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DESCRIPTION

CROSSFLOW TYPE FILTERING OPERATION METHOD USING CERAMIC
FILTER

TECHNICAL FIELD
[0001]

The present invention relates to a filtering operation method of a
ceramic filter used in solid-liquid separation for removing fine crystals
contained in an oxidation reaction mother liquor obtained in a process for

producing an aromatic carboxylic acid to obtain a clear filtrate.

BACKGROUND ART
(0002]

Aromatic carboxylic acids are produced by liguid-phase oxidation
reaction of alkyl group-containing aromatic hydrocarbons. In this reaction, a
heavy metal catalyst such as cobalt and manganese, or the catalyst to which a
promoter such as a bromine compound and an aldehyde is further added is
usually used in the presence of an acetic acid solvent.

An aromatic carboxylic acid-containing slurry obtained from such a
liguid-phase oxidation reaction is usually subjected to crystallization to reduce
its temperature and then subjected to solid-liquid separation under a pressure
close to normal pressures to thereby obtain a cake of an aromatic carboxylic
acid.

On the other hand, an oxidation reaction mother liquor obtained in the
solid-liquid separation contains useful catalyst components derived from the
catalyst such as heavy metal ions and bromide ions. When industrially
practicing the above reaction, it is necessaxy to recycle and reuse these catalyst
components and thereby reduce production costs.

[0003]
The simplest recycling method is a method in which the oxidation
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reaction mother liquor is fed as itself back to a reaction system and reused
therein (mother liquor recycling), and this method has been extensively used in
commercial production processes. However, the oxidation reaction mother
liquor contains various organic impurities by-produced in the liquid-phase
oxidation reaction or inorganic impurities produced owing to corrosion of an
apparatus used. If the oxidation reaction mother liquor is reused as itself in
the reaction system, the conceniration of thesé impurities in the reaction
system tends to be gradually increased. As a result, it has been confirmed
th_at when the concentration of the impurities exceeds a predetermined level,
the liguid-phase oxidation reaction tends to be adversely affected.

For example, it has been reported that if the aromatic carboxylic acid is
isophthalic acid, the proportion of the oxidation reaction mother liquor fed back
to the reaction system (mother liquor recycling rate) is usually from 60 to 90%.
The remaining oxidation reaction mother liquor which does not serve for reuse
in the reaction system and is present in an amount of from 10 to 40% is fed to a
step of recovering acetic acid as a solvent (the mother liguor not fed back to the
reaction system is called a "purge mother liguor”). Also, it has been reported if
the aromatic carboxylic acid is 2,6-naphthalenedicarboxylic acid, the proportion
of the oxidation reaction mother liquor fed back to the reaction system is
usually from 30 to 90%. The remaining oxidation reaction mother lquor
which does not serve for reuse in the reaction system and is present in an
amount of from 10 to 70% is fed to a step of recovering acetic acid as a solvent.

As a method of recovering the catalyst components from the oxidation
reaction mother liquor fed to the acetic acid recovering step and reusing it,
there have been proposed the method using an anion-exchange resin (Patent
Documents 1 to 4) and the method using a pyridine ring-containing chelate
resin (vefer to Patent Documents 5 and 6).

[0004]

In Patent Document 2, it is described that an oxidation reaction mother
liquor contains fine aromatic carboxylic acid crystals leaked from an aromatic
carboxylic acid slurry upon solid-liquid separation thereof or precipitated by

temperature drop of the oxidation reaction mother liquor, and therefore when
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continuously feeding the oxidation reaction mother liquor to a resin column to
contact with a resin, it is necessary to remove the fine crystals using a filten,
ete., in order to prevent deposition of the fine crystals on an upper portion or an
inside portion of a resin layer. However, Patent Document 2 fails to describe a
specific method for removing the fine crystals. In Patent Document 3, it is
described that solids need to be removed by filtering the oxidation reaction
mother liquor in advance, at a temperature not higher than a temperature of
the operation. Although an installation place of a high-grade filter for
removing the fine crystals is specified in a schematic flow-diagram of the
process, details of the filter itself is not described. In Patent Documents 5 and
8, it is described that an oxidation reaction slurry is preferably subjected to
solid-liquid separation such that a content of crystals in the oxidation reaction
mother liquor is 0.1% or less, but a filter for removing the fine crystals is not
described.

{0008]
In Patent Document 4, it is described that a mother liguor purge flow is

filtered through a filter medium to recover and recycle an insoluble aromatic
carboxylic acid and the other insoluble components. As examples of the filter
medium, there are mentioned a microfiliration filter medium, an ultrafiliration
filter medium, a membrane filter medium, a cross-flow filter medium, a
hydro-cyclone filter medium, a cross-flow ceramic microfiltration filter medium,
a bag filter medium, a sintered metal cross-flow ceramic microfiltration filter
medium, a cross-flow microfiltration filter medium or the lhke. It is also
described that among these flter media the cross-flow filtration using an
anticorrosive and high temperatureresistant ceramic filter is preferred
because the aromatic carboxylic acid as a product material trapped on the filter
medium can be continuously removed and recovered. However, details of the
filtering operation are not disclosed, and it is merely described that a suitable
turbulence is obtained when a Reynolds number of a fluid entering into a flow
path of the ceramic filter is larger than about 13,000.
[0006]

When the an oxidation reaction mother liquor containing fine crystals is
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processed by a cross-flow filtration method using a ceramie filter, the fine
crystals deposited on a filtering membxrane of the ceramic filter are filtered
while always washing out with a circulating fluid flowing through a flow path
to obtain a clear filtrate. However, since a filtering performance is gradually
deteriorated owing to deposition of the fine crystals, it is required to interrupt
the filtering operation to clean the ceramic filter.

As the method of the cleaning, there may be used a method in which. the
cleaning is conducted by interrupting circulation of the oxidation reaction
mother liquor flowing through the flow path of the ceramic filtex, or 2 method in
which it is conducted while continuing the circulation thereof.

[0007]

In the method in which the circulation is interrupted, in order to
remove the deposited fine crystals, a wash solvent capable of dissolving the fine
crystals (specifically, for example, an acetic acid solvent) flows through the flow
path of the ceramic filter to clean a surface of the filtering membrane, and the
wash solvent flows from the flow path side to the filtration side to penetrate
through the filtering membrane (normal washing with the wash solvent). In
addition, the wash solvent is effectively made to penetrate from the filtration
side to the flow path side of the ceramic filter (back washing with the wash
solvent). Thus, by using the method in which the circulation is intexrupted, it
is possible to fully clean the ceramic filter and completely restore a filtexing
performance thereof (refer to Patent Documents 7 and 8). However, the
method in which the circulation is intexrupted has various problems such as
need of using a large amount of the wash solvent, time-consuming procedure,
complicated valve operations upon feed and interrvuption of the oxidation
reaction mother liquor as well as upon feed and interruption of the wash
solvent, occurrence of treatment of a large amount of the used wash solvent,

and so on.

[0008]
In the method of cleaning the ceramic filter in which the circulation of

the oxidation reaction mother liquor is not intexrupted, a filtrate is allowed to

penetrate from the filtration side to the flow path side of the ceramic filter
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(back washing with the filtrate). This method requires no fresh wash solvent
(producing no used wash solvent) and can be easily conducted only by
interrupting the filtering operation, so that a“ﬁltering performance of the
ceramic filter can be substantially restored. Therefore, the above method has
been frequently employed in filtering operations by a ceramie filter in a general
cross-flow type (vefer to Patent Documents 9 and 10).

[0009]

In Patent Document 9, it is described that while circulating a stock
solution, a pressure higher than that on the stock solution side is
instantaneously applied onto a filtrate in a filter container by a piston, and the
filtrate is forced into the filter at a linear velocity larger than the filtering
linear velocity to conduct the back washing operation of the filter. This
method is characterized in that the back washing time is very short.

From the contents of Examples in this document, it is construed that
the feature of the method resides in that when the filtering linear velocity is
lowered owing to clogging of the filter, the back washing operation with the
filtrate is conducted at a linear velocity larger than such a lowered filtering
linear velocity.

However, the above method has posed problems such as use of the
piston facility when industrially practiced. Further the differential pressure
applied upon the back washing operation is not described.

(0010]

In claim 7 of Patent Document 10, it is described that a filtrate is
reversely flowed from an outer periphery side to a flow path side of a filter to
remove particles fixed on a surface of a filtering membrane. In addition, in the
specification, it is described that upon conducting the cross-flow filtration, a
pericdic back washing is preferably performed in ordexr to prevent fixing of a
cake layer on the surface of the filtering membrane. There is mentioned such
a back washing mechanism that a sump for back washing (back washing pot) is
provided on a recovery side of the filtrate, and the filtrate is reversely flowed
toward the flow path side by an air compressor or a pump. Further, in

Example, as shown in FIG. 1, there is illustrated a structure including the air
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compressor and the back washing pot, which is capable of reversely flowing the
filtrate from the outer periphery side of the filter to the flow path side thereof.
However, any of these Patent Documents merely describe a general
back washing, but fail to describe requirements for efficiently conducting the
back washing operation. Also, as the back washing with the filtvate is
repeated, a recovery rate of a filtering performance is gradually lowered so that
the filter finally fails to exhibit a desired filtering performance. In such a case,
after the circulation of the oxidation reaction mother liquor is interrupted, the
ceramic filter should he cleaned by normal washing with the wash solvent

and/or back washing with the wash solvent.

Prior Art Documents
Patent Documents
[0011]

Patent Document 1: JP 53-102290A
Patent Document 2: JP 10-15320A
Patent Document 3° JP 2002-12573A
Patent Document 4: JP 2003-507160A
Patent Document 5: WO 2008/072561A
Patent Document 6: WO 2008/075572A
Patent Document 7' JP 3-131312A
Patent Document 8: JP 5-317024A
Patent Document 9: JP 63-51913A
Patent Document 10: JP 2000-140842A

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention
(0012}
Thus, in the operation for filtering fine aromatic carboxylic acid crystals

contained in an oxidation reaction mother liquor by a cross-flow filtration using
a ceramic filter in an aromatic carboxylic acid production process, there is still

present such a problem that the following filtering operation methods have not
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been found yet:

(1) a simple filtering operation method in which the filtering operation
with the ceramic filter can be conducted by the cross-flow filtration for a long
period of time without clogging; and

(2) a filtering operation method in which no use of a large amount of a

wash solvent is required.

Means for Solving the Problem

[0013]
As a result of extensive and intensive researches for achieving the

above object, the present inventors have found a stable and simple filtering
operation method and have accomplished the present invention.

That is, the present invention relates to the following aspects (1) to (8).
(1) A filtering operation method for filtering fine crystals contained in an
oxidation reaction mother liquor obtained in a process for producing an
aromatic carboxylic acid except for terephthalic acid by a cross-flow filtration
using a ceramic filter while conducting a flowing circulation operation of the
oxidation reaction mother liquor,

the method comprising:

conducting {I) an operation for filtering the fine crystals; and

conducting (II) a back washing operation with a filtrate while
maintaining the flowing circulation operation of the oxidation reaction mother
liquor, {(IT) the back washing operation with the filirate being conducted under
the following conditions:

(IT-A) an operation time thereof that is in the range of from 5 to 60 [s];

(II-B) a differential pressure between a filtration side and a flow path
side of the ceramic filter which is in the range of from 0.10 o 1.0 [MPa);

(I1-C) a feeding linear velocity of the filtrate that is in the range of from
1.0 to 20 [m/h}; and

(II-D) a temperature of the filtrate that is in the range of from “a
temperature of the oxidation reaction mother liquor" to “a temperature higher

by 85°C than that of the oxidation reaction mother liquor”.
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f0014]
(2) The filtering operation method as described in the above aspect (1), wherein

(I) the operation for filtering the fine crystals is carried out under the following
conditions:

(I-A) an operation time which is in the range of from 60 to 1800 [s];

(I-B) a differential pressure between the flow path side and the
filtration side that is in the range of from 0.05 to 0.5 [MPal;

(I-C) a circulating linear velocity of the oxidation reaction mother liquor
in the flow path of the ceramic filter that is in the range of from 1000 to 10000
[m/h] as measured at an inlet of the flow path; and

(I-D) a filtering linear velocity of the filtrate that is in the range of from
0.5 to 3.0 [m/hl.

[0015]
(3) The filtering operation method as described in the above aspect (1) or (2),

further comprising’ condueting (II) a back washing operation with a wash
solvent while maintaining the flowing circulation operation of the oxidation
reaction mother liquor.
(4) The filtering operation method as described in the above aspect (3), wherein
(ITD) the back washing operation with the wash solvent is conducted under the
following conditions:

(IT1-A) an operation time thereof that is in the range of from 5 to 120 [s];

(II1-B} a differential pressure between the filtration side and the flow
path side upon the back washing operation with the wash solvent that is in the
range of from 0.10 to 1.0 [MPal;

{(ITII-C) a feeding linear velocity of the wash solvent upon the back
washing operation that is in the range of from 1.0 to 20 [m/h]; and

(II1-D) a temperature of the wash solvent that is in the range of from
“the temperature of the oxidation reaction mother liquoxr” to “the temperature
higher by 35°C than that of the oxidation reaction mother liquor”.
[0016]
(5) The filtering operation method as described in the above aspect (3) or (4),

wherein an operation comprising (I) the operation for filtering the fine crystals
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and (IT) the back washing operation with the filtrate is repeated, and

when a flow rate of the filtering operation is not restored by (II) the back washing
operation with the filtrate, (III) the back washing opcration with the wash solvent is
conducted.
(6) The filtering operation method as described in anyone of the above aspects (3) to (5),
wherein the wash solvent is acetic acid having a water content of from 0.1 to 30% by
mass.
(7) The filtering operation method as described in anyone of the above aspects (1) to (6),
wherein upon the back washing operation with the filtrate, a pressure on a circulation
outlet conduit side of the ceramic filter is reduced to produce a differential pressure
thereby feeding the filtrate.
(8) The filtering operation method as described in anyone of the above aspects (1) to (7),
wherein the aromatic carboxylic aid comprises at least one of benzoic acid, phthalic acid,
isophthalic acid, m-toluic acid, trimesic acid, 3,5-dimethyl benzoic acid, trimellitic acid,
pyromellitic acid, 1,5-naphthalenedicarboxylic acid and 2,6-naphthalenedicarboxylic

acid.

EFFECT OF THE INVENTION

[0017]
It has been found that when fine crystals contained in an oxidation reaction

mother liquor in an aromatic carboxylic acid production process are subjected to the
cross-flow filtration using a ceramic filter, due to the operation under limited conditions,
it is possible to attain the following effects:

(1) a filtering operation can be simply performed for a long period of time without
clogging of the ceramic filter;

(2) no use of a large amount of a wash solvent is needed; and

(3) an aromatic carboxylic acid contained in the wash solvent which has been

conventionally discarded together with the wash solvent upon cleaning can be recovered.

BRIEF DESCRIPTION OF THE DRAWINGS
[C018]
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FIG. 1 is a pipeline diagram showing an embodiment of the present

invention.
FIG. 2 is a pipeline diagram showing another embodiment of the

present invention.
FIG. 3 is a sectional view of a ceramic filter shown in FIG. 1 oxr FIG. 2.

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0019]

The aromatic carboxylic acid as described in the present invention is a
compound produced by liquid-phase oxidation of an alkyl group-containing
aromatic hydrocarbon. The alkyl group-containing aromatic hydrocarbon may
be a compound having an aromatic ring to which at least one methyl
substituent group is bonded, and the aromatic ring may be either an aromatic
hydrocarbon ring or an aromatic heterocyclic ring, Specific examples of the
alkyl group-containing aromatic hydrocarbon include toluene, o-xylene,
m-xylene, 1,3,5-trimethyl benzene, 1,2,4-trimethyl benzene,
1,2,4,5-tetramethyl benzene, 2,4-dimethyl benzaldehyde, 3,4-dimethyl
benzaldehyde, 2,4,5-trimethyl benzaldehyde, 1,5-dimethyl naphthalene
2,6-dimethyl naphthalene, and so on.
foo20]

Specific examples of the aromatic carboxylic acid obtained by
liguid-phase oxidation of the alkyl group-containing aromatic hydrocarbon
include benzoic acid, phthalic acid, isophthalic acid, m-totuic acid, trimesic acid,
3,5-dimethyl  benzoic  acid, trimellitic acid, pyvomellitic acid,
1,5-naphthalenedicarboxylic acid and 2,6-naphthalenedicarboxylic acid, and so
on. However, terephthalic acid is excluded from the aromatic carboxylic acid.

In the liquid-phase oxidation reaction of the alkyl group-containing

aromatic hydrocarbon, a heavy metal compound and a bromine compound are

used as catalysts.

[0021]
The heavy metal compound as the liquid-phase oxidation reaction

catalyst contains at least one of a cobalt compound and a manganese ecompound,
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and if required a nickel compound, a cerium compound, a zirconium compound,
and so on may be further added thereto. The cobalt compound, the manganese
compound and the other heavy metal compounds may be respectively used, for
example, in the form of an organic acid salt, 2 hydroxide, a ﬁalide, a carbonate
or the like. Among these, especially preferred are an acetic acid salt and a
bromide.

The concentration of the heavy metal compound is defined by a
concentration thereof in the oxidation reaction mother liquor, and not
particularly limited as long as it lies within the range capable of accelerating
the liquid-phase oxidation reaction. For example, the concentration of cobalt
ions is usually 100 ppm or more and preferably 200 ppm or more, and the upper
limit thereof is 6000 ppm or less and preferably 5000 ppm or less. Also, the
concentration of manganese ions is usually 160 ppm or more and preferably 150
ppm or more, and the upper limit thereof is 3000 ppm or less and preferably
2500 ppm ox less.

[0022]
The bromine compound as the liquid-phase oxidation reaction catalyst

may be any bromine compound as long as it is capable of being dissolved in the
reaction system and generating bromide ions. Examples thereof include
imorganic bromine compounds such as hydrogen bromide, sodium bromide and
cobalt bromide, and organic bromine compounds such as bromoacetic acid and
tetrabromoethane, Especially, hydrogen bromide, cobalt bromide or
manganese bromide is suitable.

The concentration of the bromine compound used is defined by a
concentration thereof in the oxidation reaction mother liguor, and not
particularly limited as long as it lies within the range capable of accelerating
the liguid-phase oxidation reaction. For example, the concentration of
bromide ions is usually 300 ppm or more and preferably 500 ppm or more, and
the upper limit thereof is 7000 ppm or less and preferably 6000 ppm or less.
[0023]

The temperature of the liquid-phase oxidation reaction is preferably in

range from 120 to 230°C and more preferably from 140 to 210°C. When the
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reaction temperature is excessively low, a large amount of intermediate
reaction products tend to remain in the resulting slurry. When the reaction
temperature is excessively high, the acetic acid having a water content of from
1 to 15% by mass as a solvent tends to exhibit a large combustion loss.

The pressure in a reactor used in the liquid-phase oxidation reaction is
not particularly limited as long as the reaction system is capable of maintaining
a liquid-phase at the reaction temperature, and is usually from 0.1 to 3.0
[MPaG] and preferably from 0.3 to 1.8 [MPaGl.

[0024]

Examples of a molecular_ oxygen-containing gas that is used as an
oxidizing agent in the liguid phase oxidation reaction include air, inert
gas-diluted oxygen and oxygen-rich air, but in view of facilities and costs the
use of air is nsually preferred.

[0025]

The oxidation reaction slurxy containing crude aromatic carboxylic acid
crystals which is produced in an oxidation reactor used in the liquid-phase
oxidation reaction is preferably fed to a next oxidation reactor connected in
series thereto, and is further subjected to final oxidation reaction with an
oxygen-containing gas. After that, following dropping pressure and cooling
through crystallization vessels having one or more stages which are connected
in series if required, then the slurry is fed to the subsequent solid-liquid
separation step.

[0026]

An example of the liquid-phase oxidation reaction is as follows. For
example, using an apparatus with a commercial scale, m-xylene is subjected to
liquid-phase oxidation by air (reaction temperature: 200 [°C]; reaction pressure:
1.8 [MPaG]) in the presence of cobalt acetate, manganese acetate and
hydrobromic acid in hydrous acetic acid to obtain a crude isophthalic acid
slunry (the concentratign of isophthalic acid: 33% by weight; the concentration
of water in the hydrous acetic acid that is a dispersing medium: 14% by weight),
and the resulting slurry is then introduced into crystallization vessels

connected in series to subject the slurry to sequential pressure drop.
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[0027]
Next, the oxidation reaction slurry is cooled to separate the aromatic

carboxylic acid crystals therefrom. In the solid-liquid separation step, the
crude aromatic carboxylic acid slurry produced in the liquid-phase oxidation
reaction is separated into crude aromatic carboxylic acid crystals and an
oxidation reaction mother liquor using a solid-liquid separator. The
solid-liquid separation is usually carried out under atmospheric pressure and
may also be carried out under applied pressure. The temperature in the
solid-liquid separation is not particularly limited, and is usually a temperature
lower than a boiling point of a solvent as measured under atmosphexic pressure,
for example, in the range of from 50 to 115°C. The upper Hmit of the
temperature in the separation under applied pressure is 150°C, Examples of
the solid-lHquid separator include a centrifugal separator, a centrifugal filter, a
vacuum filter, and so on.

[0028]
The oxidation reaction mother liquor separated in the solid-liquid

separation step contains the fine crystals containing the aromatic carboxylic
acid as a main component, and therefore, is subjected to a cross-flow filtration
using a ceramic filter to recover the fine crystals of aromatic carboxylie acid,
thereby improving the cutput level of the aromatic carboxylic acid. In addition,
the resulting clear oxidation reaction mother liguor can be divectly subjected to
a catalyst recovery process using a resin.

[o029]

A general ceramic filter, which may be a filter utilizing a ceramic porous
body is used, for example, for removing suspended matters, bacteria, dusts, ete.,
in a liquid or gas in a wide range of fields such as water treatment, waste gas
treatment, and medical and food fields because it is excellent in physical
strength, durability, corrosion resistance or the like.

In the ceramic filter, the ceramic porous body itself may be used as a
filtering material; however, in general, in order to enhance both a filtering
performance and a fluid penetration rate (i.e., processing capacity), the ceramic

porous body is used as a substrate (support), and a filtering membyane of a
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ceramic material is formed on a surface of the substrate.

For example, whereas the fillering membrane is configured to have an
average pore diameter as small as from about 0.01 to about 1.0 pm to ensure a
filtering performance, the substrate is configured to have an average pore
diameter as large as from about 1 um to about several hundreds of microns to

reduce a flow resistance inside of the substrate and enhance a fluid penetration

rate (l.e., processing capacity).
[0030]
| The substrate of the ceramic filter may be formed into various shapes
according to the object of the filtration. In general, the substrate may be
frequently used in form of a tube having a single flow path or in form of a
honeycomb (including a monolith) having a number of flow paths extending in
parallel with each other.

The filter in which the filtering membrane is formed on a surface of the
tubular or honeycomb-shaped substrate, e.g., on an innex peripheral surface of
a flow path therein, is mounted in a housing such that an outer periphery side
of the substrate is hermetically isolated from an end surface side of the
substrate to which the flow path is opened, by an O-ring, ete., thereby providing
a cross-flow filter.

[0031]
It is preferable that the ceramic filter used in the present invention

comprising a ceramic porous body as the substrate (a support member) is in the
form of a honeycomb (ncluding a monolith) having a large number of flow
paths extending in parallel with each other in the substrate, wherein the
filtering membrane composed of a ceramic is formed on an inner peripheral
swface of the flow paths. The average pore diameter of the filtering
membrane is preferably from 0.1 to § um. As the ceramic filter, a
commercially available ceramic filtex may be used and the examples include a
ceramic membrane filter available from NGK Insulators, Ltd., a ceramic
membyrane filter available from Pall Corp., and a ceramic membrane filter
available from TAMI Industries, France.

Also, a plurality of the ceramic filters may be disposed in parallel with
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each other according to the amount of throughput.
[0082]

In the cross-flow type filter, a fluid to be treated such as gas and liquid
is fed from one end surface side of the substrate into the flow paths, and then
the filtered fiuid that penetrates through the filtering membrane disposed on
an inner peripheral surface of the flow paths is recovered from the outer
peripheral surface side of the substrate. On the other hand, the fluid to be

treated which is not filtered can be recovered from the other end surface side of

the substrate.

[0033]
In the above cross-flow filtration, the time of the operation for filtering

the fine crystals is from 60 to 1800 seconds and preferably from 120 to 1200
seconds.

When the time of the operation for filtering is 60 seconds or longeyr, a
change-over operation of valves can be prevented from taking place frequently
so that a service life of the valves can be maintained. When the time of the
operation for filtering is 1800 seconds or shorter, a sufficient average filtering
flow rate can be maintained without reducing the filtering flow rate to 0.20
[m3/h] or less at the time of termination in the filtrating.. In addition, the

filtering performance may be readily restored by a back washing with the

filtrate.

[0034]
The circulating linear velocity of the oxidation reaction mother liquor in

the flow path of the ceramic filter upon conducting the operation for filtering
the fine crystals is preferably in the range of from 1000 to 10000 [m/h] at an
inlet of the flow path. When the cireulating linear velocity is 1000 [m/h] or
more, it is possible to attain a sufficient effect of removing the fine crystals
deposited on a surface of the filtering membrane. On the other hand, when
the circulating linear velocity is 10000 [m/h] or less, the differential pressure
between an inlet side and an outlet side of the ceramic filter is prevented from
increasing excessively, so that a pump for circulating the oxidation reaction

mother liquor is not required to have an excessively large capacity (e, it is
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possible to suppress increase in costs for plant investment), and further there
occurs no fear of damage to the ceramic filter or O-ring. Meanwhile, when the
ceramic filter has a plurality of flow paths or when a plurality of the ceramic
filters are used together, the circulating linear velocity in the flow paths of the
ceramic filter(s) is defined by an average circulating linear velocity as
calculated based on a total sectional area of the whole flow paths.

[0035]

The filtering linear velocity of the filtrate upon conducting the
operation for filtering the fine crystals is preferably in the range of from 0.5 to
3.0 [m/h]. When the filtering linear velocity of the filtrate is 0.5 [m/k] or more,
it is possible to attain a sufficient filtering performance. On the other hand,
when the filtering linear velocity of the filtrate is 8.0 [m/h] or less, there occurs
a less fear of damage to the ceramic filter or O-ring.

The differential pressure between the flow path side and the filtration
side upon conducting the operation for filtering the fine crystals is preferably in
the range of from 0.05 to 0.5 [MPa].

When the differential pressure is 0.05 [MPal or more, it is possible to
attain a sufficient filtering performance. On the other hand, when the
differential pressure is 0.5 [MPa] or less, there occurs a less fear of damage to
the ceramic filter or O ring.

[0036]

In the above filtration, the fine crystals are gradually deposited on a
surface of the filtexing membrane so that the filtering flow rate therethrough is
lowered. Therefore, while maintaining the flowing circulation operation of the
o:cidation reaction mother liquor, the filtering operation is changed-over to a
back washing with the filtrate. This means an operation of feeding the filtrate
from the filiration side to the flow path side, and aims at physically and
chemically removing the fine crystals deposited on the surface of the filtering
membrane.

[0037]
In the back washing with the filtrate, the differential pressure between

the filtration side and the flow path side is in the range of from 0.10 to 1.0



17/51

[MPa] and more preferably from 0.10 to 0.60 [MPal.

When the differential pressure between the filtration side and the flow
path side is less than 0.10 [MPal, it may be difficult for the filtrate to uniformly
flow through a whole portion of the filtering membrane of the ceramic filter, so
that no sufficient washing effect can be obtained. On the other hand, when
the differential pressure between the filtration side and the flow path side is
more than 1.0 [MPal, it is undesirable since there tends to occur rapid change
in pressure so that a possibility of damage to the ceramic filter or seal membexrs
therefor is increased.

{0038]
The feeding linear velocity of the filtrate is in the range of from 1.0 to 20

[m/h], preferably from 1.0 to 15 [m/h], more preferably from 1.0 to 10 [m/h] and
still more preferably from 1.0 to 8 fm/h].

When the feeding linear velocity of the filtrate is less than 1.0 [m/h], it
may be difficult for the filtrate to uniformly flow through a whole poxtion of the
filtering membrane of the ceramie filter, so that no sufficient washing effect can
be obtained. On the other hand, when the feeding lineax velocity of the filtrate
is more than 20 [m/hl, it is undesirable, since there tends to occur rapid change
in pressure so that a possibility of damage to the ceramic filter or seal members
therefor is increased.

Upon the back washing with the filtrate, it is suitable that the pressure
on the flow path side is lowered to produce the differential pressure.

[0038]

On the flow path side, the oxidation reaction mothexr liquor is circulated,
and in order to regulate the circulating flow rate thereof, there are used control
valves disposed on an upstream of a filtering module {on a conduit on the side of
feeding the oxidation reaction mothexr liquor to the filtering module) and on a
downstream thereof {on a conduit on the side of feeding the oxidation reaction
mother liquor which passes through the flow paths of the ceramic filter back to
an oxidation reaction mother liquor vessel from the filtering module). The
control valves on the upstream and downstream control not only the circulating

flow rate but also a pressure on the flow path side. By using these control
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valves, it is possible to reduce the pressure on the flow path side. In particular,
upon the back washing with the filtrate, the filtrate used in the back washing is
merged with the oxidation reaction mother liguor circulated through the flow
path, so that the flow rate is increased on the downstream of the filtering
module; therefore, it is preferred that an opening degree of the control valve on
the downstream is increased, and it is preferved that at the same time an
opening degree of the control valve on the upstream is decreased to suppress
variation in circulating flow rate on the upstream owing to entrance of the
filtrate used for the back washing operation into the flow path. Due to these,
it is possible to reduce the pressure in the flow paths as a whole.

[0040]

In order to remove the fine crystals deposited on the surface of the
filtering membrane and solids precipitated inside of the filtering membrane
(mainly the aromatic carboxylic acid), it is advantageous that the feeding time
of the filtrate upon the back washing is longer. However, in view of a loss of
the filtering operation time, it is required that it lies within a certain range.
Therefore, the time of the back washing operation with the filtrate is preferably
in the range of from 5 to 60 [s] and more preferably from 10 to 40 [s].

[0041]

The filtrate used in the back washing is mixed with the oxidation
reaction mother liquor circulated through the flow path, and therefore, the
temperature of the filtrate is preferably equal to oxr more than the temperature
of the oxidation reaction mother liquor. In addition, in oxder to dissolve the
fine crystals deposited on the surface of the filtering membrane and the solids
precipitated inside of the filtering membrane (mainly aromatic carboxylic acid)
for a short period of time, it is preferred that the temperature of the filtrate is
higher than that of the oxidation reaction mother liquor. On the other hand,
there is a possibility that the excessively large change in temperature in the
ceramic filter causes the damage to the ceramic filter or the O-ring owing to the
difference in thermal expansion coefficient between the ceramic filter and the
filter housing. Therefore, the upper limit of the teﬁ:peratuxe of the filtrate
used in the back washing is preferably “a temperature higher by 35°C than that
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of the oxidation reaction mother liguor” and is more preferably “a temperature
higher by 25°C than that of the oxidation reaction mother lquor”.
[0042]

In the present invention, (f) the operation for filtering the fine erystals;
and (II) the back washing operation with the filtrate while maintaining the
flowing circulation operation of the oxidation reaction mother liquor are
alternately repeated.

f0043]
As the back washing with the filtrate is repeated, the recovery rate of

the filtering performance is gradually reduced, and finally it is not possible to
attain a predetermined filtering performance. In the present invention, in
such a case, the cevamic filter is cleaned by a back washing with a wash solvent
while maintaining the flowing circulation operation of the oxidation reaction
mother liquor.

In the present invention, when conducting the back washing operation
with the wash solvent while maintaining the flowing circulation operation of
the oxidation reaction mother liquor, the wash solvent used therein is required
to have a capability of dissolving the fine crystals containing the aromatic
carboxylic acid as a main component, and acetic acid, which is used as the
solvent in the liquid-phase oxidation reaction, is suitable as the wash solvent.
The acetic acid preferably has a water content of from 0.1 to 80% by mass and
more preferably from 0.1 to 10% by mass.

(0044}
When feeding the wash solvent from the filtration side to the flow path

side (upon the back washing with the wash solvent), in order to physically and
chemically vemove the fine crystals deposited on the swrface of the filtering
membrane, the differential pressure between the filtration side and the flow
path side is preferably in the range of from 0.10 to 1.0 [MPa] and more
preferably from 0.10 to 0.8 [MPal.

When the differential pressure between the filtration side and the flow
path side is 0.10 [MPa] or more, it is possible to allow the wash solvent to

uniformly flow through a whole portion of the filtering membrane of the
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ceramic filter and therefore attain a sufficient washing effect. On the other
hand, when the differential pressure between the filtration side and the flow
path side is 1.0 [MPa] or less, a rapid variation in pressure does not ocenr, and
there is no possibility of damage to the ceramic filter or seal membeyrs therefor.
[0045]

The feeding linear velocity of the wash solvent is preferably in the
range of from 1.0 to 20 [m/h] and more preferably from 1.0 to 15 [m/h].

When the feeding linear velocity of the wash solvent is 1.0 [m/h] or more,
it is possible to allow the wash solvent to uniformly flow through a whole
portion of the filtering membrane of the ceramic filter and therefore attain a
sufficient washing effect. On the other hand, when the feeding linear velocity
of the wash solvent is 20 [m/h] ox less, there is no possibility of damage to the
ceramic filter or seal members therefor by the rapid variation in pressure.
[0046]

In order to remove the fine crystals deposited on the surface of the
filtering membrane and solids precipitated inside of the filtering membrane
(mainly the aromatic carboxylic acid), it is advantageous that the feeding time
of the wash solvent is longer. However, in view of a loss of the filtering
operation time as well as addition of the used wash solvent to the oxidation
reaction mother liquor, it is required that tﬁe feeding time of the wash solvent
lies within a certain range. Therefore, the time of the back washing operation
with the wash solvent is preferably in the range of from 5 to 120 [s] and more
preferably from 5 to 90 [s].

The wash solvent is mixed with the oxidation reaction mother liquor
circulated through the flow path, and therefore, the temperature of the wash
solvent is preferably equal to or more than a temperature of the oxidation
reaction mother liquor. In addition, in order to dissolve the fine crystals
deposited on the surface of the filtering membrane and the solids precipitated
inside of the filtering membrane (mainly the aromatic carboxylic acid) for a
short period of time, it is preferred that the temperature of the wash solvent is
higher than that of the oxidation reaction mother liquor. On the other hand,

there is possibility that the excessively large change in temperature in the
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ceramic Slter causes the damage to the ceramic filter or the O-ring owing to the
difference in thermal expansion coefficient between the ceramic filter and the
filter housing. Therefore, the upper limit of the temperature of the wash
solvent is preferably “a temperature higher by 35°C than that of the oxidation
reaction mother liquor” and is more preferably “a temperature higher by 25°C
than that of the oxidation reaction mother liquor”.

[0047]

In the filtering operation method according to the present invention
which is conducted by a cross-flow filtration using a ceramic filter comprising:
(I) the operation for filtering the fine crystals; (I) the back washing operation
with the filtrate while maintaining the flowing circulation operation of the
oxidation reaction mother lquor; and (ITI) the back washing operation with the
wash solvent while maintaining the flowing circulation operation of the
oxidation reaction mother liquor, the order of the above operations (I), (II) and
(ITD) is not particularly limited, and these operations may be conducted in any
order.

However, in the present invention, the method is preferable a pexiodic
operation comprising the operations (I), (I} and (ITT) in which the operations (I)
and (II) ave repeated, and when the filtering flow rate is unable to be restored

by the operation (II), the operation (IID) is carried ous.

EXAMPLES
foo4s}

The present invention will be deseribed in move detail below by
referring to the following Examples, ete. It should be noted, however, that the
present invention is not imited by the following Examples.

In hydrous acetic acid having a water content of 9% by mass, m-xylene
was subjected to liquid-phase oxidation reaction by air (reaction temperature:
200 [°C]; reaction pressure: 1.6 [MPaG)) in the presence of 1000 ppm of cobalt
ions, 930 ppm of manganese ions and 950 ppm of bromide jons to thereby obtain
a slwrry containing a crude isophthalic acid. After conducting post-oxidation

reaction, the sluiry was introduced into a crystallization step and was
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subjected to release of pressure and cooled to 100°C under a normal pressure,
and then subjected to solid-liguid separation using a rotary vacuum filter to
separate the crude isophthalic acid crystals from the reaction solution, thereby
preparing an oxidation reaction mother liguor required for a filtering operation
conducted by a cross-flow filtration using a ceramic filter. Meanwhile, the
oxidation reaction mother liquor was at 80°C. The oxidation reaction mother
liquor was turbid owing to fine crystals, and the content of the fine crystals
therein was 0.47% by mass.

A ceramice filter available from NGK Insulators, Ltd., as an element was
mounted in a filtering module 7. A ceramic filter 8 was in form of a monolith,
a filtering membrane thereof had an average pore diameter of 0.5 pm, and the
size was of 30 mm¢ x 1000 mmL. Flow paths 28 had an outer diameter of 4
[mm], and the number of openings thereof was 19. The filtering area of the
ceramic filter was 0.2386 [m?], and a total sectional area of the flow paths was
0.0002386 [m?].

Meanwhile, the amount of discarded isophthalic acid in Examples was
calculated from the amount of precipitated isophthalic acid in circulating flow
rate (0.68 m3/h) of the oxidation reaction mother liquor.

[0049]

The operation method of cross-flow filtration using a ceramic filter will
be explained.

(Operation for Filtering Fine Crystals)

In FIG. 1 to FIG. 3, the above-mentioned oxidation reaction mother
liquor is stored in an oxidation reaction mother liquor vessel 1. The oxidation
reaction mother liquor is fed to an upper substrate end surface side 10 of a
filtering module 7 through a circulation inlet conduit 6 using a pump 2. At
this time, the flow rate thereof is regulated by a control valve 4. The oxidation
reaction mother liquor fed to the filtering module 7 passes through flow paths
28 in a ceramic filter 8, and then passes through a lower substrate end surface
side 10 and a circulation outlet conduit 11, and is fed back to the oxidation

reaction mother liguor vessel 1. At this time, a flow rate thereof is regulated

by a control valve 13.
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A series of the above flows is called an oxidation reaction mothexr liquor
circulation line. In the mother liquor circulation line, by controlling the
control valves 4 and 18, the circulating flow rate of the mother liquor is
regulated. Further, a pressure on the side of the flow path 28 of the ceramic
filtex 8, namely, a pressure on an upstream side of the filter (primary pressure),
is controlled. The pressure is determined by pressure gauges 5 and 12.

[0050]

The filtering operation of the oxidation reaction mother liquor is
conducted by establishing the mother liquor ¢irculation line and then opening a
valve 18 (while closing control valves 24 and 25). At this time, the oxidation
reaction mother liquor is filtered throuch the ceramic filter 8, and thereby a
clear oxidation reaction mother liquor from which the fine crystals are removed
is discharged to a filfration side 9, and then passes through a filtrate outlet
conduit 16 and is stored in a filtrate vessel 19. A pressure on a downstream
side of the filter (secondary pressure) during the filtering operation is
determined by a pressure gauge 17.

The filtexing flow rate is determined from a fHltering differential
pressure between the primary pressure and the secondary pressure, properties
of the fluid to be filtered (such as viscosity) and a filtering performance of the
ceramic filter 8 (such as filtering area, average pore diameter and degree of
clogging).

The filtering differential pressure AP [MPa] is calculated according to
the following formula:

4P =(P1+P2)/2-P3
wherein a pressure at the pressure gauge 5 is P1 [MPaGJ; a pressure at the
pressure gauge 12 is P2 [MPaGJ; and a pressure at the pressure gauge 17 is P3
[MPaGl.
(0051]
(Back Washing Operation with Filtrate)

In FIG. 1 to FIG. 3, when the filtering flow rate upon the operation for
filtering the fine crystals is lowered, a back washing operation with the filtrate

is conducted. First, the valve 18 is closed (while keeping the control valves 24
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and 25 in a closed state) to terminate the operation for filtering (but while
continuing ecirculation of the mother liquor). Next, the control valve 24 is
opened while controlling, and the filtrate in the filtrate vessel 19 ié fed to the
filtration side 9 of the filtering module 7 through a filtrate back washing
conduit 23 using a pump 20. Af this time, if required, a temperature of the
filtrate is controlled by a heat exchanger 22. The pressure on the filtration
side 9 is made to be higher than the pressure on the flow path side 28 (back
washing differential pressure), so that the filtrate passes from the filtration
side 9 to the flow path side 28 to conduct a back washing. The back washing
differential pressure is defined by -AP.

Meanwhile, the control valves 4 and 13 may be appropriately controlled
upon the back washing such that the pressure on the flow path side 28 is
lowered to adjust the back washing differential pressure.

[0052]
(Back Washing Operation with Wash solvent)

In FIG. 2, when the back washing operation with the filirate fails to
fully restore the filtering flow rate, a back washing operation with a wash
solvent is conducted. First, the valve 18 and the control valve 24 are closed
(while continuing circulation of the mother liquor). Next, the control valve 25
is opened while controlling to feed the wash solvent to the filtration side 9 of the
filtering module 7 through a wash solvent back washing conduit 26. At this
time, if required, a temperature of the wash solvent is controlled by a heat
exchanger 27. The pressure on the filtration side 9 is made to be higher than
the pressure on the flow path side 28, so that the wash solvent passes from the
filtration side 9 to the flow path 28 side to conduct the back washing. The
passing wash solvent is mixed with the oxidation reaction mother liguor
circulated therethrough.

Meanwhile, the control valves 4 and 13 may be appropriately controlled
upon the back washing such that the pressure on the flow path 28 side is
lowered to adjust the back washing differential pressure.

[0053]
Further, an average filtexing flow rate X3 upon conducting the operation
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for filtering the fine crystals; a circulating linear velocity 1.V} of the oxidation
reaction mother liquor in the fiow path of the ceramic filter; and a filtering
linear velocity LV of the filtrate arve determined according to the following
formulae. Meanwhile, LV; is determined as an average civculating linear
velocity. '
Civculating flow rate at an inlet of filtering module 7: F [m3/h]
Time of the operation for filtering fine crystals: T [s]
Filtering flow rate upon initiation of the operation for filtering fine crystals: Xs
[m3/h]
Filtering flow rate upon termination of the operation for filtering fine crystals:
X [m3Mh]
Average filtering flow rate upon conducting the operation for filtering fine
exystals:

X1 [m3h] = K + Xo/2
Circulating linear velocity of oxidation reaction mother liquor in flow path of
ceramic filter:

LV; [sa/h] = F/0.0002386
Filtering linear velocity of filtrate:

LV2 [m/h] = X,/0.2386

[0054]
In addition, an average filtering flow rate V3 during one cycle of the

operation for filtering the fine crystals and the back washing operation with the
filtrate; and a feeding linear velocity LV3 of the filtrate upon the back washing
operation are defermined according to the following.
Total amount of filtrate in the operation for filtering fine crystals:

Vi [mdl =Ty x Xy/3600
Time of back washing operation with filtrate: Tz [s]
Back washing flow rate upon back washing operation with filtrate: Xz [m3/h]
Total amount of back washing fluid upon back washing operation with filtrate:

V2 [m8] = T2 x X2/3600

Average filtering flow rate during one cycle of the operation for filtering fine

crystals and back washing operation with filtrate:
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Vs {m3/h] = (V) - Vo)/(T1 + T2) ¥ 3600
Feeding linear velocity upon back washing operation with filtrate:

LV [m/h] = X»/0.2386

As the used amount of the filtrate upon the back washing operation
with the filtrate increases, a net amount of the obtained filtrate becomes
smaller, and the average filtering flow rate V3 during one cycle of the operation
for filtering the fine cxystals and the back washing operation with the filtrate is
reduced.

[0055]
<Example 1>
(Operation for Filtering Fine Crystals)

The abovermentioned oxidation reaction mother liquor (80°C) was fed to
the filtering module 7 at a circulation inlet flow rate of 0.68 [m3/h] (P1 = 0.10
[MPaG)) (down flow) to initiate a cross-flow filtering. The filtering flow rate Xs
upon initiation of the operation for filtering the fine crystals was 0.32 [m3/h] (P3
= 0.00 [MPaG]), and the cireulation outlet flow rate was 0.36 [m3h] (P2 = 0.09
[MPaGl). The differential pressure AP between the flow path side and the
filtration side was 0.10 [MPal. Also, the circulating linear velocity in the flow
paths and the filtering lineaxr velocity of the filtrate were 2848 (m/h) and 1.34
(m/h), respectively.

[0056]
(Back Washing Operation with Filtrate) _

When continuing the operation for filtering, the filtering flow rate was
decreased down to 0.20 [m3/h] after the elapse of 500 seconds (the filtering flow
rate X; upon termination of the operation for filtering the fine crystals was 0.20
[m3/h]). Therefore, while continuing cireulation of the oxidation reaction
mothex liquor, the back washing operation with the filtrate was conducted for
15 seconds (feeding linear velocity: 2.85 [m/h]; temperature of filtrate: 80°C).
At this time, the respective pressures were P1 = (.14 [MPaG], P2 = 0.10
[MPaG] and P3 = 0.31 [MPaG], and the differential pressure AP between the
filtration side and the flow path side was 0.19 [MPa).

[0057]
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The back washing operation with the filtrate was terminated and
changed back to the operation for filtering. At this time, the filtering flow rate
(immediately after the back washing with the filtrate in the 1st cycle = Xs in the
2nd cycle) was 0.32 [m3/h], and the average filtering flow rate V3 in the 1st cycle
of the operation for filtering the fine crystals and the back washing opexation
with the filtrate was 0.233 [m3h]. Also, the filtering flow rate immediately
after the back washing with the filtrate in the 2nd cycle was 0.32 [m3h], and
the average filtering flow rate V3 in the 2nd cycle was 0.283 [m3/h].

The filtering flow rates immediately after the back washing with the
filtrate and the average filtering flow rates Vs in the 3rd to 5th cycles were
respectively the same as those in the 2nd cycle.

Further, the operation for filtering (for 500 seconds) and the back
washing operation with the filtrate (for 15 seconds) were alternately and
continuously repeated. As a result, tae ceramic filter was able to maintain its
filtering performance for filtering the fine crystals until the elapse of 6 hours
when the filtering flow rate immediately after the back washing with the
filtrate was unable to be restored to 0.25 [m3h] or more. The results are
" shown in Table 1.

[0058]
<Example 2>

The operation for filtering and the back washing operation with the
filtrate were alternately and continuously repeated in the same manner as in
Example 1 except that the back washing operation with the filtrate was
conducted at a feeding linear velocity of 5.70 fm/h] for 10 seconds as the time of
the back washing operation. Upon conducting the back washing operation
with the filtrate, the respective pressurves were P1 = 0.16 [MPaG], P2 = 0.11
[MPaG] and P3 = 0.53 [MPaGl, and the differential pressure -AP upon the back
washing between the filtration side and the flow path side was 0.40 [MPal.

The back washing operation with the filtrate was terminated and
changed back to the operation for filtering. At this time, the filtering flow rate
(immediately after the back washing with the filtrate in the 1st cycle) was 0.32
[m¥h), and the average filtering flow rate Vs in the 1st cycle was 0.228 [m3/h].
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Also, the filtering flow rate immediately after the back washing operation with
the filtrate in the 2nd cycle was 0.82 [m3/h], and the average filtering flow rate
V3 in the 2nd cycle was 0.228 [m8/hl.

The filtering flow rates immediately after the back washing with the
filtrate and the average filtering flow rates Vs in the 3rd to 5th cycles were
respectively the same as those in the 2nd cycle.

Further, the operation for filtering (for 500 seconds) and the back
washing operation with the filirate (for 10 seconds) were alternately and
continuously repeated. As a result, the ceramic filter was able to maintain its
pexformance for filtering the fine crystals until the elapse of 8 hours when the
filtering flow rate immediately after the back washing with the filtrate was
unable to be restored to 0.25 [m3/h] or more. The results are shown in Table 1.
[0059]
<BExample 3>

The operation for filtering and the back washing operation with the

filtrate were alternately and continuously repeated in the same manner as in
Example 1 except that the back washing operation with the filtrate was
conducted at a feeding linear velocity of 1.42 [m/h] with a filtrate temperature
of 80°C for 80 seconds as the time of the back washing operation . Upon
conducting the back washing operation with the filtrate, the respective
pressures were P1 = 0.12 [MPaGl, P2 = 0.10 [MPaGl] and P38 = 0.21 [MPaGl,
and the differential pressure “AP upon the back washing between the filtration
side and the flow path side was 0.10 [MPal].

The back washing operation with the filtrate was terminated and
changed back to the operation for filtering. . At this time, the filtering flow rate
(immediately after the back washing with the filtrate in the 1st cycle) was 0.32
[m3/h], and the average filtering flow rate Vs in the 1st cycle was 0.226 [m3/h].
Also, the filtering flow rate immediately after the back washing with the
filtrate in the 2nd cycle was 0.82 [m3Mh], and the average filtering flow rate V3
in the 2nd cycle was 0.228 [m3/h].

The filtering flow rates imxnediately after the back washing with the
filtrate and the average filtering flow rates V3 in the 3rd to 5th cycles were
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respectively the same as those in the 2nd cycle.

Further, the operation for filtering (for 500 seconds) and the back
washing operation with the filtrate (for 30 seconds) were alternately and
continuously repeated. As a result, the ceramic filter was able to maintain its
performance for fltering the fine crystals until the elapse of 6 hours when the
filtering flow rate immediately after the back washing with the filtrate was
unable to be restored up to 0.25 [m3/h] or more. The results are shown in
Table 1.

{0060]

<Example 4>
The operation for filtering and the back washing operation with the

filtrate were alternately and continuously repeated in the same manner as in
Example 1 except that upon the back washing operation with the filtrate, the
opening degrees of the upstream control valve 4 and the downstream control
valve 13 for reducing the pressure on the flow path side were not controlled.
Upon conducting the back washing with the filtrate, the respective pressures
were P1 = 0.36 [MPaGl, P2 = 0.31 [MPaG] and P3 = 0.51 [MPaGl, and the
differential pressure -AP upon the back washing between the filtration side and
the flow path side was 0.18 [MPal.

The back washing operation with the filirate was terminated and
changed back to the operation for filtering. At this time, the filtering flow rate
(immediately after the back washing with the filtrate in the Ist cycle) was
restored to merely 0.31 [m3/h], and the average filtering flow rate Vs in the 1st
cycle was 0.233 [m3/hl.

The filtering flow rate immediately after the back washing operation
with the filtrate in the 2nd eycle was restored to 0.31 [m3/hl], and the average
filtering flow rate V3 in the 2nd cycle was 0.228 [mé/h].

The filtering flow rates immediately after the back washing with the
filtrate and the average filtering flow rates V3 in the 3rd to 5th cycles were
respectively the same as those in the 2nd cycle.

Furthex, the operation for filtering (for 500 seconds) and the back

washing operation with the filtrate (for 15 seconds) were alternately and
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continuously repeated. As a result, the ceramic filter was able to maintain its
performance for filtering the fine crystals until the elapse of 3 hours when the
filtering flow rate immediately after the back washing with the filirate was
unable to be restored to 0.25 [m%hl or more. The results are shown in Table 1.

Thus, since the opening degrees of the upstream control valve 4 and the
downstream control valve 13 for reducing the pressure on the flow path side
were not controlled, the filtrate flowing into the flow path upon the back
washing with the filirate caused reduction in the flow rate of the oxidation
reaction mother liquor entering into the ceramic filter from the upper substrate
end surface side, thereby deteriorating the effect of physically removing the fine
crystals deposited on the surface of the filtering membrane. The results are
also shown in Table 1.

[0061]
<Comparative Example 1>

The operation for filtexing and the back washing operation with the
filirate were alternately and continuously repeated in the same manner as in
Example 1 except that the back washing operation with the filtrate was
conducted for 70 seconds. Upon conducting the back washing operation with
the filtrate, the respective pressures were P1 = 0.14 [MPaG], P2 = 0.10 [MPaG]
and P3=0.31 [MPaG], and the differential pressure -AP upon the back washing
between the filtration side and the flow path side was 0.19 [MPal.

The back washing operation with the filtrate was terminated and
changed back to the operation for filtering. At this time, the filtering flow rate
(immediately after the back washing with the filtrate in the 1st cycle) was 0.32
[m3/h), and the average filtering flow rate Vs in the 1st cycle was 0.145 [m3/hl].
Also, the filtering flow rate immediately after the back washing operation with
the filtrate in the 2nd cycle was 0.32 [m3h], and the average filtering flow rate
Vs in the 2nd cycle was 0.145 [m3/h].

The filtering flow rates immediately after the cycle back washing with
the filtrate and the average filtering flow rates Vs in the 3xd to 5th cycles were
respectively the same as those in the 2nd cycle.

Further, the operation for filtering (for 500 seconds) and the back
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washing operation with the filtrate (for 70 seconds) were alternately and
continuously repeated. As a result, the ceramic filter was able to maintain its
performance for filtering the fine crystals until the elapse of 6 hours when the
filtering flow rate as measured immediately after the back washing with the
filtrate was unable to be restored to 0.25 [m3Mhl] or more. The results are
shown in Table 1.

However, since the back washing operation with the filtrate was
conducted for a prolonged time, the average filtering flow rate Vs was 0.145
[m3Mh]. The low average filtering flow rate resulted in increased number of
filter elements required, thereby causing increase in costs. The results are
also shown in Table 1.

[0062]
<Comparative Example 2>

The operation for filtering and the back washing operation with the
fltrate were alternately repeated in the same manner as in Example 1 except
that the back washing operation with the filirate was conducted at a feeding
linear velocity of 0.84 [m/h]. Upon conducting the back washing operation
with the filtrate, the respective pressurves were P1 = 0.11 [MPaGl, P2 = 0.09
(MPaGl and P3 = 0.15 [MPa@], and the differential pressure -AP upon the back
washing between the filtration side and the flow path side was 0.05 [MPa).

The back washing operation with the filtrate was terminated and
changed back to the operation for filtering, but the filtering flow rate upon
initiation of the operation for filtering the fine crystals was restored to only 0.25
[m3/h]. Moreover the average filtering flow rate V3 in the 1st cycle of the
operation for filtering the fine crystals and the back washing operation with the
filtrate was 0.247 [m3/h].

Next, the operation for filtering of the 2nd cycle was initiated.
However, after the elapse of 60 s, the filtering flow rate was decreased down to
0.20 [m3/h] so that the time of the operation for filtering the fine crystals which

was set to Ty = 500 s was unable to be maintained. The results are shown in

Table 1.
[00631
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<Comparative Example 3>

The operation for filtering and the back washing operation with the
filtrate were alternately repeated in the same manneyr as in Example 1 except
that the back washing operation with the filtrate was conducted at a filtrate
temperature of 70°C. Upon conducting the back washing operation with the
filtrate, the respective pressures were P1=0.14 [MPaG], P2 = 0.10 [MPaGl and
P3 = 0.34 [MPaGl], and the differential pressure -AP upon the back washing
between the filiration side and the flow path side was 0.22 [MPal.

The back washing operation with the filtrate was terminated and
changed back to the operation for filtering, but the filtering flow rate upon
initiation of the operation for filtering the fine crystals was restored to only 0.24
[m3/h], and the average filtering flow rate V3 in the 1st cycle was 0.233 [m3/h].

Next, the operation for filtering of the 2nd cycle was initiated.
However, after the elapse of 60 seconds, the filtering flow rate was decreased
down to 0.20 [m?h] so that the setting in which the time of the operation for
filtering the fine crystals T) was 500 seconds'was unable to be maintained.
The results are shown in Table 1.

The reason therefor was that since the temperature of the filtrate upon
the back washing operation with the filtrate was as low as 70°C, it was not
possible to clean the ceramic filter to a sufficient extent.

[oo64]
<Comparative Example 4>

The operation for filtering and the back washing operation with the
filtrate were alternately and continuously repeated in the same manner as in
Example 1 except that the back washing operation with the filtrate was
conducted at a feeding linear velocity of 0.84 [m/h] with a filtrate temperature
of 90°C the time of the back washing operation of 300 seconds. Upon
conducting the back washing operation with the filtrate, the respective
pressures were P1=0.11 [MPaGl], P2 = 0.09 [MPaGl and P8 =0.15 [MPaG], and
the differential pressure AP upon the back washing between the filtration side
and the flow path side was 0.05 [MPal.

The back washing operation with the filtrate was terminated and
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changed back to the operation for filtering. At this time, the filtering flow rate
(immediately after the back washing with the filtrate in the 1st cycle) was 0.82
[m3/h], and the average filtering flow rate Vs in the Ist cycle was 0.088 [m3/h).
Also, the filtering flow rate immediately after the back washing with the
filtrate in the 2nd cycle was 0.32 [m3h], and the average filtering flow rate Vi
in the 2nd cycle was 0.088 [m3/h).

The filtering flow rates immediétely after the back washing with the
filtrate and the average filtering flow rates V3 in the 3rd to 5th cycles were
respectively the same as those in the 2nd cycle.

Furthex, the operation for filtering (for 500 seconds) and the back
washing operation with the filtrate (for 300 seconds) were alternately and
continuously repeated. As a result, the ceramic filter was able to maintain its
performance for filtering the fine crystals until the elapse of 1.5 h when the
filtering flow rate as measured immediately after the back washing operation
with the filtrate was unable to be restored up to 0.25 [m3/k] ox more.

However, even under the conditions in this Comparative Example, the
average filtering flow rate Vs was 0.088 [m%h]. The average filtering flow rate
was low, which resulted in increase in numbexr of filter elements required,

thereby causing increase in costs. The results are shown in Table 1.
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[0065]
TABLE 1-1
Examples
1 2 3 4

(Operation conditions)

Time of operation for filtering fine crystals| 500 500 500 500
T [s]

Time of back washing operation with filtrate 15 10 30 15
T [sl

Feeding linear velocity of filtrate upon back | 2.85 5.70 1.42 2.85
washing operation [m/h]

Back washing flow rate of filtrate Xz [m3/h] 0.68 1.36 0.34 0.68

Filtrate temperature [°C] 80 80 90 80

Differential pressure upon back washing-AP | 0.19 0.40 0.10 .18
[MPa]

Other operations *1
(Results of operations)

Filtering flow rate immediately after back | 0.32 0.32 0.32 0.31
washing of 1st eyele with filtrate [m3/h]

Average filtering flow rate V3 in 1st cycle | 0.233 | 0.228 | 0.226 | 0.233
[m3/h]

Filtering flow rate immediately after back | 0.82 0.32 0.32 0.31
washing of 2nd, cycle with filtrate [m3/h]

Average filtering flow rate V3 in 2nd cycle{ 0.233 | 0.228 | 0.226 | 0.228
[m3/h]

Results of operations in 3% to 5th cycles *9 *2 *2 *2

Time elapsed until performance for filtering 6 8 8 3
fine crystals became unable to be maintained

[hys]

Note: *1: Different valve operations; *2: Same as those in 2nd cycle
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TABLE 1-2
Comparative Examples
1 2 3 4

(Operation conditions)

Tinie of operation for filtering fine crystals | 500 500 500 500
T Is

'I‘inie of back washing operation with filtrate 70 15 15 300
Tz ls

Feeding linear velocity of filtrate upon back | 2.85 0.84 2.85 0.84
washing operation [m/h]

Back washing flow rate of filtrate Xo [m3/h] 0.68 0.20 0.68 0.20

Filtrate temperature [°C) 80 80 70 90

Differential pressure upon back washing -AP | 0.19 0.05 0.22 0.05
(MPa] L
(Results of operations)

Filtering flow rate immediately after back| 0.32 0.25 0.24 0.32
washing of 1st cycle with filtrate [m3h]

Average filtering flow rate V3 in 1st cyele | 0.145 | 0.247 | 0.233 | 0.088
[in3/h)

Filtering flow rate immediately after back | 0.32 - - 0.32
washing of 2nd cycle with filtrate [n3/h]

Average filtering flow rate Vi in 2nd cycle | 0.145 - . 0.088
[m8/h]

Results of opexrations in 8rd to 5th ¢ycles *9 - *2

Time elapsed until performance for filtering 6 - 15
fine crystals became unable to be maintained
[hys}
Remarks *g *3

Note: *2: Same as those at 2nd cycle; *3: T) was unable to be maintained at 2nd

cycle
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[0066]
<Example 5>
(Operation for filtering Fine Crystals)

The above-mentioned oxidation reaction mother liquor (80°C) was fed to
the filtering module 7 at a circulation inlet flow rate of 0.68 [m3/h] (P1 = 0.10
[MPaGl) (down flow) to initiate a cross-flow filtration. At this time, the
filtering flow rate was 0.32 [m3/h] (P3 = 0.00 [MPaG]), and the circulation outlet
flow rate was 0.36 [m3/h} (P2 = 0.09 [MPaG]). The differential pressure AP
between the flow path side and the filtration side was 0.10 [MPa]. Also, the
circulating linear velocity in the flow paths and the filtering linear velocity of
the filtrate were 2848 (m/h) and 1.34 (m/h), respectively.

[0067]
(Back Washing Operation with Filtrate)

When continuing the operation for filtering, the filtering flow rate was
decreased down to 0.20 [m3/h] after the elapse of 500 seconds, and therefore,
while continuing circulation of the oxidation reaction mother liquor, the back
washing operation with the filtrate was conducted for 15 seconds (back washing
flow rate: 0.68 [m3h]). At this time, the respective pfessures were P1=0.14
[MPaGl, P2 = 0.10 [MPaG] and P3 =0.31 [MPaG], and the differential pressure
-AP between the filtration side and the flow path side was 0.19 [MPal.

The back washing operation with the filtrate was terminated and
changed back to the operation for filtering. At this time, the filtering flow rate
was 0.32 [m3/h].

[0068]
(Back Washing Operation with Wash solvent)

The operation for filtering (for 500 seconds) and the back washing
operation with the filtrate (for 15 seconds) were alternately and continuously
repeated and after the elapse of 6 hours, the filtering flow rate was unable to be
vestored to 0.24 [m3h] or more even immediately after the back washing
operation with the filtrate. Therefore, while continuing circulation of the
oxidation reaction mother liquor, the back washing operation with acetic acid

(water content: 7.7% by mass; 85°C) as a wash solvent was conducted for 15
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seconds (back washing flow rate: 0.68 [m%h]). The feeding linear velocity of
the acetic acid was 2.85 [m/h]. At this time, the respective pressures were P1
= 0.18 [MPaG], P2 = 0.10 [MPaG] and P3 = 0.30 [MPaG], and the differential
pressure “AP between the filtration side and the flow path side was 0.19 [MPa].
The back washing operation with the acetic acid was terminated and
changed back to the operation for filtering. At this time, the filtering flow rate
was restored to 0.32 [m3%h]. Next, the operation for filtering and the back
washing operation with the filtrate were alternately repeated again. The
period was 6 hours until the filtering flow rate became unable to be restored to
0.24 [m3/hl or more immediately after the back washing operation with the
filtrate, thereby conducting the next back washing with the wash solvent.
That is, while alternately repeating the operation for filtering and the back
washing operation with the filtrate, the back washing operation with the wash
solvent was conducted in every six-hour period, so that the ceramic filter was
able to well maintain its filtering performance. The results are shown in Table
2.
[0089]

<Example 6>
The operation for filtering (for 500 s) and the back washing operation

with the filtrate (for 15 seconds) were alternately and continuously repeated
(for 6 hours) in the same manner as in Example 5. As a result, the filtering
flow rate was unable to be vestored to 0.24 [m3/h] or more immediately after the
back washing with the filtrate, and therefore, while continuing circulation of
the oxidation reaction mother liquor, the back washing operation with acetic
acid (water content: 7.7% by mass; 85°C) was conducted for 15 seconds (back
washing flow rate’ 1.36 [m3/hl]). The feeding linear velocity of the acetic acid
was 5.70 [m/h]. At this time, the respective pressures were P1 = 0.15 [MPaGl,
P2 = 0.11 [MPaGl and P3 = 0.51 [MPaG], and the differential pressure -AP
between the filtration side and the flow path side was 0.38 [MPal.

The back washing operation with the acetic acid was terminated and
changed back to the operation for filtering. At this time, the filtering flow rate
was restored to 0.32 [m3/h].
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The period until conducting the next back washing with the wash
solvent was 6 hours. That is, while alternately repeating the operation for
filtering and the back washing operation with the filirate, the back washing
operation with the wash solvent was conducted in every six-hour period, so that
the ceramic filter was able to well maintain its filtering performance. The
results are shown in Table 2.

[0oo70]
<Example 7>

The operation for filtering (for 500 seconds) and the back washing
operation with the filtrate (for 15 seconds) were alternately and continuously
repeated (for 6 hours) in the same manner as in Example 5. As a result, the
filtering flow rate was unable to be restored to 0.24 [m3h] or more immediately
after the back washing operation with the filtrate, and therefore, while
continuing circulation of the oxidation reaction mother liquor, the back washing
operation with acetic acid (water content: 7.7% by mass; 85°C) was conducted
for 10 seconds (back washing flow rate: 2.04 [m%h]). The feeding linear
velocity of the acetic acid was 8.54 [m/h]. At this time, the respective
pressures were P1 = 0.18 [MPaG], P2 = 0.12 [MPaG] and P38 = 0.69 [MPaG],
and the differential pressure AP between the filtration side and the flow path
side was 0.54 [MPal.

The back washing operation with the acetic acid was terminated and
changed back to the operation for filtering. At this time, the filtering flow rate
was restored to 0.32 [m3h]. The period until conducting the next back
washing operation with the wash solvent was 6 hours. That is, while
alternately repeating the operation for filtering and the back washing operation
with the filtrate, the back washing with the wash solvent was conducted in
every six-hour period, so that the ceramic filter was able to well maintain its

filtering performance. The results are shown in Table 2.

[0071]
<Example 8>
The operation for filtering (for 500 seconds) and the back washing

operation with the filtrate (for 15 seconds) were alternately and continuously
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repeated (for 6 hours) in the same manner as in Example 5. As a result, the
filtering flow rate was unable to be restored to 0.24 [m3h] or more immediately
after the back washing operation with the fltrate, and therefore, while
continuing circulation of the oxidation reaction mother liguor, the back washing
operation with acetic acid (water content: 7.7% by mass; 85°C) was conducted
for 60 seconds (back washing flow rate: 0.34 [m3/h]). The feeding linear
velocity of the acetic acid was 1.42 [m/h]l. At this time, the vespective
pressures were P1=0.11 [MPaG], P2 =0.09 [MPaGl] and P3=0.22 {MPaG], and
the differential pressure "AP between the filtration side and the flow path side
was 0.12 [MPal,

The back washing operation with the acetic acid was terminated and
changed back to the operation for filtering. At this time, the filtering flow rate
was restored up to 0.32 [m3/h]. The period until conducting the next back
washing operation with the wash salvent was 4 hours. Furthermore, the
period until conducting the further next back washing operation with the wash
solvent was also 4 hours. That is, while alternately repeating the operation
for filtering and the back washing operation with the filtrate, the back washing
operation with the wash solvent was conducted in every fomr-hour period, so
that the ceramic filter was able to well maintain its filtering performance.
The results are shown in Table 2.

[0072]

<Bxample 9>
The operation for filtering (for 120 seconds) and the back washing

operation with the filtrate (for 15 seconds) were alternately and continuously
repeated (for 8 huors) in the same manner as in Example 5. As a resuli, the
filtering flow rate was unable to be restored to 0.24 [m%h) or more immediately
after the back washing operation with the filtrate, and therefore, while
continuing circulation of the oxidation reaction mother liquor, the back washing
operation with acetic acid (water content: 7.7% by mass; 85°C) was conducted
for 15 seconds (back washing flow rate: 0.68 [m%hl). The feeding linear
velocity of the acetic acid was 2.85 [m/h]. At this time, the respective
pressures wexre P1 = 0.13 [MPaG), P2 = 0.10 [MPaG] and P3 = 0.30 [MPaG],
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and the differential pressure ‘AP between the filtration side and the flow path
side was 0.19 [MPal.

The back washing operation with the acetic acid was terminated and
changed back to the operation for filtering. At this time, the filtering flow xate
was restored up to 0.32 [m3/h]. The period until conducting the next back
washing operation with the wash solvent was 8 hours. That is, while
alternately repeating the operation for filtering and the back washing operation
with the filtrate, the back washing operation with the wash solvent was
conducted in every eight-hour period, so that the ceramic filter was able to well
maintain its filtering performance. The results are shown in Table 2.

[0078]

<Example 10>
The operation for filtering (for 900 seconds) and the back washing

operation with the filtrate (for 15 seconds) were alternately and continuously
repeated (for 3 hours) in the same manner as in Example 5. As a result, the
filtering flow rate was unable to be restored to 0.24 [m3/h] or more immediately
after the back washing with the filtrate, and therefore, while continuing
circulation of the oxidation reaction mother liquor, the back washing operation
with acetic acid (water content: 7.7% by mass; 85°C) was conducted for 15
seconds (back washing flow rate: 0.68 [m3h]). The feeding linear velocity of
the acetic acid was 2.85 [m/h]. At this time, the respective pressures were P1
= 0.13 [MPaGl, P2 = 0.10 [MPaGl and P3 = 0.30 [MPaG], and the differential
pressure -AP between the filtration side and the flow path side was 0.19 [MPal.

The back washing operation with the acetic acid was terminated and
changed back to the operation for filtering. At this time, the filtering flow rate
was restored to 0.32 [m¥h]. The period until conducting the next back
washing operation with the wash solvent was 3 howrs. That is, while
alternately repeating the operation for filtering and the back washing operation
with the filtrate, the back washing operation with the wash solvent was
conducted in every three-hour period, so that the ceramic filter was able to well

maintain its filtering pexformance. The results are shown in Table 2.

[0074)
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<Comparative Example 5>

The operation for filtering (for 500 seconds) and the back washing
operation with the filtrate (for 15 seconds) were alternately and continuously
repeated (for 6 hours) in the same manner as in Example 5. As a result, the
filtering flow rate was unable to be restored to 0.24 [m3/h] or more immediately
after the back washing operation with the filirate, and therefore, the
circulation of the oxidation reaction mother liquor was terminated (.e., the
control valves 4 and 13 were closed, and then a drain valve 14 was opened), and
then the back washing operation with acetic acid (water content® 7.7% by mass;
85°C) was conducted for 180 seconds (back washing flow rate: 0.68 [m%hD.
The feeding linear velocity of the acetic acid was 2.85 [m/h). At this time, the
respective pressures were P1 = 0.00 [MPaGl, P2 = 0.00 [MPaG] and P3 = 0.19
[MPaG], and the differential pressure -AP between the filtration side and the
flow path side was 0.19 [MPa].

The back washing operation discharging the wash solvent (acetic acid)
out of the system was terminated and changed back to the operation fox
filtering. At this time, although the filtering flow rate was restored up to 0.32
[m3/h], the used amount of the acetic acid therein was 0.0340 [m3], i.e., as large
as 12 times that used in Example 5. Further, 0.37% by weight of isophthalic
acid contained in the oxidation reaction mother liquor was discharged as a
waste out of the system. Meanwhile, the period until conducting the next back
washing operation with the wash solvent was 6 hours. The results are shown
in Table 2.

[0075]
<Comparative Example 6>

The operation for filtering (for 500 seconds) and the back washing
operation with the filtrate (for 15 seconds) were alternately and continuously
repeated (for 6 hours) in the same manner as in Example 5. As a result, the
filtering flow rate was unable to be resiored to 0.24 [m3/h] or more immediately
after the back washing operation with the filtrate, and therefore, the
cirewlation of the oxidation reaction mother liquor was terminated (i.e., the

control valves 4 and 13 were closed, and then the drain valve 14 was opened),
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and the back washing with acetic acid (water content: 7.7% by mass; 85°C) was
conducted for 15 seconds (back washing flow rate: 0.68 [m%h]). The feeding
linear velocity of the acetic acid was 2.85 [m/h]. At this time, the respective
pressures were P1 = 0.00 [MPaG], P2 = 0.00 [MPaG] and P3 = 0.19 [MPaGl],
and the differential pressure -AP between the filtration side and the flow path
side was 0.19 [MPal.

The back washing operation dischérging the wash solvent (acetic acid)
out of the system was terminated and changed back to the operation for
filtering. Although the amount of the acetic acid used therein was 0.0028 [m3]
same as that used in Example 5, it was difficult to remove the fine crystals
deposited on the filtering surface on the flow path side owing to no circulation
of the mother liquor, so that the filtering flow rate was restored to only 0.26
[m3h]. For this reason, the period until conducting the 2nd or subsequent
back washing operation with the wash solvent was extremely shortened to 30
min. That is, the period of the operation capable of maintaining a good
filtering performance of the ceramic filter became extremely short. The

" results are shown in Table 2.
Further, 6.67% by weight of isophthalie acid contained in the oxidation

reaction mother liguor were discharged as a waste out of the system. The
resulis are also shown in Table 2.
[0076]

<Example 11>
The operation for filtering (for 500 seconds) and the back washing

operation with the filtrate (for 15 seconds) were alternately and continuously
rvepeated (for 8 hours) in the same manner as in Example 5. As a result, the
filtering flow rate was unable to be restored to 0.24 [m3/h] or more immmediately
after the back washing operation with the filirate, and therefore, while
continuing the circulation of the oxidation reaction mother liquor, the back
washing operation with acetic acid (water content: 7.7% by mass; 85°C) as a
wash solvent was conducted for 180 seconds (back washing flow rate: 0.68
[m3/h]). The feeding linear velocity of the acetic acid was 2.85 [m/h]l. At this
time, the respective pressures were P1 = 0.13 [MPaG], P2 = 0.10 [MPaG] and
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P3 = 0.30 [MPaG], and the differential pressure AP between the filtration side
and the flow path side was 0.19 [MPa).

The back washing operation with the hydrous acetic acid was
terminated and changed back to the operation for filtering. At this time,
although the filtering flow rate was restored to 0.32 [m¥h], the amount of the
acetic acid used therein was 0.034 [m?], ie., as large as 12 times that used in
Example 5. The period until conducting the next back washing with the wash
solvent was 6 hours. The results are shown in Table 2.
foo77]
<Example 12>

The operation for filtering (for 500 seconds) and the back washing
operation with the filtrate (for 15 seconds) were alternately and continuously
repeated (for 6 hours) in the same manner as in Example 5. As a result, the
filtering flow rate was unable to be restored to 0.24 [m3Mh] or more immediately
after the back washing operation with the filtrate, and therefore, while
continuing the circulation of the oxidation reaction mother liguor, the back
washing operation with acetic acid (water coutent: 7.7% by mass; 85°C) was
conducted for 15 seconds (back washing flow rate: 0.14 [m3/h]). The feeding
lineax velocity of the acetic acid was 0.59 [m/h]. At this time, the respective
pressures were P1 = 0.10 [MPaGl, P2 = 0.09 [MPaG] and P3 = 0.18 [MPaG],
and the differential pressure AP between the filtration side and the flow path
side was 0.09 [MPa)].

The back washing operation with the acetic acid was terminated and
changed back to the operation for filtering. The used amount of the acetic acid
thexrein was as small as 0.00058 [m3] G.e., 0.21 time that used in Example 5),
and the filtering flow rate was restored to only 0.27 [m3h)]. Foxr this reason,
the period until conducting the 2nd or subsequent back washing operation with
the wash solvent was extremely shortened to 1 hour. That is, the period of the
operation capable of maintaining a good filtering pexformance of the ceramic

filter became extremely short. The results are shown in Table 2.

[0078]

<Example 13>
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The operation for filtering {(for 500 seconds) and the back washing
operation with the filtrate (for 15 seconds) were alternately and continuously
repeated (for 6 hours) in the same manner as in Example 5. As a result, the
filtering flow rate was unable to be restored to 0.24 [m3/hl or more immediately
after the back washing operation with the filtrate, and therefore, while
continuing the circulation of the oxidation reaction mother liquor, the back
washing operation with acetic acid (water content: 7.7% by mass; 85°C) as a
wash solvent was conducted for 15 seconds (back washing flow rate: 5.10
[m3/h]). The feeding linear velocity of the acetic acid was 21.4 [m/h]. At this
time, the respective pressures were P1 = 0.40 [MPaGl, P2 = 0.81 [MPaG] and
P3 = 1.41 [MPaGl], and the differential pressure -AP between the filtration side
and the flow path side was 1.06 [MPz].

The back washing operation with the acetic acid was terminated and
changed back to the operation for filtering. At this time, although the filtering
flow rate was restored to 0.32 [m?/hl, the used amount of the acetic acid therein
was 0.0213 [m3], i.e., as large as 7.6 times that used in Example 5. The period
until conducting the next back washing with the wash solvent was 6 hours.

The results are shown in Table 2.
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TABLE 2-1

Examples

8

10

(Operation conditions in 1st
cycle)

Time of operation for
filtering fine crystals [s]

500

500

500

120

900

Time of back washing
operation with filtrate [s]

15

15

15

15

15

Time of back washing
operation with wash solvent

[s]

15

15

10

60

15

15

.| Circulation of oxidation

reaction mother liguor upon
back washing operation with
wash solvent

Done

Done

Done

Done

Done

Done

Feeding linear velocity of
wash solvent [m/h]

2.85

5.70

8.54

1.42

2.85

2.85

Differential pressure upon
back washing with wash
solvent [MPal)

0.19

0.38

0.54

0.12

0.19

0.19

(Resulis of operations at 1st
cycle)

. Period of back washing
operation with wash solvent
[hrs]

Filtering flow rate
immediately  after back
washing operation with wash
solvent [m3/h]

0.32

0.32

0.32

0.32

0.32

0.32

Amount of wash solvent
used [m?]

0.0028

0.0057

0.0057

0.0057

0.0028

0.0028

Amount of isophthalic acid
discarded [%)

{Results of operations in 2nd
or subsequent cycle)

Period of back washing
operation with wash solvent

[hrs]
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TABLE 2-2
Comparative Examples
Examples
5 6 11 12 13

(Operation conditions at 1st cycle)

Time of operation for filtering| 500 500 500 500 500
fine crystals [s]

Time of back washing operation 15 15 15 15 15
with filtrate [s]

Time of back washing operation| 180 15 180 15 15
with wash solvent [s]

Circulation of oxidation reaction| Not Not Done | Done Done
mother liquor upon back washing| done done
operation with wash solvent

Feeding linear velocity of wash | 2.85 2.85 2.85 0.59 21.4
solvent [m/h]

Differential pressure upon back | 0.19 0.19 0.19 0.09 1.06
washing with wash solvent [MPa]
(Results of operations at 1st cycle)

Period of back washing operation G 6 6 6 6
with wash solvent [hxs]

Filtering flow rate immediately | 0.32 0.26 0.32 0.27 0.32
after back washing operation with
wash solvent [m3/h]
[An]aount of wash solvent used| 0.0340 | 0.0028 { 0.0340 | 0.00058 | 0.0213
‘m?3

Amount of isophthalic acid| 0.37 6.67 0 0 0
discarded [%]
(Results of operations in 2nd or
subsequent cycle)

Period of back washing operation 6 0.5 6 1 6
with wash solvent [hrs]
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INDUSTRIAL APPLICABILITY
[0080]

In the filtering operation method according to the present invention, there can be
attained such advantages that (1) a filtering operation can be simply performed for a long
period of time without clogging of a ceramic filter; (2) no use of a large amount of a wash
solvent is needed; and (3) an aromatic carboxylic acid contained in the wash solvent
which has been conventionally discarded together with the wash solvent upon cleaning
can be rccovered. Therefore, it is possible to simplify the opcration conditions and
improve an output level of an aromatic carboxylic acid upon production of the aromatic

carboxylic acid.

Explanation of Reference Numerals
[0081]
The reference numerals used in FIG. 1, FIG. 2 and FIG. 3 are explained below.

1: Oxidation reaction mother liquor vessel; 2: Pump; 3: Minimum flow line; 4:
Control valve; 5: Pressure gauge (PI); 6: Circulation inlet conduit; 7: Filtering module
(housing); 8: Ceramic filter; 9: Filtration side; 10: Substrate end swrface side; 11:
Circulation outlet conduit; 12: Pressure gauge (P2); 13: Control valve; 14: Drain valve;
15: Circulation return conduit; 16: Filtrate cutlet conduit; 17: Pressnre gauge (P3); 18:
Valve; 19: Filtrate vessel; 20: Pump; 21: Minimum flow line; 22: Heat exchanger; 23:
Filtrate back washing conduit; 24: Control valve; 25: Control valve; 26: Wash solvent

back washing conduit; 27: Heat exchanger; 28: Flow path
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CLAIMS

1. A filtering operation method for filtering fine crystals contained in an oxidation
reaction mother liquor having a temperature of from 50 to 115°C obtained in a a
process for producing an aromatic carboxylic acid except for terephthalic acid by a
cross-flow filtration using a ceramic filter while conducting a flowing circulation
operation of the oxidation reaction mother liquor,

the method comprising:

conducting (I) an operation for filtering the fine crystals; and

conducting (II) a back washing operation with a filtrate while maintaining the
flowing circulation operation of the oxidation reaction mother liquor, (II) the back washing
operation with the filtrate being conducted under the following conditions:

(II-A) an operation time that is in the range of from 10 to 40 [s];

(11-B) a differential pressure between a filtration side and a flow path side that is in
the range of from 0.10 to 1.0 [MPa];

(I1-C) a feeding linear velocity of the filtrate that is in the range of from 1.0 to 20
[m/h]; and

(1I-D) a temperature of the filtrate that is in the range of from "a {emperature of the
oxidation reaction mother liquor" to "a temperature higher by 35°C than that of the oxidation
reaction mother liquor",

wherein (II) the back washing operation is conducted after (I) the operation for
filtering the fine crystals,

wherein (I) the operation for filtering the fine crystals is conducted under the
following conditions:

(I-A) an operation time that is in the range of from 60 to 1800 [s].

2. The filtering operation method according to claim 1, wherein (I) the operation for
filtering the fine crystals is conducted under the following conditions:
(I-B) a differential pressure between the flow path side and the filtration side that is
in the range of from 0.05 to 0.5 [MPa];

(I-C) a circulating linear velocity of the oxidation reaction mother liquor in the flow
path of the ceramic filter that is in the range of from 1000 to 10000 [m/h] at an inlet of the
flow path; and

(I-D) a filtering linear velocity of the filtrate that is in the range of from 0.5 to 3.0

[m/h].
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3. The filtering operation method according to claim 1 or 2, further comprising:
conducting (III) a back washing operation with a wash solvent while
maintaining the flowing circulation operation of the oxidation. reaction mother

liquor.

4. The filtering operation method according to claim 3, whexein (III) the back
washing operation with the wash solvent is conducted under the following
conditions:
(II1-A) an operé.tion time thereof that is in the range of from 5 to 120 [s];
(I1I-B) a differential pressure between the filtration side and the flow
path side upon the back washing operation with the wash solvent that is in the

range of from 0.10 1o 1.0 [MPa];

(ITI-C) a feeding linear velocity of the wash solvent upon the back
washing operation that is in the range of from 1.0 te 20 [m/h]; and

(ITI-D) a temperature of the wash solvent that is in the range of from "
the temperature of the oxidation reaction mother liquor” to “the temperature

higher by 35°C than that of the oxidation reaction mother liquox”.

5. The filtering operation method according to claim 3 or 4, wherein an
operation comprising (I) the operation for filtering the fine crystals and (ID) the
back washing operation with the filtrate is repeated, and

when a flow rate of the filtering operation is not restored by (ID) the
back washing operation with the filtrate, (III) the back washing operation with

the wash solvent is conducted.

8. The filtering operation method according to any one of claims 3 to 5, wherein
the wash solvent is acetic acid having a water content of from 0.1 to 30% by

mass.

7. The filtering operation method according to any one of claims 1 to 6, wherein
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upon the back washing operation with the filirate, a pressure on a circulation
outlet conduit side of the ceramic filter is reduced to produce a differential

pressure, thereby feeding the filtrate.

8. The filtering operation method according to any one of claims 1 to 7, wherein
the aromatic carboxylic acid comprises at least one of benzoic acid, phihalic acid,
isophthalic acid, m-toluic acid, trimesic acid, 3,5-dimethyl benzoic acid,
trimellitic acid, pyromellitic acid, 1,5-naphthalenedicarboxylic acid and

2,6-naphthalenedicarboxylic acid.




