 0 93.0  93.0
93.0 2, 7- NDA . A process leritepanng)pOﬂfed 2,6-0apbthalenedicazboxylic

acid comprising:

a) hydrolyzing a dialkyl-2,6-naphthalenedicarboxylate-with water
at a reaction te'mperatur'e of at least about 450°F under liquid phase
conditions and for a time sufficient to convert a major portion of the dialkyl-
2,6-naphthalenedicarboxylate to 2,6-naphthalenedicarboxylic acid thereby
forming a reaction product mixture, the amount of water present being
sufficient to solubilize, at the reaction temperature, at least about 10 weight
percent of the 2,6-naphthalenedicarboxylic acid formed; and

b) recovering 2,6-naphthalenedicarboxylic acid from the reaction
praduct mixture. '

2. The process of Claim 1 wherein the amount of water present
is an amount sufficient to solubilize at least about 50 weight percent of the
2,6-naphthalenedicarboxylic acid present in the reaction product mixture.

3.  The process of Claim 1 wherein the amount of water present
is an amount sufficient to solubilize substantially all of the 2,6-

. naphthalenedicarboxylic acid present' in the reaction product mixture.

4. The process of Claim 1 wherem the reaction temperature is at
least about 570°F. '

5. The process of Claim 1 wherein the dialkyl-2,6-
naphthaienedicarboxylate is dimethyl-2,6-naphthalenedicarboxylate.

6. The nprocess of Claim1 wherein the 2,6-
naphthalenedlcarboxylxc acid formed has an average pamcle size of at

=~ least about 100 microns. '

7. 2,6-Naphthalenedicarboxylic acid having an average particle
size of at least about 100 microns.
8. - The 2,6-naphthalenedicarboxylic acid of Claim 7 wherein the
2 s-ﬁaphthalenedicarboxylic acid is in the form of well-formed crystals
having substantially no mternal porosity.
9. A composition comprising 2,6-naphthalenedicarboxyiic acid
and a glycol wherein the 2 6-naphthalened|carboxyhc acid has an ‘average
 particle size of at least about 100 microns.
10.  The 2,6-naphthalenedicarboxylic acid made by the process of
Claim 1. _ . : :
11. The composition consisting essentially of 2,6-
naphthalenedicarboxylic acid and ethylene glycol having a Brookfield
viscosity of no more than about 1000 centipoise and a mole ratio of
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Br - 2, 6- NDA 0.55 0.24 0. 16 B 962N
0./62 5 0.53 2-NA THIS SHEET HASOBEEN | 0. 12
o-20 | IINIFRHERIMBITIE > . 0.36  |0.11 REPLACEDO7 0.07
Ghers* ¢ L W s = 0.93 2.1 0 1.96 Z. 94 Tot al

95.72  +96.73 95. 85 97.19 Cooling Rate, [err} ' 125

16 s 6.5 Median Particle Size 50 118 169

(Mcrons) MasRylBaé gifdet tSi2ZenaphthaRABYicarboxylic 26id of no mdd3han abog®? % < 11
m crons - 2.2 o ° 0 % Solids recovered

95.4 974%' respec@@lb VWi | e' only certain enbodi nents of the present
i nvention have beka sdihef composition of Giaimytl ahieselntbatBrogktield miscosity

modi fi cat! ong i hbrdhahPiiRiut 300d cBtiddise BRY e WS it bP@thg&nb yskilled.
in the art. ,These and, ot her alttern,atlvef .are consi %ed equl v gnts, and
are within ttﬁeeésé-,qq thalgnedicarboxylic acid is no more than about 3.5:1,
respectively.
13. - 2,6-naphthalenedicarboxylic acid of Claim 8 having an
average particle size of at least about 175 microns. .
14. 2.,6-naphthalenedicarboxylic acid of Claim 8 having an

average patrticle size of at least about 195 microns.
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scope'of the present invention. 39 CLAIMS 1. A process for preparing
purified 2, 6-naphthal enedi carboxylic acid conprising: a) hydrol yzing, in
t he absence or substantial absence of at |east one of (i) a hydrolysis
catalyst, and (ii) a nonocarboxylic acid cosol vent, a :
di al kyl -.2; 6- napht hal enedi carboxyl ate with water at a reaction tenperature
of atdeast [err] under |iquid phase cond#lions and for a time sufficient
to convert a nmmjor porti BROGESS hEORiI BREPARING - PURIE IED ehoeH car boxyl ate to

2, 6- napht hal enedi car boxyl i ¢ RE&pHTHAEERRBBIEARBORILECT £&EHI ON product
m xture, the amount of water present being sufficient to solubilize, at the

reaction tenperature, at | eastAB}OI.%qgiHF %ﬁ%ﬂnﬂg}e

2, 6- napht hal enedi car boxyl i c acli

A process for preparing purified 2,6-naphthalenedicarboxylic acid
comprises hydrolyzing a dialkyl-2,6-naphthalenedicarboxylate with water at
a reaction temperature of at ieast about 450°F under liquid phase condition,
the amount of water present beihg_ sufficient to solubilize, at the reaction
temperature, at least about 10 percent of the 2,6-naphthalenediarboxylic
acid formed. This process provides for 2,6-naphthalenedicarboxylic acid
having an average patticle size of at least about 100 microns.

Figure 1

A6 634K —
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formed; and b) recovering 2, 6- napht hal enedi carboxylic acid fromthe
reacti on product m xture. 2. A process according to Caiml wherein the
anount of water present is an amount sufficient to solubilize at |east 50

wei ght percent of the 2, 6-napht hal enedi carboxylic acid present in the
reactiqn product m xture. 3. A process according to Caim1 wherein the
amount” of water present in an anount sufficient to solubilize
substantially all of the 2,6-naphthal enedi carboxylic acid present in the
reaction product m xture. 4. A process according to any of Clainsg 1 to 3
‘wherein the reaction tenperature im%ﬁ east [err] 5. A process
according to any of Clains 1 to 4 S¢&A®N thg dial kyl-2,6-nap hthal

enedi car boxyrate, 15 drnern I?nedi car boxyl at e.

| 12, 6- 6. A
process accdrding to any of Cliajms 188 5, o™ producing 2, 6-
napht hal enedy car boxylic acid '

g an avera?e particle size of at | east
[err] l %
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40 (100 mcrons). 7. . 2,6-napht 4°enedi carg%&i i c aCIPd‘f"ﬁéﬁl rfg mEQ\#e
particlw®e size of at | east [err] (100 micrg 'ng(s) - paged ..... 1o paged.....

He3asg -1

2, 6- napt hal enedi car boxylic acid having an}a eﬁ‘a’gé“bar tﬂ‘!ﬂé sﬁqepagéda.t lleast

1.25 x [err]

.
v 1}

(125 microns). 9. 2, 6- napht hal enedl carboxylic acid havirg an
average particle size of |east 1. 75 x5[ D¢ .

2, 6- napht hal enedlBéQQﬁﬁﬁpﬁlf@fanQIOWémgwglmﬁ WIETER

gegsﬁlaéh?ﬁal erhg?ﬂléco Ek%m clggls tjeht 3% col anatd erel n tﬂﬁférﬁ'l Qﬂscloses a
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idifielngiterephthalate at a temperature of from about 180° to 280°C,

preferably 200°-250°C, and preferably in the presence of neutral salts such

as sodium chloride, potassium chloride and calcium chioride. In U.S.
Patent 4,302,595 to Schoengen et al., a process is disclosed for preparing
fiber-grade terephthalic acid from intermediate stage crude
dimethylterephithalate wherein in one step of the process the crude
dimethylterephthalate, having a limited content of intermediate oxidation
products, is hydrolyzed in water in at least two stages at a temperature
between 140°C and 350°C preferably from 240° to 280°C in the first stage,
and 180° to 220°C in the second stage to produce a reaction mixture
containing terephthalic acid. Although a hydrolysis temperature of up to
350°C is disclosed in the Schoengen et al. patent, the examples provided
therein use a temperature of 250°C, and it is taught that hydrolysis
temperatures above 300°C do not ensure economical operation.

According to the invention there is provided. a process for preparing purified 2,6~
naphthalenedicarboxylic acid comprising:

a) hydrolyzing, in the absence or substantial absence of at least one of {j)
a hydrolysis catalyst, and (i) a monocarboxylic acid cosolvent, a dialkyl-2,6-
naphthalenedicarboxylate with water at a reaction temperature of at least 232.2°C
(450°F) under liquid phase conditions and for a time sufficient to convert a major
portion of the dialkyl-—2,6—naphtﬁalenedicarboxylate to 2,6-naphthalenedicarboxylic

acid thereby forming a reaction product mixture, the amount of water present being -

sufficient to solubilize, at the reaction temperature, at least 10 weight percent of the
2,6-naphthalenedicarboxylic acid formed; and

b) recovering 2,6-naphthalenedicarboxylic acid from the reaction product
mixture.

This process produces 2,6-naphthalenedicarboxylic acid in the form
of large particles which are desirable for filtering and washing operations,
and for preparing polyesters such as PEN. Additionally, although one or
more hydrolysis catalysts can be added to the hydrolysis reaction, the
instant process proceeds at high reaction rates and produces large panticle
size product even in the absence of an added hydrolysis'catalyst or co-

solvent .sqch as a monocarboxylic acid. ment sheet
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12. A Qorrp05| tion consisting essentially of 2,6-naphthal enedi carboxylic
acid an8l ethyl ene glycol having a Brookfield viscosity of no nore than 1 Pa
s (1000 centipoise) and a nole ratio of ethylene glycol to

2, 6- napht hal enedi car boxylic acid of n re than 4:1, respectively. 13. A

conposition m&i}'ng to Claim1l wherein the Brookfield viscosity is no
nore than 3 000 centipoise) and the nole'ratio of ethylene glycol to
2, 6- napht hal enedi carboxylic acid is no nore than 3.5:1, respectively.

1. A process for preparing purified 2,6-naphthalenedicarboxylic acid
comprising: '
a) hydrolyzing, in the absence or substantial absence of at least one
of () a hydrolysis catalyst, and (i) a monocarboxylic acid cosolvent, a
' dialkyl-2,64riaphthalenedicarboxylate with water at a reaction temperature of
at least 232.2°C (450°F) under liquid phase conditions and for a time sufficient
fo convert a major portion of the dialkyl-2,6—naphthalenedicarboxy!ate to
2,6-naphthalenedicarboxylic acid thereby forming a reaction product mixture,
the amount of water present being sufficient to solubilize, at the reaction
temperature, at least 10 weight percent of the 2,6—naphthalenedicarboxylic acid
formed; and ' '
b) récovering 2,6~naphthalenedicarboxylic acid from the reaction
‘product mixture.

2. A process according to Claim 1 wherein the amount of water present is
an amount sufficient to solubilize at least 50 weight percent of the
2,6—-naphthalenedicarboxylic acid present in the reaction product mixture.

3. A process according to Claim 1 wherein the amount of water present in
an amount sufficient to solubilize substantially all of the
2,6—-naphthalenedicarboxylic acid present in the reaction product mixture.

4, A process according to any of Claims 1 to 3 wherein the reaction
temperature is at least 298.9°C (570°F). |

5. A process according to any of Claims 1 to 4 wherein the
dialkyl—2,6-naphthalenedicarbdxylate, is dimethyl
2,6-naphthalenedicarboxylate.

6. A process according to any of Claims 1 to 5 for producing 2,6-
naphthalenedicarboxylic acid having an average particle size of at least 10~*m
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(100 microns).

7. 2,6-naphthalenedicarboxylic acid having an average particle size of at
least 10™*m (100 microns).

8. 2,6—-napthalenedicarboxylic acid having an average particle size of at
least 1.25 x 10™*m (125 microns).

9. 2,6—naphthalenedicarboxylic acid having an average particle size of least
1.75 X 10™*m (175 microns).

10.  2,6-naphthalenedicarboxylic acid having an average particle size of at
least 1.95 x 10™*m (195 microns).

11. A composition comprising 2,6—naphthalenedicarboxylic acid and a glycol
wherein the 2,6—-naphthalenedicarboxylic acid has an average patrticle size of
at least 10*m (100 microns).

12. A composition consisting essentially of 2,6-naphthalenedicarboxylic acid
and ethylene glycol having a Brookfield viscosity of no more than 1 Pa s (1000
centipoise) and a mole ratio of ethylene glycol to 2,6-naphthalenedicarboxylic
acid of no more than 4:1, respectively.

13. A composition according to Claim 11 wherein the Brookfield viscosity is
no more than 3 Pa s (3000 centipoise) and the mole ratio of ethylene glycol to
2,6—-naphthalenedicarboxylic acid is no more than 3.5:1, respectively.
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