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To provide a production method for suppressing the reduction in production rate of a carbonyl compound due to transferring a
noble metal component into liquid phase. A method for producing a carbonyl compound, including: a reaction step of reacting a
carbonylation raw material with CO In liguid phase including a solid catalyst having noble metal complex on a resin carrier
containing quaternized nitrogen to produce a carbonyl compound; a distillation step of distilling a reaction product liquid to recover
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having higher moisture concentration than the bottom product contacts with the resin to extract noble metal complex captured by
oligomer adsorbing the resin, and the complex is returned to the reaction step.

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02913866 2015-11-27

23

ABSTRACT

To provide a production method for suppressing
the reduction in production rate of a carbonyl compound
due to transferring a noble metal component into ligquid
rhase. A method for producing a carbonyl compound,
including: a reactlion step of reacting’a carbonylation
raw material with CO in ligquid phase including a solid
catalyst having noble metal complex on a resin carrier
containing quaternized nitrogen to produce a carbonyl
compound; a distillation step of distilling a reaction
product liquid to recover gas ©phase distillate
including the carbonyl compound; and a circulation step
of circulating a bottom product from the distillation
to reaction step. After part of the bottom product
contacts with an acidic cation-exchange resin to remove
ntrogen compound, licuid having higher moisture
concentration than the bottom product contacts with the
resin to extract noble metal complex captured Dby
oligomer adsorbing the resin, and the complex 1is

returned to the reaction step.
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DESCRIPTION

Title of Invention
METHOD FOR PRODUCING CARBONYIL COMPOUND

Technical Field

[0001]The present invention relates To a method for producing

a carbonyl compound. In particular, the present
invention relates to a method for producing acetic acid
by a carbonylation reaction of methanol.
Background Art

[0002]A method for reacting methanol and carbon monoxide 1n
the presence of a noble metal catalyst to produce
acetic acld 1s well known as a so-called "Monsanto's
method". At first, this method has been developed as a
method by a homogeneous catalytic reaction in which
methanol and carbon monoxide are reacted 1n a reaction
liguid including a rhodiutm compound as a metal catalyst
and methyl iodide as a reaction accelerator dissolved
in an acetic acid solvent including water (for example,
PTL 1). Thereafter as a modified method thereof, a
method by a heterogeneous catalytic reaction 1n which a
solid catalyst having a rhodium compound supported
thereon 1s used has been developed (for examvle, PTL 2).

[0003]In the production process by the homogeneous catalytic
reaction, the solubility of the metal catalyst into the
solvent 1s low and therefore the reaction rate cannot
be increased, thereby resulting in the increase 1n size
of a reactor. In addition, in order to achieve the
increases in reaction rate and acetic acid selectivity,
and to prevent the dissolved catalyst from belng
precipitated, moisture is required to be present in the
reaction ligquid in a relatively high concentration.
The moisture, however, has the problem of resulting in
the hydrolysis of methyl iodide used as a reaction
accelerator to cause the reduction in yield of acetic
acid and the corrosion of an apparatus. Therefore, the

production process by the heterogenecus catalytic
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reaction less causing such a problem has been developed.

(0004 ] Carbonylation of methanol by the heterogenecus
catalytic reaction 1s usuvally a procedure 1n which
methanol and carbon monoxide are reacted using acetic
acld as a solvent in the presence of a solid catalyst
having a rhodium compound supported thereon and methyl
lodlde as a reaction accelerator 1n a reactor under
heat and pressure. A reaction product liquid
discharged from the reactor 1s guided to a separation
system including a unit for distillation or the like,
the produced acetic acid 1s separated and recovered,
and the remaining liquid after separation 1s returned
to the reactor. The inside of the reactor herein 1s a
cwo-phase system in which solid catalyst particles are
included in the reaction liguid including acetic acid,
methanol, methyl iodide and the like (more specifically,
three-phase system further including carbon monoxide
gas bubbles), namely, a heterogeneous system. Herein,
the reaction liguid also includes methyl acetate,
dimethyl ether, hydrogen iodide, water and the like as
reaction by-products 1in addition to the above
components. As the solid catalyst, a catalyst having a
rhodium complex supported on an insoluble resin
particle including a pyridine ring 1n a molecular
structure 1is usually used.

[0005]The solid catalyst is in the form where a basic

nitrogen atom included in the pyridine ring in a resin
carrier is ocguaternized by an alkyl iodide and a rhodium
comp_.ex lon [Ra(CO)»,I,] 1is adsorbed thereto In an ion-
exchange manner. Such an lon-exchange equilibrium
nighly shifts to the adsorption side and substantially
hardly causes the rhodium complex 1on to be cesorbed
from the resin carrier even 1if acetate ions and 1odine
ions are present in the liquid phase 1n the reactor,
but a problem is that when the production of acetic

acid 1s continued for a long time, a rhodium component
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is gradually transferred into the ligquid phase. If the
amount of the rhodium component transferred into the
ligquid phase is large to such an extent that 1is
unignorable, such a disadvantage that rhodium 1s
precipitated in a flasher, contained in mist, or 1s
incorporated to a purge flow from the process 1s caused,
and rhodium is lost in the reactor to result in the
deterioration in catalyst function, leading to the
reduction in reaction rate. Furthermore, the loss of
expensive rhodium results in not only the reduction 1in
productivity but also a significant 1ncrease 1n
catalyst cost, causing the economic efficiency of the
process to be remarkably i1mpailred.

[0006] The reason why rhodium is transferred into the liquid
phase 1s that the pyridine ring 1s decomposed and
desorbed from the resin carrier during the production
of acetic acid for a long time to cause rhodium to be
transferred into the liquid phase. That 1s, since the
rhodium complex ion and a quaternized nitrogen atom oL
the pyridine ring are under an ion-exchange equilibrium
and the quaternized nitrogen atom is high 1n affinity
to the rhodium complex i1on, the rhodium complex 1on 1s
not easily desorbed from the resin carrier even 1f
other negative ions are present. If the pyridine ring
is present in the liquid phase, however, a part of the
rhodium complex ion supported on the resin carrier may
be adsorbed to the guaternized nitrogen atom of the
oyridine ring in the liquid phase to be left from the
resin carrier.

0007]In order to inhibit the rhodium component from belng
thus transferred into the ligquid phase, a method for
decreasing the concentration of a pyridine ring 1n a
liquid phase is provided as disclosed in PTL 3. 1In the
method in PTL 3 in which a sclid catalyst having
rhodium immobilized to a quaternized pyridine resin 1is

used to produce acetic acid from methancl and carbon
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monoxide, a pyridine ring-containing nitrogen compound
produced by decomposition of the resin can be adsorbed
to a cation exchanger to be removed, thereby 1nhibiting
the rhodium component of the solid catalyst from beilng

flown out to the liguid phase.

Citation Laist
Patent Literature

[0008]PTL 1: Japanese Patent Publication No. S47-3334
PTL 2: Japanese Patent Application Laid-Open No. S63-
253047
PTL 3: Japanese Patent Application Laid-Open No. 2004-
35433
Summary of Invention
Technical Problem

'0009]While the method in PTL 3 is useful 1n terms of
inhibiting the rhodium component from being flown out
to the liguid phase, it has been found that the
carbonylation reaction rate is reduced 1in comparison of
the reaction rate before an operation for a long time
wlith the reaction rate after the operation. The reason
for this is because the nitrogen compound produced DY
decomposition of the resin includes an oligomer having
two or more pyridine groups in an extremely slight
amount and the oligomer is also adsorbed to the cation
exchanger. Herein, a free pyridine group that 1s not
bound to the cation exchanger is present 1n the
oligomer, and captures the rhodium complex 1on
dissolved in an equilibrium manner or desorbed from a
monomer adsorbed to the cation exchanger. Since the
oligomer adsorbed to the cation exchanger 1s
accumulated over time, the operation for a long tTime
results in the reduction 1n rhodium component
concentration in the reactor and the reduction 1in
carbonylation reaction rate.

[0010]The present invention has been made under the above

circumstances, and an object thereof is to provide a
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further effective production method for suppressing the
reduction in production rate of a carbonyl compound due
to transferring of a noble metal component such as
rhodium into a ligquid phase.
Solution to Problem

[0011)0ne aspect of the present i1nvention provides a method
for producing a carbonyl compound, 1ncluding: a
reaction step of reacting a carbonylation raw materilal
with carbon monoxide in a liquid phase including a
solid catalyst having a noble metal complex supported
on a resin carrier containing guaternized nitrogen to
produce a carbonyl compound; a distillatiocn step of
distilling a reaction product ligquid from the reaction
step to recover a gas phase distillate including the
carbonyl compound; and a circulation step of
circulating a bottom product from the distillation step
to the reaction step, wherein, after at least a part of
the bottom product 1s brought into contact with an
acidic cation-exchange resin to remove a nitrogen
compound included in the bottom product, a liquid
having a higher moisture concentration than the bottom
oroduct is brought into contact with the acidic cation-
exchange resin to extract a noble metal complex
captured by an oligomer acdsorbed to the acidic cation-
exchange resin, and the extracted noble metal complex
is returned to the reaction step.

Brief Description of Drawings

[0012]Fig. 1 is a schematic diagram illustrating one example
of a carbonyl compound production process according to

the present 1nvention.

Fig. 2 is a graph showing a relationship between tne
amount of a second simulant liquid fed to an acidic
cation-exchange resin-filled column and the recovery

rate of Rh accumulated in the acidic cation-exchange

resin-filled column, 1n Examples of the present

invention.
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Fig. 3 is a graph showing a relationship between the
amount of a second simulant liguid fed to an acidic
cation-exchange resin-filled column and the desorption

rate of a nitrogen compound adsorbed to the acidic

cation-exchange resin-filled cclumn, 1n Examples of the
present 1nvention.
Description of Embodiments

[0013]Hereinafter, an embodiment of the method for producing
a carbonyl compound of the present invention 1is
specifically described. The present invention, however,
is not limited to the following embodiment.

[0014]The method for producling a carponyl compound of the
present invention is, as described above, a method for
producing a carbonyl compound, including: a reaction
step of reacting a carbonylation raw material with
carbon monoxide in a liquid phase including a solid
catalyst having a noble metal complex supported on a
resin carrier containing guaternized nitrogen to
produce a carbonyl compound; a distillation step of
distilling a reaction product liquid from the reaction
step to recover a gas phase distillate including the
carbonyl compound; and a circulation step of
circulating a bottom product from the distillation step
to the reaction step, in which, after at least a part
of the bottom product is brought into contact with an
scidic cation-exchange resin to remove a nitrogen

compound included in the bottom product, a liguid

having a higher moisture concentration than the bottom
product is brought into contact with the acidic cation-
exchange resin to extract a noble metal complexX
captured by an oligomer adsorbed to the acidic cation-
exchange resin, and the extracted noble metal complex
is returned to the reaction step.

[0015]Fig. 1 is a schematic diagram illustrating one example
of a carbonyl compound production process according to

the present invention. The carbonyl compound
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production process 1s malnly provided with a
carbonylation reactor 1 as the reaction step, a flasher
2 for performing a flash evaporation step and a light
ends distillation column 4 for performlng a light ends
separation step as the distillation step, a decanter 5
as a still standing step, and acaidic cation—exchahge
resin-filled columns 3a and 3b serving as a cation
exchanger.

[00le]Carbon monoxide and methanol as the carbonylation raw
material are introduced to the carbonylatilion reactor 1.
Acetlc acid as a reaction solvent 1s cilrculated between
the carbonvlation reactor 1 and the flasher 2. A route
in which a bottom product mainly including acetic acid
1s returned from the flasher 2 to the carbonylation
reactor 1 1s bifurcated on the way thereocf, wherein the
total amount or a part of the bottom product passes
through the acidic cation-exchange resin-filled columns
3a and 3b disposed in parallel and then 1s returned to
the carbonylation reactor 1. A gas pnase fraction from
the flasher 2 is flown into the light ends distillation
column 4, and subjected to separation in the light ends
distillation column 4. Acetic acid 1s separated and
recovered from the lower portion of the light ends
distillation column 4, and a component other than
acetic acid and a part of acetic acid not recovered are
distilled out from the topr portion of the light ends
distillation column 4. When a part of the bottom
product is allowed to pass through the acidic cation-
exchange resin-filled columns 3a and 3b, another part
thereof i1s circulated to the carbonylation reactor 1
via a flow control valve 6.

[0017]A solid catalyst made of a resin carrier containing
quaternized nitrogen and a noble metal complex
supported on the resin carrier in an lon-exchange

manner 1s present in the carbonylation reactor 1 with

being dispersed 1n the ligquid phase.
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[0018] The resin carrier contalning gquaternized nitrogen
according to the present inventiocon 1s typically a
pyridine resin, namely, a resin including in 1its
structure a pyridine ring whose nitrogen atom can be
quaternized, and representatively, for example, a
copolymer of 4-vinylpyridine and divinylbenzene. The
resin carrier, however, 1is not limited to this
particular resin, and is meant to comprehensively
include a resin containing basic nitrogen that can be
quaternized to adsorb and support the noble metal
complex. Accordingly, it is possible to use a resin
including instead of the 4-vinylpyridine various basic
nitrogen-containing monomers such as Z2-vinylpyridine
having a vinyl group &t a different position,
substituted vinylpyridines, Ior example
vinylmethylpyridine, and vinylguinolines, or a resin
including instead of divinylbenzene various
crosslinkable monomers having two Or more groups
including an ethylenically unsaturated bond.
Furthermore, it 1s also possible to use a resin
including other polymerizable comonomer such as styrene
and methyl acrylate in addition toc the basic nitrogen-
containing monomers and the crosslinkable monomers.

[0019] The degree of crosslinking of the resin carriler

(expressing the content rate of the crosslinkable

monomer as % by weight) 1s preferably 10% or more and
still preferably 15 to 40%. If the degree of
crosslinking is less than 10%, swelling or ccntraction

due to the composition of the liguid phase 1s

remarkable, and if the degree of crosslinking is too

high, the content of the basic nitrogen for supporting
the noble metal complex is too low. The content of the
basic nitrogen in the resin may be about 2 to 10 meq/g
as the basic ecuivalent, and is more preferably 3.5 tO
6.5 meq/g. The basic nitrogen can be generally present

as the form of a free base, an acid addition salt, an
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N-oxide or the like, but in the present:invention, they
adsorb and support the noble metal complex 1n the state
of being guaternized 1n an 1on-exchange manner. The
resin carrier 1s usually used 1n the form of a
spherical particle, and the size of the particle 1s
generally 0.01 to 2 mm, preferably 0.1 to 1 mm, and
further preferably 0.25 to 0.7 rmm.

[0020]The noble metal complex supported on the resin carrier
refers to a complex of a noble metal that exhibits a
catalytic action to the carbonylation reaction
according to the present invention, the complex beilng
adsorbed to the guaternized nitrogen of the resin
carrier 1n an lon-exchange manner. As such a noble
metal, rhodium or iridium is known, and 1n general
rhodium is suitably used. When the resin carrier 1S
brought into contact with a halide of rhodium or a
rhodium salt such as rhodium acetate in a solution
inclucing methyl iodide under pressure of carbon
monoxide (0.7 to 3 MPa), rhodium can be supported on
the resin carrier. Herein, a nlitrogen atom in the
resin carrier 1s quaternized, and a rhodium complex 10on
produced by a reaction of a rhodium halide, methyl
iodide and carbon monoxide, namely, a rhodium carbonyl
complex [Rh(CO),I,] 1is adsorbed thereto in an 10on-
exchange manner, providing a solid catelyst for use 1in
the present invention.

[0022]The carbonvylation raw material as the carbonyl compound
raw material for use in the method for producing a
carbonyl compound of the present i1nvention refers tTO
one that reacts with carbon monoxide 1n the presence oI
the solid catalyst to produce a carbonyl compound. The
carbonylation raw material is typically methanol, which
reacts with carbon monoxicde to produce acetilic acid.
Herein, a reaction acceleratcr such as methyl i1odice 1is
suitably added thereto. While this reaction 1s usuzally

verformed with acetic acid as a reaction solvent, the
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acetic acid 1s a reaction product and at the same time
serves as a reaction solvent 1n this case. For example,
carbon monoxide gas 1is blown into the reaction liquid,
in which the solid catalyst i1s dispersed, 1in the
carbonylation reactor 1, and methanol reacts with

carbon monoxide in the presence of a rhodium complex-

supported solid catalyst under conditions of a reaction
temperature of about 100 to 200°C and a reaction
pressure of about 1 to 5 MPa, thereby producing acetic
acid. Since methyl acetate, dimethyl ether, water and
the like are produced as reaction by-products 1in this
reaction and theyv are returned, together with the

‘solvent, the reaction accelerator and the unreacted raw
material, to the reaction step as residual liquids from
which acetic acid 1s separated and recoVered as a
product, the liquid phase 1n the reéction step of the
present invention is made of a mixture of all the
components.

[0022]1In the method for producing a carbonyl compound of the
present invention, the reaction product liguid produced
in the reaction step is subjected to a separation
operation in the next distillation step, the produced
acetic acilid 1s separated and recovered as a product,
and with respect to the residual liquid other than the
product, a part thereof is returned to the reaction
step and the residue thereof i1s transferred to the
still standing step. For example, the reaction liquid
is taken out from the carbonylation reactor 1 as the
reaction step via a screen or the like, and then flown
into the flasher 2. In the distillation step, a
procedure is adopted in which & part of the reaction
ligquid is first gasified 1in the flasher 2 to separate
the reaction liquid to a gas phase and a liguid phase
(flash evaporation step), and thereafter the gas phase
fraction is guided from the upper portion of the
flasher 2 to the light ends distillation column 4 and



CA 02913866 2015-11-27

11

acetic acid is separated and recovered from the lower
portion of the light ends distillation column 4 (light
ends separation step). The reason why such a procedure
is adopted is that, while the reaction product liquid
1s a mixture of various components as described above
and acetic acid is a component having a small
volatility among them, a lower-volatile (or non-
volatile) impurity 1s actually 1ncorporated to the
reaction product liguid and thus acetic acid may not Dbe
recovered from the bottom product as a product. The
flasher 2 and the light ends distillation column 4 can
be each configured as a different column as 1llustrated
in Fig. 1, or can be provided on the bottom porticon and
the upper portion of a single column 1n an 1integrated
manner. Since the carbonylation reaction 1s generally
an exothermic reaction, a part of the reaction liguid
is gasified in the flasher 2 to thereby exert the
effect of cooling a liguilid phase fraction to be
returned to the reaction step, and the heated reaction
product ligquid is introduced to the fliasher 2 to enable
to function as an evaporator for the light ends
distillation coclumn 4.

[0023]The gas phase fraction is separated 1in the light ends

. distillation cclumn 4. A part of acetic acid having
the smallest veolatility among the components
constituting the gas phase fraction 1s allowed to pool
in the _ower portion of the light ends distilillation
column 4 to enable al> of other gas phase components tO
be included in a column top distillate. Acetic acid 1s
taken out from the lower portion of the light ends
distillation column 4, subjected to a necessary
purification treatment, and then separated and
recovered as a product. On the other hand, a liquid
flown out from the cclumn top 1s introduced to the
decanter o.

[0024]While a part not gasified in the flasher 2 pools as tne
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liguid phase fraction in the bottom portion of the
flasher 2 and 1s returned to the carbonvlation reactor
1 for performing the reaction step as the bottom
product (namely, the ligquid phase fraction from the
flasher 2) from the distillation step, the total amount
or a part of the bottom vroduct passes through the
acidic cation-exchange resin-filled columns 3a and 3b
serving as a cation exchanger on the way of the
returning route. The bottom product mainly includes
acetic acid as tne solvent, but, when a basic nitrogen-
containing molecule such as a pyridine ring 1s eluted
by decomposition from the resin carrler forming tae
solid catalyst in the carbonylation reactor, the bottom
product also includes such a molecule component.
Therefore, before the bottom product 1s returned to the
reaction step, the bottom product is brought Into
contact with the acidic cation-exchange resin-filled
columns 3a and 3b to allow the nitrogen compound
included in the bottom product to be adsorbed to the
acidic cation-exchange res:in-filled columns 3a and 3Db
for removal, and thus the nitrogen compound 1s not
present in the reaction liquid in a high concentratilon.

[0025]The acidic cation-exchange resin for use in the acidic
cation-exchange resin-filled columns 3a and 3b 1n the
present invention i1s not particularly limited, but a
porous resin with pores having a pore size of 20 nm Or
more (macroporous type) is preferable. In addition,
while the acidic cation-exchange resin 1i1nciudes a
strongly acidic resin having a sulfonic acid type 1on
exchange group and a weakly acidic resin having a
carboxylic acid type ion exchange group, a strongly
acidic resin is preferable in terms of selective
adsorptivity for the basic nitrogen-contailning molecule.
As such a resin, for example, Amberiyst 15 produced by
Rohm & Haas 1s commerciaily availlable and can be

sultably used.
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[0026]1As described above, when the bottom product from the
distillation step is brought into contact with the
acidic cation-exchange resin-filled columns 3a and 3b
to allow the nitrogen compound included in the bottom
product to be adsorbed for removal, an oligomer having
two or more pyridine groups may also be adsorbed To the
acidic cation-exchange resin-filled columns 3a and 3b
in a slight amount, and such an oligomer may capture
the noble metal complex in the bottom product to allow
the noble metal complex to be gradually accumulated in
the acidic cation-exchange resin-filled columns 3a and
3b. As a result, the amount of the noble metal complex
possessed in the carbonylation reactor 1 may be reduced,
resulting in the reduction in carbonylation reaction
rate involving in the production of the carbonyl
compound.

[0027]Therefore, a liquid having a higher moilsture
concentration than the bottom product is brought into
contact with the acidic cation-exchange resin-filled
columns 3a and 3b that have had ccntact with the bottom
product returning from the distillation step to the
reaction step, to allow the noble metal compleX
accumulated in the acidic cation-exchange resin-filled
columns 3a and 3b to be extracted. The liquid
including the noble metal complex extracted from the
acidic cation-exchange resin-filled columns 3a and 3b
can be introduced to the reaction step to return the
noble metal complex to the carbonylation reactor 1.

The noble metal complex returned to the carbonylation
reactor 1 is supported on the solid catalyst again.

The noble metal complex 1s thus recovered 1n the
reaction step to further suppress the reduction in the
amount of the noble metal complex in the reaction step,
and suppress the reduction in carbonylation reaction
rate. Herein, the moisture concentration in the liquid

for use in extraction of the noble metal complex 1n the
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present invention may be higher than the moisture
concentration in the bottom product that 1is being
returned from the distillation step to the reaction
step, and may be at least 10% by weight or more,
preferably 30% by weight, more preferably 50% by weight,
and further preferably 60% by weight or more.
[0028]With respect to the mechanism where, after the bottom
product that is being returned from the distillation
step to the reaction step 1s brought into contact with
the acidic cation-exchange resin-filled columns 3a and
3b, the liguld having a higher molsture concentration
than the bottom product is brought into contact with
the acidic cation-exchange resin-filled columns 3a and
3b to thereby allow the noble metal complex accumulated
in the acidic cation-exchange resin-filled columns 3a
and 3b to be extracted, the present 1nventors presume
as follows. Herein, the "after the bottom product 1s
brought intc contact with the acidic cation-exchange
resin-filled column" means various modes including not
only a case where flowing of the bottom'product 1S
stopped and switched to flowing of the liguid having a
high molsture concentration, but also a case where
flowing of the bozttom product is continued or the flow
rate of the bottom product is reduced and the liquid
having a high moisture concentration is mixecd with the
bottom product to allow the resultant to pass through

as a mixed flow.
0029]When the noble metal is rhodium, the rhodium complex

ion [Rh(CO),I»] and the quaternized pyridine ring in
the solid catalyst are adsorbed 1n an 1on-exchange
manner, and the ion-exchange equilibrium highly shifts
to the adsorption side. In addition, the equilibrium
highly depends on the moisture concentration in the
reaction field. For example, the moisture
concentration and the rhodium concentration 1in the

reaction product ligquid around the outlet of the
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reaction step upon introduction from the reaction step
to the distillation step are 3 to 7% by weight and 1 to
? ppm, respectively. On the other hand, 1t 1is
considered that the rhodium complex 1on {Rh(CO),I, ]
and the quaternized pyridine ring of the oligomer
captured by the acidic cation-exchange resin-filled
columns 3a and 3b are also adsorbed 1n the same manner.
The reaction product liquid introduced from the
reaction step to the distillation step, however, 1s
concentrated in the distillation step and the moisture
concentration 1s also thereby reduced. Therefore, even
a slight amount of the oligomer adsorbed to the acidic
cation—-exchange resin-filled columns 3a and 3b may
capture a trace amount of the rhodium complex 1ion
[Rh(CO),I,]  included in the bottom product. The
presence ratio of the quaternized pyridine ring to the
rhodium complex captured by the acidic catlon-exchange
resin-filled columns 3a and 3b 1is under a solid-liquid
equilibrium, and the equilibrium 1s controlled by the
moisture concentration in the reaction field.
Therefore, when the liguid having a high moisture
concentration is fed to the acidic cation-exchange
resin-filled columns 3a and 3b, the 1on-exchange
eguilibrium can shilft to the desorption side to thereby
desorb the rhodium complex from the acidic cation-
exchange resin-filled columns 3a and 3D.

[0030]The liguid having a high moisture concentration 1s not
particularly limited as long as it is a liquid whose
moisture concentration is higher than the molsture
concentration in the bottom product that 1s being
returned from the distillation step to the reaction
step. For example, such a liquid may be a liquid phase
discharged from a certain step in the production
process of the present invention, or a liquid phase

introduced from the outside of the production process

of the present invention.
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[0031]10ne example of the method for extracting the rhocium
complex from the acidic cation-exchange resin-filled
columns 3a and 3b 1s preferably configured as follows.
The ligquid flown out from the column top of the light
ends distillation column 4, mainly including methyl
iodide, methyl acetate and water, 1s introduced to the
decanter 5 after acetic acid is separated therefrom 1n
the distillation step. The ligquid flown out therefrom
is left to still stand 1in the decanter 5 and thus
methyl i1odide included in the liquid flown out
~herefrom is separated as a heavy o0il phase, providing
an agueous phase having a molsture concentration of up
to about 60% by weight. The separated methyl iodide 1is
returned to the carbonylation reactor 1. In addition,
the agueous phase from which methyl lodide 1is separated
and removed 1s bifurcated while it 1s being returned
from the decanter 5 to the carbonylation reactor 1, and
a part of the agueous phase passes through the acidic
cation-exchange resin-filled columns 3a and 3b and then
is returned to the carbonylation reactor 1. That 1is,
the aqueous phase having a higher moisture
concentration than the bottom product is brought 1into
contact with the acidic cation-exchange resin-filled
columns 3a and 3b to which the nitrogen compound 1s
adsorbed, thereby enabling to effectively extract the
rhodium complex accumulated in the acidic cation-
exchange resin-filled columns 3a and 3b. The adqueous
phase including the extracted rhodium complex 1s
returned to the reaction step, and thus the rhodium
complex is recovered in the carbonylation reactor 1,
the reduction in the amount of the rhodium complex 1n
the carbonylation reactor 1 1s suppressed, anc the
reduction in carbonylation reaction rate is suppressed.

Herein, methyl acetate and water included 1n the

aguecus phase are components useful for the

carbonylation reaction, and it is thus preferable for
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the method for producing a carbonyl compound cof the
present invention to return to the reaction step the
aqueous phase after feeding to the acidic cation-
exchange resin-filled columns 3a and 3b.

[0032]The apparatus for bringing the bottom product and the
above ligquid into contact with the aclidic cation-
exchange resin-filled columns 3a and 3b 1s not
particularly limited, but is preferably a fixed bed
system in which the bottom product and the liquld are
flown to the acidic cation-exchange resin-filled
columns 3a and 3b, in order to ensure that the nitrogen
compound and the noble metal complex are adsorbed and
extracted. In this case, a plurality of the acidac
cation-exchange resin-filled columns 3a and 3b are
provided in parallel as illustrated in Fig. 1 and
adsorption (adsorption of the nitrogen compound
included in the bottom product to the acidic cation-
exchange resin-filled column) and recycling (extractilon
of the noble metal complex captured by the nitrogen
compound adsorbed to the acidic cation-exchange resin-
filled column) are performed in a cilrculation manner,

thereby enabling to continuously treat the bottom

product to continuously produce a carbonyl compound for
a long period. The feeding temperature of the bottom
product and the ligquid to the acidic cation-exchange
resin-filled columns 3a and 3b during the

adsorption/extraction operation and the retention time

thereof are preferably about 30 to 100°C and about 0.5
to 5 hours, respectively. Herein, the method for
introducing the bottom product and the liguid to the

acidic cation-exchange resin-filled columns 3a and 3D

may be an upflow or downflow type.

Examples

[0033]Hereinafter, the present invention is described with

reference to Examp.es for further understanding of the

present invention, but is not limited to Examples at
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[0034]1As an acicdic cation-exchange resin-filled colunn, a
cation-exchange filled column obtained by filling a
column made of double jacket glass, having a diameter
of 10 mm and a length of 300 mm, with 16.4 ml of
Amberlyst 15JWET (produced by The Dow Chemical Company)

was used.

[0035] [Accumulation of nitrogen compound and Rh]

A liguid (decomposifion rate: about 20%, nitrogen
compound concentration: about 500 ppm) obtalned by
accelerated thermal decomposition of a solid catalyst
(one obtained by supporting a rhodium complex on a
vinylpyridine resin in the presence of carbon monoxide
and methyl iodide (by the producticon method and the
catalyzation method of the resin carrier described 1n
Japanese Patent Application Laid-Open No. 2012-081440))
was used to prepare a first simulant liquid
corresponding to a liquid phase distillate of a flasher.
The moisture concentration in the first simulant liquid
was here 4.9% by welight.

[0036] The prepared first simulant liquid was charged to a
glass autoclave, and subjected to a CO treatment under
stirring. An object of this treatment 1s to reconvert,
to a rhodium complex, rhodium iodide produced by the
contact with air during the thermal decomposition
dperation. _

'0037]Then, a metering pump was used to feed the first
simulant liguid to an acidic cation-exchange resin-
filled column warmed at 40°C at about 90 ml/h for Z
hours, allowing a nitrogen compound and Rh in the first
simulant liguid to be accumulated in the acidic cation-
exchange resin-filled column.

[0038] [Recovery (extraction) of Rh]

A second simulant liquid corresponding to an agqueous
phase to be returned from a decanter toO a carbonylation

reactor was fed to the acidic cation-exchange resin-
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filled column (40°C), in which the nitrogen compound and Rh were

accumulated, at about 40 ml/h for 5 hours. The moisture
concentration in the second simulant liquid was here 64.6% by
welght.

[0039] The second simulant liquid after feeding was collected every 50
ml of the second simulant liquid that had fed to the acidic
cation-exchange resin-filled column to measure the nitrogen
compound concentration and the Rh concentration. A relationship
between the amount of the fed second simulant liquid and the

recovery rate of Rh accumulated in the acidic cation-exchange

resin-filled column is shown in Fig. 2, and a relationship
between the amount of the fed second simulant liquid and the
desorption rate of the nitrogen compound adsorbed to the acidic
cation-exchange resin-filled column is shown in Fig. 3.

[10040] When the amount of the fed second simulant liquid reached 200 ml

(corresponding to about 12 Bed Volume), about 92% of Rh

accumulated in the acidic cation-exchange resin-filled column
was recovered. Herein, when the amount is 300 ml (corresponding
to about 18 Bed Volume), 1t 1s expected that about 96% of Rh

accumulated in the acidic cation-exchange resin-filled column

can be recovered. On the contrary, the desorption rate of the
nitrogen compound adsorbed to the acidic cation-exchange resin-

filled column is up to about 4%.

[0041] It has been found that a liquid phase discharged from a certain
step 1n the production process, for example, a ligquid phase
returned from a decanter to a carbonylation reactor is used to

wash an acidic cation-exchange resin-filled column, thereby

enabling to effectively recover the accumulated ncble metal

complex together with the oligomer.

(10042] This application claims the benefit of Japanese Patent

Apprlication No. 2013-119046, filed June 5, 2013.
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Reference Signs List

[0043]1 carbonylation reactor

2 flasher

3a, 3b acidic cation-exchange resin-filled column
4 light ends distillation column

5 decanter

6 flow control wvalve
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CLAIMS
(Claim 1]A method for producing a carbonyl compound,

comprlsing:

a reaction step of reacting a carbonylation raw
material with carbon monoxide in a liguid phase
including a solid catalyst having a noble metal
complex supported on a resin carriler containing
quaternized nitrogen to produce a carbonyl compound;

a distillation step of distilling a reaction product

liguid from the reaction step to recover a gas phase

distillate including the carbonyl compound; and

a circulation step of circulating a bottom product

from the distillation step to the reaction step,

wherein, after at least a part of the bottom product
is brought into contact with an acidic cation-
exchange resin to remove a niltrogen compound
included in the bottom product, a ligquid having a
higher moisture concentration than the bottom
product is brought into contact with the acidic
cation-exchange resin to extract a noble metal
complex captured by an oligomer adsorbed to the
acidic cation-exchange resin, and the extracted
noble metal complex 1is returned to the reaction step.

(Claim 2]The method for producing a carbonyl compound
according to claim 1, wherein a molsture
concentration in the liquid i1s at least 10% by
welght or more.

'Claim 3]The method for producing a carbonyl compound
according to claim 1 or 2, wherein the distillation
step includes a flash evaporation step and a light
ends separation step.

(Claim 4]The method for producing a carbonyl compound
according to any one of claims 1 to 3, whereln the
liquid is an aqueous phase obtained Dby separating at
least a part of methyl iodide included in a liguid

flown out from a column top of a light ends
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distillation column by a decanter.

5] The method for producing a carbonyl compound
according to any one of claims 1 to 4, wherein the
resin carrier contalning quaternilized nitrogen 1S
made of a pyridine resin.

6] The method for producing a carbonyl compound

according to any one of claims 1 to 5, wherein the

noble metal complex is a complex of rhodium.

7] The method for producing a carbonyl compound
according to claim 6, wherein the complex of rhodium
1s [Rh(CO),I,] .

8] The method for producling a carbonyl compound
according to any one of claims 1 to 7, whereiln 1n
the reaction step, acetic acid 1s used as a solvent.

9] The method for producing a carbonyl compound
according to any one of claims 1 to 8, whereilin the
acidic cation-exchange resin is a strongly acidic

resin.
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