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METHOD TO REDUCE CARBOXYBENZALDEHYDE
ISOMERS IN TEREPHTHALIC ACID OR ISOPHTHALIC ACID

RELATED APPLICATIONS

This application is a continuation-in-part of co-pending U.S. Application
Serial No. 09/074,251, filed May 7, 1998, entitled Method and Apparatus for
Preparing Purified Terephthalic Acid, which is a divisional of co-pending U.S. '
Application Serial No. 08/477,898, filed June 7, 1995, entitled Method aﬁd
Apparatus for Preparing Purified Terephthalic Acid, now U.S. Patent No.
5,767,311, and is also a continuation-in-part of U.S. Application Serial No.
08/962,030, filed October 31, 1997, entitled Method and Apparatus for Preparing
Purified Terephthalic Acid, which is a continuation-in-part of co-pending U.S.
Application Serial No. 08/760,890, filed December 6, 1996, entitled Method and
Apparatus for Preparing Purified Terephthalic Acid, which is in tun a
continuation-in-part of copending U.S. Application Serial No. 08/477,898, filed
June 7, 1995, entitled Method and Apparatus for Preparing Purified Terephthalic
Acid, now U.S. Patent No. 5,767,311, all four of which are assigned to the same
assignee as this application, and the totality of the disclosures of which are hereby

incorporated herein by reference for all purposes.

FIELD OF INVENTION

The present invention relates to methods for reducing 4-
carboxybenzaldehyde (4-CBA) and 3-carboxybenzaldehyde (3-CBA) and, more '
specifically, to a method for reduction of 4-CBA in crude terephthalic acid (TPA)
or 3-carboxybenzaldehyde (3-CBA) in crude isophthalic acid (IPA).
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BACKGROUND OF THE INVENTION

Recent advances in terephthalic acid (TPA) manufacturing processes
require relatively high p-xylene purity (99.7+ %) in order to improve the quality
of the product and reduce the costs of manufacturing. This is because such
processes use hydrogenation as the main method for purifying the crude
terephthalic acid produced in the oxidation section of the processes. Although the -
hy.drogenation method is very selective for elimination of the major impurity, 4-
carboxybenzaldehyde (4-CBA), by converting it to p-toluic acid, such methods can
tolerate only very small amounts of 4-CBA (preferably less than 3,000 ppm).

The small amount of 4-CBA (or 3-CBA in isophthalic acid (IPA)
production) can not be oxidized to TPA (or IPA) in the oxidizer, because the
solvent used in the oxidizer, acetic acid, is a poor solvent to significantly dissolve
TPA (or IPA) and 4-CBA (or 3-CBA). In fact, in traditional processes almost all
the TPA (orIPA) and 4-CBA (or 3-CBA) produced are precipitated in the oxidizer
to form a slurry. Therefore, a small amount of 4-CBA (or 3-CBA) is encapsulated
inside of the TPA (or IPA) solids, and can not be further oxidized by air to form
TPA (or IPA) in the oxidizer.. It should be noted that even though the 4-CBA (or
3-CBA) is an aldehyde which can easily be oxidized to TPA (or IPA) by air under
the oxidizer operating conditions, since it is present as a solid, it is not readily
oxidized. = Thus, there remains a need for a method for reduction of 4-CBA
or 3-CBA from crude TPA or crude IPA, respectively, without encountering the
disadvantages outlined above.

SUMMARY OF THE INVENTION

In accordance with the present invention there is provided a method for
reducing carboxybenzaldehyde isomers (4-CBA or 3-CBA) from crude TPA/IPA,
whereby crude TPA or crude IPA is dissolved in N-methyl pyrrolidone (NMP) and

is then contacted with substantially anhydrous hydrogen peroxide (containing an
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optimized amount of water) or with air to convert 4-CBA to TPA (or 3-CBA to
IPA) at a conversion rate of 40% to 50% per pass, under moderate temperature and
pressure.

An important aspect of the present invention is related to the development
of proprietary solvents which can completely dissolve both TPA (or IPA) and 4-
CBA (or 3-CBA) in the crude TPA (or IPA) solids produced by the oxidizer. -
Another aspect of the invention is related to the development of the methods and
conditions to react the dissolved 4-CBA (or 3-CBA) with oxidants, such as
hydrogen peroxide, pure oxygen, air, or other oxidants, in a manner where the
oxidant has minimum adverse effects on the solvent in the solution. Using the
present invention, major impurities (¢.g., 4-CBA or 3-CBA) can be oxidized to
desired products (e.g.,. TPA or IPA) which in turn can be recovered within the
process, thereby increasing p-xylene (or m-xylene) yields.

Characteristics of éBA oxidants useful in the present invention include
oxidants: (8) in which no additional impurities or by-products are introduced to
the process other than water; (b) which can be concentrated in stable form in the
preferred solvent such as N-methyl pyrrolidone (NMP) (or methanol for IPA
purification); (c) with which relatively high conversion of CBA can be obtained
with a low molar ratio of oxidant/CBA; and (d) with which the product of
oxidation should be substantially TPA (or IPA) with water as a byproduct, Itis
to be understood that the term “CBA oxidants™ is intended for purposes of this
application to encompass all oxidants which are useful in the oxidation of 4-CBA -
and 3-CBA to TPA and IPA, respectively, as de-scribed herein.

In accordance with the invention, one of the preferred CBA oxidants is
substantially anhydrous hydrogen peroxide concentrated in a preferred solvent
with a small amount of water added. This CBA oxidant is preferred for oxidation
of minor amounts of 4-CBA (or 3-CBA) contained in solution. Anhydrous
hydrogen peroxide is highly reactive, commercially available, and degradation
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products are environmentally benign. Hydrogen peroxide can be concentrated in
stable form in NMP (one of the prefetred solvents for CBA oxidation).

In accordance with the invention, another preferred CBA oxidant is air (or
pure oxygen) for oxidation of a minor amount of 4-CBA (or 3-CBA) contained in
the Solution.

Although substantially anhydrous hydrogen peroxide and air (or pl.;re :
oxygen) are preferred CBA oxidants, it is to be understood that, in accordance
with the iﬁvention, the CBA oxidants useful for conversion of CBA isomers in
conjunction with the present invention can be selected from various oxidants
which are capable of oxidizing aldehydes in solutions, inéluding, without

limitation, hydrogen peroxide in water, ozone, carbon tetrachloride,

'trichloroacetaldehyde, hexamine, acetone, cyclohexanone, benzophenone,

cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants, glyoxals and
organic peroxy acids, which include performic acid, peracetic acid, perbenzoic

acid, perpropionic acid, permaleic acid, and perphthalic acid.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the methods of the present invention
may be obtained by reference to the following Detailed Description when taken
in conjunction with the accompanying Drawings wherein:

FIGURE 1 is a schematic representation of a method of production of TPA
and IPA from mixed xylenes; and |

FIGURE 2 is a schematic representation of an embodiment of the
imﬁroved - carboxybenzaldehyde isomers reduction method of the present

invention.
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The present invention relates to the a method for reducing -

carboxybenzaldehyde isomers from crude TPA or IPA. For illustration purposes,
an embodiment 6f the method of the present invention will be discussed in
connection with a recently developed process for the production of TPA and IPA
from mixed xylenes. .

* Now referring to FIGURE 1, there is illustrated a schematic representatioh
of a new method for the production of TPA and IPA from mixed xylenes. This
new method is more fully detailed in co-pending Application Serial No.
09/097,930, filed June 16, 1998, also assigned to the assignee of the invention
described herein, the totality of the subject matter thereof being incorporated
herein by reference for all purposes.

In FIGURE 1, crude TPA from the oxidation section (containing mainly
TPA and minor amounts of 4-CBA and p-toluic acid) is fed to Dissolver I through
Line 1 to mix with the mother liquor from Filter II (through Line 7) and the slurry
ﬁoh! Filter IV (through Line 26). The temperature in the Dissolver I is maintained
at 160°C to 180°C so as to completely dissolve the solids.

The saturated solution from the Dissolver I is then fed continuously to 2
first cooling crystallizer (Crystallizer I) via Line 2 to generate TPA salt crystals at
30°C 10 50°C. The slurry containing said TPA salt crystals exits the Crystallizer
I through Line 3 to a Filter I where the crude cake is removed and fed to the

Dissolver Il through Line 4. In the Dissolver II the cake is re-dissolved in clean -

NMP recycled through Line 20 from NMP/water distillation column (Distillation).
Again, the temperature in the Dissolver II is kept at 160°C to 180°C. to
completely dissolve the TPA salt crystals. The saturated solution from the
Dissolver II is continuously fed through Line 5 to a Crystallizer II where the
temperature is maintained at a minimum of 60°C to prevent the formation of salt

TPA crystals. The degree of temperature reduction in the Crystallizer II is
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controlled by the amount of NMP flashed through the Crystallizer Il via pressure
reduction. The flashed NMP is recycled to the Dissolver I through Line 27.

The slurry from the Crystallizer II is fed to a Filter I through Line 6 where
the purified TPA solid cake is recovered and sent to.a Cake Wash via Line 8,
while the mother liquor is recycled to Dissolver I via Line 7. In the Cake Wash,
the bulk residual NMP in the cake is removed via counter-current washi;lg :
techniques using water and, thereafter, the washed cake is fed through Line 10 to
a soaker (Water Crystallizer) for removal of any trace NMP in the TPA cake via
washing with water at temperatures of between 160°C and 280°C. The NMP-free
TPA cake is then provided via Line 12 to Filter III where it is filtered before being
provided via Line 14 to Dryer I for drying to yield the final TPA product.

The mother liquor from Filter I (containing solvent (e.g. NMP), TPA, 4-
CBA, p-toluic acid and other minor impurities) is transferred via Line 15 to a CBA
Oxidizer to react hydrogen peroxide in NMP (with a proper amount of water).
The CBA Oxidizer is preferably operated at 25°C to 50°C and under pressure of
between about 1 atmosphere and about 5 atniospheres. Approximately 40%-60%
of the 4-CBA in the mother liquor from Filter I is converted to TPA via the
process described above. The effluent from the CBA Oxidizer is transferred to the
Evaporator via Line 16 to evaporate off NMP and water from the mixture. The
resulting concentrated solution is removed from the bottom of the Evaporator and
is pfovided via Line 19 to a Crystallizer IIl. In the Crystallizer III, solids recovery
is maximized by operating the Crystallizer Il at a temperature of between 0°C and -
60°C and under pressure. The slurry producéd from the Crystallizer II is
subsequently transferred through Line 23 to Filter IV, where the cake is recycled
to the Dissolver I via Line 26 and a major portion of the mother liquor is recycled
to the Evaporator via Line 24. A small remaining portion of the mother liquor is

purged via Line 25.
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The NMP and water mixture from the Evaporator is provided to a
distillation column (Distillation) via Line 18, where water is recovered as the
overhead stream and sent to the Cake Wash via Line 21. Solvent (e.g., NMP) is
recovered as a bottom product of the Distillation and recycled to the Dissolver II
via Line 20.

The following examples illustrate the effectiveness of the CBA oxidan'; in *
converting 4-CBA to TPA in an organic solution such as NMP, which is the
principle and feature of this invention.

Example 1
This example describes the reduction of 4-CBA to TPA in the prescnce of

-hydrogen peroxide as determined by gas chromatography using the process of the

present invention. A solution of 4-CBA in NMP was prepared. This solution was
heated to 120°C for approximately 6 hours. The solution was then divided into
four 30 ml samples. To one sample, .commercially available 30 wt% hydrogen
peroxide was added as an oxidizing agent. The other three samples were heated
for an additional 2 hours at 120°C before oxidizing agents were added to two of -
the samples. The oxidants used were 30 wt% hydrogen peroxide and potassium
permanganate (KMnO,). After the addition of the oxidants, the samples were
heated for an additional two hours. Those containing hydrogen peroxide were
heated at 100° C, while the one containing KMnO, was kept at 120° C. Table 1
presents a summary of these results. As can be seen, the hydrogen peroxide is
effective at oxidiziflg 4-CBA to TPA (samples 1B and 2). The other strong *
oxidizing agent, potassium permanganate, (sample 1C), did not oxidize the 4-CBA
to TPA. The control (sample 1A) also showed no oxidation of 4-CBA to TPA.
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Table 1
Sample Initial Oxidant | Oxidizing | 4-CBA | TPA | Benzoic | p-Toluic
treatment conditions | (ppm) | (ppm) Acid Acid
conditions (ppm) | _(ppm)
Feed 6hr@ - 81,775 0 0 1,625
120° C
1A Shr@ - 76,025 0 2 " 1,550
: 120°C :
1B Shr@ H,0, ihr@ 46,500 | 64,800 2 1,450
' 120°C 100°C
1C Shr@ KMnO, | 4br@ | 74,450 0 2 13
120° C ' 120° C
2 6hr@ H,0, 2hr@ | 48,050 | 68,225 240 1,500
120°C 100° C
Example 2

Example 2 illustrates the effect of reaction time on the amount of TPA
produced from 4-CBA within the process of the present invention. The oxidation
occurs rapidly as no significant change can be seen in the concentration of 4-CBA
after the first minute of reaction.” This example also indicates that reaction
temperature has little effect on the reaction rate. In this experiment, the .feed
solution was divided into equal portions, each weighing approximately 25 grams.
These samples were heated to the temperature shown in the tables below using an
oil bath. One sample from each test was designated as a control with no oxidant
addition. A solution of anhydrous hydrogen peroxide was prepared by adding
commercially available 30 wt% hydrogen peroxi(ie in water to NMP and distilling
off the water, resulting in a virtually anhydrous hydrogen peroxide solution
stabilized in NMP. A designated amount of anhydrous hydrogen peroxide was
added to the remaining samples. A solution of 40 wt% sodium thiosulfaté (STS)

was prepared in HPLC water. After a specified reaction period, STS was added
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in excess to quench the oxidation reaction. Each sample was removed from the
oil bath and cooled to room temperature (where applicable). The samples were

then filtered and the filtrate analyzed by gas chromatography. The results are

shown in Tables 2 through 5.
5 _ Table 2 L
Reaction §| Molar Ratio Molar Ratio Reaction Final 4-
Temper- | H,0,/4-CBA STS/ H,0, Time CBA
ature (Min). Concentra
(°C)
90 control
20 . . 0.08
90 . . 1
10 _ 90 . 3. 5
90 . - ] 15
20 . . 30
90 . . 60
Table 3
15 Reaction ' Molar Ratio Reaction

Temper- STS/ H;0, Time CBA
ature (°C) (min) Concentra

23 ' control
23 ) . 0.08
23 6. ; 1
23 . . 5
20 23 X . 15
23 . : . 30
23 . 60
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Reaction
Temp
O

Molar Ratio
H,0,/4-CBA

Table 4

Molar Ratio

STS/ H,0,

PCT/US99/11005

Reaction
Time
(Min)

90

control

Final 4- |
CBA
Concentra

- 90

1

Molar Ratio
H,0,/4-CBA

Table 5

Molar Ratio
STS/ H,0,

control

- Example 3

Example 3 illustrates the effect of the relative amount of hydrogen

peroxnde to 4-CBA on the conversion of 4-CBA to TPA using the present

invention process. This example also illustrates the necessity of having a small

- amount of water present to aid in the oxidation reaction. Two solutions of 4-CBA

and TPA in NMP were prepared and heated at 165° C for approximately 10

minutes to ensure complete dissolution. The concentration of TPA in these

solutions was four times the concentration of 4-CBA. The solutions were cooled

to 23° C, and separated into samples. Varying amounts of water and anhydrous

hydrogen peroxide in NMP were added to each sample. A control sample, to

which no water or hydrogen peroxide was added, was included. The samples were

then analyzed by gas chromatography for 4-CBA. Analytical results were

compensated to eliminate the effects of dilution. Table 6 summarizes the results.

10
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It is evident from Sample 1, 3 and 13 that for a given mole ratio of H,0,/4-CBA,
the presence of water significantly increased the conversion of 4-CBA to TPA.

Table 6
Sample | Feed 4- | Moleratio | Moleratio } Product4-CBA | Conversion
CBA H,0/4- H,0,/4- conc. (ppm) (% 4-CBA
conc. CBA CBA reacted)
(ppm)
5 1 5,061 0 10.92 4,403 13-
2 5,061 1.13 11.16 2,713 46
3 5,061 0.62 10.69 1,878 63
4 5,061 0 0 5,061 0
5 9,890 0.99 - 548 5,654 43
10 6 9,890 0.51 5.39 5,871 41
7 9,890 0.23 5.39 5,860 41
8 9,890 0.09 5.38 5,377 45
9 - 9,890 2.01 5.56 5,547 44
10 9,890 4.83 576 5412 45
15 11 9,890 0.47 1.06 7,983 19
12 9,890 0.48 2.53 1,775 21
13 9,890 0.51 10.42 4,352 56
Although preferred embodiments of the method of the present invention
have been illustrated in the accompanying Drawings and Tables and described in
20 the foregoing Detailed Description, it will be understood that the invention is not

- limited to the embodiments disclosed, but is capable of numerous rearrangements, -
modifications and substitutions without departing from the spirit of the invention
as set forth and defined by the following claims.

11
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WHAT IS CLAIMED IS:
1. A method for reducing 4-carboxybenzaldehyde (4-CBA) in
“terephthalic acid (TPA) production or 3-carboxybenzaldehyde (3-CBA) in
isophthalic acid production comprising:
(a) dissolving the crude TPA (or crude IPA) in a solvent at a
5 temperature of from about 50° C to about 250°C to form a solution; |
(b) crystallizing purified acid from said solution by reducing the
temperature and/or pressure thereof; '
(c) separating said crystallized purified TPA from said solution;
(d) adding an oxidant to CBA oxidizer to oxidize said filtered
10 solution in (c) causing 4-CBA (or 3-CBA) to convert to TPA (or IPA);
(e) evaporating the solvent from the said solution from (d);
(f) cooling the concentrated solution from (e) to crystallize
additional purified TPA and filtering the said slurry; and
recycling the major portion of the mother liquor from (f) to dissolver in (a)

15 and a minor portion of the mother liquor from (f) to a purge stream.

2, A method in accordance with Claim 1 said oxidant is selected the
group consists of anhydrous hydrogen peroxide in organic solvents, air, enriched
air, pure oxygen, hydrogen peroxide in water, ozone, carbon tetrachloride,
trichloroacetaldehyde, hexamine, acetone, cyclohexanone, benzophenone,

20 cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants, glyoxals, organic
peroxy acids, such as performic acid, peracetic acid, perbenzoic acid, perpropionic

acid, permaleic acid, and perphthalic acid.

12
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3. A method in accordance with Claim 2 in which said 4-CBA (or 3-
CBA) oxidant consists of hydrogen peroxide with 0 to 5 wt% water stabilized in
NMP.

.4. A method in accordance with Claim 2 in which said 4-CBA (or 3-
CBA) oxidant is air. '

5. A method in accordance with Claim 1 in which said dispersion
(crude TPA) contains at least 80 to 99+ % terephthalic acid (TPA), 0 to 20 %
isophthalic acid (IPA), and minor amounts of 4-carboxyaldehyde (4-CBA), 3-
carboxyaldehyde (3-CBA) and impurities selected from unreacted starting

materials, solvents, products of side reactions and/or other undesired materials.

6. A method in accordance with Claim 1 in which said dispersion
(crude IPA) contains 95+ % IPA, 0 to 5 % 3-CBA, and minor amounts of
impurities selected from unreacted starting materials, solvents, products of side

reactions and/or other undesired materials.

7. A method in accordance with Claim 1 wherein said solvent for
dissolving crude TPA (or IPA) is selected from the group consisting of N-methyl
pyrrolidone (NMP), N,N-dimethy] acetamide, N,N-dimethyl formamide, N-formy!
piperidine, N-alkyl-2-pymrolidone (including N-ethyl pyrrolidone), N-
mercaptoalkyl-2-pyrrolidone (including N-mercaptoethyl-2-pyrrolidone), N-alkyl-
2-thiopyrrolidone (including N-methyl-2-thiopyrrolidone), N-hydroxyalkyl-2-
pyrrolidone (including N-hydroxyethyl-2-pyrrolidone), the morpholines (including
morpholine, and N-formyl morpholine), the carbitols, C, to C,, alcohols, the

ethers, the amines, the amides, and the esters, and mixtures thereof.

13
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8. A method in accordance with Claim 7 wherein said solvent for

TPA is N-methyl pyrrolidone or N,N-dimethyl acetamide.

9. A method in accordance with Claim 8 wherein said selective

crystallization solvent for TPA purification is N-methyl pyrrolidone.

5 10.  Amethod in accordance with Claim 7 wherein said solvent for [IPA

is N-methyl pyrrolidone, N,N-dimethyl acetamide, or methanol.

11. A method in accordance with Claim 10 wherein said solvent for

IPA is N-methyl pyrrolidone.

12. A method in accordance with Claim 1 wherein said crude CBA.

10 oxidizer is operated at 0° C to 150° C under 1 atm to 20 atm pressure.

13. A method in accordance with Claim 1 wherein said CBA oxidizer

is operated at a hydrogen peroxide- t0-CBA mole ratio of 0.5 to 15.
14, A method in accordance with Claim 1 wherein said CBA oxidizer
is operated at a water-to-CBA mole ratio of 0 to 5, using hydrogen peroxide

15 stabilized in NMP as the oxidant.

15. A method in accordance with Claim 1 wherein said CBA oxidizer

is operated at an air-to-CBA mole ratio of 1 to 100, using air as the oxidant.

16. A method in accordance with Claim 1 wherein the reaction

residence time in said CBA oxidizer is 0.1 minute to 6 hours.

14
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17. A method for reducing 4-carboxybenzaldehyde (4-CBA) in
terephthalic acid (TPA) production or 3-carboxybenzaldehyde (3-CBA) in
isophthalic acid production comprising:

(a) dissolving the crude TPA (or crude IPA) in a solvent at a temperature
of from about 50° C to about 250°C to form a solution;

(b) adding an oxidant to the said solution in (a) to convert a signiﬁca;lt :
portion of 4-CBA (or 3-CBA) to TPA (or IPA); '

(c) crystallizing purified TPA (or IPA) from said solution by reducing the
temperature and/or pressure thereof; '

(d) separating said crystallized purified TPA (or IPA) from said solution;

(e) evaporating the solvent from the said mother liquor from (d);

(D) cooling the said concentrated solution from () to crystallize additional
purified TPA (or IPA);

(g) separating the said crystallized TPA (or IPA) from (f); and

recycling the major portion of the mother liquor from (g) to (a) and

sending a minor portion of the mother liquor from (g) to a purge stream.

18. A method in accordance with Claim 17 said oxidant is selected the
group consists of aﬂhydrous hydrogen peroxide in organic solvents, air, enriched
air, pure oxygen, hydrogen p_eroxide in water, ozone, carbon tetrachloride,
trichloroacetaldehyde, hexamine, acetone, cyclohexanone, benzophenone,
cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants, glyoxals, organic
peroxy acids, such as performic acid, peracetic acid, perbenzoic acid, perpropionic

acid, permaleic acid, and perphthalic acid.

15
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19. A method in accordance with Claim 18 in which said 4-CBA (or
3-CBA) oxidant consists of hydrogen peroxide with 0 to 5 wt% water stabilized
in NMP.

20. A method in accordance with Claim 18 in which said 4-CBA (or
3-CBA) oxidant is air.

21. A method in accordance with Claim 17 in which said dispersion
(crude TPA) contains at least 80 to 99+ % terephthalic acid (TPA), 0 t0 20 %
isophthalic acid (IPA), and minor amounts of 4-carboxyaldehyde (4-CBA), 3-
cérbdxyaldehyde (3-CBA) and impurities selected from unreacted starting

materials, solvents, products of side reactions and/or other undesired materials.

22. A method in accordance with Claim 17 in which said dispersion
(crude IPA) contains 95+ % IPA, 0 to 5 % 3-CBA, and minor amounts of
impurities selected from unreacted starting materials, solvents, products of side

reactions and/or other undesired materials.

23. A method in accordance with Claim 17 wherein said solvent for
dissolving crude TPA (or IPA) is selected from the group consisting of N-methyl
pyrrolidone (NMP), N,N-dimethyl acetamide, N,N-dimethyl formamide, N-formyl
piperidine, N-alkyl-2-pyrrolidone (including N-ethyl pyrrolidone), N-
mercaptoalkyl-2-pyrrolidone (including N-mercaptoethyl-2-pyrrolidone), N-alkyl-
2-thiopyrrolidone (including N-methyl-2-thiopyrrolidone), N-hydroxyalkyl-2-
pyrrolidone (including N-hydroxyethyl-2-pyrrolidone), the morpholines (including
morpholine, and N-formyl morpholine), the carbitols, C, to C,, aicohols, the

ethers, the amines, the amides, and the esters, and mixtures thereof.

16
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24. A method in accordance with Claim 23 wherein said solvent for

TPA is N-methyl pyrrolidone or N,N-dimethyl acetamide.

25. A method in accordance with Claim 24 wherein said selective

crystallization solvent for TPA purification is N-methyl pyrrolidone.

26. A method in accordance with Claim 23 wherein said solvent fdr

IPA is N-methyl pyrrolidone, N,N-dimethyl acetamide, or methanol.

27. A method in accordance with Claim 26 wherein said solvent for

IPA is N-methyl pyrrolidone.

28. A method in accordance with Claim 17 wherein said crude TPA (or
IPA) dissolver also serves as CBA oxidizer and is operated at 50° C to 250° C
under 1 atm to 20 atm pressure. '

29.  Amethod in accordance with Claim 17 wherein said crude TPA (or
IPA) dissolver also serves as CBA oxidizer and is operated at a hydrogen
peroxide- to-CBA mole ratio of 0.5 to 15.

30. A method in accordance with Claim 17 wherein said crude TPA (or
IPA) dissolver also serves as CBA oxidizer and is operated at g water-to-CBA
mole ratio of 0 to 5, using hydrogen peroxide stabilized in NMP as the oxidant.

31.  Amethod in accordance with Claim 17 wherein said crude TPA (or

IPA) dissolver also serves as CBA oxidizer and is operatéd at an air-to-CBA mole

ratio of 1 to 100, using air as the oxidant.

17
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32. A method in accordance with Claim 17 wherein the reaction

residence time of oxidant in said crude TPA (or IPA) dissolver which also serves

as CBA _oxidizer is 0.1' minute to 6 hours.

33. A method in accordance with Claim 1 wherein said crude CBA
oxidizer is operated at 20°C to 100° C under 1 atm to 5 atm pressure.

34, A method in accordance with Claim 1 wherein said CBA oxidizer

is operated at a hydrogen peroxide- to-CBA mole ratio of 2 to 5.

35. A method in accordance with Claim 1 wherein said CBA oxidizer
is operated at a water-to-CBA mole ratio of 1 to 5, using hydrogen peroxide
stabilized in NMP as the oxidant. |

36. A method in accordance with Claim 1 wherein said CBA oxidizer

is operated at an air-to-CBA mole ratio of 1 to 20, using air as the oxidant,

37. A method in accordance with Claim 1 wherein the reaction

residence time in said CBA oxidizer is 1 minute to 5 minutes.

38. A method in accordance with Claim 17 wherein said crude TPA (or

IPA) dissolver also serves as CBA oxidizer and is operated at 100° C to 180° C '

under 1 atm to 5 atm pressure.
39. A method inaccordance with Claim 17 wherein said crude TPA (or

IPA) dissolver also serves as CBA oxidizer and is operated at a hydrogen

peroxide- to-CBA mole ratio 2 to 5.
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40. A method in accordance with Claim 17 wherein said crude TPA (or
IPA) dissolver also serves as CBA oxidizer and is operated at a water-to-CBA

mole ratio of 1 to 5, using hydrogen peroxide stabilized in NMP as the oxidant.

41.  Amethodinaccordance with Claim 17 wherein said crude TPA (or
IPA) dissolver also serves as CBA oxidizer and is operated at an air-to-CBA mole ~
ratio of 1 to 20, using air as the oxidant.

42. A method in accordance with Claim 17 wherein the reaction

residence time of oxidant in said crude TPA (or IPA) dissolver which also serves

as CBA oxidizer is 1 minute to 5 minutes.
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