WD 2004/ 080941 PCT/ JP2004/ 003248 1 DESCRI PTI ON

METHOD OF MANUFACTURI NG ACETIC ACID 5 TECHNI CAL FI ELD
wohis/osemaent i on rel ates to a nmethod of manuf aBCUAIPIG4/003248

acetic acid. Mre particularly, the present invention

relates to a nmethod of nanufaéturlng acetic acid by

carbonyl ati ng nethanol 10 with carbon nonoxide in a

bubbl e columm reactor in the presence of a solid

catal yst, the reaction being conducted with a high

catal yst concentration. 5%%%??%&%? ART 15 The
so-cal l ed "Monsant o process N known for
manuf acturing acetic acid by causing nmethanol and
carbon nonoxide (CO to react with each other in the

presence of aEiglde sRHEANGRASTYRENGORCETIA INGIH hi s
nmet hod was devel oped to utilize a honbgeneous 20

catal ytic reaction where nethanol and carbon nonoxi de
are caused to react with each other in a reaction

5sol TECBNIGRBp&ATIEADbY di ssol ving a rhodi um conpound

and net hyl iodide respectively as netal catalyst and
pr onot or Th]l%mlla‘@%tltéoacifél@ctle\ﬁemo ttharethead ebnt ai ns
25 wat er. (Japanese Patent Publication No. K 47-3334). A
rmdeEEaFrEPﬁé&gwéé:eﬁé\fé APt t SRS IRag-bcularly;  the

CE;;%% ggiY%%%ff§Pfﬁﬁﬁ7ac i,on MﬁthtHSS of a solid

manufacturing acetic acid by carbonylating methanol
10 with carbon monoxide in a bubble column reactor in
the presence of a solid catalyst, the reaction being

conducted with a high catalyst concentration.

BACKGROUND ART

15 The so-called “Monsanto process” is well known
for manufacturing acetic acid by causing methanol and
carbon monoxide (CO) to react with each other in the
presence of a noble metal catalyst. Originally, this
method was developed to utilize a homogeneous

20 catalytic reaction where methanol and carbon monoxide
are caused to react with each other in a reaction
solution prepared by dissolving a rhodium compound
and methyl iodide respectively as metal catalyst and
promotor in an acetic acid solvent that also contains

25 water (Japanese Patent Publication No. 47-3334). A
modified method was developed to utilize a

heterogeneous catalytic reaction with use of a solid



catal yst carrying a rhodi um conpound (Japanese Pat ent
Application Laid-Open No. 63-253047). However, a
woanmgesaous catal ytic reaction is not adaptedPCO/JR2004/003248

high rate of reaction because of the solubility of 5

the catalyst netal is lowrelat¥ve to the solvent so

that a large reactor may need to be used as a matter

of course. Additionally, water need to be contained

in the reaction solution to a certain ratio in order

to increase the reaction rate and the selectivity for
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PCTE&%%QQ@A9Q§%ﬂ&mmsequently it gives rise to hydrolysis
of methyl iodide that is contained as promotor to
reduce the yield and corrode the reaction apparatus.
For these and other reasons, a method utilizing a
15 heterogeneous catalytic reaction has been developed
because it is relatively free from such problems.
Carbonylation of methanol utilizing a
heterogeneous catalytic reaction normally involves
the use of acetic acid as solvent. More specifically,
20 methanol and carbon monoxide are caused to react with
each other under pressure and at high temperature in
a reactor in the presence of a solid catalyst
carrying a rhodium compound and a promotor of methyl
iodide. The liquid reaction product extracted from
25 the reactor is led to a separation system, which

typically comprises a distillation means, in order to

separate and collect the produced acetic acid, while



3 the residual solution produced as a result of the

separation is returned to the reactor. In this stage
woRo@mseseti on, a two-phase system or a het er ogeAEIPR04/003248

systemexists in the reactor, in which the reaction 5

sol ution contains acetic acid,3nethanol and net hyl

i odi de as main conponents along with particles of the

solid catalyst (a three-phase system containing ,

bubbl es of CO gas to be nore accurate). Note that the

reaction solution also contains nethyl acetate, 10

di nsthytestidien]l hgdrogen podicddeeshdsva efeswhichfakbe

reaction byproducts, in addition to the above |isted

i SERDAPoHeRt 55 PaEHTraeEes tef thesdlaaftieoF esitn this stage

containing a, pyridine ri in the nolecul ar structure

AN ARPSTAGL PhodRURTEORBPSE S 4fof rf |5 teLa-PaFnEsnS

the solid cata

P A R L AT

on 8ol ttron

5means] Qf { cANCLAPEY hE' %%tﬁcb%ggkﬁ UL E£a5HAr methyl
adapted to agitate the reaction 'solution by neans of
bubpb @5q88ys 2 b8 @%ﬁl@ofn‘érnﬂsh%l(‘cﬁ{ﬁ%‘ﬂ’il@_tpé]ﬁtﬁ.@@@bl 8 the
using a heterogeneous catal yst. en using a

COnddNLOUSa BaILEEN] at &hltdgeqtiae spsitémctestalinthg

solid catalyst are agitated and suspended in the

r edotbhlohesobief0 gnd Itioqlried mmetchanoturdtahd A gasthat
injected fromthe bottomas reaction raw materials
andthedec ot i eacEohUtH cdac st et siieh Bekbiii Agekste,

15

20

25

stirring tank reactor,. or agita
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dimethyl ether, hydrogen 1oéiég]and water, which are
reaction byproducts, in addition to the above listed
main components. Particles of insoluble resin
containing a pyridine ring in the molecular structure
and carrying rhodium complex are normally used for
the solid catalyst.

A continuous stirring tank reactor (CSTR)
adapted to agitate the reaction solution by means of
an impeller or a bubble column reactor adapted to
agitate the reaction solution by means of bubbles may
be used for the carbonylating reaction using a
heterogeneous catalyst.

When using a continuous stirring tank reactor,
particles of the solid catalyst are agitated and
suspended in the reaction solvent and liquid methanol
and CO gas are injected from the bottom as reaction

raw materials and made to react with each other.

Such a continuous stirring tank reactor, or agitation



WO 2004/ 080941 PCT/ JP2004/ 003248 4 tank type
suspensi on reactor, is acconpanied by a problemof an
wenhamsedirat e of CO | oss because the resi deneeTiP1oe4/003248
of COgas is relatively short in |iquid and, once CO
exits fromliquid to nove into45 the gas phase in the
reactor, it can hardly be dissolved into |iquid
again. It is acconpanied additionally by a problem of
difficulty of separation of the catalyst and a
reduced life span of the latter because it is
st rvmnkir aypy divbbeoslion asake nutivnigcdbpahéed by a
reacting solution fromthe reactor w thout allomﬁn%
th@%@bfamcgiaaylstenb@mqe&mwe AL t¢e lessobecange the
catal yst particles are _encouraged fo becone finer
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catal yst are, also _driven to nove upward in the
]I%y|thrpggptﬂégbﬁgﬂutlon from the reactor without
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allowing the solid catalyst to flow out of the rector
and catalyst particles are encouraged to become finer
particles by the stirrer.
To the contrary, a bubble column reactor is

15 advantageous because it is free from the above listed
problems and, since the reactor is cylindrical, CO
gas passing through it can be made to show a long
residence time. When such a bubble column reactor is
used, the cylindrical reactor is filled with a

20 reaction solvent and a solid catalyst and liquid
methanol is supplied from the bottom as reaction raw
material, while CO gas is injected upward from the
bottom as jet stream. The injected CO gas forms
bubbles as it rises in the liquid contained in the

25 cylindrical reactor and particles of the catalyst are
also driven to move upward in the cylindrical reactor

by the gas 1ift effect and dispersed into the liquid.



by the gas |ift effect and dispersed into the |iquid.
WO 2004/ 080941 PCT/JP2004/003248 5 As a result, the
woanlhmsgd4at i ng reacti on proceeds. Then, the urCcedri0ed003248
CO gas and the reaction solution that contains the
solid catalyst are separated by a separator arranged
at the top of the cylindrical 5 reactor when they got
to there. The unreacted CO gas is collected and part
of the reaction solution is taken out fromthe top of
the separator as liquid reaction product that does
notAtont agaudhy bl d¢arargtlsstinghréact henr prmaceieds -
part of the reaction 10 solution that contains the
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the cylindrical reactor for the purpose of nobilizing
partakégsoat fFhemsahed t24)p cat allvstsépathtoreast Aiquid
(Japanese Patent Application Laid-Open No. 6-340242).
Moreeapeiohi pabldyct nthate ddoy enoteaconbaist epy secdrdloon
monoxide is blown into the |iquid reaction .
conpasaiveh (bt mhey Yrmaining pRrihefsshedrggction

catal yst .in the case of, a het erogeneous catal ytic
10 solution tgat contains the sglfd cata?ystyreturns to

Ul

the bottom of the cylindrical reactor by way of a
circulation path by its own weight and is supplied
once again to the cylindrical reactor to complete the
circulation. With a known method of carbonylating

15 reaction using such a bubble column reactor, CO gas
is injected into the liquid contained in a
cylindrical reactor as jet stream by way of a nozzle
arranged at the bottom of the cylindrical reactor for
the purpose of mobilizing particles of the solid

20 catalyst in the reactor (Japanese Patent Application
Laid-Open No. 6-340242).

| More specifically, in the above reaction step,

carbon monoxide is blown into the liguid reaction
composition (containing particles of the solid

25 catalyst in the case of a heterogeneous catalytic
reaction) in the reactor and the gas phase components

including unreacted carbon monoxide are drawn out



reaction) in the reactor and the gas phase conponents
i ncl udi ng unreacted carbon nonoxi de are drawn out WO
waQo/e@a941 PCT/ JP2004/ 003248 6 from the topPof/Jpive4/003248
reactor as off gas. The liquid reaction conmposition
that has reacted is separated S romthe particles of
the solid catalyst and drawn out fromthe reactor so
as to be led into a flash 5 colum or flash vessel. In
the case .of a flash colum, carbon nonoxi de and
gasified light-fraction conponents that have been
di sE6PHedhien tiope dff dliad zgacteepas av€8 gssef f Thaslbguid
nmeans of an operation of flash distillation and the
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i qui reaction conposition Is divided Into a gaseous
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20 operation of flash evaporation, of which the
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fraction that is to be refined to produce a final
product of acetic acid by way of subsequent steps
including a distillation step and a circulating
fraction that is to be driven back into the reactor

15 for circulation. In the case of a flash vessel, the
liquid reaction composition 1s divided into a gaseous
fraction containing components that correspond to the
off gas and the crude acetic acid fraction mentioned
above and a remaining liquid fraction, by means of an

20 operation of flash evaporation, of which the gaseous
fraction is refined in a subsequent distillation step
and the liquid fraction is returned to the reactor.
Off gas and a circulating fraction will be produced
along with a refined acetic acid fraction, which is a

25 final product, also in the subsequent steps including

a distillation step.

As described above, in the process of



25 final product, also in the subsequent steps
including a distillation step. As described above, in

woheospsaaess of WO 2004/ 080941 PCT/ JP2004/ 0032#8T/JF2004/003248
manuf acturing acetic acid, off gas is drawn out in
each of the steps of the proce%s i ncl udi ng the
reacti on step and the subsequent steps of separation
and refinenent. The drawn out off gas contains not 5.
only net hane and hydrogen that are produced as a
result of reaction and unreacted carbon nonoxi de but
al sermetagturbaydecehar psis pdbtds b edfawacpdt 1n
that is used as reaction raw material,k and reactjon
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10 acetate. Therefore,,conventionally, these_usef
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substances are collected and returned to the reactor
before the off gas is burned in an incinerator. A
gas absorption operation is generally employed to
collect the useful substances from the off gas and
15 the produced acetic acid or the raw material methanol
is partly used as absorbent liquid for the gas
absorption operation. When the produced acetic acid
is partly employed as absorbent liquid, a diffusion
step needs to be inevitably provided for the purpose
20 of separating the useful substances absorbed into the
acetic acid from the latter after using the latter as
absorbent liquid. To the contrary, the use of part
of the raw material methanol as absorbent liquid
provides an advantage that the methanol that has been
25 used as absorbent liquid can be introduced into the
. reactor without any treatment. Additionally, while

any effort for cooling acetic acid to improve the



provides an advantage that the nethanol that has been
25 used as absorbent liquid can be introduced into the

woeemose94ni t hout any treatnment. Additionally, wOTAR2004/003248

any effort for cooling acetic gcid to inprove the WO
2004/ 080941 PCT/ JP2004/ 003248 absorption efficiency
is baffled by the relatively high nelting point (17C)
of acetic acid, nethanol is advantageous because it
i s not acconpani ed by such a problem 5 DI SCLOSURE OF
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suchbrabpeahl em does not arise so long as the
concentration of particles of the solid catalyst

emains |ow. Then, as reaction 15 liquid contai ning

the solid catalyst is driven toward the bottom of the
cyl| PRaFFEEUREe 8t GHEF GNVEINTLOML i on by way of an
external circulation path, the circulation path can _

be cl oggdt'®y hReBEpEIPREAUSPASEIiem ofs thendotted in a
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10 probably blocked at the bottom of the cylindrical

15

20

25

reactor when the concentration of particles of the
solid catalyst is high, although such a problem does
not arise so long as the concentration of particles
of the solid catalyst remains low. Then, as reaction
liquid containing the solid catalyst is driven toward
the bottom of the cylindrical reactor for circulation
by way of an external circulation path, the
circulation path can be clogged by the deposited
particles of the solid catalyst in the circulation
path to give rise to a significant trouble to the
operation. If the circulation path is not clogged,
the solid catalyst can locally agglomerate to reduce
the productivity of manufacturing acetic acid by way
of the above described reaction process and promote
side reactions.

Thus, known methods of manufacturing acetic

acid by carbonylating methanol by means of a



the productivity of manufacturing acetic acid by way

of the above described reaction process and pronote
wa3osiode4t eact i ons. Thus, known nethods of PCT/JP2004/003248
manuf acturing acetic acid by carbonyl ati ng net hanol

by nmeans of a WO 2004/ 080941 PET/ JP2004/ 003248 9

het er ogeneous catal ytic reaction, using a solid

catal yst, are acconpani ed by probl ens including that

they need to be conducted with a relatively | ow

catal yst concentration and require the use of a |l arge
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acid has to be manufactured at a given rate. .
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15 of manufacturing acetic acid can be conducted
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circulation path due to the deposited particles of
the solid catalyst so that the productivity of
manufacturing acetic acid may not be reduced by local
agglomeration of the solid catalyst and the operation
of manufacturing acetic acid can be conducted
reliably on a stable basis for a long period of time
when a high catalyst concentration is used. It is
also an object of the present invention to provide a
reactor to be used with such a method.

Meanwhile, with a method according to the
invention that involves a high catalyst concentration,
the rate at which CO gas is blown in is also high and
hence the rate at which off gas is produced is high
if compared with known methods. As a gas absorption
operation using raw material methanol as absorbent
ligquid is conducted to collect useful substances from

off gas, the supply rate of methanol as absorbent



the rate at which COgas is blown in is also high and
hence the rate at which off gas is produced is high if

woanpasediw t h known net hods. As a gas absor pt POWJIPR54/003248
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operation using raw material nethanol as absorbent

liquid is conducted to collectl@seful substances from
of f gas, the supply rate of nethanol as absorbent WO
2004/ 080941 PCT/JP2004/003248 10 liquid will increase
as a matter of course. However, if nethanol is used

to absorb off gas at a rate higher than the rate at

whi thavad wailér iacreeiskars a insmisigploBdcoorshe However,
reactor, the excessive nmethanol 5 sinply needs to be
wast&dnethaned is vasdottwabaanl ikl assraw esaraceal .
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20 nmet hanol w.th carbon nonoxjide (CO by way of _a
rate at which raw material methanol is supplied to

the reactor. Thus, it will be appreciated that the
efficiency of the off gas absorbing operation is
vital to a method of manufacturing acetic acid when

raw material methanol is used as absorbent liquid.

15 Therefore, another object of the present invention is

to raise the efficiency of the off gas absorbing
operation.
According to the invention, there is provided a

method of manufacturing acetic acid by carbonylating

20 methanol with carbon monoxide (CO) by way of a

heterogeneous catalytic reaction in a bubble column
reactor, in which the carbonylating reaction is
conducted with a solid catalyst concentration of not

less than 100 kg/m® in terms of the reaction volume.

25 The solid catalyst includes a catalyst metal complex

supported on a particulate resin. The catalyst metal

contains usually 0.3 to 2.0 wt%, preferably 0.6 to



het er ogeneous catal ytic reaction in a bubble col um
reactor, in which the carbonylating reaction is

woandwsesdd with a solid catal yst concentrati onPOT/JPzN4/003248
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| ess than 100 kg/nB in ternms of the reaction vol une.

25 The solid catal yst includesta catal yst et al

conpl ex supported on a particulate resin. The

catal yst nmetal contains usually 0.3 to 2.0 wm %
preferably 0.6 to WO 2004/ 080941 PCT/ JP2004/ 003248 11
1.0 % of the particulate resin. According to the
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reaction is inproved when the solid catalyst o
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catal yst concentration of not |ess than 100 kg/nB is
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rati o of carbon nonoxide is between 3 and 15% of the
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(}hesééggkg superficial velocity is between 0.2 and

In an aspect of the present invention, with a
method according to the invention where a solid
catalyst concentration of not less than 100 kg/m’® is
used in terms of the volume of the reaction system,

5 the partial pressure of carbon monoxide in the
reactor is between 1.0 and 2.5 MPa and the exhaustion
ratio of carbon monoxide is between 3 and 15% of the
theoretical reaction volume of carbon monoxide, while
the liquid superficial velocity is between 0.2 and

0 1.0 m/sec.

With such a high catalyst concentration, the
partial pressure of carbon monoxide in the reactor is
held within a range between 1.0 and 2.5 MPa,
preferably between 1.7 and 2.2 Mpa, in order to

5 maintain the mass transfer constant Kla (liquid phase
capacity coefficient) of CO gas between gas and

ligquid, which is rate-controlling for the



20 1.0 nmsec. Wth such a high catal yst concentration,

the partial pressure of carbon nonoxide in the
woeeose94is held within a range between 1.0 arRdT/AP%04/003248

MPa, preferably between 1.7 and 2.2 Moa, in order to

25 maintain the mass transfer édnstant Kla (liquid

phase capacity coefficient) of CO gas between gas and

liquid, which is rate-controlling for the WO

2004/ 080941 PCT/ JP2004/ 003248 12 carbonyl ati ng

reaction using CO not |ess than a predeterm ned
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roves remarkably when the
18a| d rrp5 MPa when theypartlal pressure of carbon

monoxide is held within the above defined range.
Carbon monoxide is supplied excessively to

secure the sufficient Kla value and a value between 3
and 15%, preferably between 5 and 10%, is selected

15 for the exhaustion rate of carbon moﬁoxide (ratio of
the excessive carbon monoxide relative to the
theoretical reaction volume of carbon monoxide).
While the Kla value improves remarkably when the
exhaustion rate is not less than 3%, an exhaustion

20 rate greater than 15% is not preferable from the
economical point of view. As CO gas is supplied in
excess, the gas lift effect is improved accordingly
to serve for uniform fluidization of the solid
catalyst.

25 Additionally, the liquid superficial velocity
of reaction liquid that rises in the reactor is held

between 0.2 and 1.0 m/sec in order to maintain a
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rate greater than 15%is not preferable fromthe
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excess, the gas lift effect is_inproved accordingly

to serve for uniform fluidizatién of the solid

catalyst. 25 Additionally, the liquid superficial

velocity of reaction liquid that rises in the reactor

is held between 0.2 and 1.0 MSegoldr?OSrsgig tgs
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1° backpsioase geal laed senctiope Mt resulls 1
Uﬁer&5%ebekbﬁgsoﬁﬂgﬁ%fﬁgfgﬁ§}'Then, a remarkably high
reactor may have to be installed to avoid such
problems. If, on the other hand, the liquid
superficial velécity of reaction liquid is lower than
0.2 m/sec, the catalyst will be distributed unevenly
15 to increase localized reactions, which results in an
increase of side reactions, and shorten the service
life of the catalyst.
Similarly, the gas superficial velocity of CO
gas is preferably between 2 and 8 cm/sec. The
20 expression of gas superficial velocity as used herein
refers to the average value of the gas superficial
velocity in the gas lead-in section of the bottom of
the reactor and the counterpart at the top of the
reactor. When the gas superficial velocity is found
25 within the above defined range, the solid catalyst is

uniformly dispersed in the reactor due to such a

velocity and the gas lift effect of CO gas rising in



Simlarly, the gas superficial velocity of CO gas is
preferably between 2 and 8 cm sec. The 20 expression

wohogasosuperficial velocity as used herein reCeagB2000003248
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the average val ue of the gas superficial velocity in
the gas lead-in section of thelbottomof the reactor
and the counterpart at the top of the reactor. Wen
the gas superficial velocity is found 25 within the
above defined range, the solid catalyst is wuniformy
di spersed in the reactor due to such a velocity and
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PCT/ JP2004/ 003248 14 the reactor so that a necessary
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establish a uniformy circulating fl ow of 15 slurry of
t he isolbedivdatesl yes1 pitoeidate mofifohentilyad ondhayashohMequid

mentioned 0.2 m sec_because, the vol une of
contact time and a sufficiently high level of

circulation/fluidization in order to achieve a
sufficient reaction efficiency. With a reactor
having an L/D value of not smaller than 8, it is

possible to establish a uniformly circulating flow of

15 slurry of the solid catalyst at a rate not lower than

the above mentioned 0.2 m/sec because the volume of
the gaseous holdup in the reaction zone (riser
section) increases to produce a sufficiently large

density difference between the reaction zone and the

20 liguid falling zone (down-comer section). While

either the external circulation system or the
internal circulation system may be used for the
bubble column reactor, a heat exchanger is preferably

incorporated in the circulation path in order to

25 remove the heat generated by the reaction when the

external circulation system is used.

In another aspect of the present invention,
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section) increases to produce a sufficiently |large
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20 liquid falling zone (down-coner section). Wile

either the external circulatiokbsystemor the

internal circulation system my be used for the

bubbl e col unm reactor, a heat exchanger is preferably

incorporated in the circulation path in order to 25

renmove the heat generated by the reaction when the
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porgs aetanged at a plurality of levels, the solid

catalyst in the 10 reactor is fluidized and

uni form zed yeryporfhbabettky is ircmes®dimbdhtBe reactor

single level arrangenent so that it is possible to

opebyt wayhe fr eagticon msysieimavkkow—ihi ghréel edranged at a

catal yst concentration of not Iess than 100 kg/nB.

Theplurglisypedsilsve ko ddhsigkidheatsliysactsor the

10 reactor is fluidized and uniformized very efficiently
if compared with a single level arrangement so that
it is possible to operate the reaction system with a
high solid catalyst concentration of not less than
100 kg/m®. Then, it is possible to downsize the

15 reactor.

The solid catalyst includes a catalyst metal
complex supported on a particulate resin. The
catalyst metal contains usually 0.3 to 2.0 wt%,
preferably 0.6 to 1.0 wt%, of the particulate resin.

20 The solid catalyst in the reactor can be
fluidized and uniformized even more efficiently when
at least one of the carbon monoxide blow-in ports
arranged at a plurality of levels is used as carbon
monoxide blow-in port for fluidizing the solid

25 catalyst and at least another one of the carbon
monoxide blow-in ports arranged at a plurality of

levels is used as carbon monoxide blow-in port for



The solid catalyst includes a catalyst netal conplex

supported on a particulate resin. The catalyst netal
woanimsoiusual |y 0.3 to 2.0 wt% preferably 8C®JPm04/003248

1.0 % of the particulate resin. 20 The solid

catalyst in the reactor can bel6fl uidized and

uni form zed even nore efficiently when at |east one

of the carbon nonoxide blowin ports arranged at a

plurality of levels is used as carbon nonoxide

blowin port for fluidizing the solid 25 catal yst and

at mebkidflianoghéahersolofd t¢wtzhy boninmandowde amt: iof the

ports arranged at a plurality of levels is used as
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catalyst is arranged at an appropriate position above

t hemeavkodenpiexi-de Mowe | Foportuiah zAwL Hha nehihe 10
solid catalyst, it is possible to nove the catal yst
upweredailiystthe sr eataorgdyy dtheamaspprbdbpréfftectpddiation above
arises when blown-in CO gas rises in the cylindrica
r eathr camdodi Syarsuide hlowhen| pqubdfssr awhidizing the
efficiegﬁly fluidize the solid catalyst. Wiile it is
10 solid catalyst, it is possible tO0 move the catalyst
upward in the reactor by the gas 1lift effect that
arises when blown-in CO gas rises in the cylindrical
reactor and disperse it in the liquid so as to
efficiently fluidize the solid catalyst. While it is
15 preferable to arrange at least a carbon monoxide
blow-in port for fluidizing the solid catalyst and at
least a carbon monoxide blow-in port for mobilizing
the solid catalyst at respective levels, a plurality
of blow-in ports may be arranged for fluidizing the
20 solid catalyst and/or for mobilizing the solid
catalyst whenever necessary.

When carbon monoxide blow-in ports are arranged
at a plurality of levels in a manner as described
above, it is possible to conduct the operation of

25 manufacturing acetic acid reliably on a stable basis

when the solid catalyst is used with such a high

concentration that conventional bubble column
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15 preferable to arrange at |east a carbon nonoxi de
blowin port for fluidizing the solid catal yst and at

the solid catal yst at respective levels, a plurality
of blowin ports may be arranged for fluidizing the 20
solid catalyst and/or for nobilizing the solid
cat al yst whenever necessary. Wen carbon nonoxi de
blowin ports are arranged at a plurality of levels
in a manner as described above, it is possible to
conckrettohe bperiagi oneofor2marmnuflaan uohagcacbbicmaviogide
reliably on a stable basis when the solid catalyst is
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| ead-in section) that is |ocated at a |l ower part  of

monoxide blow—-in port for mobilizing the solid
catalyst is arranged near the junction of the reactor
and the external circulation path (i.e., circulation
lead-in section) that is located at a lower part of
reactor and apt to block the flow of particles of the
solid catalyst.

In still another aspect of the present
invention, there is provided a method of
manufacturing acetic acid by carbonylating methanol
with carbon monoxide in the presence of a solid metal
catalyst, characterized in that it comprises:

a reaction step of causing a carbonylating
reaction to take place by suspending the solid metal
catalyst in a liquid reaction composition containing
an organic solvent composed of methanol, methyl
iodide, acetic acid and/or methyl acetate and water
to a small content ratio and blowing carbon monoxide

gas into the liquid reaction composition;



reactor and apt to block the flow of particles of the
15 solid catalyst. In still another aspect of the
wonRewE®seo41i nvention, there is provided a net ho#CofiP2004/003248
manuf acturing acetic acid by carbonyl ati ng nmet hanol
wi th carbon nonoxide in the pré8ence of a solid netal
20 catal yst, characterized in that it conprises: a
reaction step of causing a carbonylating reaction to
take place by suspending the solid netal catalyst in
a liquid reaction conposition containing an organic
sol vent canposel erpaselaesl Sstan hgf 96pavdideg acetic
aci nd/or methyl acetate and water to a snmal

conFé%ﬂnﬂaﬂqizﬁﬂfkﬂ%ﬁ%¥% ¥2F bhORD FERPES L g iand off
the |liquid reaction conposition; WO 2004/080941
PCT?§52%5$FD 4§e§ﬁ$ %i$5¢¥P&eparation step of
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distillation by introducing the
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into .a flash colum and thereby separating off gas
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top section, a crude acetic 10 acid fraction flow ng
outSﬁP@Wﬁ&ﬂﬂﬂMﬂfﬁnqﬁﬂEﬁ@@calbnghandlqumdwﬁnanhlqp
fraction flow ng out froma tower bottom section;
flowing out from a tower top section, a crude acetic
10 acid fraction flowing out from a tower middle section
and a circulating fraction flowing out from a tower
bottom section;
a third separation step of introducing part of
the light liquid fraction and the crude acetic acid
15 fraction separated in the second separation step into
a distillation system and thereby separating off gas,
a product acetic acid fraction, a heavy fraction and
a circulating fraction;
a circulation step of returning the residue of
20 the separated light liquid fraction and the
circulating fraction separated in the second
separation step and the circulationg fraction
separated in the third separation step to the
reactor;
25 a first absorption step of conducting an

operation of gas absorption for the off gas separated

in the first separation step, using methanol as



a third separation step of introducing part of the

light Iiquid fraction and the crude acetic acid 15
wonremtosmal separated in the second separati on sSPEPIPIDO003248

a distillation system and thereby separating off gas,

a product acetic acid fractiond% heavy fraction and

a circulating fraction; a circulation step of

returning the residue of 20 the separated |ight

liquid fraction and the circulating fraction

separated in the second separation step and the

ci r il f¥bgeidn separated in the third .

separation step to the reactor; 25 a first absorption

step of cén@eQonsy absompleteari shepf ofascalsburtptriprarf or

the off gas separated _in the first separation step
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the first absorption step, the off gas 10 left after

t he secondnalesdiaptstoirorstipe@nolf t Brkhheavy nfyr atld PEF gas
separated in the third separation step to
left after the first absorption step, the off gas
10 left after the second absorption step and the heavy
fraction separated in the third separation step to
the outside of the system; and

that methanol that is regulated for temperature
to 10 to 25°C is used as absorbent liquid in the

15 first and second absorption steps and divided so as
to use 50 to 80 wt% of the entire methanol to be used
in the two absorption steps in the second absorption
step and the methanol left after the two absorption
steps is used as raw material methanol in the

20 reaction step.

In still another aspect of the invention, there
is also provided a method of manufacturing acetic
acid by carbonylating methanol with carbon monoxide
in the presence of a solid metal catalyst,

25 characterized in that it comprises:

a reaction step of causing a carbonylating

reaction to take place by suspending the solid metal.



the outside of the system and that nethanol that is

regul ated for tenperature to 10 to 25(r)C is used as
wahsarosendt |iquid in the 15 first and second abeoapi1000003248

steps and divided so as to use 50 to 80 wt % of the

entire methanol to be used in2Zhe two absorption

steps in the second absorption step and the nethano

|l eft after the two absorption steps is used as raw

material nethanol in the 20 reaction step. In stil

anot her aspect of the invention, there 1is also
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liquid reaction conposition and off gas fromthe
r eagisorf rstrebhea serontosepaepti on step of conducti ng
an 10 operation of flash evaporation by introducing
t he a second separation step of conducting an
10 operation of flash evaporation by introducing the
liquid reaction composition separated in the first
separation step into a flash vessel and thereby
separating a gaseous fraction flowing out from an
upper tower section and a liquid fraction flowing out
15 from a lower tower section;

a third separation step of leading the gaseous
fraction separated in the second separation step into
a distillation system and separating off gas, a
product acetic acid fraction, a heavy fraction and a

20 circulating fraction;

a circulation step of returning the liquid
fraction separated in the second separation step and
the circulating fraction separated in the third
separation step to the reactor;

25 a first absorption step of conducting an

operation of gas absorption for the off gas separated

in the first separation step, using methanol as



liquid reaction conposition separated in the first
separation step into a flash vessel and thereby
weeparaedsng a gaseous fraction flow ng out fr oRCEIP2004/003248
upper tower section and a liquid fraction flow ng out
15 froma |lower tower section; 24 third separation step
of | eading the gaseous fraction separated in the
second separation step into a distillation.system and
separating off gas, a product acetic acid fraction, a
heavy fraction and a 20 circulating fraction; a
ci r allsdtlmenist epquidreturning the liquid fraction
separated in the second separation step and the
ci rcul at i ag sfercantd absepatadedstapt b€ thindicting an

separation step to the reactor; 25 a first absorption
st ePRFr&oriuce T ngaanabspapitioon fofr gadwe abShrpas oneparated

the ,of f__gas separated in the first separation step,
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second absorption step and the heavy
left after the second absorption step and the heavy
10 fraction separated in the third separation step to
the outside of the system; and
that methanol that is regulated for temperature
to 10 to 25°C is used as absorbent liquid in the
first and second absorption steps and divided so as
15 to use 50 to 80wt% of the entire methanol to be used
in the two absorption steps in the second absorption
step and the methanol left after the two absorption
steps is used as raw material methanol in the
reaction step.
20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic diagram of an exemplar
bubble column reactor that can be used for a method
of manufacturing acetic acid according to the
25 invention;
FIG. 2 is a schematic diagram of another

exemplar bubble column reactor that can be used for a



10 fraction separated in the third separation step to
the outside of the system and that nethanol that is
woeouloatdd for tenperature to 10 to 25C i s usedTdAB2004/003248
absorbent liquid in the first and second absorption
steps and divided so as 15 to &8e 50 to 80wt % of the
entire nethanol to be used in the two absorption
steps in the second absorption step and the nethano
| eft after the two absorption steps is used as raw
material nethanol in the reaction step. 20 BRIEF
DESERERPHON fORmaTHE DRAWINGS d&t€tid asid schemdiing to the
di agram of an exenplar bubble colum reactor that can
be 4B¥@Ntdongd nethod of nmanufacturing acetic acid

according_to the 25 invention; FIG. 2 is a schemtic
di agr am of L&@nofhéf 2eRchSMmatisukbiao e wh reakher
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acid according to the invention.

according to the invention.

10 BEST MODE FOR CARRYING OUT THE INVENTION
Now, the present invention will be described by
referring to the accompanying drawings that
illustrate preferred embodiments of the invention.
FIG. 1 is a schematic diagram of an exemplar
15 bubble column reactor provided with an external
circulation system that can be used for a method of
manufacturing acetic acid according to the invention.
When manufacturing acetic acid, using such a reactor,
firstly a solid catalyst is filled into a cylindrical
20 riser section 12 of a reactor 11. The solid catalyst
that is generally used for manufacturing acetic acid
is one that contains rhodium complex carried on a
basic resin having a porous, crosslinked structure.
For example, the use of a solid catalyst in which
25 metal rhodium is carried by vinylpyridine resin is
particularly preferable. Then, a mixture solution of

methanol that is the reaction raw material, a
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be used for a nmethod of manufacturing acetic acid

according ‘to the invention. Wen manufacturing acetic

acid, using such a reactor, firstly a solid catalyst
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is preferable. Generally, an
afleandﬁﬁthY'a %&%&%&% sofﬁtlon of methanol that is

the reaction raw material, a reaction solvent and a
promoter is supplied from the bottom of the riser
section 12 of the reactor 11 that is already filled
with methanol, a solvent and a solid catalyst and, at

15 the same time, CO gas is injected also from the
bottom and caused to rise upward. As the injected CO
gas rises as bubbles in the liquid contained in the
riser section 12, the catalyst is also moved upward
in the cylindrical reactor by the gas lift effect.

20 At this time, the partial pressure of carbon monoxide
in the reactor is held between 1.0 and 2.5 MPa,
preferably between 1.7 and 2.2 MPa, and the
exhaustion ratio of carbon monoxide is regulated so
as to be between 3 and 15%, preferably between 5 and

25 10%, of the theoretical reaction volume of carbon
monoxide. At this time, the operating conditions are

preferably so selected that the gas superficial



such as nethyl iodide may be used as pronoter. 10

Then, a m xture solution of nethanol that is the
woeamosealiraw material, a reaction sol vent andprPar/JpP2004/003248

pronoter is supplied fromthe bottomof the riser

section 12 of the reactor 11 tRé4t is already filled

w th nethanol, a solvent and a solid catal yst and, at

15 the sane tine, COgas is injected also fromthe

bottom and caused to rise upward. As the injected CO

gas rises as bubbles in the liquid contained in the

ri seeleoedttivonthz, average avybdtei sfatbe gevedumewdiidial

in the cylindrical reactor by the gas lift effect. 20

At VhalLeciitye int Hdreparas alepidessusechionapbothephetitdm of

in the reactor is held between 1.0 and 2.5 MPa,

pr eFE8RaBRR FatnEar 1the frupteorppst ghgthgetop of the
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gas |lead-in section at the bottomof the reactor and

t hevedortignpardn ataltlheéod bpwob . 2 he/seeaahdybrofa car bon

monoxi de gas is held between 2 and 5 8 cnmisec. The gas

supeépfifdicalenidivodiasoofKtarvahue nmpapxhde bas obtained to

I nflLuences the stable circulation of the catalyst and
18 he lRI2 Ly &hSe PTRATEIFE i oY cWren| Bhpogas superficial

velocity of carbon monoxide gas is less than 2 cm/sec.
On the other hand, carbon monoxide will be wasted to
a large extent and the internal pressure of the
reactor will rise to make the reaction poorly

15 economical when the the gas superficial velocity of
carbon monoxide gas exceeds 8 cm/sec.

The carbonylating reaction of methanol by
carbon monoxide progresses to produce acetic acid
when the reaction temperature and the total reaction

20 pressure are made to be between 170 and 190°C énd
between about 3.0 and 4.5 MPa respectively. At this
time, methanol may partly react with methanol and/or
produced acetic acid to by turn produce dimethyl
ether, methyl acetate, water and so on as byproducts.

25 Note that the rate of reaction falls remarkably to
reduce the productivity when the water concentration

in the reactor falls below 2 wt%. On the other hand,



velocity can fall below 0.2 msec and/or a

sufficiently large Kl a value nay not be obtained to 10
woOawsarosedae productivity when the gas superfici 8CT/JP2004/003248

vel ocity of carbon nonoxide gas is |less than 2 cnf sec.

On the ot her hand, carbon nonoXbde will be wasted to a

| arge extent and the internal pressure of the reactor

will rise to nmake the reaction poorly 15 econom ca

when the the gas superficial velocity of carbon

nonoxi de gas exceeds 8 cnisec. The carbonyl ating

r eatheoanefrgyetleanblohythe af Hohl fopogodesppagaedses the

produce acetic acid when the reaction tenperature and

t heproduktr edc ttiast i20 guried siir@m atlee nadectdohe sbéinvden

170 and 190C and between about 3.0 and 4.5 MPa
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product of acetic dcid fromthe reaction solution
| nccenses tand itdie igprdentred dosr of scoegashredhyd e@geno be

I odi de al so i ncreases when the water concentration in
5 thetweact @ aexteddwi0. wt % Then, a large facility
1dM|| be rggungdsgga%gggiq%EELEXH{%ﬂygfrgggg:goggngn
upper part of the reactor 11, the reaction solution
containing the solid catalyst that rises in the riser
section 12 is then partly taken out from an upper
part of the separator section 13 as liquid reaction
15 product that does not contain any solid catalyst,
while the remaining reaction solution that contains
the solid catalyst returns to the bottom of the
reactor through a down-comer section 14 so as to be
supplied again to the cylindrical reactor and
20 continuously circulate. The liquid superficial
velocity of the reaction solution that rises in the
reactor is regulated so as to be found between 0.2
and 1.0 m/sec. With this arrangement, the solid
catalyst is dispersed uniformly and a necessary level
25 of circulation/fluidization of the solid catalyst can

be maintained on a stable basis. Additionally, it is

preferable to arrange a heat exchanger 15 in the



of manufacturing acetic acid. Therefore, the water
concentration in the reactor is regulated so as to be
woebmsop4?2 and 10 wt % 10 By the separator secPCoOaPA84/003248
arranged at an upper part of the reactor 11, the
reaction solution containing % solid catalyst that
rises in the riser section 12 is then partly taken
out froman upper part of the separator section 13 as
liquid reaction 15 product that does not contain any
solid catalyst, while the remaining reaction solution:
t halEEMCanRr $9et5oni #4chhaty sperattemas eitternal
bottam of. the reactor thrqQugh a down-coner section 14
so &¢I Qs ol AgaFAet o tPh&eapvien ditic alenetated
and continuousl.y circul ate. The liquid superficial
vel 68 ty%o%fcatthsee r%%%t?%ﬁgglayg?ﬂﬁgt F&e Gh18s 9h meighanol
rea [ - be.f ound. bet ween 0..2
andq%?grhﬁgéc. %6tﬁgtﬁggég%éghgg%%%??sfﬁg doPigplied CO
Bat Sti d YrdlvepP d I f nd ca c evel
25 gkﬁcirculatioﬁ???u?%?@a??%L¥8? gﬁetgb ?%ﬁﬁgﬁ%#%%t
can selog imai MRINEHON Gast ahlierbasks. aAdd:HLHna l‘%’ sit
IS 2giseferable to arrange a heat exchanger 15 in E%e
WO SR04 RETI IP2DOA/ WR82481t26 sdawrhe@™y the
section 14 that operates as external circulation path
in SAEEE G Faasivhan thRy gemeenial thebe bepgised he the
carbonyl ating reaction of nmethanol 1is an exothermc
r ealPRG O Excessi vel y supplied CO 5 gas is drawn out

1gromthe fﬂg quhgg %%%%E?ég product separated by the
separator 13 is then fed to flash column 17, where
the light fraction containing mainly methyl iodide,
methyl acetate and water, the fraction containing
mainly acetic acid and the heavy fraction containing

15 the rhodium catalyst, acetic acid, methyl acetate,
methyl iodide, water and methanol are taken out
respectively from the top section, the middle section
and the bottom section of the flash column 17 so as
to be separated from each other. Of the drawn out

20 fractions, heavy components are returned to the
reactor for circulation. However, heavy components
include nitrogen-containing compounds such as
pyridine compounds that are produced as decomposition
products of the vinylpyridine resin and released from

25 the latter to a small extent and, if such compounds
are accumulated in the circulating liquid, they

induce release of rhodium complex ions to



section 13 as off gas and fed to an exhaust gas

absorption device 16, where it is washed by the
woOizopgiodogseact i on raw material to be supplied teCcriir2004/003248

reactor. 10 The liquid reaction product separated by

the separator 13 is then fed 26 flash colum 17,

where the light fraction containing mainly nethyl

iodide, nethyl acetate and water, the fraction

containing minly acetic acid and the heavy fraction

contai ning 15 the rhodium catal yst, acetic acid,

met Bpnsacreattdy meduge thdi d¢é fewitioreress nef hahel catelyst.

taken out respectively fromthe top section, the

i ddhereéericon 1tadd e IRilohe sket PEACEFSt RE flicasit part

col u %é 0 as to be separated fron1gach Qther. O
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a small extent and, if such conpounds are accunul ated

i n whehcivtHeaiohahdd qteshin tihey shbgddbeyr Beeasedffor such
rhodi um conpl ex ions to WO 2004/ 080941

PCTAJ P20G460B03 248 t 227h ioon seoupothgs r eduogingedevice 18.
effectiveness of the catalyst. Therefore, it is .

pr eF8eapRs sow SprosEissentt s efsainhyt COopashe heaPived in

L orRenetLe by et of 201 L1 QSTL (RN AL 18 hanon thec
is fed to the exhaust gas absorption device and
supplied to the reactor.

FIG. 2 is a schematic diagram of another
exemplar bubble column reactor also provided with an

15 external circulation system that can be used for a
method of manufacturing acetic acid according to the
invention. A reactor 21 has a cylindrical reaction
section (riser section 22) where a reaction solution
containing carbon monoxide gas and a solid catalyst

20 rises and provided in the bottom zone thereof with a
narrowed section 28 whose inner diameter is 30 to 70%
of that of the riser section 22. A separator section
23 is arranged at the top of the riser section 22 and
adapted to collect carbon monoxide gas that remains

25 without reacting from the reaction solution that
contains the carbon monoxide gas and the solid

catalyst and at the same time separate the liguid



5 any ni trogen-contai ni ng conpounds that can induce

rel ease of rhodiumconplex ions. A device filled wth
woam4@gedaange resin nmay suitably be used for sBCIIP04/003248

ni trogen- cont ai ni ng conmpounds renovi ng device 18. The

gaseous conponents (mainly CO#¢fs) dissolved in 10 the

light fraction are absorbed by the nethanol that is

fed to the exhaust gas absorption device and supplied

to the reactor. FIG 2 is a schematic di agram of

anot her exenpl ar bubbl e col uim reactor al so provided

W t heantidh exoeiurdl tWiatcdes omosysorimtihatheasdied

used for a nethod of manufacturing acetic acid

acceprbphysto apide thenv@natopn Sobation 2hagasoatains the
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frogrt hBer ea¢fdreit $Old8dOIbd B8 asankai fset la@) iReN end
nmonoxi de gas and the solid catalyst and at t sane

ti meosepavattent et qui dchAD 20041680941 for the purpose of
PCT/ JP2004/ 003248 28 reaction product that does not
consapPRlyhedsditied reratal st bmel dhagréac ticowyddinetdiorm 1
jghat contains the remaining solid catalyst, Aliquid,
a middle part of the down-comer section 24 for the
purpose of eliminating the heat generated in the
carbonylating reaction of methanol that is an
exothermic reaction. The ratio of the length L to
15 the diameter D, or L/D, of the reactor is preferably
not smaller than 8 because it is necessary to provide
a sufficiently long gas/liquid contact time and a
sufficient level of circulation/fluidization for
achieving a satisfactorily high reaction efficiency.
20 First carbon monoxide blow-in port 26 and
second carbon.monoxide blow—-in port 27 are provided
as a carbon monoxide blow-in port so as to take the
role of fluidizing the solid catalyst in the reactor
and that of mobilizing the solid catalyst in a lower
25 part of the reactor respectively. FEach of the blow-

in ports may take the form of a single pipe nozzle

having a gas injection hole at the front end of the



(down-comer section 24) for circulating the separated

5 reaction solution that contains the remaining solid
woav@logedts1i s connected at an end thereof to theCbopri0o4003248

of the separator section 23 and at the opposite end

to a bottompart of the reacto#921 for the purpose of

supplying the reaction liquid again to cylindrical 10

reacti on section. A heat exchanger 25 is arranged at

a mddle part of the down-comer section 24 for the

pur pose of elimnating the heat generated in the

carbopgl athag péaet nerzdfe ret hmnolnghahapedapr branched

exothermc reactigon. The ratio of the |ength L to 15

t hePHPANBEEAND, 2ol LIS TBIRee PEagedrindcpidrar wles

not smaller than, 8 because it is cess tQ provide
A SRFPREPERL Py IBAg BGIaheRAY €ohtact FPRePaRG £F Some

fficient |evel i teulation/d 1 uidization
scnrBiPRoEarEar tRaabor y i sttt St et P refhae ot

iy reaction ef

20 g&%%*c 8%93@0@}’%@86@&&& (%v@—fﬂr%ogé_ ggg fg.g:ﬁgﬂdzing

carpon nonoxi OW I n port are provi

carpps BBN9W de+thl1Qad MMPrdt sPeastt 8 takBohhtonddi®le
of fluidizing the solid catalyst in the reactor and
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In the reactor of FIG. 2, the second carbon
monoxide blow-in port 27 for mobilizing the solid
catalyst is arranged near the junction of the
narrowed section 28, which is located at a lower part
15 of the reactor where the solid catalyst is apt to be
deposited to clog the circulation path, and the
external circulation path, the junction (circulation
lead-in section) being located near the lower end of
the narrowed section 28. On the other hand, the
20 first carbon monoxide blow-in port 26 for fluidizing
the solid catalyst is arranged at an upper part of
the narrowed section 28 above the second carbon
monoxide blow-in port 27. The appropriate position
of the first carbon monoxide blow-in port 26 can be
25 selected as a funption of the profile of the reactor
21, the concentration of the solid catalyst, the

operating conditions of the reactor and other factors.



arranged at the peripheral wall of the pipe or sone

other form Wile it is preferable to arrange at 5
woOeeasose4car bon nonoxi de bl owin port for fl ui @CTiIPZHN04/003248

the solid catal yst and at | east a carbon nonoxi de

bl owin port for nmobilizing th&0solid catal yst at

respective levels, a plurality of blowin ports nmay

be arranged for fluidizing the solid catal yst and/or

10 for nobilizing the solid catal yst whenever

necessary. In the reactor of FIG 2, the second

car bon HWMQmiﬂanhfamkumip@rbdékﬁanaaﬁﬂnImsing dhbubble

solid catalyst is arranged near the junction of the

nar cowenns geeichor2® i thhiazh ¢xtéveal ediacudatawer syarttem as

15 of the reactor where the solid catal is apt to
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21, the concentration of the solid catalyst, the
opepdt engodddicatedsy f imewhieaktwetandrovhidunf det ararried
WD 2004/ 080941 PCT/JP2004/ 003248 30 When

1GanbyaviayilRy rdcdtic 5 4SiparhipubBréy preferable.

The catalyst rhodium is contained normally 0.3 to 2.0
wt% of the basic resin. Then, a mixture solution of
methanol that is the reaction raw material, a
reaction solvent and a promoter is filled into the

15 reactor that is already filled with the solid
catalyst. The reaction solvent may be selected from
various known solvents. Generally, an organic
solvent containing carbonyl groups having two or more
carbon atoms is preferably used as reaction solvent.

20 Particularly, the use of acetic acid and methyl
acetate is preferable. Generally, an alkyl iodide
such as methyl iodide may be used as promoter.

Then, a mixture solution of methanol that is

the reaction raw material, a reaction solvent and a

25 promoter is supplied from the bottom of the riser
section 22 of the reactor 21 that is filled with

methanol, a solvent and a solid catalyst and, at the



colum reactor with an external circulation system as
shown in FIG 2, firstly a solid catalyst is filled

wono@/osépa1cyl i ndrical riser section 22 of the PeagPmN4/@03248
21. The solid catal yst that isﬁg?nerally used for
manuf acturing acetic acid is o that contains
rhodi um conpl ex carried on a basic resin having a
porous, crosslinked structure. For exanple, the use
of a solid catalyst in which netal rhodiumis carried
10 by vinylpyridine resin is particularly preferable.
The S@R%IYRE r Hei 9RFi 45cdRfigicted Mdvmidly the forgto
w % of .t he basic, res;j Then, a m xture solution of
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acetate is preferable. Generally, an al kyl iodide
sucleydsinestind 1 | el cdedmayybehes gd sad iftorat&ict Then, a

m xture sol ution of nmethanol that is the reaction raw
materi al , O& tégctiearisishvemlanton costpioipgeCd syas and
supplied fromthe bottomof the riser section 22 of
theDCPé%acgt%]rl 1°3hat e fPPted Mgt imethansisex section 22,
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the liquid reaction product that does not contain the
solid catalyst is separated from the remaining
reaction solution that contains the solid catalyst in
the separator section 23 arranged at the top of the

15 reactor 21. The liquid reaction product that does
not contain the solid catalyst is then fed further to
the acetic acid refining step, while the reaction
solution that contains the solid catalyst returns to
the bottom of the reactor by way of the down-comer

20 section 24 so as to be fed to the cylindrical reactor
once again for circulation. At this time, any
excessive heat generated by the carbonylating
reaction of methanol, which is an exothermic reaction,
is removed by a heat exchanger 25 that is arranged at

25 a middle part of the down-comer section 24 of the
external circulation path.

In this embodiment of bubble column reactor,



same tinme, COgas is injected through the first

carbon nonoxi de blowin port 26 and the second carbon
woumaoseal bl ow-in port 27. The CO gas i nj ect edpCcriiPmogtn324s

t hese carbon nonoxi de bl owin gorts rises as 5 bubbles

in the liquid contained in.the3%iser section 22, the

catal yst is also noved upward in the cylindrica

reactor by the gas lift effect. O the reaction

sol ution containing CO gas and the solid catalyst

that rises in the riser section 22, 10 the unreacted

CO Ghs faredl lceotheth arondfidmshblanilie phetl 2guiadranged at

reaction product that does not contain the solid

cat alyy¥Pres Sagdr ftfed e MR Erevwednaratagn Paddisly takes

soluytion that contains the solid catalyst in the
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section 24 so as to be fed to the cylindrical reactor

onceakgai mhkorrdlid i aidlonli AlnghtBet kBB icAMAtalyst at a
excessive heat generated by the carbonylating reaction

of mewkanphriwkitithe merekot hewherer ¢het isod,id imtalyst
renmpved by a heat exchanger 25 that is arranged at 25
.a APdaPé par teofdantes Heww- eonetogetheosizeudfattiin path,

external circulation path, |n this enbodinent of i
1¢un5rd Eapﬁﬁﬁl%arb#, 3ppinegbhgl solid catalyst in

Pcwéﬂgzggwgy§g%g% section. While the flow rate of CO

gas led to each of the carbon monoxide blow-in ports
can be appropriately regulated within a range that
allows to conduct the operation of reaction on a

15 stable basis depending on the concentration of the
solid catalyst, the operating conditions and the like,
the ratio of the flow rate of CO gas led to the
carbon monoxide blow-in port for fluidizing the solid
catalyst to the flow rate of CO gas led to the carbon

20 monoxide blow-in port for mobilizing the solid
catalyst is preferably found within a range between
70 @ 30 and 90 : 10.

With regard to the operating conditions of the

bubble column reactor, the carbonylating reaction of

25 methanol by carbon monoxide progresses to produce
acetic acid when the reaction temperature, the total

reaction pressure and the partial pressure of carbon



32 the first carbon nonoxide blowin port 26 arranged

at an upper part of the narrowed section 28 mainly
woabm®sodsne rol e of fluidizing the solid catal per/JP2004/003248

whereas the second carbon nonoxi de blowin port 27

arranged 5 near the junction o}3the bottom of the

narrowed section 28 and the external circulation path

mainly takes the role of nobilizing the solid

catalyst at a |lower part of the reactor, where the

solid catalyst is apt to be deposited to clog the

ci reohekide pathmatie dwd Heodsenvegn ahdlf anddil2lng,t he

solid catalyst in the down-coner section. Wile the

f | odeEueenot - 80anga$ 1 dBad axdhbotvese shpbsnl-0 and 2.5

nonoxi de bl owi.n ports_ can be appropriately regul ated
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gas led to the carbon 20 nonoxi de blowin port for
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within a range between 70 : 30 and 90 : 10. Wth

r egamdotiamehé ofematihngl cohdidnhwhscbfiri hg abehble acid
columm reactor, the carbonylating reaction of 25
met ﬁ@ﬁ@rdbygcapbmwmrd@@m ogrissismsr tng prodiite. 3, the
acetic acid when the reaction tenperature, ;the taotal
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having a closed bottom and an open top and a
separator 1lb having a diameter greater than the
diameter of the riser la and fitted to the top of the
riser la. The lower end of the separator is tightly
15 . held in contact with the outer wall surface of the
riser at an upper part of the latter to produce a
closed internal space in the reactor and define a
ring-shaped pocket section 31 between the outer wall
surface of an upper part of the riser and the inner
20 wall surface of a lower part of the separétor. In
the riser, a solid/liquid mixture is formed as
particles of a rhodium-containing solid catalyst are
suspended in a liquid reaction composition containing
methanol that is one of the reaction raw materials,
25 methyl iodide that is a promotor, an organic solvent
of acetic acid and/or methyl acetate and water that

shows only a small content ratio (2 to 10 wt%). Then,



WO 2004/ 080941 PCT/ JP2004/ 003248 33 nonoxi de are nade
to be between 170 and 190C, between 1.5 and 6.0 MPa

wand4mstomeen about 1.0 and 2.5 MPa respecti vePgT/JAL004/003248
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this tinme, nethanol may partly react w th nmethano
and/ or produced acetic acid to3by 5 turn produce
di net hyl ether, nethyl acetate, water and so on as
byproducts. FIG 3 is a schematic diagram of anot her
enbodi nent of nethod of manufacturing acetic acid
according to the invention. Referring to FIG 3, the
10 aehobbrilel cdnmr s¥sss Al aptd ghontytindpicalt insdrs | a
having a cl osed bottom and an open top and a
sep@PRAYCHel ey iRy RO eidgr gasei st hapwrhdnto the
dlane&er of the riser la and fitted to the top of the
ri sEPIE/ LB ehee of T PhetRephPateR PE tmyser
cont act MAth he o sur f e ,of th
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wal | surface of [ ower part of e separator. In the
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of a rhodiumcontaining solid catal yst are suspended

in &90i°quiathd dsecdtwensm cdONposnd i 405 cHRbarrispg ctiivteignol The
that is one of the reaction raw materials, 25 nethyl
i odirdeetrhdts i v igleohmaorthanbot gami theskednwitdf a liquid

acetic acid and/or_nethyl acetate and water that
inlet port 33 for introducing the liquid reaction

composition in addition to a gas inlet port 32 for
blowing in carbon monoxide gas so that the liquid
reaction composition is introduced continuously to
form a rising flow of the solid/liquid mixture in the

5 riser. Then, as a result, a rising flow of a mixture
that shows three phases of gas/liguid/solid is formed
to produce acetic acid as bubbles of carbon monoxide
gas are made to rise in the former rising flow and
become combined with the former rising flow. When

0 the rising flow in the riser that shows three phases
gets to the separator, particles of the solid
catalyst and bubbles of carbon monoxide gas are
separated from the liquid reaction composition. This
will be described in greater detail below. Of the

5 rising flow in the riser that shows three phases of
gas/liquid/solid, the particles of the solid catalyst

spill out from the top end of the riser and circulate



shows only a small content ratio (2 to 10 wt% . Then,

WO 2004/ 080941 PCT/ JP2004/ 003248 34 a bubbl e col umm
waqasidosepdi d contact operation is conducted asPCatIbmng/003248

nonoxi de gas is blown into the solid/liquid mxture

fromthe bottomof the riser. 3Fhus, the operation of

synthetically producing acetic 5 acid by carbonyl ation

of nmet hanol proceeds in the reactor when the reaction

tenperature and the reaction pressure are nmade to be

between 170 and 190C and between 3.5 and 4.5 MPa

r esbacki vel yhelhwtrdmert i sherovsdedbgt whlye dfotthempocket

thereof with a liquid 10 inlet port 33 for introducing
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conpbred 36 i ddigyddraerarn i gpparf paw: Whernd0 it ral wall
rising flowin the riser that shows three phases gets

t 0 blietheparatzargtqar t iZclpestaift tdre sbhtd 36ahakyay and
bubbl es of carbon nonoxi de gas are separated fromthe

| i qdiigmedget iosreadonposhan obhe THismewelr| offe thes oriidsed and

' reater detail below. O the 25 rising flowin the

1¢Pngagﬂ§F gﬁﬁﬂsqq§%é3%h§g%ss%parator 15 arranged in the

separator to prevent particles of the solid catalyst
separated from the liquid reaction composition from
being discharged through the outlet port of the
liquid product. Since the liquid reaction

15 composition forms a free surface in the separator,
bubbles contained in the liquid reaction composition
are separated from the latter to form a region of gas
phase above the free surface and eventually
discharged through gas outlet port 37 arranged at the

20 top of the separator (first separation step).
Additionally, a baffle plate 38 is arranged vis-a-vis
the open top end of the riser in the separator so as
to prevent droplets of the liquid reaction
composition from being discharged through the gas

25 outlet port to accompany the bubbles separated from
the liquid reaction composition and expelled through

the gas outlet port. A cooler 39 is arranged at a



gas/liquid/solid, the particles of the solid catalyst
spill out fromthe top end of the riser and circul ate
wWoRRO84080941 PCT/ JP2004/ 003248 35 back to POE/JP2004/003248
bottom of the riser by way .of the pocket section 31
and the external, circulation path 34. On the other
hand, of the liquid reaction conposition and the
bubbl es separated fromthe particles of the 5 solid
catalyst at the top of the riser, the liquid reaction
conmposition flows out through liquid outlet port 35
ar r angeld eatpaart uppetheasttefndbeclataialkival lpatdf Ihein
separator. A partition plate 36 having a di aneter
gr eatréert lan newo v dretergefieratedi byr thred rebtsimal |and
than that of the separator is arranged in the

sepBRaNGA ity theevigHiepeat i kpBRebRtERe 98] ithecatangiyar to a

separated froamthe |liquid reaction conposition from
beiﬁ&néﬁg@ﬁaﬁ§ﬁﬁa hrough the outlet port of the

i quid . Si.nce the liquid ]
Somposi L1 e §ial B Eeastan e FoFh SR fnk frows out
bub i ned i . ! or, |
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phaseahene therfdae solhmees andnhevenidaly gir%“éwzg@dof
t hrough gas outlet port 37 arranged at the 0O top of

t he whadr dtorsfd it Sephy aheédl sbephe aAddisghanald y,
a baffle plate 38 is arranged vis-a-vis the open top
endpokstshea ilsarelin tiheoggpataver solas pootprédvent the
droplets of the liquid reaction conposition from
1hei Ad-agits ciedrged ami clgridpd gaso off gas and a light
liquid fraction that flow out through tower top
outlet port 42, a crude acetic acid fraction that
flows out through tower middle outlet port 43 and a
circulating fraction that flows out through tower
15 Dbottom outlet port 44 (second separation step). The
off gas contains carbon monoxide that has been
dissolved in the liquid reaction composition and
gasified methyl iodide, while the light liquid
fraction mainly contains methyl acetate, acetic acid
20 and water. If necessary, excessive water is
separated from the light liquid fraction by means of
an oil/water separator (not shown). Subsequently,
part of the light liquid fraction is fed to a
downstream distillation system 3, while the remaining
25 part of the light liquid fraction is returned to the

reactor 1. While the crude acetic acid fraction

contains water, methyl iodide, propionic acid and



25 outlet port to acconpany the bubbles separated from
the liquid reaction conposition and expelled through

woheosgae4out | et port. A cooler 39 is arranged BCTAPMMD/003248
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2004/ 080941 PCT/ JP2004/ 003248 36 middle part of the
external circulation path 34 i%/ order to renove heat
generated by the reaction and naintain the interna
tenperature of the reactor to a constant level. 5 The
liquid reaction conposition that flows out through

the liquid outlet port 35 of the reactor is led into

a foekarcokamtizn tiywrathertml ipraedditgonf tonhiceft iics acid,
substantially held to the atnospheric pressure |evel,

t hrabghofolkben pivet hegriccaddl witerallyofefash EbEumM

and _di vided intqg off gas and a |igh liquid, fractjon
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the liquid reacCtion conposition and gasified nethyl

i odadetawhi, | ewctthhe/1l iigitidd quigiteff aghdonefBiAbY which are
contains nethyl acetate, acetic acid 20 and water. If
necessaryedexcesdieveamtterr ik, sephcoagbdphramotthéehe

light liquid fraction by neans of an oil/water
sepaiacodatioy showbiosimedquane| o bpabpresselde through
dight lLiquid fraction is fed to a

a nitrogen removing column (not shown) in order to
remove the nitrogen compounds. The remaining part of
the liquid light fraction and the crude acetic acid

fraction fed to the distillation system 3 are divided

into off gas, a product acetic acid fraction, a heavy

15 fraction that is to be incinerated by an incinerator

4 (and contains propionic acid and other reaction
byproducts) and a circulating fraction (mainly
containing acetic acid, water and methanol) that is

returned to the reactor 1 (third separation step).

20 Off gas is discharged from the reactor 1, the

flash column 2 and the distillation system 3. Since
such off gas contains gasified methyl iodide and an
organic solvent in addition to unreacted carbon

monoxide, the useful substances are collected by

25 absorption towers 5 and 6 and the remaining

substances are incinerated in the incinerator 4.

Since the off gas coming out of the reactor 1 is



downstreamdistillation system 3, while the remaining

25 part of the light liquid fraction is returned to
wohens/mserct or 1. Wiile the crude acetic acid fpacipPmng/003248

contains water, nethyl iodide, propionic acid and WO

2004/ 080941 PCT/ JP2004/ 003248 387 other reaction

byproducts in addition to acetic acid, all of them

are basically totally fed to the  downstream

distillation system 3. The circulating fraction

contai ns nitrogen conmpounds, rhodium conplex 5 and so
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confail ARF§NEc iSO zRG ihn valtew) andByethimgl 3 hhgh-pgessure
returned to the reactor 1 (third separation step). 20
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effectively as absorber for absorbing useful
substances contained in off gas. While the off gas
that is treated in the high-pressure absorption tower

.5 may be treated further in the low-pressure

15 absorption tower 6, the collection effect and the
installation cost may need to be considered when such
an arrangement is employed.

FIG. 4 is a schematic diagram of still another
embodiment of method of manufacturing acetic acid

20 according to the invention. The arrangement of FIG.

4 differs from that of FIG. 3 in that the liquid
reaction composition flowing out of the reactor 1 is
led into flash vessel 8 through an inlet port 81,
where flash evaporation takes place instead of flash

25 distillation. More specifically, the ligquid reaction

composition is evaporated in the flash vessel under

reduced pressure and divided into a gaseous fraction



organi c solvent in addition to unreacted carbon

nmonoxi de, the useful substances are collected by 25
wahsw@rogedson towers 5 and 6 and the remai ni ng PCT/JP2004/003248

substances are incinerated in the incinerator 4.

Since the off gas coming out oB3the reactor 1 is WO

2004/ 080941 PCT/JP2004/ 003248 38 pressurized, it is

treated in the high-pressure absorption tower 5 the

inside of which is pressurized to 3 to 5 MPa (first

absor ption stee%. On the other hand, the off gas

conPhg éutlisfuichefracishowoplinhhe Bemadntimg liquid (second

distillation system 3 substantially shows atnospheric
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di agram of still another enbodi nent of nethod of _
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discharged from the flash vessel 8. On the other
hand, the liquid fraction contains the organic
solvent, heavy substances and nitrogen compounds that
flows out from particles of the solid catalyst, which

15 flow out through lower outlet port 83 of the flash
vessel and return to the reactor 1; Otherwise, the
arrangement of FIG. 4 is the same as that of FIG. 3.

Raw material methanol is used as absorbent

liquid in the absorption towers 5 and 6. The use of

20 raw material methanol makes the conventional
diffusion step unnecessary and the methanol that has
been used as absorbent liquid can be led into the
reaction tower without processing it. The
temperature of methanol that is used in the

25 absorption towers 5 and 6 is regulated to 10 to 25°C
(normally cooled by cooler 7) in order to improve the

efficiency of absorbing useful substances contained



reacti on conposition flowng out of the reactor 1 is

led into flash vessel 8 through an inlet port 81,
wohewn@sédsash evaporati on takes pl ace instead oPCTUR™04/003248
25 distillation. Mre specifically, the liquid

reaction conposition is evapof@ted in the flash

vessel under reduced pressure and divided into a

gaseous fraction WO 2004/ 080941 PCT/JP2004/ 003248 39

and a liquid fraction of the remaining liquid (second
separation step). The gaseous fraction contains
carbenofengisde thatabssrpetoheadtfad ificihass el when

di ssolved 1n the liquid reaction conposition and 5

nethlyé methdaodstemplelradsimy wlecamds | 254C1 d Fdratexamp bde,
be refined to product acetic acid in a subsequent

di s¥hi¢nagbenrbieg and pemowing eethyganiedsdevénpmand £
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15 flow out through lower outlet port 83 of the flash
vessgheand et uhedoddmiedeast:iide thhespesarihle cost.
arrangement of FIG 4 is the sane as that of FIG 3.

Raw mat erNatharbhahbbhti $suseddas sakddadsdnt | Qlddidnis
the absorption towers 5 and 6. The use of 20 raw
10matdisakihetranslo rrleeditdie-worssinte ongborption tower 5

and the low-pressure absorption tower 6. The loss of
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methyl iodide and methanol that flows out of the
system can advantageously be minimized when 50 to 80%,
preferably 55 to 70%, of all of the methanol that

15 flows through the absorption towers is distributed to
the low-pressure tower (low-pressure tower |
distribution ratio). Since the ratio of the flow
rate of off gas from the reactor 1 to that of off gas
from the flash column 2 and the distillation system 3
20 is approximately between 1.5 : 1 and 1 : 1.5, the
ratio of the flow rate of absorbent liquid to that of
off gas is between 1/1.0 and 1/0.25 in the high-
pressure absorption tower and between 1/0.2 and 1/0.4
in the low-pressure absorption tower.

25 In the case of carbonylation of methanol by
means of a heterogeneous catalyst reaction conducted

in a reactor 1, while both acetic acid that is the



di ffusi on step unnecessary and the nethanol that has

been used as absorbent liquid can be led into the
woeemosmalt ower W t hout processing it. The teRpPEIRI004/€03248

of methanol that is used in the 25 absorption towers 5

and 6 is regulated to 10 to 25€1 (normally cool ed by

cooler 7) in order to inprove the efficiency of

absor bi ng useful substances contained WO 2004/ 080941

PCT/ JP2004/ 003248 40 in off gas. The absorption

efficiency is | ow when the nethanol tenperature
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adv api-ageaus! Wydee Al D§ @é&gi%éntéoet;ﬁs%o%nly by 2 to 10
preferably 55 to 70% of all of the methanol théx 15

f | ows 2t.hr ougltHh e tahsorHidN toveismi soflp3bki butred dO by
the | ow pressure tower (low pressure tower
di stimismitulolre riatso) . p&rbteléehethatti acoftatines fd Qyridiee
of off gas fromthe reactor 1 to that of off gas from
1§ he rings K e dienn@l epdl a hesBryeitirgt iion voest v 3s0lid
metal catalyst. More specifically, a catalyst in
which rhodium carbohyl complex [Rh(CO),;I,] is carried,
by ion exchange, by pyridine resin whose pyridine
part is turned to be quaternary by alkyl iodide is
15 suitably be used. However, when the acetic acid
manufacturing operation is conducted for a prolonged
period of time, there may arise a problem that the
pyridine skeleton of pyridine resin that is turned to
be quaternary can be partly released from the resin
20 and dissolved into the liquid phase. Then, the
rhodium carbonyl complex can accompany the pyridine
skeleton (nitrogen compound) that is released from
the resin and become contained in the liquid reaction
composition. The rhodium carbonyl complex that comes
25 to be contained in the liquid reaction composition is

deposited in the flash column (or flash vessel) as a

result of reduced pressure and condensation.



20 is approximately between 1.5 : 1 and 1 : 1.5, the

ratio of the flowrate of absorbent liquid to that of
wohbo4gae4i s between 1/1.0 and 1/0.25 in the hi ga1/JP2004/003248

pressure absorption tower and between 1/0.2 and 1/0.4

in the | ow pressure absorptiongt2ower. 25 In the case

of carbonyl ation of nethanol by neans of a

het er ogeneous catal yst reacti on conducted in a

reactor 1, while both acetic acid that is the WO

2004/ 080941 PCT/ JP2004/ 003248 41 reaction product

andtpergebhyl, aee! alie-ddiaitisy arr yei8aUEoRf thike f1ash
reaction are used as solvent, the solubility of the

cat abyahn whiath iiss vdwdiiud comptiex, redoesrnal greFerably
rise to any problemunlike the case of 5 a honpbgenous

cat physiyr bgpissred 110 6t hert vogels, remavéngdoed unmt in
need to be present to a large extent. Normally, water
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ot her hand, ,rhodi um conpl ex carried by insoluble
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catalyst KrorefsHHE Fubs b LHS ReAtttt nfEnapERble
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i on_éxchange,” by pyridine resin whosSe pyridiné part is
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suitably be used. However, when the acetic acid

mangéaetoii ¢ GRIGMpONied SPrausteBlEar taapr Heiged
period of time, there may arise a problemthat the
1(yr pdiche cdlesl éthat afpguateiae casrherhavfi $heusnddd metal
catalyst can easily be crushed. Further, it is not
easy to separate particles of the solid catalyst from
the liquid reaction composition unlike the bubble
column reactor. From this point of view, in the case
15 of a bubble column reactor, particles of the solid
catalyst can be separated with ease from the liquid
reaction composition if liquid is drawn from.above
the layer of catalyst particles (which is expanded
due to a rising flow in the reactor) because the
20 particles of the solid catalyst are less subjected to
mechanical impacts and hence resin particles can
hardly be crushed. With a bubble column reactor
shown in FIG. 3 that is adapted to circulate
particles of the solid catalyst, the resin layer
25 rises above the top of the riser so that, while the

top surface of the resin layer is not formed in the

riser, particles of the solid catalyst spill from the



be quaternary can be partly released fromthe resin 20

and dissolved into the liquid phase. Then, the
wohodiosescar bonyl conpl ex can acconpany the pyPCUUPE04/003248

skel eton (nitrogen conpound) that is released from

the resin and becone contai neddi3n the liquid reaction

conposi tion. The rhodi um carbonyl conplex that cones

25 to be contained-in the liquid reaction conposition

is deposited in the flash colum (or flash vessel) as

a result of reduced pressure and condensati on. WO

20046080894 £ nBCH1 32004103248 i d2n Jher et BEE, ahlehence the
circulating fraction fromthe flas colum that is

recgopedutrdaicke ofeadicorrasimpredpsabl y ppadtcgdbypassed

to a nitrogen renoving colum in order to avoid
acchaopuaseofthef ddiamedgen cbriprrindsa¢hos iheshiddeindy
reacti on conposition. As for the type of the reactor,

t helBEBBRECIC Uk e R ERY shRwiedncE Eee §laWd rate of

S referabl e.. A conventional agitation tank type
eaEgﬁr ril§lélgc&ﬁ'ﬁéﬁd; a 5 difi%Halt- rl%%%f?ll%ges of
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eas¥eggtggﬁa%% Jantigles of the solid catalyst from

the Iiquid reaction conposition unlike the bubble

col um reggt Qr bubb2E LRI SROIra Mo Ve | ok bEnERSRioN
15 of a bubble columm reactor, particles of the solid

cat affystispandael separiatless wi htleaseolianchhallisguindeds to
reaction conposition if liquid is drawn from above
10 be held lower than its counterpart of an agitation
tank type reactor in order to uniformly disperse
particles of the solid catalyst into the liquid
reaction composition. Therefore, it has
disadvantages, for example, a rate of reaction is
15 limited. However, with a bubble column reactor as
shown in FIG. 3 that is adapted to circulate
particles of the solid catalyst, particles of the
solid catalyst are forced to circulate from the top
to the bottom of the tower by way of an external
20 circulation path so that the particles of the solid
catalyst can highly efficiently contact with the
liquid reaction composition even when the
concentration of suspended particles of the solid
catalyst is raised. Since carbon monoxide gas is
25 Dblown into the riser, there consequently arises an
internal density difference between the inside of the

riser and the external circulation path so that a



the | ayer of catalyst particles (which is expanded

due to arising flowin the reactor) because the 20
weoaniiosods of the solid catal yst are | ess subj ecrae2000003248

mechani cal inpacts and hence resin particles can

hardly be crushed. Wth a bubbke colum reactor shown

in FIG 3 that is adapted to circulate particles of

the solid catalyst, the resin |ayer 25 rises above

the top of the riser so that, while the top surface

of the resin layer is not fornmed in the riser,

par il ehe fOofc e 5ot 18y cad At el egPbk! theomding Watalyst
2004/ 080941 PCT/ JP2004/ 003248 43 top of the riser
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i nt gotchen igrithe repedd on conposition. Therefore, it
has di sadvantages, for exanple, a rate of reaction is

15 |i m t eHowkoweeehreddit a bt o€ ol UDD peagtatraded
shown in FIG 3 that is adapted to circul ate
10 further by way of examples.
(Examples 1, 2 and Comparative Examples 1 through 3)
In each example, acetic acid was manufactured
experimentally by using an experimental bubble column
reactor with an external circulation system as shown
15 in FIG. 1 (height 15 m, inner diameter of reactor 150
mm) . After filling a predetermined amount of
catalyst (vinylpyridine type ion exchange resin
carrying rhodium complex by 0.85 wt% of rhodium per
resin, specific gravity 1.2, average particle
20 diameter 0.45 mm) into the reactor, acetic acid was
filled into the riser section 12 by way of liquid
lead-in pipe. Subsequently, CO was injected so as to
make it flow upward from the bottom of the riser
section 12 at a predetermined flow rate in order to
25 cause acetic acid and the catalyst to start

circulating and, at the same time, part of the acetic

acid that spilled due to the introduced CO was drawn



particles of the solid catal yst, particles of the

solid catalyst are forced to circulate fromthe top
woaodhvsodant t om of the tower by way of an exter rRai/J2B04/003248

circulation path so that the particles of the solid

catal yst can highly efficientlyscontact with the

liquid reaction conposition even when the

concentration of suspended particles of the solid

catal yst is raised. Since carbon nonoxide gas is 25

blown into the riser, there consequently arises an
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riser and the external circulation path"so fhat a
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particles of the solid catalyst takes place wthout
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bubbl e colum reactor with an external circul ati'on

sysbelngs fehiewd ko idifd@ate ( helghtedBt 8y, | BAGI reaction
di anmeter of reactor 150
10 raw material was introduced into the reactor by way
of piping at a constant rate and the spilled reaction
liquid was drawn out from the separator Sectién 13 by
way of piping.
An experiment was conducted in each of the
15 examples by following the above described operation
procedure under the conditions listed in Table 1.
The Kla values were observed and the overall reaction
productivities (acetic acid producing rate per unit
reaction volume, kmol/h/m’) achieved by the
20 experiments were compared. The productivity of
Example 1 was used as reference value (mark 10) and
the achievements of the examples were rated on a
relative basis. Table 1 also shows the obtained

results.

25



mm . After filling a predeterm ned anmount of
(vinyl pyridine type ion exchange resin
wohowiosesconpl ex by 0.85 wt % of rhodi um per
specific gravity 1.2,
0.45 mm) into the reactor, acetgc acid was
into the riser section 12 by way of |iquid
pi pe. Subsequently, CO was injected so as to
flow upward fromthe bottomof the riser

carrying

cat al yst

r e6TAP2004/003248

average particle 20 dianeter

filled

| ead-
make it

section 12

in

at a predetermned flowrate in order to 25 cause

acet(rabad d)and the catal yst to start

circul ating

angs ; etic acid that
spill | ed due t pcohernitrttodujced peo:as [deaawn WO Liquid
2004/ 080941 PCT/ JP2004/ 003248 45 out| fromthe
separ at or sect pbrsdl3dby waypmssprpi ng. disckeegsi vps@®@rficial
gas was exhausted fromthe top of the separator _
se¢tion 13. Theaiaveinal pr88sdre of fiatior éakbt of vedasity
helld to a pre¢deterni ned priessure |evel by 5 neans of
vallve regul at{6k3And the ipternal tehnperature of @®fRec)
cyllindrical réeactor was_saised to predet er m ned
tenL‘LEé?%?]IfréL | evel by nedits| of a hje'%ter whi |l e aﬂetic 0.30
aci the solid catg% t were Iing forced tp
cirgﬁggggiBThereafter, %i reaction 10 raw mater| al 0.40
vas chLigh raduged into th act or bylﬁgy of pipipg at a 4 55
copstant rateland the spil]jed reaction liquid was )
dr awBmeUix .f pom t he sepagg@fpr secti@n |13 by ways pf 0.20
pi ping. An experinent was conducted iln each of the

Comp Ex. 3 90 1.8 5 0.15

(to be continued)
Kla wvalue Overall reaction
(1/Hr) productivity (acetic
acid kmol/h)/m3

Example 1 | 1000 - 5000 10

Example 2 |1500 - 5500 12

Comp Ex. 1|300 — 4500 7

Comp Ex. 2 |500 - 4500 3

Comp Ex. 3|500 - 4500 3

(Example 3)
5 Acetic acid was manufactured experimentally by

using an experimental bubble column reactor with an

external circulation system as shown in FIG.
(height 6 m,

diameter of narrowed section 75 mm). A pred

2

inner diameter of riser section 125 mm,

etermined



15 exanples by follow ng the above descri bed operation

procedure under the conditions listed in Table 1. The
wélheoaabades were observed and the overal |l reacPCOaP2004/003248

productivities (acetic acid producing rate per unit

reaction vol ume, knol/h/nB) achiieved by the 20

experi ments were conpared. The productivity of

Exanple 1 was used as reference value (nmark 10) and

the achi evenents of the exanples were rated on a

relative basis. Table 1 al so shows the obtained

r esebsint2 o MW a2004Y 8 004In YPIFY I PA004/ 893248 ortexchange
(Tabl e 1) Concentration CO partial CO Liquid of solid

presseia dissohange shupdidn ccahplea abpeti(Vea)graatitoy 1.2,
(o) velocity (kg/nB) (m'sec) Exanple 1 280 1.8 7 0.30
Exappr&aggRrtis-is diamgetennp. k. mn) 28@s1.8 12 gl 2to
Con@ Ex. 2 280 0.9 5 0. 20 CbngﬁEx. 3 90 1.8 5 0.15
(tothe &Gl 5UI2E VP BakReFhPI cPagemtR ML the

é_)r g%ggtiifl\éictaytél?sect ilger aféagc :[rgrll/ g?)iggte oallT)pel eeqluajlootoo 135
kg/m®. Then, acetic acid was filled into the riser
section 22 by way of liquid lead-in pipe and
subsequently carbon monoxide (CO) was injected
through the carbon monoxide blow-in ports so as to

10 make it flow upward as Jjet stream at a predetermined
flow rate in order to cause acetic acid and the
catalyst to start circulating. At this time, part of
the acetic acid that spilled due to the introduced CO
was drawn out from the separator section 23 by way of

15 piping. Excessive CO gas was exhausted from the top
of the separator section 23. The internal pressure
of the reactor was held to a predetermined pressure
level by means of valve regulation and the internal
temperature of the cylindrical reactor was raised to

20 a predetermined temperature level by means of a
heater while acetic acid and the solid catalyst were
being forced to circulate. Thereafter, the reaction
raw material was introduced into the reactor by way
of piping at a constant rate and the spilled reaction

25 liquid was drawn out from the separator section 23 by
way of piping.

The carbon monoxide blow-in port of the first



Exanpl e 2 1500 - 5500 12 Conmp Ex. 1 300 - 4500 7

Conp Ex. 2 500 - 4500 3 Comp Ex. 3 500 - 4500 3
wOBaEmgoE13) 5 Acetic acid was manufactured PCT/JP2004/003248

experinmentally by wusing an experinental bubble colum

reactor wwth an external circéd8ation systemas shown

in FIG 2 (height 6 m inner dianmeter of riser section

125 mm diameter of narrowed section 75 mMm). A

predet erm ned WD 2004/ 080941 PCT/ JP2004/ 003248 47

amount of catalyst (vinylpyridine type ion exchange

r eslavear wgksng ridaodiedmadonpl exppspepatitcodr ahict wakrbwed

average particle dianeter 0.45 nm was filled into

t heseehiévor aptl $heasaapnrhkeatihen conuent dat bdowofint peort

5 solid catalyst per reaction volune to_be equal to
1350fkghagsethad lev@l dagiarvarIed| bedowntéer Harst

i i b foli id | d-i i d
LnLeaalnery S o et oty whEe o Rebt U

h h.th i bl i t to.1Q .
ke e E PO pur T T I TS G T8 SB8: S Eion
flowpat ¢oknrardel F&é%@@c&&%f%ﬁl&' Haé%wtegg section.

catalyst to start circulating. At thrs ting, rt o

t henapehhenael ?Ji@éat%a@idjls?@rﬂ&@téﬁ 788 uBkoGUEedHD

was drawn out from the separator section 23 by way of
15 piipwrgn bBxeessi veoCQagasiasasredhedisted ftom Fhewt epte
of the separator section 23. The internal pressure
of 340 NL/min from the first step carbon monoxide
10 Dblow-in port and at a flow rate of 86 NL/min from the
second step carbon monoxide blow-in port. The
reaction proceeded on a stable basis while
manufacturing acetic acid under the above described
conditions.
15 (Comparative Example 4)

Acetic acid was manufactured as in Example 3
except that only a single carbon monoxide blow-in
port of a branched pipe gas distributor was arranged
at an upper part of the narrowed section and CO gas

20 was introduced at a flow rate of 340 NL/min. As a
result, the volume of the circulating material was
gradually reduced as a result of deposition of the
solid catalyst and hence the reaction did not proceed
on a stable basis. At the same time, gas stayed on

25 the bottom of the solid and in the down-comer section

as a result of short pass so that it took long time

before a circulating flow was produced.



of the reactor was held to a predeterm ned pressure
| evel by neans of valve regulation and the interna
woenp@satsur e of the cylindrical reactor was raP€edP1004/003248
20 a predeterm ned tenperature | evel by neans of a
heater while acetic acid and t42 solid catal yst were
being forced to circulate. Thereafter, the reaction
raw material was introduced into the reactor by way
of piping at a constant rate and the spilled reaction
25 liquid was drawn out fromthe separator section 23
by (Magmplepépi ng. The carbon nonoxi de bl owin port of
the first WD 2004/ 080941 PCT/ JP2004/ 003248 48 | eve
was arrarfyeeitae afidppes pantheftideel Harmamedacsacetohy
and the second carbon nmonoxi de blowin port of the
secHREPPRYLRLISE &f W%ov@l%@gft%t prpggsis £low

car poR.IRRgKLIe B O B0 IS NSBE LT 8 AMIELAO Dot
oo Ueghoamale i, vt LU 36600 A0 s e

bl oy g B;%Elt§ G095 f@s?iﬂ ntg oduged E‘Erﬁeﬁ' o] %@ io

of 340 ron1the Irst step carbon nonox

bl oyt Bepabt-yaRGBiridd 18N ¢atoy1 88obi BN [Rhamd)he, ]~
second step carbon nonoxi de blowi1n port. The

r eastrenapdedetedado & st@bdeabasasriwbdiem-containing
manuf act uring acetic acid under the above described
condpiidnsatas ystonpartdte vee Exampl e Sybsequently,

10 methanol was introduced through the liquid inlet port
33 by way of the absorption towers 5 and 6 at a rate
of 5.3 kg/min, while carbon monoxide was introduced
through the gas inlet port 32 at a rate of 4.2 L/min.
The liquid reaction composition that flowed out from

15 the reactor 1 was continuously refined in the flash
column 2 and the distillation tower 3 to obtain
product acetic acid and the circulating fraction that
flowed out from the two towers was returned to the
liguid inlet port of the reactor 1. Table 2 shows

20 the operating conditions of the reactor 1, the flash
column 2 and the distillation tower 3. The off gas
from the reactor 1 was made to pass through the high-
pressure absorption tower 5 while the off gas from
the flash column 2 and the distillation tower 3 was

25 made to pass through the low-pressure absorption
tower 6 before they were incinerated with the heavy

fraction from the distillation tower 3 in the



Acetic acid was manufactured as in Exanple 3 except
that only a single carbon nonoxide blowin port of a
wonrenmsedl pi pe gas distributor was arranged aPCatIP2004/003248
upper part of the narrowed section and CO gas 20 was
introduced at a flowrate of 3@0® NL/mn. As a result,
the volune of the circulating material was gradually
reduced as a result of deposition of the solid
catal yst and hence the reaction did not proceed on a
stabl e basis. At the sane tine, gas stayed on 25 the
botinminérehersdl.i dAdhdri nhehemost-icnnere selsédoa sasble
a result of short pass so that it took long time -
bef ®f@ta, ctheultampeyafivse wis pPhedoetdanwd 2004/ #8E94Eed
PCT/ JP2004/ 003248 A 49 (Example 4) Acetic acid was
synhetPearpeniaddiadcrad gyhe cdk pbhiPution sptio of the

nmet hanol , using the prqcess flow illustrated in FLG
3. KOUTPECREHE Sa AP Sy ION d T SVREF SBaL tAfo ( RRSD

ST AR Tt i LR PO F 0 BB I o

carepyhn6eNB ﬁxéa@yogo)r%rﬁliid@{ﬁ%fgdsg Lherat %g

prepare a rhodiumcontaining solid catalyst in

r eaméa5urSubs emee Filo r%&érai@ﬂﬁgl aWaSolnNheedycaghd
through the liquid inlet port 33 by way of the
absooptiuen inower sdmpaed thi aif a@ndbyeisotising kgkaisn,
whi | e carbon nonoxi de was i ntroduced through the gas

i nl ehrpoptogzagphya rdhe obtaiddd miasulfheatréqlidted in

reaction conposition that flowed out from
10 Table 3.

(6)]



15 the reactor 1 was continuously refined in the flash
colum 2 and the distillation tower 3 to obtain
wonrodwsevsacet i ¢ acid and the circul ati ng fract ponJrivai/ 003248
flowed out-fromthe two towers-was returned to the
liquid inlet port of the reactbil 1. Table 2 shows 20

the operating conditions of the reactor

1, the

fl ash

colum 2 and the distillation tower 3. The off gas
fromthe reactor 1 was nmade to pass through the high-
pressure absorption tower 5 while the off gas from

t he (Trhdle &l utm 2 and the distillation tower 3 was 25

ovr nfl on

ma

e TOo pass—through—the towpres

alha
StHe—anSoH Pt

toper 6 before they Teakenaivirer afedssude t he h@dvy rate
fraction fromthe distillation tower 3 in the WO
2004/ 080941 ‘PCT/ JP2064/ 003248 50MPdci ner at or #4kgAht er
- the eration reached a stable s$tate, the tenperature

of §§§—ﬁgﬁhanol that was used a$ absorbent |iquid and
theidisyLi bution ratio of th DW- pr essur e, abgor pti on
tOAér mg%e nodi fi ed. Then, e%%é ratio of coll kcted
met By k bgglde and the | oss of methanol and caf bon 0.78
nopoxi-dé were ohsefved by neasuting the flow fate :
us| PYashf kewuret er fand conducti hg a conpositi pn
anplysis uSing a gas chromatography. The obta| ned
resubwsrabetltiost ed|in 10 TablB! WO 20045H080p#@1
PQr/ JP2004/ 003248 |51 (Table 2)

receiver 46 0.20

off gas 0.75

Distillation

| tower

tower bottom 148 0. 24

receiver 50 0.24

off gas 0.01




Tenperature Pressure Flowrate “~C MPa kg/h Reactor
inside 180 4.0 off gas 0.78 Flash colum tower
woabdmsvoidl 0. 27 receiver 46 0.20 off gas 0. 7BCT/JP2004/003248

Distillation tower tower bottom 148 0.24 receiver 50
0.24 off gas 0.01 WD 2004/ 080982 PCT/ JP2004/ 003248 52
(Tabl e 3) Absorbent Tenp. Distribution Flow out ratio
(%9 Liquid Cratio CH3l Absorbent CO Iliquid Methano
20 60 0.07 0.5 90 Methanol 20 50 0.50 0.6 90
Met hanol 20 80 0.10 0.5 91° Methanol 20 40 1.50 0.7 90

t k8AabLe23)90 1.00 0.7 92 Methanol 25 60 0.08 0.5 90

Vet tramot—10—66 66667 5 90—Methanet—40-60-0-30-0.6-91
Absorbent | Temp. Distribution | Flow out ratio (%)
Liquid °C ratio CHsI Absorbent | CO

liquid

Methanol 20 60 0.07 0.5 90
Methanol 20 50 0.50 0.6 90
Methanol 20 80 0.10 0.5 91
Methanol 20 40 1.50 0.7 90
Methanol 20 90 1.00 0.7 92
Methanol 25 60 0.08 0.5 90
Methanol 10 60 0.06 0.5 90
Methanol 40 60 0.30 0.6 91
Acetic 25 60 0.05 0.2 92
acid




Acetic 25 60 0.05 0.2 92 acid WO 2004/ 080941

PCT/ JP2004/ 003248 53 CLAIMS 1. A nethod of

woamgfaedsur i ng acetic acid by carbonyl ati ng neChanmo4/003248
wi th carbon nonoxi de by way of 5 a heterogeneous
catal ytic reaction in a bubbl &%olum reactor,
characterized in that the carbonylating reaction is
conducted with a solid catalyst concentration of not
| ess than 100 kg/nmB in ternms of the reaction vol une.
10 2. A nmethod according to claim1, wherein the
partial pressure of carbon mgpoigle in the reactor is
between 1.0 and 2.5 MPa and the exhaustion ratio of
carbon nonoxi de is between 3 and 15% of the
theoretical reaction volunme of carbon nonoxide, while
15 the |iui d fupegthed apf vepoefagtiosibgt wemt i 2cid by
1.0 msec. 3. A nethod according to claim2, wherein
t heCPAPPPEIL AL 8gs et hemlarboh neaoRPRePROKAEe by way of

[ held withi b 1.7 d 2.2 2
S 2os! QhuhSelebd MM 8 ranoe betveen L7 ondi 22 20 o,
cxOPUSLERR, " AL ol Sarhep o ek BELIBED S, qne

eoretical” Teaction vol U

accpedipgoho i@n&o%fdlﬁtaém%t% §§ 151 p49h-¢a1agrein

the solid catalyst 1s forne

10

15

20

25

concentration of not less than 100 kg/m® in terms of
the reaction volume.

2. A method according to claim 1, wherein
the partial pressure of carbon monoxide in the
reactor is between 1.0 and 2.5 MPa and the exhaustion
ratio of carbon monoxide is between 3 and 15% of the
theoretical reaction volume of carbon monoxide, while
the liquid superficial velocity is between 0.2 and
1.0 m/sec.

3. A method according to claim 2, wherein
the partial pressure of carbon monoxide in the
reactor is held within a range between 1.7 and 2.2
MPa.

4. A method according to claim 2, wherein
the exhaustion ratio of carbon monoxide is between 5
and 10% of the theoretical reaction volume.

5. A method according to any of claims 1
through 4, wherein the solid catalyst is formed by
causing a vinylpyridine resin carrier to carry

rhodium complex.



causing a vinylpyridine resin carrier to carry
rhodi um conpl ex. WO 2004/ 080941 PCT/ JP2004/ 003248 54

w6 2004/08®t4hod according to claimb, wherein mnmePaoylP2004/003248
iodide is used as pronoter. 7. A nethod according to
any of clainms 1 through 4, whédein acetic acid and
nmet hyl acetate are 5 used as solvent. 8. A nethod
according to any of claims 1 through 4, wherein the
wat er concentration in the reactor is between 2 and
10 % 9. A nethod according to any of clains 1 10
t hrough 46 .whergimethedr aticorefiddad et in L5} owhBeein
di aneter D of the bubble colum reactor, or L/D, is
not mertddytleriddiade 8is 1@sed asvt hadmacear. di ng to any of
claims 1 through 4, wherein the bubble colum reactor
has an 15 .ext ebnagthbprcalcaoinsinmttic any eoheataims 1
exchanger is incorporated in the circulation path. 11.
A MG cbr dRF ¢4 ahgebi Copalne and fiftdugh acetate are
¥\lnere|n aliquid reactlon product is taken out from

heqaﬁﬁn%%négi Y contai ni ng the solid 20 cat al yst

by neans gf a s pﬁg@h{g?as C%Qgﬁ% and f %t fhens 1

reactor and fed to a colu

I agkiQhgrd 41 %ﬂté@@lml%ng@ek%%%n%%te ﬁ@%fﬂﬂ the
yfractlon are taken out respective rom
a t oRaaAMd Ok Wetthslsh e2 sgali 00 amd.a bottom section
9. A method according to any of claims 1
10 through 4, wherein the ratio of the length L to the
diameter D of the bubble column reactor, or L/D, is
not smaller than 8.

10. A method according to any of claims 1

through 4, wherein the bubble column reactor has an
15 external circulation path and a heat exchanger is
incorporated in the circulation path.

11. A method according to any of claims 1
through 4, wherein a liquid reaction product is taken
out from the reaction liquid containing the solid

20 catalyst by means of a separator arranged at a top of
the reactor and fed to a flash column and a light
fraction, a fraction mainly containing acetic acid
and a heavy fraction are taken out respectively from
a top section, a middle section and a bottom section

25 of the flash column and separated from each other.

12. A method according to claim 11, wherein

at least part of the heavy fraction is treated by



25 of the flash colum and separated from each ot her

12. A nethod according to claim1l, wherein at | east
weani4/086941 he heavy fraction is treated by WO PCT/JP2004/003248

2004/ 080941 PCT/ JP2004/ 003248 55 neans of a

ni t rogen- cont ai ni ng conpounds B&noving device and

caused to circul ate back to the bubble colum

reactor. 13. A nethod according to claim1, wherein 5

carbon nonoxide is injected into the reactor by way

of carbon nonoxi de blowin ports arranged at a

pl unmabinisy off d eviel ogdit-cdnteihofgaeenpdundst @ cpldiing

13, wherein said plurality of levels are two | evels.

10 dsvigenetithccacat dimgecincelate backwher eihe Isdildle

bubbl e col um reactor has an external circulation

pat BOANEs Fiah & bon nonoxi de bl ow-in ports arranged

at a plurality of levels include at |east a carbon
monoxi de @I?’ow- ih PetRodr AeRgEdiag do15agye| 1l gvherein

LG S BB A el oy v
| evele Bl It kil SOLbWL FALALYSL L A deaief, RATt
of the reactor an raw or fluidrze theé "solid

cat ghyista ity her exd@tn@l circulation path. 20 16. A
nmet hod according to claim15, wherein the bubble

col umm reagtor hasedhoar 46WeEdsSeet it Ataian 1dNeFhPAELn
of the cylindrical reactor with an inner dianeter as
smakkigs Bl itQpoaf ldreclenarai hgopadetvels.

10 15. A method according to claim 13, wherein
said bubble column reactor has an external
circulation path and said carbon monoxide blow-in
ports arranged at a plurality of levels include at
least a carbon monoxide blow-in port arranged at a

15 level to fluidize the solid catalyst in the reactor
and a carbon monoxide blow-in port arranged at
another level to mobilize the solid catalyst in a
lower part of the reactor and draw or fluidize the
solid catalyst in the external circulation path.

20 le6. A method according to claim 15, wherein
the bubble column reactor has a narrowed section at a
lower part of the cylindrical reactor with an inner
diameter as small as 30 to 70% of the remaining part
of the cylindrical reactor and a carbon monoxide

25 Dblow-in port is arranged at an upper part of the
narrowed section to fluidize the solid catalyst while

another carbon monoxide blow-in port is arranged near



of the cylindrical reactor and a carbon nonoxi de 25
blowin port is arranged at an upper part of the
waanwumsedi section to fluidize the solid catal ysCTMPi00€003248
anot her carbon nonoxi de blowin port is arranged near
WD 2004/ 080941 PCT/ JP2004/ 003288 56 the junction of
the reactor and the external circulation path
(circulation lead-in section) |ocated at a bottom of
the narrowed section to nobilize the solid catalyst
and draw or fluidize the 5 solid catalyst in the
ext ehaaljuactdvhatbifontpatteactidr #maethedeateendilng to
any of clainms 13 through 16, wherein the carbon
monokirdelbtawni patdr t (s iarel dramehkdagt-pe gastion)
distributors. 18. A nethod according to any of clains
13 locehedugh B6Poitt@miaf £hepararoveflssactangedoat a

top of _the reactor ,ip order to collect unreacted

car B8R1LABRotGe (G hest eardi 8Rali qai dluidize the
i ni .ed b id d th

%ol PALed: BATELYSand 1 A GUt SR QUr 4= T B3BERGR BPdthct

not contajing Z%]n? Eﬁ@ds%éipgrﬁ%hg' ¥?>t' nf}/g:ofAcﬁ e 13

col umm reactor to be Used for nut adtdring acetic

aCiQh?%ugﬁrﬁ%UYMﬂgﬂEiﬂnﬂﬂg”EﬁrbMﬁtﬁoﬁ@%@ﬁ% BRRIIGE port s
by way of a heterogeneous catalytic reaction,

chasaet Biranetddy fimd ngh£adhorr 20uterexi de bl ow-in
ports arranged at a plurality of levels. 20. A nethod
of manuf at8uri iy meehod accdriyng to any of claims 13
10 through 16, wherein a separator is arranged at a top
of the reactor in order to collect unreacted carbon
monoxide gas from the reaction liquid containing
unreacted carbon monoxide gés and the solid catalyst
and take out a liquid reaction product not containing
15 the solid catalyst.

1o. A bubble column reactor to be used for
manufacturing acetic acid by carbonylating methanol
with carbon monoxide by way of a heterogeneous
catalytic reaction, characterized by having carbon

20 monoxide blow-in ports arranged at a plurality of
levels.

20. A method of manufacturing acetic acid by
carbonylating methanol with carbon monoxide in the
presence of a solid metal catalyst, characterized in

25 that it comprises:
a reaction step of causing a carbonylating

reaction to take place in a pressurized reactor by



car bonyl ati ng net hanol wi th carbon nonoxide in the
presence of a solid netal catalyst, characterized in
wa30d4hvaeo4it conprises: a reaction step of causPa@/JIR2004/003248
carbonylating reaction to take place in a pressurized
reactor by WO 2004/ 080941 PCT/3P2004/ 003248 57
suspending the solid netal catalyst in a liquid
reacti.on conposition containing an organi c sol vent
conposed of nethanol, nethyl iodide, acetic acid
and/ or nmethyl acetate and water to a small content 5
r at sasprddihgwitig carlbich meoteki detgagsintia tehd dqujd d
reaction conposition; a first separation step of
sepaearitignacdmposki thigproueoneinigai dnr eageingie solvent
conposition and off gas fromsaid reaction step; 10 a

fslecéﬁﬁﬂ@éﬁﬁl{ l@tﬁ @@té}%}pbr %Emletm%laﬁ, GsetdG Grigh
R eEoneb i A F L et e B SN
S”t %a%h g%fl%l %‘1' ”é:" H0&L 1@3??%8@ Ll ”%Tnoc” 9 1iquid

~and~a qU| ion oW g 260t froma

tomggakggo%e sf%f%&de acetic acid fraction

| owi ng out froma tower mddle section and a

ClfCU'atlﬁgfifgﬁtb@@awdﬁﬂdﬂléﬂg fdPyaph euel ngbahiyom
section; a third separation step of |ntrodu0|ng part

of t&&lh@eduuﬂﬁhd|Iﬂthdrﬁ@&cﬁﬂoﬁndombeamﬁﬂhhzﬂnﬂldff
acid fraction separated in said second separation
stegas from said reaction step;

10 a second separation step of conducting an
operation of flash distillation by introducing the
liquid reaction composition separated in the first
separation step into a flash column and thereby
separating off gas and a light liquid fraction

15 flowing out from a tower top section, a crude acetic
acid fraction flowing out from a tower middle section
and a circulating fraction flowing out from a tower
bottom section:

a third separation step of introducing part of

20 the light liquid fraction and the crude acetic acid
fraction separated in said second separation step
into a distillation system and thereby separating off
gas, a product acetic acid fraction, a heavy fraction
and a circulating fraction;

25 a circulation step of returning the residue of

the separated light liquid fraction and the

circulating fraction separated in said second



into a distillation system and thereby separating off
gas, a product acetic acid fraction, a heavy fraction

wana4@sed4t cul ating fraction; 25 a circul ati on BCEJPIN4/003248

10

returning the residue of the separated light |iquid
fraction and the circulating58raction separated in
sai d second WO 2004/ 080941 PCT/JP2004/ 003248 58
separation step and the circulationg fraction
separated in said third separation step to the
reactor; a first absorption step of conducting an 5
opeyeda odt Dbn gesepbandptien cfiarcuihe: iaffg glisa sepanat ed
in said first separation step, using nethanol as
absrem téd gimdsaddsebond slepomattiiom sitgp ofo the
conducting an operation of gas absorption for the off
gasrsRpaehted 10 in said second separatlon step and
the off gas separ ted in ,said thir .0n step

u5|ng Inﬁ St beht SERRUP 9¥ﬁW%§§hre

d. f
S HARTT DRORt 8 8 e ARETEEITT ™ NS of tbgé*ftigfe??ga%ated
attel said Fiist abaarobion s Lhes 06 fmgBfanbef bs

aft’er sard second a sorptlon st eavy

fragtiop,egpal afgdqi.n said thlrd separation step to
the outside of the system and that nethanol that is

regul at edh fgcdredpasadpeior0stepldft eczhltdisingesh as
absorbent liquid in said
operation of gas absorption for the off gas separated
in said second separation step and the off gas
separated in said third separation step, using
methanol as absorbent liguid under a pressure lower

than that of said first absorption step; and

an exhaustion step of exhausting the off gas

15 left after said first absorption step, the off gas

left after said second absorption step and the heavy
fraction separated in said third separation step to
the outside of the system; and

that methanol that is regulated for temperature

20 to 10 to 25°C is used as absorbent liquid in said

first and second absorption steps and divided so as
to use 50 to 80 wt% of the entire methanol to be used
in the two absorption steps in said second absorption

step and the methanol left after the two absorption

25 steps is used as raw material methanol in the

reaction step.

21. A method of manufacturing acetic acid by



first and second absorption steps and divided so as

to use 50 to 80 wt% of the entire nmethanol to be used
woOnodhsodsno absorption steps in said second abBOTfP10041003248

step and the nethanol left after the two absorption 25

steps is used as raw material B®thanol in the

reaction step. 21. A nethod of nmanufacturing acetic

acid by WO 2004/080941 PCT/JP2004/ 003248 59

car bonyl ati ng net hanol with carbon nonoxide in the

presence of a solid netal catalyst, characterized in

t hatarboagilprtiises metraaasl i whtist eprbbncavabrddae in the

carbonylating 5 reaction to take place in a

pr epsesenes dact grolbyd eeispkndahglybé, sochedaestealized in

catalyst in a liquid reaction conposition containing

an &Pganil¢ ssmpsHiSeTonposed of net hanol, net hyl

i odi de, acetic agid and/or_nethy] acetate and ter
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i ntroducing the i quid reaction conpositiion separated

i n thepbsest oisematn&tm@n shephiyht doditleashceesselacirdl
thereby separating a gaseous fraction flow ng out
froemaor methyl acetate and water to a small content

10 ratio and blowing carbon monoxide gas into the liquid
reaction composition;

a first separation step of separating and
taking out the liquid reaction composition and off
gas from said reaction step:;

15 a second separation step of conducting an
operation of flash evaporation by introducing the
liguid reaction composition separated in the first
separation step into a flash vessel and thereby
separating a gaseous fraction flowing out from an

20 upper tower section and a liquid fraction flowing out
from a lower tower section;

a third separation step of leading the gaseous
fraction separated in said second separation step
into a distillation system and separating off gas, a

25 product acetic acid fraction, a heavy.fraction and a

circulating fraction;

a circulation step of returning the liquid



20 upper tower section and a liquid fraction flow ng

out froma lower tower section; a third separation
weoene@/08694 eadi ng t he gaseous fraction separat edTiJP2004/003248

said second separation step into a distillation

system and separating off gas, 68 25 product acetic

acid fraction, a heavy fraction and a circulating

fraction; a circulation step of returning the liquid

WD 2004/ 080941 PCT/JP2004/003248 6-0 fraction

separated in said second separation step and the

ci r Culaattiing fyasdinnedeparabed sBcHANd slpiardtion step and
separation step to the reactor; a first absorption

st efghef cdormiuc gy afrdct dper atpanadkdgds aesiat piti o

for the off gas separated in said first separation

st efebadiatg et sl tasthabseapeat:l i quid; a ?econd

absor ption step of conducting an eration of gas
absorgtloﬁ ﬁéFthéhﬂqIRﬁﬁPQ; I%t%g CQOdPﬁtéagdaPhlrd
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thea@ffor@rnt W61 defd; after said second absorptlon step
and t he heavy fraction separated in said third

separati oa stepnido adda-pritsi dec o dhecsyahesingndnt he
nmet hanol that is regulated for tenperature
operation of gas absorption for the off gas separated
10  in said third separation step, using methanol as
absorbent liquid under a pressure lower than that of
said first absorption step:; and
an exhaustion step of exhausting the off gas
left after said first absorption step, the off gas
15 left after said second absorption step and the heavy
fraction separated in said third separation step to
the outside of the system; and
the methanol that is regulated for temperature
to 10 to 25°C is used as absorbent liquid in said
20 first and second absorption steps and divided so as
to use 50 to 80 wt% of the entire methanol to be used
in the two absorption steps in said second absorption
step and the methanol left after the two absorption
steps is used as raw material methanol in the
25 reaction step.
22. A method according to claim 20 or 21,

wherein the reactor is a bubble column reactor.



to 10 to 25C is used as absorbent liquid in said 20

first and second absorption steps and divided so as to
wo2e4B809440 80 Wt % of the entire nethanol to bePasgr2004/003248

the two absorption steps in said second absorption

step and the nethanol left aft& the two absorption

steps is used as raw material nmethanol in the 25

reaction step. 22. A nmethod according to. claim 20 or

21, wherein the reactor is a bubble colum reactor

WD 2004/ 080941 PCT/ JP2004/ 003248 61 23. A nethod

accordi n23 o clminetdhd wetetrdintheocalbdny 2a&t,i Rherein

reaction is conducted with a solid catalyst

conckeat carbonydbtioly lresscttihan 190cdmydnB8ted wiehns eblid

the reaction volume. 5 24. A nethod according to claim

20 eatalystwieencientild sl iaf cwetl Yessi theor AB8 by/m™ in

causing a quaternary pyridine resin to carry rhodi um

carBOERF OfoiprexeashioR KB according to clai m 20
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quaternary pyridine resin to carry rhodium carbonyl
complex.
25. A method according to claim 20 or 21,
10 wherein methanol is divided so as to use 55 to 70 wt%
of the entire methanol to be used in the two

absorption steps in said second absorption step.



