
DESCRIPTION Title of Invention: PRETREATMENT METHOD FOR CHELATE RESIN
HAVING PYRIDINE RING USED FOR COLLECTING CATALYST IN AROMATIC
CARBOXYLIC ACID PRODUCTION PROCESS Technical Field [0001]        The
present invention relates to a pretreatment method of a pyridine
ring-containing chelate resin, which is used for adsorption and
collection of a heavy metal ion and a bromide ion derived from a
catalyst, from the oxidation reaction mother liquid discharged in a
process of producing an aromatic carboxylic acid. Background Art
[0002]        An aromatic carboxylic acid is produced through
liquid-phase oxidation of an alkyl group-containing aromatic
hydrocarbon, in which, in general, used is a catalyst such as cobalt,
manganese or the like, or a catalyst further added with a promoter
such as a bromine compound, acetaldehyde or the like, in the presence
of an acetic acid solvent.        A slurry containing the aromatic
carboxylic acid produced through such liquid-phase oxidation is, in
general, processed for crystallization by lowering the temperature
thereof, and then further processed for solid-liquid separation under
a pressure close to ordinary pressure to give an aromatic carboxylic
acid cake. On the other hand, the oxidation reaction mother liquid
separated through the  solid-liquid separation contains useful
catalyst components such as a heavy metal ion, a bromide ion or the
like derived from the catalyst, and in industrial operation, the
production cost must be reduced by recycling these catalyst
components.        A simplest recycling method includes directly
returning the oxidation reaction mother liquid to the reaction system
for reusing it therein, and is widely employed in an industrial-scale
production process. However, the oxidation reaction mother liquid is
contaminated with various organic impurities formed as by-products
and inorganic impurities derived from plant corrosion; and it is
known that, when the oxidation reaction mother liquid is directly
reused in the reaction system, then the concentration of these
impurities in the reaction system may gradually increase, and when
the concentration exceeds a certain level, then it would have some
negative influences on the liquid-phase oxidation reaction. [0003]
For example, in case where the aromatic carboxylic acid is
isophthalic acid, it is said that the proportion of the oxidation
reaction mother liquid to be returned to the reaction system is
generally from 60 to 90%, and the remaining oxidation reaction mother
liquid of from 10 to 40%, which is not reused in the reaction system,
is fed to a step of recovering the solvent, acetic acid. In case
where the aromatic carboxylic acid is 2,6-naphthalenedicarboxylic
acid, it is said that the proportion of the oxidation reaction mother
liquid to be returned to the reaction system is generally from 30 to
90%, and the remaining oxidation reaction mother liquid of from 10 to
70%, which is not reused in the reaction system, is fed to a step of
recovering the solvent, acetic acid.        As a method for
recovering and reusing the catalyst components from the oxidation
reaction mother liquid fed to the step of recovering the acetic acid,
there has been proposed a method of using a pyridine ring-containing
chelate resin (see PTL 1).  



[0004]        As described in PTL 1, since the pyridine
ring-containing chelate resin is, in general, not used in an ordinary
water solvent system but used in an acetic acid solvent system, the
chelate resin needs to be replaced with an acetic acid solvent in
advance, and, in addition, since a bromide ion exists in a high
concentration in the oxidation reaction mother liquid, the chelate
resin needs to hold a bromide ion as an anion. The condition where
the resin holds a bromide ion is hereinafter referred to as Br- form.
However, it has become clear that, when a pyridine ring-containing
chelate resin containing water as a solvent is brought into contact
with an acetic acid solvent, then there occur phenomena unfavorable
for pretreatment operation such as the swelling of the resin, heat
generation of the resin and air bubbles generation.        The
swelling of the pyridine ring-containing chelate resin is caused by
change in the solvent-containing condition of the resin resulted from
the replacement of the water solvent taken inside the resin with the
acetic acid solvent. In fact, when a water solvent of a pyridine
ring-containing chelate resin is replaced with an acetic acid
solvent, the resin swells by about 1.7 times based on the packed
volume thereof, and in treatment of the pyridine ring-containing
chelate resin in an amount to be actually used in an industrial-scale
aromatic carboxylic acid production process, attention should be paid
to physical fracturing of the resin owing to rapid swelling thereof
and to physical fracturing thereof owing to consolidation of the
resins together.        Heat generation of the pyridine
ring-containing chelate resin in the replacement of the water solvent
with an acetic acid solvent is unexpected, and the details of the
reason why the resin could generate heat are unknown. However, for
example, it is known that, in replacing the water solvent of the
pyridine ring-containing chelate resin filled in a column with an
acetic acid solvent in an up-flow stream, the  temperature of the
chelate resin layer rises by about 30C depending on the condition,
and such heat generation has some negative influences on the pyridine
ring-containing chelate resin of which the heat resistance is
problematic. [0005]        Regarding the heat resistance of a
pyridine ring-containing chelate resin, a pyridine ring removal test
is described in a literature (see PTL 2), in which the resin is added
to a solution of 90-mass % acetic acid/10-mass % water kept boiling
at a temperature of 110C, and after 140 hours, the nitrogen
concentration in the solution is measured to determine the pyridine
ring removal rate from the resin, and it is known that the pyridine
ring is removed by heat.       Regarding the generation of air
bubbles, when a pyridine ring-containing chelate resin is filled in a
column, there is an undesirable possibility of channeling generation
and increase in pressure difference in the resin layer owing to the
remaining air bubbles. [0006]       Regarding literatures relating to
a pyridine ring-containing chelate resin, there are a literature
relating to a production method for the resin (see PTL 3), a
literature relating to a method for selectively removing a metal ion
from a solution by the use of the resin (see PTL 4), and a literature
relating to a method of recovering an oxidation catalyst by the use
of the resin (see PTLs 1 and 5).       Regarding the description
relating to swelling and contraction of a pyridine ring-containing
chelate resin, for example, PTL 6 describes "it is not preferred that
the degree of crosslinking is lower than 10%, because when the degree



Further, relating to pretreatment of a pyridine ring-containing
chelate resin, PTL I has a description as follows: "For brominating a
pyridine ring-containing chelate resin, for example, but not limited
thereto, there is a method of bringing the resin into contact with an
aqueous solution of the above-mentioned bromine compound such as
sodium bromide, hydrogen bromide or the like or with a mixed solution
of said  aqueous solution with acetic acid, followed by washing it
with glacial acetic acid or with water-containing acetic acid having
a water concentration of at most 15% by mass to remove the excessive
bromine". However, neither does the literature disclose the
phenomenon of swelling of the pyridine ring-containing chelate resin,
heat generation of the resin or air bubbles generation in
pretreatment of the resin. Citation List Patent Literature [0008] PTL
1: W02008/075572 PTL 2: JP-A 6-315637 PTL 3: JP-A53-l0680 PTL 4: JP-T
2003-527950 PTL 5: JP-A 53-102290 PTL 6: JP-A 5-306253 PTL 7: JP-T
6-506211 PTL 8: JP-A 2002-233763 Summary of Invention Technical
Problem [0009]        There has not as yet been realized an
industrial method capable of preventing as much as possible the
swelling of the chelate resin, heat generation of the chelate resin
and air bubbles generation in converting the pyridine ring-containing
chelate resin containing water as a solvent into a BY form thereof
with acetic acid being a  solvent (hereinafter this may be referred
to as "Br- form (acetic acid solvent)").        Accordingly, an
object of the present invention is to solve the above-mentioned
problem and to realize a pretreatment method of a pyridine
ring-containing resin, which converts a pyridine ring-containing
resin into a Br- form (acetic acid solvent) thereof with neither
fracturing nor deterioration of the resin. Solution to Problem [0010]
The present inventors have made assiduous studies for attaining the
above-mentioned object and, as a result, have found out a stable and
simple pretreatment method and have reached the present invention.
Specifically, the present invention includes the following (1) to
(12). (1)A pretreatment method of a pyridine ring-containing chelate
resin, 



wherein, when the pyridine ring-containing chelate resin used for
collecting a liquid-phase oxidation catalyst in a production process
of an aromatic carboxylic acid is pretreated, the pretreatment method
is capable of preventing volume expansion and heat generation of the
pyridine ring-containing chelate resin in converting the pyridine
ring-containing chelate resin containing water as a solvent into a
Br- form thereof with acetic acid being a solvent, the pretreatment
method comprising:        first, converting the pyridine
ring-containing chelate resin into a Br- form thereof by use of an
aqueous solution of hydrobromic acid having an HBr content of from
0.05 to 10% by mass and having an acetic acid content of from 0 to
30% by mass; and then, bringing the resulting resin into contact with
an acetic acid solvent.  [0011]  (2) The pretreatment method of a
pyridine ring-containing chelate resin according to above (1),
wherein the acetic acid solvent has a water content of from 1 to 50%
by mass.  (3) The pretreatment method of a pyridine ring-containing
chelate resin according to above (1), wherein        the pyridine
ring-containing chelate resin before the pretreatment is an OW form
thereof.  (4) The pretreatment method of a pyridine ring-containing
thelate resin according to above (1), wherein        the volume
expansion of the pyridine ring-containing chelate resin falls within
a range of from 1.00 to 1.40 times and the temperature elevation of
the pyridine ring-containing chelate resin falls within a range of
from 0 to 15C.  (5) The pretreatment method of a pyridine
ring-containing chelate resin according to above (1), wherein
the amount of the bromide ion adsorbed by converting the pyridine
ring-containing chelate resin into the BY form thereof is, per the
dry weight of the chelate resin, from 0.10 to 1.60 [gig-dry resin].
(6) The pretreatment method of a pyridine ring-containing chelate
resin according to above (1), wherein the pretreatment method is
carried out in a batch mode. [0012]  (7) The pretreatment method of a
pyridine ring-containing chelate resin according to above (1),
wherein 



in converting the pyridine ring-containing chelate resin into the BY
form  (acetic acid solvent) thereof, the chelate resin is filled in a
column, the aqueous solution of hydrobromic acid is continuously fed
from the bottom of the column in an up-flow stream to thereby bring
the solution into contact with the chelate resin, and then the acetic
acid solvent is continuously fed from the bottom of the column in an
up-flow stream to thereby bring the solvent into contact with the
chelate resin.  (8) The pretreatment method of a pyridine
ring-containing chelate resin according to above (7), wherein
the amount of the aqueous solution of hydrobromic acid to be fed from
the bottom of the column is, as a linear velocity based on an empty
column, from 0.5 to 12 [m/j.  (9) The pretreatment method of a
pyridine ring-containing chelate resin according to above (7),
wherein        the amount of the acetic acid solvent to be fed from
the bottom of the column is, as a linear velocity based on an empty
column, from 0.5 to 12 [m/hr].  (10) The pretreatment method of a
pyridine ring-containing chelate resin according to above (1),
wherein        the temperatures of the aqueous solution of
hydrobromic acid and the acetic acid solvent to be used for the
pretreatment fall within a range of from 10 to 100C.  (11) The
pretreatment method of a pyridine ring-containing chelate resin
according to above (1), wherein the aromatic carboxylic acid is
isophthalic acid.  (12) The pretreatment method of a pyridine
ring-containing chelate resin according to above (1), wherein the
aromatic carboxylic acid is 2,6-naphthalenedicarboxylic acid.
Advantageous Effects of Invention [0013]        According to the
present invention, by performing, first, Br- conversion with an
aqueous solution of hydrobromic acid and then performing replacement
with an acetic acid solvent, the swelling and heat generation of the
pyridine ring-containing chelate resin and the air bubbles generation
are prevented, and consequently, the pretreatment of converting the
resin into a Br- form (acetic acid solvent) thereof with neither
fracturing nor deterioration of the resin can be realized.
Description of Embodiments 



[0014] [Aromatic Carboxylic Acid]        The aromatic carboxylic acid
to which the present invention is directed is one produced through
liquid-phase oxidation of an alkyl group-containing aromatic
hydrocarbon. The alkyl group-containing aromatic hydrocarbon may be
any and every compound in which at least one methyl group is
substituted with an aromatic ring, and in which the aromatic ring may
be any of an aromatic hydrocarbon ring or an aromatic hetero ring.
Specific examples of the alkyl group-containing aromatic hydrocarbon
include toluene, orthoxylene, rnetaxylene, 1,3,5-trimethylbenzene,
1,2,4-trimethylbenzene, 1,2,4,5-tetramethylbenzene,
2,4-dimethylbenzaldehyde, 3,4-dimethylbenzaldehyde,
2,4,5-trimethylbenzaldehyde, 1,5-dimethylnaphthalene,
2,6-dimethylnaphthalene, etc.        Specific examples of the
aromatic carboxylic acid include benzoic acid, phthalic acid,
isophthalic acid, metatoluic acid, trimesic acid, 3,5-dimethylbenzoic
acid,
trimelliticacid,pyromelliticacid,1,5-naphthalenedicarboxylicacid,
2,6-naphthalenedicarboxylic acid, etc. However, terephthalic acid is
excluded. [0015] [Pyridine Ring-Containing Chelate Resin]        The
pyridine ring-containing chelate resin for use in the present
invention is one to be used in recovering the liquid-phase oxidation
catalyst in a production process for an aromatic carboxylic acid, and
is a resin having a pyridine ring and obtained through
copolymerization of a 4-vinylpyridine monomer and, as a crosslinking
agent, divinylbenzene. The production method for the resin is
described in detail in PTL 3.        A chelate resin generally has a
ligand coordinating with a metal ion to form a complex, is a polymer
substrate insoluble in water, and has the function of selectively
adsorbing and separating a specific metal ion. Specifically having a
pyridine ring, the chelate resin has the advantage of efficiently
adsorbing a heavy metal ion.        As such a pyridine
ring-containing thelate resin, commercially-available ones may be
used here. The commercial products include, for example, "REILLEX(r)
425Polymer" (trade name by Vertellus), "Sumichelate(r) CR-2" (trade
name by Sumika Chemtex), etc. [0016]        The liquid-phase
oxidation catalyst to be recovered by the use of the above-mentioned
pyridine ring-containing chelate resin may be any one usable in a
production process for an aromatic carboxylic acid, and, for example,
but not limited thereto, includes heavy metal compounds such as
cobalt compounds, manganese compounds or the like, as optionally
combined with any of nickel compounds, cerium compounds, zirconium
compounds, etc. In addition, also usable here is a catalyst with a
promoter, such as a bromine compound, acetaldehyde or the like, added
thereto.  [0017] [Pretreatment Method of Pyridine Ring-Containing
Chelate Resin] 



The pretreatment method of the present invention is a method capable
of preventing volume expansion and heat generation of a pyridine
ring-containing chelate resin in converting the pyridine
ring-containing chelate resin containing water as a solvent into a
13r- form (acetic acid solvent) thereof, and includes, first,
converting the pyridine ring-containing chelate resin into a 13r-
form thereof by use of an aqueous solution of hydrobromic acid having
an HBr content of from 0.05 to 10% by mass and having an acetic acid
content of from 0 to 30% by mass (bromination), and then bringing the
resulting resin into contact with an acetic acid solvent (replacement
with acetic acid solvent). [0018] (Bromination)        In case where
the pyridine ring-containing chelate resin is an OH- form (water
solvent form) thereof, the resin may be directly processed for
pretreatment. The 011- form means that the chelate resin is kept
holding a hydroxide ion as the anion, like the Br- form (the same
shall apply to a form and SO42- form to be mentioned hereinunder). In
case where the resin is a a- form or SO42- form thereof, it is
preferable that the resin is washed with an aqueous dilute alkali
solution (for example, aqueous 1.5 N-NaOH solution) and then washed
with water according to an ordinary washing method with an
ion-exchange resin to thereby convert the resin into an Oliform
thereof, and then the resulting resin is processed for pretreatment
according to the present invention. The washing may be attained in
any method of batch-mode or packed column-mode (in which the liquid
is continuously fed from the bottom of the column) operation.  [0019]
In case where the HBr content of the aqueous hydrobromic acid
solution to be used in converting the pyridine ring-containing
chelate resin into a Br- form thereof is high, the amount of the
liquid to be brought into contact with the resin would decrease and
uniform contact therebetween would be difficult; but when the content
is low, a large amount of the liquid would have to be used and the
treatment would be difficult. From these viewpoints, the range of the
HBr content is from 0.05 to 10% by mass, preferably from 0.05 to 9%
by mass, more preferably from 0.05 to 5% by mass, even more
preferably from 0.05 to 3% by mass.        The aqueous hydrobromic
acid solution to be used contains acetic acid in an amount of from 0
to 30% by mass; and from the viewpoint of volume expansion, heat
generation and air bubbles generation, the acetic acid content is
preferably from 0 to 25% by mass, more preferably from 0 to 20% by
mass. [0020]        The amount of the bromide ion to be adsorbed by
the pyridine ring-containing chelate resin is, per the dry weight of
the chelate resin, preferably from 0.10 to 1.60 [gig-dry resin], more
preferably from 0.10 to 1.00 [g/g-dry resin]. This is in order that
the resin could sufficiently exhibit the adsorption activity thereof
when adsorbing catalyst-derived heavy metal ions, and when the amount
of the bromide ion that the resin holds is small, then the heavy
metal adsorbing activity of the resin may lower. On the other hand,
when the amount of the bromide ion that the resin holds is excessive,
then the superfluous bromide ion may separate from the resin in the
adsorption and collection of the heavy metal ions, and there may
occur bromide ion loss. From these viewpoints, the amount of the
bromide ion to be adsorbed by the pyridine ring-containing chelate
resin is, per the dry weight of the chelate resin, more  preferably
from 0.20 to 0.95 [g/g-dry resin], even more preferably from 0.30 to
0.90 [gig-dry resin]. [0021] (Replacement with Acetic Acid Solvent)



The advantage of the batch-mode operation is that the condition of
the resin under pretreatment can be monitored, and owing to the stir
in a container, the resin would be hardly fractured through physical
contact between them even though the resin has swollen or contracted.
In addition, the entire resin can be uniformly processed. Since the
heat generation through the pretreatment could be averaged, its
influence on the resin would be little and air bubbles generation
would produce little problem. However, in order that the pyridine
ring-containing chelate resin after the pretreatment (Br' form
(acetic acid solvent)) is filled in a column for final use thereof, a
method in which the organic solvent and the strong acid are not
exposed to human bodies or environment must be employed, and
therefore the operation thereof is troublesome. [0023]        The
advantage of the packed column-mode operation is that the pyridine
ring-containing chelate resin containing water as the solvent can be
filled in a column and the filling operation can be attained safely
and stably. In addition, when the fine powder of the chelate resin is
removed through up-flow stream prior to the pretreatment, the water
solvent can be used with no limitation, and the fine powder removal
can be surely completed.        However, when the suitable condition
is not employed in the pretreatment after filling in the column, then
the resin may swell, generate heat or generate air bubbles and may
therefore undergo physical fracturing or chemical deterioration,
thereby detracting the performance of the resin. [0024]        The
indication in continuously feeding the aqueous solution of
hydrobromic acid from the bottom of the column in the packed
column-mode treatment is that the chelate resin layer filled in the
column is fluidized by the up-flow stream occurring therein, and in
the fluidized state, the physical and chemical influences on the
resin may be eliminated. The fluidized state can be realized by
controlling the linear velocity (based on an empty column) of the fed
liquid that runs upward in the column, to be preferably from 0.5 to
12 [m/hr], more preferably from 1 to 8 [m/hr], even more  preferably
from 2 to 6 [m/hr].        Similarly, the indication in continuously
feeding the acetic acid solvent from the bottom of the column in the
packed column-mode treatment is that the chelate resin layer filled
in the column is fluidized by the up-flow stream occurring therein,
and in the fluidized state, the physical and chemical influences on
the resin may be eliminated. The fluidized state can be realized by
controlling the linear velocity (based on an empty column) of the fed
liquid that runs upward in the column, to be preferably from 0.5 to
12 [m/hrb more preferably from I to 8 [m/hr], even more preferably
from 2 to 6 [mihr]. [0025]       The temperature of the aqueous
solution of hydrobromic acid and the acetic acid solvent to be used
for the pretreatment may be set freely in any range not having any
influence on the pyridine ring-containing chelate resin. When the
temperature is low, the liquid viscosity may increase and the resin
could be less fluidized; but on the other hand, when the temperature
is higher than 100C, then the pyridine ring in the resin would be
readily released. In consideration of these, the temperature is
preferably within a range of from 10 to 100C, more preferably from 15
to 90C, even more preferably from 20 to 85C. [0026]       According
to the present invention, the pyridine ring-containing chelate resin
is first converted into a Br form thereof with the aqueous solution
of hydrobromic acid and then subjected to the replacement with the



[0027]        The present invention is described in more detail by
the following Examples and others; however, the present invention is
not limited at all by these Examples, etc.        In Examples and
Comparative Examples, "REILLEXO 425 Polymer" (trade name, by
Vertellus) was used as a pyridine ring-containing chelate resin.
The volume expansion rate, the adsorbed bromide ion amount and the
bromide ion concentration were determined as follows: [0028] <Volume
Expansion Rate>        The volume expansion rate of the pyridine
ring-containing chelate resin in pretreatment was determined from the
chelate resin layer packed volume (static state) before and after
treatment. When the packed volume before treatment is represented by
VI [m3] and the packed volume after treatment is represented by V2
[m3], then the volume expansion rate is represented as follows:
Volume Expansion Rate [times] = V2/VI  [0029] <Amount of Adsorbed
Bromide Ion (BO>        The amount of the bromide ion adsorbed by the
pyridine ring-containing chelate resin by bromination was calculated
as follows: Bromide ion supply: M1 [g] Aqueous hydrobromic acid
solution supply: X1 [g] HBr content in aqueous hydrobromic acid
solution supply: C: [%] M1 =X1 x 011100 Bromide ion emission: M2 [g]
Liquid emission: Xy [g] 



HBr content in liquid emission: Cy [%] My = Xy X C2/100 Amount of
pyridine ring-containing chelate resin to be pretreated: Rw [g] Water
content of pyridine ring-containing chelate resin: Y [%] Dry
resin-based amount of pyridine ring-containing chelate resin: RD [g]
RD = Rw x (100 - Y)/100 Amount of bromide ion adsorbed by pyridine
ring-containing chelate resin: A [gig-dry resin] A= (Mi - M2)/R0
[0030] <Method for Measurement of Bromide Ion Concentration>
The bromide ion concentration was measured using the following
apparatus. Titrator: Potentiometric automatic titrator, AT-510 (by
Kyoto Electronics Manufacturing Co., Ltd.) <Water Content of Acetic
Acid Solvent>  Measured according to Karl-Fischer moisture titration
method. [0031] <Example 1> (Resin Filling)        With a water
solvent, 3.85 [kg] of RE1LLEXID 425Polymer was filled in a glass
column (inner diameter 100 mm, height 1500 min, equipped with 80-mesh
SUS316-made grating at the bottom) from the top opening thereof.
Next, a water solvent (temperature 24C) was fed from the bottom
supply opening equipped at lower than the grating, at 30 [L/hr] for 2
hours with overflowing through the top overflow opening, whereby the
fine powder of the resin was removed with the up-flow stream running
in the column. After the operation, the height of the chelate resin
layer in a static state was 750 mm. [0032] 



(First Treatment: Bromination)        An aqueous hydrobromic acid
solution having an HBr content of 1.2% by mass (temperature 24C) was
fed from the bottom supply opening at 30 [L/hr] (at a linear velocity
of 3.8 [m/hi based on an empty column) to thereby perform the BY
of the pyridine ring-containing chelate resin in the up-flow stream
of the solution. At the time when the bromide ion concentration
detected in the overflow discharge at the top overflow opening
exceeded 200 ppm, the operation was finished. During the operation,
the temperature of the chelate resin layer rose by at most 3C. From
the balance between the bromide ion supply and discharge, the amount
of the bromide ion adsorbed by the chelate resin was 0.71 [g/g-dry
resin]. No air bubbles formed. After the operation, the height of the
chelate resin layer in a static state was 900 mm (volume expansion
rate, 1.20 times).  [0033] (Second Treatment: Replacement with Acetic
Acid Solvent)        An acetic acid solvent having a water content of
7.0% by mass (temperature 24C) was fed from the bottom supply opening
at 30 [L/1-r] (at a linear velocity of 3.8 [m/hr] based on an empty
column) to thereby perform the replacement with acetic acid solvent
of the pyridine ring-containing chelate resin in the up-flow stream
of the acetic acid solvent. At the time when the water content of the
acetic acid solvent detected in the overflow discharge at the top
overflow opening reached at 10% by mass or less, the operation was
finished. During the operation, the temperature of the chelate resin
layer rose by at most 5C. Some but only slight air bubbles formed,
which, however, were not on the level having some influence on the
chelate resin layer. After the operation, the height of the chelate
resin layer in a static state was 920 mm (volume expansion rate, 1.23
times). The results are shown in Table 1. [0034] <Example 2> (Resin
Filling)        In the same manner as in Example 1, the chelate resin
was filled in the column. After the operation, the height of the
chelate resin layer in a static state was 750 mm (First Treatment:
Bromination) The first treatment was the same as in Example 1.
During the operation, the temperature of the chelate resin layer rose
by at most 3C. From the balance between the bromide ion supply and
discharge, the amount of the bromide ion adsorbed by the chelate
resin was 0.75 [g/g-dry resin]. No air bubbles formed. After the
operation, the height of the chelate resin layer in a  static state
was 900 mm (volume expansion rate, 1.20 times). [0035] (Second
Treatment: Replacement with Acetic Acid Solvent) 



The second treatment was the same as in Example 1, except that the
temperature of the acetic acid solvent was changed from 24C to 58C.
During the operation, the temperature of the chelate resin layer rose
by at most 2C. No air bubbles formed. After the operation, the height
of the chelate resin layer in a static state was 925 mm (volume
expansion rate, 1.23 times). The results are shown in Table 1. [0036]
<Example 3> (Resin Filling)        In the same manner as in Example
1, the chelate resin was filled in the column. After the operation,
the height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Bromination)        An aqueous hydrobromic acid
solution having an HBr content of 5.0% by mass (temperature 24C) was
fed from the bottom supply opening at 30 [L/hr] (at a linear velocity
of 3.8 [m/hr] based on an empty column) to thereby perform the Br"
conversion of the pyridine ring-containing chelate resin in the
up-flow stream of the solution. At the time when the bromide ion
concentration detected in the overflow discharge at the top overflow
opening reached more than 200 ppm, the operation was finished. During
the operation, the temperature of the chelate resin layer rose by at
most 4C, but no air bubbles were formed. The height of the chelate
resin layer in a static state was 900 mm (volume expansion rate, 1.20
times). From the balance between the bromide ion supply and
discharge, the amount of the bromide ion  adsorbed by the chelate
resin was 0.98 [g/g-dry resin]. [0037] (Second Treatment: Replacement
with Acetic Acid Solvent) The second treatment was the same as in
Example 1.        During the operation, the temperature of the
chelate resin layer rose by at most 5C. Some but only slight air
bubbles formed, which, however, were not on the level having some
influence on the chelate resin layer. After the operation, the height
of the chelate resin layer in a static state was 920 mm (volume
expansion rate, 1.23 times). The results are shown in Table 1. [0038]
<Example 4> (Resin Filling) 



In the same manner as in Example 1, the chelate resin was filled in
the column. After the operation, the height of the chelate resin
layer in a static state was 750 min (First Treatment: Bromination)
An aqueous hydrobromic acid solution having an HBr content of 10% by
mass (temperature 24C) was fed into the column from the bottom supply
opening at 30 [L/hr] (at a linear velocity of 3.8 [in/hr] based on an
empty column) to thereby convert the pyridine ring-containing chelate
resin into a Br- form thereof in the up-flow stream of the solution.
At the time when the bromide ion concentration detected in the
overflow discharge at the top overflow opening exceeded 200 ppm, the
operation was finished. During the operation, the temperature of the
chelate resin layer rose by at most 5C, but no air bubbles were
formed. The height of the chelate resin layer in a static state was
910 mm (volume expansion rate, 1.21 times). From the balance  between
the bromide ion supply and discharge, the amount of the bromide ion
adsorbed by the chelate resin was 1.53 [g/g-dry resin]. [0039]
(Second Treatment: Replacement with Acetic Acid Solvent) The second
treatment was the same as in Example I.        During the operation,
the temperature of the cheIate resin layer rose by at most 5C. Some
but only slight air bubbles formed, which, however, were not on the
level having some influence on the chelate resin layer. After the
operation, the height of the chelate resin layer in a static state
was 930 mm (volume expansion rate, 1.24 times).        During the
treatment of replacement with the acetic acid solvent, the bromide
ion adsorbed by the chelate resin partly dissolved out, giving an
acetic acid waste solution difficult to discard. The results are
shown in Table 1. [0040] <Comparative Example 1> (Resin Filling)
In the same manner as in Example 1, the chelate resin was filled in
the column. After the operation, the height of the chelate resin
layer in a static state was 750 mm. (First Treatment: Replacement
with Acetic Acid Solvent)        An acetic acid solvent having a
water content of 7.0% by mass (temperature 24C) was fed from the
bottom supply opening at 30 [L/hr] (at a linear velocity of 3.8
[m/hr] based on an empty column) to thereby perform the replacement
with acetic acid solvent of the pyridine ring-containing chelate
resin in the up-flow stream of the acetic acid solvent. At the time
when the water content of the acetic acid solvent detected in   the
overflow discharge at the top overflow opening reached at10% by mass
or less, the operation was finished. During the operation, the
temperature of the chelate resin layer rose by at most 30C, and the
chelate resin was pushed up owing to the generation of air bubbles so
that the chelate resin layer was broken. After the operation, the air
bubbles were removed, and the height of the chelate resin layer in a
static state was 1250 mm (volume expansion rate, 1.67 times). [0041] 



(Second Treatment: Bromination)        An acetic acid solvent having
an HBr content of 1.2% by mass (water content 8.1% by mass)
(temperature 24C) was fed from the bottom supply opening at 30 [Uhr]
(at a linear velocity of 3.8 [m/hr] based on an empty column) to
thereby perform the BY conversion of the pyridine ring-containing
chelate resin in the up-flow stream of the solution. At the time when
the bromide ion concentration detected in the overflow discharge at
the top overflow opening exceeded 200 ppm, the operation was
finished. During the operation, the temperature of the chelate resin
layer rose by at most 7C. From the balance between the bromide ion
supply and discharge, the amount of the bromide ion adsorbed by the
chelate resin was 0.77 [g/g-dry resin]. No air bubbles formed. After
the operation, the height of the chelate resin layer in a static
state was 940 mm (volume expansion rate, 1.25 times). The results are
shown in Table 1. [0042] <Comparative Example 2> (Resin Filling)
In the same manner as in Example 1, the chelate resin was filled in
the column. After the operation, the height of the chelate resin
layer in a static state was 750 mm.  (First Treatment: Replacement
with Acetic Acid Solvent)        An acetic acid solvent having a
water content of 50% by mass (temperature 24C) was fed from the
bottom supply opening at 30 [Iihr] (at a linear velocity of 3.8
[m/hr] based on an empty column) to thereby perform the replacement
with acetic acid solvent of the pyridine ring-containing chelate
resin in the up-flow stream of the acetic acid solvent. At the time
when the water content of the acetic acid solvent detected in the
overflow discharge at the top overflow opening reached at 55% by mass
or less, the operation was finished. During the operation, the
temperature of the chelate resin layer rose by at most 22C, and the
chelate resin was pushed up owing to the generation of air bubbles so
that the chelate resin layer was broken. After the operation, the air
bubbles were removed, and the height of the chelate resin layer in a
static state was 1020 mm (volume expansion rate, 1.36 times). [0043]
(Second Treatment: Bromination) The second treatment was the same as
in Comparative Example 1.        During the operation, the
temperature of the chelate resin layer rose by at most 5C. From the
balance between the bromide ion supply and discharge, the amount of
the bromide ion adsorbed by the chelate resin was 0.77 [g/g-dry
resin]. No air bubbles fonned. After the operation, the height of the
chelate resin layer in a static state was 930 mm (volume expansion
rate, 1.24 times). The results are shown in Table 1. [0044]
<Comparative Example 3> (Resin Filling) 



In the same manner as in Example 1, the chelate resin was filled in
the column.  After the operation, the height of the chelate resin
layer in a static state was 750 mm. (First Treatment: Replacement
with Acetic Acid Solvent, and Bromination)        An acetic acid
solvent having an HBr content of 1.2% by mass (water content 8.1% by
mass) (temperature 24C) was fed from the bottom supply opening at 30
[L/hr] (at a linear velocity of 3.8 [m/hr] based 011 an empty column)
to thereby perfon-n the replacement with acetic acid solvent of and
the Br- conversion of the pyridine ring-containing chelate resin in
the up-flow stream of the solution. At the time when the water
content in the acetic acid solvent detected in the overflow discharge
at the top overflow opening reached at 10% by mass or less and when
the bromide ion concentration detected therein exceeded 200 ppm, the
operation was finished. During the operation, the temperature of the
chelate resin layer rose by at most 29C, and the chelate resin was
pushed up owing to the generation of air bubbles so that the chelate
resin layer was broken. From the balance between the bromide ion
supply and discharge, the amount of the bromide ion adsorbed by the
chelate resin was 0.78 [gig-dry resin]. After the operation, the air
bubbles were removed, and the height of the chelate resin layer in a
static state was 940 mm (volume expansion rate, 1.25 times). The
results are shown in Table 1. [0045] <Comparative Example 4> (Resin
Filling)        In the same manner as in Example 1, the chelate resin
was filled in the column. After the operation, the height of the
chelate resin layer in a static state was 750 mm. (First Treatment:
Bromination) An aqueous hydrobromic acid solution having an HBr
content of 0.03% by  mass (temperature 24C) was fed from the bottom
supply opening at 30 [L/hr] (at a linear velocity of 3.8 [m/hr] based
on an empty column) to perform the Be conversion of the pyridine
ring-containing chelate resin in the up-flow stream of the solution.
At the time when the bromide ion concentration detected in the
overflow discharge at the top overflow opening exceeded 200 ppm, the
operation was finished. During the operation, the temperature of the
chelate resin layer rose by at most 1C, and no air bubbles formed.
After the operation, the air bubbles were removed, and the height of
the chelate resin layer in a static state was 890 mm (volume
expansion rate, 1.19 times). From the balance between the bromide ion
supply and discharge, the amount of the bromide ion adsorbed by the
chelate resin was 0.62 [g/g-dry resin].        The time taken for the
bromination was 6 days herein, while that in Example 1 was 4 hours,
and a large quantity of wastewater was generated here. [0046] (Second
Treatment: Replacement with Acetic Acid Solvent) The second treatment
was the same as in Example 1.        During the operation, the
temperature of the chelate resin layer rose by at most 5C. Some but
only slight air bubbles formed, which, however, were not on the level
having some influence on the chelate resin layer. After the
operation, the height of the chelate resin layer in a static state
was 915 mm (volume expansion rate, 1.22 times). The results are shown
in Table 1. 



[0047] <Example 5> (Resin Filling) In the same manner as in Example
1, the chelate resin was filled in the column.  After the operation,
the height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Bromination)        An aqueous hydrobromic acid
solution having an HBr content of 1.2% by mass (acetic acid content
25% by mass) (temperature 24C) was fed from the bottom supply opening
at 30 [L/hr] (at a linear velocity of 3.8 [m/hr] based on an empty
column) to thereby perform the Br' conversion of the pyridine
ring-containing chelate resin in the up-flow stream of the solution.
At the time when the bromide ion concentration detected in the
overflow discharge at the top overflow opening exceeded 200 ppm, the
operation was finished. During the operation, the temperature of the
chelate resin layer rose by at most 12C. From the balance between the
bromide ion supply and discharge, the amount of the bromide ion
adsorbed by the chelate resin was 0.74 [g/g-dry resin]. Some but only
slight air bubbles formed, which, however, were not on the level
having some influence on the chelate resin layer. After the
operation, the height of the chelate resin layer in a static state
was 940 mm (volume expansion rate, 1.25 times). [0048] (Second
Treatment: Replacement with Acetic Acid Solvent) The second treatment
was the same as in Example 1.        During the operation, the
temperature of the chelate resin layer rose by at most 1C. No air
bubbles formed. After the operation, the height of the chelate resin
layer in a static state was 930 mm (volume expansion rate, 1.24
times). The results are shown in Table 1. [0049] <Comparative Example
5> (Resin Filling)          In the same manner as in Example 1, the
chelate resin was filled in the column. After the operation, the
height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Bromination)        An aqueous hydrobromic acid
solution having an HBr content of 1.2% by mass (acetic acid content
50% by mass) (temperature 24C) was fed from the bottom supply opening
at 30 [L/hr] (at a linear velocity of 3.8 [m/hr] based on. an empty
column) to thereby perform the Bf conversion of the pyridine
ring-containing chelate resin in the up-flow stream of the solution.
At the time when the bromide ion concentration detected in the
overflow discharge at the top overflow opening exceeded 200 ppm, the
operation was finished. During the operation, the temperature of the
chelate resin layer rose by at most 21C, and the chelate resin was
pushed up owing to the generation of air bubbles so that the chelate
resin layer was broken. After the operation, the air bubbles were
removed, and the height of the chelate resin layer in a static state
was 1000 mm (volume expansion rate, 1.33 times). From the balance
between the bromide ion supply and discharge, the amount of the
bromide ion adsorbed by the thelate resin was 0.75 [g/g-dry resin]. 



[0050] (Second Treatment: Replacement with Acetic Acid Solvent) The
second treatment was the same as in Example 1.        During the
operation, the temperature of the chelate resin layer rose by at most
1C. No air bubbles fonned. After the operation, the height of the
chelate resin layer in a static state was 935 mm (volume expansion
rate, 1.25 times). The results are shown in Table 1. [0051] [Table 1]
Comparative Examples  Bromination 1.2%1-113r aqueous solution with
50% acetic acid crinrent In  It sal( 



Et Replacement with acetic acid solvent acetic acid with 7.0% water
content In   011 St' I   Example 5 Bromination 1.2% III3r aqueous
solution with 25% acetic 



acid content 17Z '61 yes, but only sliuht 5t1 Replacement I with
acetic acid solvent  acetic acid with 7.0% water content FtI  OU Ft'l



Comparative I Example 4 I Bromination 0.03% HBr aqueous solution 17t
OU 61.1 Replacement with acetic acid solvent acetic acid with 7.0%
water content Ft 5 yes, but only 



slight  tt 1 ZTO Bromination time was long and a large quantity of
wastewater was g enerated.  Comparative Example 3 13romination and
Replacement with acetic acid 1.2%1113r acetic acid solution with 8.1%
water 



content Ft 6Z sof( 5t1  8C0  Comparative Example 2  Replaceinent with
acetic acid solvent  acetic acid with 50% water content Ft ZZ 



sad( 9t I Bromination 1.2% HBr acetic acid solution with 8.1% water
content Ft 5 OU Ft LEO  Comparative Example 1  Replacement with
acetic acid solvent  



acetic acid with 7.0% water content 17t OE L gA  L9.1 Brominat ion
L2% HBr acetic acid solution with 8.1% water content Pt  Ott 5t1 Leo



Example 4 uopeunumg 10% HBr aqueous solution Ft Ig OU I t* I
Replacement with acetic acid solvent  acetic acid with 7.0% water
content -frt 5 yes, but only 



slight  Ft I Cc I HBr-containi ng acetic acid waste solution was
generated in second treatment Example 3 Bromination 5.0% liBir
aqueous solution IFt It OH or! Replacement with acetic acid solvent  



acetic acid with 7.0% water content 17t  yes, but only slight  It
260I  Example 2 UOIMUIU10.03 1.2% HBr aqueous solution IPt IE OU 



Ott   Replacement , with acetic ! acid solvent  acetic acid with 7.0%
water content Sc  OU It ceo  I atclatexg Bromination 1.2% HBr aqueous
solution Ft 



011 Ott Replacement with acetic acid solvent  acetic acid with 7.0%
water content Pt  yes, but only slight It ILO    



b01 bel  [setup]   [Do] [Do)  [sat-7171 [Ills1 0.1 -2/E]   1 I First
Treatment Solution Temperature 



Temperature Elevation  I Generation of I  Air Bubbles  Volume
Expansion Rate  Second Treatment uonnios ITemperature ITemperature
Elevation  IGeneration of Air Bubbles  Volume Expansion Rate  1
Adsorbed BC Amount Remarks  Industrial Applicability 



[0052]        The present invention relates to a pretreatment method
of a pyridine ring-containing chelate resin used for adsorption and
collection of a heavy metal ion and a bromide ion derived from a
catalyst, from the oxidation reaction mother liquid discharged in a
process of producing an aromatic carboxylic acid.        According to
the present invention, by performing, first, the Br- conversion with
an aqueous solution of hydrobromic acid and then performing the
replacement with an acetic acid solvent, the swelling and heat
generation of the pyridine ring-containing chelate resin and the air
bubbles generation are prevented, and consequently, the pretreatment
of converting the resin into a Br- form (acetic acid solvent) thereof
with neither fracturing nor deterioration of the resin can be
realized.  CLAIMS [Claim 1] A pretreatment method of a pyridine
ring-containing chelate resin,        wherein, when the pyridine
ring-containing chelate resin used for collecting a liquid-phase
oxidation catalyst in a production process of an aromatic carboxylic
acid excluding terephthalic acid is pretreated, the pretreatment
method is capable of preventing volume expansion and heat generation
of the pyridine ring-containing chelate resin in converting the
pyridine ring-containing chelate resin containing water as a solvent
into a BY form thereof with acetic acid being a solvent, the
pretreatment method comprising:        first, converting the pyridine
ring-containing chelate resin into a BY form thereof by use of an
aqueous solution of hydrobromic acid having an HBr content of from
0.05 to 10% by mass and having an acetic acid content of from 0 to
30% by mass; and then, bringing the resulting resin into contact with
an acetic acid solvent. [Claim 2]        The pretreatment method of a
pyridine ring-containing chelate resin according to claim 1, wherein
the acetic acid solvent has a water content of from 1 to 50% by mass.
[Claim 3]        The pretreatment method of a pyridine
ring-containing chelate resin according to claim 1, wherein the
acetic acid solvent has a water content of from 1 to 30% by mass.  



Claim 4]        The pretreatment method of a pyridine ring-containing
chelate resin according to claim 1, wherein the acetic acid solvent
has a water content of from 1 to 13% by mass. [Claim 5]        The
pretreatment method of a pyridine ring-containing chelate resin
according to claim 1, wherein        the pyridine ring-containing
chelate resin before the pretreatment is an OFF form thereof. [Claim
6]        The pretreatment method of a pyridine ring-containing
chelate resin according to claim 1, wherein        the volume
expansion of the pyridine ring-containing chelate resin falls within
a range of from 1.00 to 1.40 times and the temperature elevation of
the pyridine ring-containing chelate resin falls within a range of
from 0 to 15C. [Claim 7]        The pretreatment method of a pyridine
ring-containing chelate resin according to claim 1, wherein
the amount of the bromide ion adsorbed by converting the pyridine
ring-containing chelate resin into the BY form thereof is, per the
dry weight of the chelate resin, from 0.10 to 1.60 [g/g-dry resin].
[Claim 8]        The pretreatment method of a pyridine
ring-containing chelate resin according to claim 1, wherein the
pretreatment method is carried out in a batch mode. [Claim 9]
The pretreatment method of a pyridine ring-containing chelate resin
according to claim 1, wherein 



in converting the pyridine ring-containing chelate resin into the BY
form thereof with acetic acid being a solvent, the chelate resin is
filled in a column, the aqueous solution of hydrobromic acid is
continuously fed from the bottom of the column in an up-flow stream
to thereby bring the solution into contact with the chelate resin,
and then the acetic acid solvent is continuously fed from the bottom
of the column in an up-flow stream to thereby bring the solvent into
contact with the chelate resin. [Claim 10]        The pretreatment
method of a pyridine ring-containing chelate resin according to claim
9, wherein        the amount of the aqueous solution of hydrobromic
acid to be fed from the bottom of the column is, as a linear velocity
based on an empty column, from 0.5 to 12 [m/hd. [Claim 11] The
pretreatment method of a pyridine ring-containing chelate resin
according  to claim 9, wherein        the amount of the acetic acid
solvent to be fed from the bottom of the column is, as a linear
velocity based on an empty column, from 0.5 to 12 [m/hr]. [Claim 12]
The pretreatment method of a pyridine ring-containing chelate resin
according to claim 1, wherein        the temperatures of the aqueous
solution of hydrobromic acid and the acetic acid solvent to be used
for the pretreatment fall within a range of from 10 to 100C. [Claim
13]        The pretreatment method of a pyridine ring-containing
chelate resin according to claim 1, wherein the aromatic carboxylic
acid is isophthalic acid. [Claim 14]        The pretreatment method
of a pyridine ring-containing chelate resin according to claim 1,
wherein the aromatic carboxylic acid is 2,6-naphthalenedicarboxylic
acid. 



[Claim 15]        The pretreatment method of a pyridine
ring-containing chelate resin according to claim 1, wherein
the aromatic carboxylic acid is selected from the group consisting of
benzoic acid,phthalic acid,isophthalic acid, metatoluic acid,
trimesic acid,
3,5-dimethylbenzoicacid,trimelliticacid,pyromelliticacid,
1,5-naphthalenedicarboxyl c acid and 2,6-naphthalenedicarboxylic
acid. 




