1 DESCRI PTI ON METHOD OF MANUFACTURI NG ACETIC ACID 5 TECHNI CAL FI ELD Thi s
invention relates to a nethod of nanufacturing acetic acid. Mre
particularly, the present invention relates to a nmethod of manufacturing
acetic acid by carbonylating nmethanol 10 with carbon nonoxide in a bubble
colum reactor in the presence of a solid catalyst, the reaction being
conducted with a high catal yst concentration. BACKGROUND ART 15 The
so-cal l ed "Monsanto process” is well known for manufacturing acetic acid by
causi ng net hanol and carbon nonoxide (CO to react with each other in the
presence of a noble netal catalyst. OESGRI#TINONthis nethod 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 solution
prepared by dissolving a rhodi um conpound and nethyl iodide respectively as
metal catal yst and prom8EBHODPNO&nMANSHACTAR ING AAVERICt ARG8T Dal so cont ai ns 25
wat er (Japanese Patent Publication No. 47-3334). A nodified nmethod was
devel oped to utilize a heterogeneous catalytic reaction with use of a solid

2 catalyst_carrying a_rhodi um conpound (Japanese Patent
5 TECHNICAL FIELD

This invention relates to a method of
manufacturing acetic acid. More particularly, the
present invention relates to a method of
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 cher 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



Application Laid-Open No. 63-253047). However, a honobgeneous catal ytic
reaction is not adapted to a high rate of reaction because of the
solubility of 5 the catalyst nmetal is lowrelative to the solvent so that a
| arge reactor may need to be used as a nmatter 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 10 acetic acid
and prevent deposition of the dissolved catalyst and consequently it gives
rise to hydrolysis of nethyl iodide that is contained as pronotor to

reduce the vyi edaetaa_@e!;@%apﬂyiﬁd%ear eReHiOh RRPAIS. (TdPintBespagre tot her
reasons, a nmethod utilizing a 15 heterogeneous catal ytic reaction has been

devel oped beeayse ddticn redbd+opey fbee 6B3~om35uUCh preldwenter, Gar bonyl ati on
of nmethanol utilizing a heterogeneous catalytic reaction normally involves
t he use of acéiamoEmiabwas satyenticMreecspen fiiscaldty,ad@0teadt hanal and
carbon nonoxi de are caused to react with each other under pressure and at
hi gh tenper at ivigh rrate eatt veachivhebpresssceofthe sopldbtatalyystt carrying
a rhodi um conpound and a pronotor of nethyl iodide. The liquid reaction
product ex?radted F3'om PSt thetadadfor OFs Ned@ iy en epdhat FOAVEPSt 6M whi ch

typically conprises a distillation neans, in order to separate and coll ect
t he produced éggy;daakq%gemﬁgggtgr 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
10 acetic acid and prevent deposition of the dissolved
catalyst and consequently 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



the residual solution produced as a result of the separation is returned to
the reactor. In this stage of operation, a two-phase systemor a

het er ogeneous systemexists in the reactor, in which the reaction 5
solution contains acetic acid, nmethanol ard methyl iodide as main
conponents along with particles of the solid catalyst (a three-phase system
containing bubbles of CO gas to be nore accurate) . Note that the reaction
solution al so contains nethyl acetate, 10 di nmethyl ether, hydrogen iodide
and water, which are reaction byproducts, in addition to the above listed

mai n conponent shePaekiiches. ool mspbubbeodaskn agoRt aid¥ylx & Pythei ne ring in
t he nol ecul ar structure and carrying rhodiumconplex are normally used for
15 the solid catphyst.ioch contietwomsedt tor thg tramlkctoaact an tESER)stagapted to
agitate the reaction solution by means of an inpeller or a bubble col um
react or adapt edft opeagittiaire, thetweapghésa sygbtemomrby fedresrofehebbses may 20
be used for the carbonylating reaction using a heterogeneous catalyst. Wen
usi ng a conti nEBE§est iexiiste tamktheateertorpain slhdshofthehersattdonat al yst
are agitated and_ suspended in the reaction solvent and |iquid nethanol 25
and CO gas ar eSPAPEACEd oM ihe d6ttdm asifeadstdrndlaviifht®® Fa¥3 and nade

to react with each other. Such a continuoui stirring tank reactor, or
agi tation iodide as main components along with” particles of the

solid catalyst (a three-phase system containing
bubbles of CO gas to be more accurate). Note that
the reaction solution also contains methyl acetate,

10 dimethyl ether, hydrogen iodide 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

15 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

20 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

25 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



4 tank type suspension reactor, is acconpanied by a problemof an enhanced
rate of CO | oss because the residence tinme of COgas is relatively short in
liquid and, once COexits fromliquid to nove into 5 the gas phase in the
reactor, it can hardly be dissolved into4liquid again. It is acconpanied
additionally by a problemof difficulty of separation of the catalyst and a
reduced life span of the latter because it is structurally difficult to
take out only 10 the reacting solution fromthe reactor wi thout allow ng
the solid catalyst to flow out of the rector and catalyst particles are

encour aged t o bgeRMeypenNeluspRaistiol eSedytdhe 881 sEebmplailhe o rary, a
bubbl e colum reactor is 15 advant ageous because it is free fromthe above
i sted probl epsolabdn sifnae ehdaresct orats el Codibeal beCQusA H@SSI NG
through it can be made to show a long residence tinme. Wen such a bubble
colum reactorrésidesed, tiime ofl iddrgaalis eaelativellyi shed twiitth a 20
reaction solvent and a solid catalyst and liquid nethanol is supplied from
t he bottom as tedéifoandawonegt 6id & x1twhi feoCOl §guids tionjresteedinupwmard from
the bottomas jet stream The injected CO gas fornms bubbles as it rises in
the |iqui d xontgnedsi phere 2% &l IRICHPL r ehbt 6ANaRargdm ikd es of the

catalyst are also driven to nove upward, in the cylindrical reactor
dissolved into liquid again. It is accompanied

additionally by a problem of difficulty of separation
of the catalyst and a reduced life span of the latter
because it is structurally difficult to take out only

10 the reacting solution from the reactor without
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 1lift effect and dispersed into the liquid.



by the gas Iift effect and dispersed into the liquid. 5 As a result, the
carbonyl ating reaction proceeds. Then, the unreacted 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 COgas is collected and part of the reaction solution
is taken out fromthe top of the separator as liquid reaction product that
does not contain any solid catalyst, while the remaining part of the
reaction 10 solution that contains the solid catalyst returns to the bottom

of the cylindrjgcal teachqr %ﬁ§ﬁﬁ%fﬁo§?l§££ﬁg:%%EQQi%%ﬁiﬁﬁeéé 5 OWn vei ght

and is supplie once agai n e cylindric reactor to conplete the

ci roul ati on. ihbna koW IRING ofcGarbonyhat kg 13/RAU Wb lisi Igysuch a

bubbl e col um reactor, gas Is injected into the liquid contalne

cylindrical reéﬁBQrc%%ﬂd%né“ﬁﬁé”@$W1&@¥a95l?s@oé%beséﬁéﬁﬂﬁgﬂ{E? fhe bottom
of the cylindrical reactor for the purpose Of nobilizing particles of the

solid 20 catal ¥spair tidie dreaciqdd (Japaneseofabent hAPRlyi1Gatd©intalai d- Open No.
6- 340242). More specifically, 1n the above reaction step, carbon nonoxide

is blown irto thadtioquinvthereattd wrgocorposheiren (Thet ahrieagtpar tdxlgss of the
solid 25 catalyst in the case of a heterogeneous catalytic
is collected and part of the reaction solution is
taken out from the top of the separator as liquid
reaction product that does not contain any solid
catalyst, while the remaining part of the reaction
10 solution that contains the solid catalyst returns to
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 liquid 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 ncluding unreacted
carbon nonoxi de are drawn out 6 fromthe top of the reactor as off gas. The
liquid reaction conmposition that has reacted is separated fromthe
particles of the solid catal yst and drawng 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
dissolved in the liquid are separated as off gas by nmeans of an operation
of flash distillation and the residual liquid 10 conposition is divided

into a crude acgbhCrREi fopl baCHHRN Adateds 49 berrghinedro prodyee a final
product of acetic acid by way of subsequent steps “including adistillation

step and a cireshatifg chbhpelsiien drhathdts H&s bee det ¥gnibagk gt dde react or
15 for circulation. In the case of a flash vessel, the 1liquid reaction

conposi tion isfebni €ied par@izlgasequshd raslidncsoal gshi agdcARaRent s t hat
correspond to the off gas and the crude acetic acid fraction nentioned
above and a revat nfngml thei defacacti gy dy teans bédann20 aeperlatston of fl ash
evaporation, of which the gaseous fraction is refined in a subsequent
distillatién stepumandrt fiealsihquies falact ilon the rastse nefl aofihehreactor. Of
gas and a circulating fraction will be produced along with a refined acetic
acid fraction, CQhW@h, | sazbon monoxide and gasified light-fraction
components that have been dissolved in the liquid are
separated as off gas by means of an operation of
flash distillation and the residual liquid
10 composition is divided into a crude acetic acid
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 is 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 the process of 7 manufacturing acetic acid,

off gas is drawn out in each of the steps of the process including the
reaction step and the subsequent steps of 7separation and refinenent. The
drawn out off gas contains not 5 only nethane and hydrogen that are produced
as a result of reaction and unreacted carbon nonoxi de but al so nethyl
iodide that is a pronotor, acetic acid that is used as reaction raw
material and reaction solvent and other gasified substances such as nethyl

10 acetate-'ﬂ%aﬁﬂﬁﬁéﬁuﬁgﬁ?ea&éemélHbr&ﬁ%ﬁﬂf Ws gubshapgesiare
collected and returned to the reactor before the off gas is burned in an

incinerator. Aad@asoRbsospstepsoper ahicopricscaanerat] ydengl eyed to col | ect
t he useful substances fromthe off gas and 15 the produced acetic acid or

the raw mat erimdadeid@nstepi angathky sudet Aseabsotdentof i gupdrhaeridrhe gas
absorption operation. Wen the produced acetic acid is partly enployed as
absorbent |iqumd medifiémsnbn Bhepdnesdsoud lbdfi mas tabitya pnevnded for the
pur pose 20 of separating the useful substances absorbed into the acetic
acid from bhe draty enctlfizee asdnhytiedeat tdratasarabsordened! egquiad. To t he
contrary, the use of part of the raw material nethanol as absorbent liquid
result of reaction and unreacted carbon monoxide but
also methyl iodide that is a promotor, acetic acid
that is used as reaction raw material and reaction
solvent and other gasified substances such as methyl
10 acetate. Therefore, conventionally, these useful
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



provi des an advantage that the nethanol that has been 25 used as absorbent

| iquid can be introduced into the reactor w thout any treatnent.
Additionally, while any effort for cooling acetic acid to inprove the 8
absorption efficiency is baffled by the reg atively high nelting point (17C)
of acetic acid, nethanol is advantageous because it is not acconpani ed by
such a problem 5 DI SCLOSURE OF THE | NVENTI ON When a het er ogeneous reacti on
is conducted in a bubble colum reactor by using a solid catalyst, noving
particles of the solid catal yst can be highly 10 probably bl ocked at the

bottom of the gykbrgtical efeactdicyhesn phercencent rald e 10ft paeticl es of
the solid catalyst is high, although such a problem does not arise so |ong

as the concentraghomedf ipay tdgilres (DF¢heosohtdteat alaist, memaiasol ows Then,
as reaction 15 liquid containing the solid catalyst is driven toward the
bottom of the ayvandeigealus ésaianrsd oft clscnbat aonompyuniayd dby asuekt &r na
circulation path, the <circulation path can be clogged by the deposited
particles of theobdkmd catalyst in the circulation 20 path to give rise to a
significant trouble to the operation. If the circulation path is not

cl ogged, the solid catalyst can locally agglonerate to reduce

DISCLOSURE OF THE INVENTION
When a heterogeneous reaction is conducted in a
bubble column reactor by using a solid catalyst,
moving particles of the solid catalyst can be highly
10 probably blocked at the bottom of the cylindrical
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
15 1liquid 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
20 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
25 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 descri bed
reaction process and pronpbte 25 side reactions. Thus, known net hods of
manuf acturing acetic acid by carbonylating nethanol by nmeans of a 9

het er ogeneous catal ytic reaction, using a%wolid catalyst, are acconpani ed
by problens including that they need to be conducted with a relatively | ow
catal yst concentration and require the use of a large 5 apparatus for
carrying out the nmethod when acetic acid has to be manufactured at a given
rate. Therefore, it is an object of the present invention to provide a

met hod of manufeeéubyBgcatst icatadiwidateatsidbheeukiam theqriabl em of
bl ocki ng nmoving particles 10 of the solid catalyst in the reactor and

cl oggi ng the catalyationreatdrcgdro édebdeposbl eflspanidlealddsn@fthdhe solid
catal yst so that the productivity of nanufacturing acetic acid nmay not be
reduced by | octheyaggkdmtraticorcafdudieedokithcat akystiamed vt Heovoperati on 15
of manufacturing acetic acid can be conducted reliably on a stable basis
for a | ong percatadfysti wenosmdirat nghandt aégsireohbentysat icdn d slased. It is
al so an object of the present invention to provide a reactor to be used
with such @ me@BBdrafusMEQFMAAEYIRY hoat nehfodehbedr #heg taratheC i nvention

that involves a high catal yst concentration, )
acid " has to be manufactured at a given rate.

Therefore, it is an object of the present invention
to provide a method of manufacturing acetic acid that
is free from the problem of blocking moving particles

10 of the solid catalyst in the reactor and clogging the
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

15 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 1is
also an object of the present invention to provide a
reactor to be used with such a method.

20 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

25 operation using raw material methanol as absorbent
liquid 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 conpared with known nethods. As a gas
absorption 25 operation using raw material methanol as absorbent liquidis
conducted to collect useful substances frldm off gas, the supply rate of

met hanol as absorbent 10 liquid will increase as a matter of course.
However, if nmethanol is used to absorb off gas at a rate higher than the
rate at which raw material nmethanol is supplied to the reactor, the
excessive nethanol 5 sinply needs to be wasted because it cannot be

utilized as ramidmi@rivall Therehere,assuchnat td gho fsupplkyer.at Boabvaet hanol is
uneconomical. In other words, it is desirable that the rate at which

nmet hanol i s usefl mothabsotbief usgak tics dlovetb thah ghe 20 matratat which raw
material nethanol is supplied to the reactor. Thus, it will be appreciated
that the effilktigney othanhéhef fragas adbsdribimgrapenateonails merihtaalolt o a

met hod of manufacturing acetic acid when raw material nethanol is used as
absorbent |iquidl.suspThedetor éhcarstdrdronbjidee oXceheipeesetthanndention is
to raise the efficiency of the off gas absorbing  operation. According to

t he inventPon,sifRle N8egpolicddE aastahdF Brusanifactinofgbecetic acid by

carbonyl ating 20 pethanol wth carbo nnn?fide (CO by way of a
utilized as raw material. Therefore, such a high

supply rate of methanol is uneconomical. 1In other
words, 1t 1is desirable that the rate at which
methanol is used to absorb off gas is lower than the

10 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 1is
conducted with a solid catalyst concentration of not
less than 100 kg/nﬁ 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 colum reactor, in which the
carbonylating reaction is conducted with a solid catal yst concentration of
not less than 100 kg/nB in terns of the reaction volunme. 25 The solid
catal yst includes a catalyst nmetal conplexl supported on a particul ate
resin. The catalyst nmetal contains usually 0.3 to 2.0 w% preferably 0.6
to 11 1.0 wt% of the particulate resin. According to the invention, the
productivity of the carbonylating reaction is inproved when the solid
catal yst concentration is not less than 100 kg/nB in 5 terns of the volune

of the reaction, sygtem sF tthal gartetatavel yegimnll reactor can be used for
the reaction to reduce the manufacturing cost. The solid catal yst

concentration is thepaverdgagcaialtysd iapreenisgfiohe pRoBeidt itia ¥ eatt or
mai n body and the circulation 10 system In an aspect of the present

invention, wthhe caebloog latcargi ngatoidheiknyaptriooedharen atlsel sdlidat al yst
concentration of not less than 100 kg/nB is wused in terns of the volune of
the reaction sgstedystsddmequartatalopr éssupe dbssarthem rdidbxigéni i he
reactor is between 1.0 and 2.5 MPa and the exhaustion ratio of carbon
nmonoxi de i s betegaw fartdel 3% bine hef theoreeictalon satttiaon so| Uhatofé carbon
nonoxi de, while _the liquid superficial velocity is between 0.2 and
relatively small reactor can be used for the reaction
to reduce the manufacturing cost. The solid catalyst
concentration is the average catalyst concentration
in both the reactor main body and the circulation
10 system.
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,
15 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
20 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
25 maintain the mass transfer constant Kla (liquid phase

capacity coefficient) of CO gas between gas and

liquid, which is rate-controlling for the



20 1.0 msec. Wth such a high catal yst concentration, the partial pressure
of carbon nonoxide in the reactor is held within a range between 1.0 and
2.5 MPa, preferably between 1.7 and 2.2 Mya, in order to 25 maintain the
mass transfer constant Kla (liquid phase 1gapacity coefficient) of CO gas
between gas and liquid, which is rate-controlling for the 12 carbonyl ating
reaction using CO not less than a predeterm ned value (e.g., not less than
700). The overall productivity of the reaction remarkably falls when the
partial pressure of carbon nonoxide is not 5 higher than 1.0, whereas the

rate of reacti eArb®niatat inPraesk 1 &reskahlycohenotthe ey tirgdn pg essure of
carbon nonoxi de exceeds 2.5 MPa. Thus, the overall reaction pressure can be

hel d within anpeedeerirédlned angeudetaegn, Indbtandss. ¥ndra,7quef erafd y bet ween
3.0 10 and 4.5 MPa when the partial pressure of carbon nonoxide is held

w thin the aboweedefllilngdaangeiviGarddonthonexade iios g tletb Bxceéssively to
secure the sufficient Kla value and a value between 3 and 15% preferably
bet ween 5 and %b%n ithesqlaadtiedl dBef$ourehefexhabsn owratisdofisanbbn
nonoxi de (ratio of the excessive carbon nonoxide relative to the

t heor et i cald r ehdghenr \idlamel 1, cardomasohbri deye ofhidea athieoKl &s vadtie

i nproves remarkably when the .
improved remarkably when the partial pressure of

carbon monoxide exceeds 2.5 MPa. Thus, the overall
reaction pressure can be held within an economical
range between 1.5 and 5.9 MPa, preferably between 3.0

10 and 4.5 MPa when the partial 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 monoxide (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 1is supplied in
excess, the gas 1lift 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



exhaustion rate is not less than 3% an exhaustion 20 rate greater than 15%
is not preferable fromthe econom cal point of view As CO gas is supplied
in excess, the gas |ift effect is inproved accordingly to serve for

uni form fluidization of the solid catalysB. 25 Additionally, the liquid
superficial velocity of reaction liquid that rises in the reactor is held
between 0.2 and 1.0 msec in order to maintain a 13 wuniformy dispersed
state of particles of the catalyst showing a high concentration so as to
prevent the productivity of manufacturing acetic acid fromfalling and side

reactions frombgifg-PIrPMPissk Psdyestatkoedl izatdim of Lhecgglid catalyst
caused by an insuffici'ent circulation velocity. It Is not preferable that

the |iquid supeifigivat vel@gihy bShiBhgbendehanak bl secabegaguse the
exhaust ratio of excessive COgas rises and the residence tinme of CO 10 gas

becones i nsuf f ipgiearint Tan, prodeaakably offi glhnufRact of i ngyabavect achel
installed to avoid such problens. If, on the other hand, the liquid

superficial velfoont fa0fl freacdndnshdguirdaict iloowerf tdraroe Ong@ presmofethhe
catalyst will be distributed unevenly 15 to increase |ocalized reactions,
whi ch resul s iduearto ilncrebszabiosi dé tbactsiodns] atth 5hotteauskd bervice
life of the catalyst.
an insufficient circulation velocity. It is not
preferable that the liquid superficial velocity is
higher than 1.0 m/sec because the exhaust ratio of
excessive CO gas rises and the residence time of CO
10 gas becomes insufficient. 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 1s 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 1lift effect of CO gas rising in



Simlarly, the gas superficial velocity of CO gas is preferably between 2
and 8 cnisec. The 20 expression of gas superficial velocity as used herein
refers to the average val ue of the gas superficial velocity in the gas

| ead-in section of the bottomof the reactor and the counterpart at the top
of the reactor. Wien the gas superficial velocity is found 25 within the
above defined range, the solid catalyst is wuniformy dispersed in the
reactor due to such a velocity and the gas |ift effect of COgas rising in
14 the reactor so that a necessary level of «circulation/fluidization of

the solid cataiystreantbe sbRichizdli REGhE Ss5E@bl evbasbg. The bubbl e col um
reactor to be used for 5 manufacturing acetic acid by neans of a

het er ogeneous cieacladhoal fearikdmtatdron fictlos dsagito chle liyererddorbe
preferably has a ratio of the length L to the dianmeter D, or L/D, of not
smal | er than 8ndephasreedt oni & rseqlnlreedd0i provide a sufficiently |ong
gas/liquid 10 contact tinme and a sufficiently high | evel of

circul ation/fl ui di zathenouhbbedepluonackiseteom teudd i esedt foeacti on
efficiency. Wth a reactor having an L/D value of not snaller than 8, it is
possi bl e t&® eshabhfshtardniof eosibl ciadid dey ngeanswodt alhedlapagengoghe sol i d

catalyst at a rate not |lower than _the above nentioned 0.2 m sec because the
vol une of reaction of carbonylation according to the invention

preferably has a ratio of the length L to the
diameter D, or L/D, of not smaller than 8 because it
is required to provide a sufficiently long gas/liquid
10 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 liquid 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,



t he gaseous holdup in the reaction zone (riser section) increases to
produce a sufficiently large density difference between the reaction zone
and the 20 liquid falling zone (down-conmer section) . Wile either the
external circulation systemor the interpal circulation system nmy be used
for the bubble colum reactor, a heat exchanger is preferably incorporated
inthe circulation path in order to 25 renove the heat generated by the
reaction when the external circulation systemis used. In another aspect of
the present invention, 15 wth a nethod according to the invention where a

solid catal ystygeAcanfeahicen Rfcddihgseot fR8 18Genkq/omB Wisetises in terns of
the reaction volune, carbon nonoxide is injected into the reactor by way of

5 carbon nmonoxsdeill ewtian R teorafddngedi ¢ af phutalliclsy fad eveds. As
carbon nonoxide is injected into the reactor by way of carbon nonoxi de

bl owin ports mgyanges atea ipl teahist ypoftHevdsctibe solluchegataingsinin the
10 reactor is fluidized and uniform zed very efficiently if conpared with a
single | evel amoangeénentissdrijettedtinsopolssi bkactoroper atey tdie reacti on
systemwith a high solid catalyst concentration of not |ess than 100
kg/ nB. Therd, i takboposwinigxd de loswrsizepohes18rreagest .at a plurality
of levels.
As carbon monoxide is injected into the reactor
by way of carbon monoxide blow-in ports arranged at a
plurality of levels, the solid catalyst in 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 catal yst includes a catalyst netal conplex supported on a
particulate resin. The catalyst nmetal contains usually 0.3 to 2.0 w%
preferably 0.6 to 1.0 wt% of the particulate resin. 20 The solid catal yst
in the reactor can be fluidized and unifogm 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 | east another one of the carbon nonoxide blowin ports
arranged at a plurality of levels is used as carbon nonoxide bl owin port

for 16 rmobiligipg1tRengohind Rl ystatd fst OVEr aPabwedf Jdhie Jeagior. Wien
t he carbon nonoxi de blowin port for nobilizing the solid catalyst is

arranged at theeabebtom phehhehkeaet®on tthsel ddl sabA-YAL pbe LS fRIrevent ed
fromdepositing at the bottomof the reactor. Wen, on the other hand, the

carbon nonoxigebblowiing pord Sforid|lchthzyog tbeasehndedcattaltist is arranged
at an appropriate position above the carbon nonoxide blowin port for
nobi | i zi ng t hebot@omobifd téat aleesttort tlse possilll eatalyswe itshe cat al yst
upward in the reactor by the gas Iift effect that arises when blown-in CO
gas rises i theevghitedr ifoalim deyaes brimgdati sher betitom ft Hdd i quid so as to
efficiently fluidize the solid catalyst. Wile it is
reactor. When, on the other hand, the carbon
monoxide blow-in port for fluidizing the solid
catalyst 1s arranged at an appropriate position above
the carbon monoxide blow-in port for mobilizing the
10 solid catalyst, it is possible to move the catalyst
upward in the reactor by the gas lift 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 1is
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



15 preferable to arrange at | east a carbon nonoxide blowin port for
fluidizing the solid catalyst and at |east a carbon nonoxi de blowin port
for nobilizing the solid catalyst at respective levels, a plurality of
blowin ports may be arranged for fluidizing the 20 solid catal yst and/or
for nobilizing the solid catalyst whenever necessary. \Wen carbon nonoxi de
blowin ports are arranged at a plurality of levels in a nanner as

descri bed above, it is possible to conduct the operation of 25

manuf acturing acetic acid reliably on a stable basis when the solid

catal yst is uspdawtbhssHaRiddlidHe £ONRSRE M ahhfnohBat e MdRa gdubbl e
colum 17 reactors having one or nore than one carbon nonoxide blowin

ports arrangedbabwaisi pohe s emela oit dasdhglePaetiequlamnst the solid
catalyst is effectively prevented fromdepositing and clogging 5 the

circul ati on pahhnwhen therbtibhlerdgl,urhea eacltiod casaugetd Wsth an externa
circulation systemfor circulating/supplying reaction |iquid that contains
the solid catatySecinvely lpowarerpaed Dforhheéepeattang bydvanl afgiang ext er nal |
circulation path and the carbon 10 nonoxi de blowin port for nobilizing the
solid catd ysthescarcangéd orearathevemcthenbobbi ke codawmtrorrearitbt he
external circulation path (i.e., circulation |ead-in section) that is
| ocated at a | b#enspdrwigh an external circulation system for
circulating/supplying reaction liquid that contains
the solid catalyst into a lower part of the reactor
by way of an external circulation path and the carbon
10 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
15 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
20 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
25 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 present invention, there is provided a nethod
of manufacturing acetic acid by carbonylating nethanol wth carbon
nonoxi de in the presence of a solid netal1®0 catal yst, characterized in that
it conprises: a reaction step of causing a carbonylating reaction to take
pl ace by suspending the solid nmetal <catalyst in a liquid reaction
conposition containing an organic solvent conposed of methanol, nethyl 25

i odi de, acetic acid and/or nethyl acetate and water to a small content

ratio and bl owi ng caf bpn-sengxpdeatdadsn isted tdre éé;@é&'éitm?%han conposi tion;
18 a first separation step of separating and taking out the liquid reaction

conposi tion angarifg gas themitikg ireacdd O Shepomposeeash searatfon step of
conducting an 5 operation of flash distillation by introducing the 1liquid
reacti on conposasi bnoseparatreddti drhestiep st separation step into a flash
colum and thereby separating off gas and a light liquid fraction flow ng
out froma tower tom seetond, saperade ocacettieap XOf asvmdficachgoanf | owi ng out
froma tower mddle section and a circulating fraction flowi ng out froma
t ower bottomeperabhon 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
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 liquid fraction
and the crude acetic acid 15 fraction separated in the second separation

step into a distillation systemand thereby separating off gas,

acetic acid fraction, a heavy fraction ands a circulating fraction; a
circulation step of returning the residue of 20 the separated |ight
fraction and the circulating fraction separated in the second separation
step and the circulationg fraction separated in the third separation
to the reactor; 25 a first absorption step of conducting an operation of
gas absorptiongfeprbhetofifi gasyseparated in the first separation step,

usi ng net hanol
conducting an

as 19 absorbent liquid; a second absorption step of
oper a4 i 98cohdga® sahgripti Frdrot heoplificgasgsepar at ed

a product

l'iquid

st ep

in the

second separation step and the off gas 5 separated in the third separation
step, using nepbanekoas cbspdeibsdigtl dnubder theplofEfswas |swiratsdn t hat
of the first absorption step; and an exhaustion step of exhausting the off
gas |left afteint hbef isestorasbsorpa ranich eptephendf thgaoffi@deft after the
second absorption step and the heavy fraction separated in the third
separ ati on stepeparated in the third separation step, using

10

15

20

25

methanol as absorbent liquid under a pressure lower
than that of the first absorption step; and

an exhaustion step of exhausting the off gas
left after the first absorption step, the off gas
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
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
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,
characterized in that it comprises:

a reaction step of causing a carbonylating

reaction to take place by suspending the solid metal.



t he outside of the system and that nethanol that is regulated for
tenperature to 10 to 25C 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
met hanol to be used in the two absorptionposteps in the second absorption
step and the nethanol left after the two absorption steps is used as raw
mat erial nethanol in the 20 reaction step. In still another aspect of the
invention, there is also provided a nmethod of manufacturing acetic acid by
carbonyl ati ng net hanol with carbon nonoxide in the presence of a solid

netal cat al yStca%Ql?_I%%r agl & izeghid FBAELibnCeBRPCEAT1ch I&seth PRighep of
causing a carbonylating reaction to take place by suspending the solid

netal 20 catahysbrigandd isplivbr €acbieds 6QMBES kit®R ANt aidkigl an organic
sol vent conposed of nethanol, nethyl iodide, acetic acid and/or nethyl
acetate and watedideq acxtald xohdeahdsati neah§lblaowitag € adhdnwaosexi de 5
gas into the liquid reaction conposition; a first separation step of
separati ng andtot akismgldutcdriteenh & qua tlioeanti b owdmppsidnlorm anonokidegas from
the reaction step; a second separation step of conducting an 10 operation
of flash evapopati dmtigy tihst rloduici chgredetion composition;
' a first separation step of separating and
taking out the liquid reaction composition and off
gas from the reaction step;
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



|l iquid reaction conposition separated in the first
flash vesse

secti

in the second separation step into

gas,
fract

t he second separation step and

third

conducting an

a product acetic acid fraction,

separation step into a

and thereby separating a gaseous fraction flow ng out from an
upper tower section and a liquid fraction flowi ng out 15 froma | ower tower
on; a third separation step of |eadi2ig the gaseous fraction separated

a distillation system and separating off
a heavy fraction and a 20 circulating

ion; a circulation step of returning the liquid fraction separated in

separ atapgo sbeptt eine deactor; 25 a first absorption step of

operation of gas absorption for the off gas separated

the circulating fraction separated in the

in the

first separation step,sesbng aptbapeloas s2kp asardentctifgyi dn a second

absorption step of conducting an

operation of gas absorption for the off

gas separ at ed oparahéohhifd geepaitaid xpt Sérepfousthg ovEtftharael sapdratsdr bent

| i quid under a pressure |ower than that of

an exhausti on shephef tbilmdustipag athernfftems usehy aktdandle &S r st
absorption step, the off gas left after the second absorption step and the

heavy

5

10

15

20

25

absorbent liquid under a pressure lower than that of
the first absorption step; and

an exhaustion step of exhausting the off gas
left after the first absorption step, the off gas
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
first and second absorption steps and divided so as
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 1s used as raw material methanol in the

reaction step.

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
invention;

FIG. 2 1s a schematic diagram of another

exemplar bubble column reactor that can be used for a

the first absorption step; and



10 fraction separated in the third separation step to the outside of
system and that nethanol that is regulated for tenperature to 10 to

used as absorbent liquid in the first and second absorption steps and

divided so as 15 to use 50 to 80wt % of th&2entire nethanol to be used

the two absorption steps in the second absorption

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

reaction step.
di agram of an exenpl ar

t he
25C is

in

step and t he net hanol

in the

20 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic
bubbl e col um reactor that can be used for a nethod

of manufact urimngtheat b€ aentfRcoaiding decthe 28iunverbrAind€s 2hés a
schemati c di agram of another exenplar bubble colum reactor that can

used for a 22 inethedoaf; manufacturing acetic acid according to the

invention; FIG 3 is a schematic di agram of anot her

be

enbodi nent of net hod of

manuf acturing aceti cFBEi d3 bsaacewthieng ttiec tdieagrvend f oanoahedrFIG 4 is a
schematic diagramof still another enbodi nent of nethod of manufacturing

acetic acid
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aewbpdiingnto athadthvhtébmanufacturing acetic acid
according to the invention; and

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

according to the invention.

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
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
riser section 12 of a reactor 11. The solid catalyst
that 1s 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
metal rhodium is carried by vinylpyridine resin is
particularly preferable. Then, a mixture solution of

methanol that is the reaction raw material, a



10 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Now, the present invention wll
be described by referring to the acconpanying drawings that illustrate
preferred enbodi nents of the invention. FIG 1 is a schematic diagram of an
exenplar 15 bubble colum reactor provided with an external circulation
systemthat can be used for a nethod of manufacturing acetic acid according
to the invention. Wen 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 1$.008 | FscﬁP@éﬁE ”én&hgdb%b%%@&] &% cffi&d P8 };HéSi c resin
slin 0

havi ng a porous, cros ed structure. r exanple, the use of a solid

catal yst in whigh 2% MBialt rNodi ypehaycannied ol pyssdige resin is
particularly preferable. Then, a m xture solution of nethanol that is the

reaction raw mekemldlst 2 Zhe reactt 0bn SObyeahtandyapkr eateitd$ fdhed into
the reactor that is already filled with the sollg catal yst. The reaction

sol vent may bevseliestekridwm syavenus . knoanesallignt an Ganerrald y, an organic
5 sol vent containing carbonyl groups having two or nore carbon atons is
preferably usedodvergactomna smingntarbBaytli eudcardsy , hdhengisewof oacaebire aci d
and nethyl acetate is preferable. Generally, an al kyl iodide

carbon atoms is preferably used as reaction solvent.

Particularly, the use of acetic acid and methyl

acetate is preferable. Generally, an alkyl iodide

such as methyl iodide may be used as promoter.

10 Then, a mixture solution 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 1lift 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 sol ution
of nmethanol that is the reaction raw material, a reaction solvent and a
pronoter is supplied fromthe bottomof the riser section 12 of the reactor
11 that is already filled wth nmethanol, 2a sol vent and a solid catal yst

and, at 15 the sane time, 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 riser section 12, the catalyst is also noved upward
in the cylindrical reactor by the gas |ift effect. 20 At this tinme, the

partial pressurg1Qf-iqas chrhémél@&Q@e bBthe OFCRHOGd $ él.?[%] reetygen 1.0 and
2.5 MPa, preferably between 1.7 and 2.2 MPa, and f% exhaustion ratio of

carbon nonoxi dgd1sdiagyl it ethsog agswgdb@nb@,@&%rﬁ ANtk Hé% optehebabl y
between 5 and 25 10% of the theoretlcal reacti on vol une of carbon

monoxi de. At thihe tHemstdheanpetiaéi sguaebdvhiransitarthe prep esdbtlieso sel ect ed
that the gas superficial 24 velocity (the average val ue of the gas
superficial veleadttor)i roff heaglasn| madokihdeegkison sathd he beotveanol ahke
reactor and the counterpart at the top of the reactor) of carbon nonoxide
gas i s hel d5betwean s2@nd The8 gad ssepeThichads vepechityl alf vedoedny of carbon
monoxi de gas influences the stable circulation of the catalyst and the Kla
val ue. The |iq@ich@iirdauldas oinfluences the stable circulation of the
catalyst and the Kla value. The liquid circulation
velocity can fall below 0.2 m/sec and/or a
sufficiently large Kla value may not be obtained to
10 lower the productivity when the gas 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 and
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 nisec and/or a sufficiently |large Kl a val ue may
not be obtained to 10 | ower the productivity when the gas superficial

vel ocity of carbon nonoxide gas is less than 2 cnisec. On the other hand,
carbon nonoxide will be wasted to a | argezextent and the internal pressure
of the reactor will rise to make the reaction poorly 15 econom cal when the
the gas superficial velocity of carbon nonoxi de gas exceeds 8 cmi sec. The
carbonyl ating reacti on of nmethanol by carbon nonoxi de progresses to produce
acetic acid when the reaction tenperature and the total reaction 20

pressure are nmage te%e*%%?%c‘!&‘c?”oﬂ@hé”@a%%@@t@”%oP%té’iﬁ%efh@%!?'t tBe0 and 4.5

MPa respectively. At thi's tinme, nethanol nay partly react w th nethanol

and/or  producgdR&RI A& E Dc bycidr Brpnoduee ydidmiid setheionmet hyl
acetate, water and so on as byproducts. 25 Note that the rate of reaction

falls remarkabliycricasdedice the Pondestirvittyyrween dderowd s koaeegenat i on
inthe reactor falls below 2 wt% On the other hand, 25 the energy |oad of

the facility fdoddeparetsngindeeapesdubbnotthacetdte maahdewrahéoneaat i on
solution increases and the concentration of corrosive hydrogen iodide also
i ncreases when thiee net@roc orcesedat LOnwith .5 Theny eactlar gex deetsl 10y wt %
Then, a large facility wll be required to consequently reduce the econony
will be required to consequently reduce the economy
of manufacturing acetic acid. Therefore, the water
concentration in the reactor is regulated so as to be
between 2 and 10 wt%.
10 By the separator section 13 arranged at an
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 between 2 and 10 wt% 10 By the separator
section 13 arranged at an upper part of the reactor 11, the reaction
solution containing the solid catalyst tdh@t 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 remai ning reaction solution that contains the solid catalyst returns to
the bottom of the reactor through a down-coner section 14 so as to be

suppli ed agai 44,0, LBELCY! kpdLiical reagipr %ér?%%?egpgéi @h{‘%‘ésﬂrbéld rculate. The

| iquid superficial velocity of the reacti ution that rises in the

reactor is regs atEda8908Sphenda f Ak betyesindye +8RdgbR AHsee. Wth this
arrangenment, the solid catalyst is dispersed uniformy and a necessary

level 25 of cineat abbenlhkkuittiezdd brofldten§otédceabal Yot neadmarhsl
mai ntai ned on a stable basis. Additionally, It is preferable to arrange a

heat exchangerid5annekbeh2emidoweonesn se@xia@sslidvd hat sappilakes Cas ext er na
circulation path in order to renove the generated heat because the
car bonyl at iSng gaaci sodreivnmetltarfodom itthant@xodhethec sepactaitar Excessi vel y
supplied CO5 gas is drawn out fromthe top of the separator

section 13 as off gas and fed to an exhaust gas

absorption device 16, where it is washed by the

liquid reaction raw material to be supplied to the

reactor.

10 The liquid reaction 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. O0f 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 Iliquid reaction raw material to be supplied to the
reactor. 10 The liquid reaction product separated by the separator 13 is
then fed to flash colum 17, where the I2ght fraction containing mainly

met hyl iodide, nethyl acetate and water, the fraction containing nmainly
acetic acid and the heavy fraction containing 15 the rhodi um catal yst,
acetic acid, nethyl acetate, nethyl iodide, water and methanol are taken
out respectively fromthe top section, the mddle section and the bottom

section of thecb)aghue@tdin a5 aghet @ rlFe FGRAIAILY SFopheach tliRgyt, OF
the drawn out 20 fractions, heavy conponents are returned to the reactor

for circul ati onheteweyer, ifteawy rdpPORENtS tbnpkudesti hrogerrotai ng
conpounds such as pyridi ne conpounds that are produced as deconposition

products of thefvthygl pyaivgi rerEsianttsdoy emeasedoftr amndg ddierd-atter to a
smal | extent and, if such conpounds are accunulated in the circul ating

liquid, they todtaéniegeasampafurrdodiemoecdnyl dxviaes 1180 t27 e lcomsement | y
reduce the effectiveness of the catalyst. Therefore, it is preferable to
process at 3 eashypait rogent-weissmyl conponeatsdby thednsasf imdidce ogen-
cont ai ni ng conpounds renoving device 18 to elimnate
release of rhodium complex ions. A device filled
with ion-exchange resin may suitably be used for such
a nitrogen-containing compounds removing device 18.
The gaseous components (mainly CO gas) dissolved in
10 the light fraction are absorbed by the methanol that
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 liquid



5 any nitrogen-contai ni ng conpounds that can induce release of rhodium
conplex ions. A device filled wth ion-exchange resin may suitably be used
for such a nitrogen-containing conpounds renoving device 18. The gaseous
conponents (mainly CO gas) dissolved in 1@gthe light fraction are absorbed
by the nethanol that 1is fed to the exhaust gas absorption device and
supplied to the reactor. FIG 2 is a schematic diagram of another exenplar
bubbl e col um reactor also provided with an 15 external circulation system
that can be used for a nmethod of manufacturing acetic acid according to the

I nvention. A reagleh Al Hasd@cEYthAfrbgalk heRCUAM a HECLAONsLIiger section

22) where a reaction solution containing carbon nonoxide gas and a solid

catal yst 20 ri sasaRdPravd dede i Pehbeibat kemuzang, tdiefeotomthiing tparrovned
section 28 whose inner dianeter is 30 to 70% of that of the riser section

22. A separat ofresRGliioNy 23118 eatanged.atat heqhiop efowrher Idweiosection 22
and adapted to collect carbon nonoxide gas that remains 25 w thout reacting

from the reacti(@owseladmen $dationodddi dsrt ke rearlom mpnoke dsegasaard t he
solid catalyst and at the same tine separate the liquid 28 reaction
product thad deesatdtorcoswhibitchetbati doncatialsygtheanmdemdeniergesbdndsol ution
that contains the remaining solid catalyst. A liquid down-flow zone
catalyst is connected at an end thereof to the bottom
of the separator section 23 and at the opposite end
to a bottom part of the reactor 21 for the purpose of
supplying the reaction liquid again to cylindrical.
10 reaction section. A heat exchanger 25 is arranged at
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. Each 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-coner section 24) for circulating the separated 5 reaction sol ution
that contains the remaining solid catalyst is connected at an end t hereof
to the bottom of the separator section 23 and at the opposite end to a
bottom part of the reactor 21 for the purpgse of supplying the reaction
liquid again to cylindrical 10 reaction section. A heat exchanger 25 is
arranged at a mddle part of the down-coner section 24 for the purpose of
elimnating the heat generated in the carbonylating reaction of nethanol
that is an exothermic reaction. The ratio of the length L to 15 the

di ameter D, or E?Q’, Qb Stehe, & gaagc%zié BEeéngﬁgilshﬂﬂe.ds'@ I $a 48R0y 8 because

it is necessarg 0 provide utfrcrentl gas/Iiquid contact tinme and

a sufficient bﬁp@l h%fvi%igr%ullaéﬂg)@(ﬂ&frﬂaekggki 88sf 8h 4 RNKY I &5

satisfactorily gh reaction efficiency. Fi'rst carbon nonoxi de blowin

port 26 and _SQQQBQg%@T%Qnﬂﬂ@“@@f&?ﬁ%@&&iﬂa@@rbfZEh%r MOV Heglomas a
carbon nonoxi de blowin port so as to take the role o | ui di zing the solid

catal yst in thetheactterm.an@htihat iaf i®hité zéngblbetsohirdagatcalatst in a
| ower 25 part of the reactor respectively. Each of the blow in ports may
take the fdrm dkaatsianglaerpirpencozzi ée baviwAdgnapgas ifjreciliwidheiegat the
front end of the 29 pipe, that of a nozzle of a ring-shaped or branched
pi pe having a kthegeodunberataflyyss anmflegti drahtl es 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 solid catalyst and/or
10 for mobilizing the solid catalyst whenever necessary.

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 function 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 some other form Wile it is
preferable to arrange at 5 | east a carbon nonoxi de blowin port for
fluidizing the solid catalyst and at | east a carbon nonoxide blowin port
for nobilizing the solid catalyst at respgctive levels, a plurality of
blowin ports may be arranged for fluidizing the solid catalyst and/or 10
for nobilizing the solid catal yst whenever necessary. |In the reactor of

FIG 2, the second carbon nonoxide blowin port 27 for nobilizing the solid
catal yst is arranged near the junction of the narrowed section 28, which is

| ocated at a |ower pacd, L5 ghebbeureac! alcaher e, the, sgbifgcatalyshd s apt to

be deposited to clog the circulation™path, and the external circul ation

path, the junci¢bpimhCirbgelatd @nitH ead-df-seehion) rbanng ilecated dgafst he
| ower end of the narrowed section 28. On the other hand, the 20 first

carbon nonoxi dehbkewihnrger.t 226 fiorstlpigi 2bngd theaselsitd igatml ysddi s
arranged at an upper part of the narrowed section 28 above the second
carbon nonoxi tetdl ohei kyfdmnidrAta IThel sppropet ava pasiclfi ahe afeddieof i r st
carbon nonoxi de blowin port 26 can be 25 selected as a function of the
profile of Sthe2teackloe s@ljidt hetedyséntttett ars ofendeatdli dsedt dlogst, the
operating conditions of the reactor and other factors. 30 Wen
manuf act uri ng meetfacauirdnousiasy i bl els 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 metal rhodium is carried
10 by vinylpyridine resin is particularly 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



columm reactor with an external circulation systemas shown in FIG 2,
firstly a solid catalyst is filled into the cylindrical riser section 22 of
the reactor 5 21. The solid catalyst that is generally used for

manuf acturing acetic acid is one that contgi ns rhodiumconplex 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 vinyl pyridi ne
resin-is particularly preferable. The catalyst rhodiumis contained
normally 0.3 to 2.0 wt%of the basic resin. Then, a m xture solution of

met hanol t hat isl%(ra%h%irn’r'émé@ £§Wigaﬁﬁﬁie@lteda_trh%d-kpntl§?: rﬁ%ta”d a

pronoter is fil into the 5 reactor that is already ed wth the

solid catalystarHg mRAdL 00 S]Ql&éﬁ“&n”?)br‘%e 232l 8t achd roBtoMar tays dgnown
solvents. Cenerally, an organic solvent containing carbonyl groups having

two or nmore CajhkiliOBl bw- Phepekabby UuseHeasor gact iign sodagnt . 20
Particularly, the use of acetic acid and nethyl acetate is preferable.

Ceneral |y, an ahgdudiodiltese stghbaa fibhbylideodildav iy perusediasspagnot er.
Then, a m xture solution of methanol that is the reaction raw material, a
reacti on sobvemukdncesa 1125t pe obbgel di sostpplnest ifrr orhé heibetrt epcafionhe ri ser
section 22 of the reactor 21 that is filled with nethanol, a solvent and a
solid catal yst 22nd,thet adeaByst is also moved upward in the
cylindrical reactor by the gas 1lift effect.
Of the reaction solution containing CO gas and
the solid catalyst that rises in the riser section 22,
10 the unreacted CO gas is collected as off gas, while
the liquid reaction product that does not contain the
solid catalyst 1s 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,



sane time, COgas is injected through the first carbon nonoxide blowin
port 26 and the second carbon nonoxide blowin port 27. The CO gas injected
t hrough t hese carbon nonoxi de blowin ports rises as 5 bubbles in the liquid
contained in the riser section 22, the cgpalyst is also noved upward in the
cylindrical reactor by the gas lift effect. O the reaction solution
containing CO gas and the solid catalyst that rises in the riser section

22, 10 the unreacted CO gas is collected as off gas, while the liquid
reacti on product that does not contain the solid catalyst is separated from

the remaining theaghiQt SO PMENGkiONHALRS b3 Ik cAl A ygdal By the

separator section 23 arranged at the top of the 15 reactor 21. The liquid

reaction produgh tpple dqesrt Nof €108t 34PréNedsakicd ieat ey siaisl § heakked
further to the acetic acid refining step, while the reaction ~ solution that

contains the sehied redtealysStENetdil Asngothéheohatt emtefl idig neaastossby way of
t he down-coner 20 section 24 so as to be fed to the cylindrical reactor

once agai n for thier cdcatridncaBbon hnsnokide bhpw-éxcegaity € heat r gregedat ed by
t he carbonyl ating reaction of nethanol, which is an exothermc reaction, is
renoved by & heskarexdlmangecbon haf theabpatged odt thzs rmmicdé@ part of the
down- coner section 24 of the external circulation path. In this enbodi nent
of bubbl e col usectdsdt ¢4#8 and the external circulation path mainly
takes the role of mobilizing the solid catalyst at a
lower part of the reactor, where the solid catalyst
is apt to be deposited to clog the circulation path,
10 and loosening and fluidizing the solid catalyst in
the down-comer 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

the narrowed section 28 mainly takes the role of fluidizing the solid

catal yst,

a | ower

solid catal yst

wher eas

part of the reactor, where the solid catalyst 1is apt to be
deposited to clog the circulation path, 10 and | oosening and fluidizing the

in the down-conmer section. Wiile the flowrate of CO gas

l'ed to each of e G &ORQALdecbbewich R S 7 ¢ ahpe1 appeopri ately

regul ated within a range that allows to conduct the operation of reaction

t he second carbon nonoxide blowin port 27 arranged 5
near the junction of the bottom of the narmowed
circulation path mainly

an upper part of

section 28 and the external
takes the role of nobilizing the solid catal yst at

on a 15 stabl e easicerdepending onot ieacanceMa@middan Hbothel . sohnd catal yst,

the operating conditions and the |iKke,
l ed to the carypa myupe dei béoy i mapothikotifkyi dietihaghdlhenspl pdrttat al yst
to the flowrate of COgas led to the carbon
nmobi | i zi ng t he r=aldtd wiatlal ystharopr ehel/ahl yrhalintkdvi dbénia aange thetoyeen

30 and 90 : 10. Wth regard to the operating conditions of the bubble

col um reachor ture wardory | dinaghyeaettihen ,ofme 28y het bahat eby wedehon

nonoxi de progresses to produce acetic acid when the reaction tenperature,

t he total

10

15 .

20

25

and so on as byproducts.

FIG. 3 is a schematic diagram of another
embodiment of method of manufacturing acetic acid
according to the invention. Referring to FIG. 3, the
reactor 1 comprises an upright cylindrical riser 1la
having a closed bottom and an open top and a
separator 1b 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
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
wall surface of a lower part of the separator. 1In
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,
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,

20 nmonoxi de blowin port for

the ratio of the flow rate of CO gas

70



reaction pressure and the partial pressure of carbon 33 nonoxide are nade
to be between 170 and 190C, between 1.5 and 6.0 MPa and between about 1.0
and 2.5 MPa respectively. At this tinme, nmethanol may partly react with
met hanol and/or produced acetic acid to bg45 turn produce dinethyl ether,
met hyl acetate, water and so on as byproducts. FIG 3 is a schematic

di agram of anot her enbodi nent of nmethod of manufacturing acetic acid
according to the invention. Referring to FIG 3, the 10 reactor 1 conprises
an upright cylindrical riser la having a closed bottom and an open top and

a separator |h baybne addiaieteds Or eghed tbanalhe opdirarteted D the riser 1la
and fitted to the top of the riser la. The |lower end of the separator is
tightly 15 hel donduearidcets wadtbdhenond e dasabhssursf agewaf idteo thser at an
upper part of the latter to produce a closed internal space in the reactor
and define a sbiddsidped pocketusectfron Bhebbbuweem tdfe whe erisatrl surface
of an upper part of the riser and the inner 20 wall surface of a | ower part
of the separat Bhusl,n thehepdserjom abdl sghthetiidatdilyt greodwsc froy nededsc
particles of a rhodiumcontaining solid catalyst are suspended in a |liquid
reaction conpogiciiido®yec AT ke ther hafomethanoils pomeasfds hien reagt i on raw

materials, 25 nmethyl iodide that is a pronotor, an organic sol vent
reactor when the reaction temperature and the

reaction pressure are made to be between 170 and
190°C and between 3.5 and 4.5 MPa respectively. The
riser 1is provided at the bottom thereof with a liquid

10 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

15 riser. Then, as a result, a rising flow of a mixture
that shows three phases of gas/liquid/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

20 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

25 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



of acetic acid and/or nethyl acetate and water that shows only a small
content ratio (2 to 10 ww% . Then, 34 a bubble columm gas/liquid contact
operation is conducted as carbon nonoxide gas is blown into the
solid/liquid mxture fromthe bottomof theg riser. Thus, the operation of
synthetically producing acetic 5 acid by carbonyl ati on of nethanol proceeds
in the reactor when the reaction tenperature and the reaction pressure are
made to be between 170 and 190C and between 3.5 and 4.5 MPa respectively.
The riser is provided at the bottomthereof with a liquid 10 inlet port 33

for introduci ng the dJ qyjd %&@G&ﬂn%f. gﬂgp?%feiro% é&%ﬂﬁé#iﬁ@e%o@kgﬁs. I nl et

port 32 for blowng In carbon nonoxi de gas so t iqurd” reaction

conposi tion is ghtriedueed £ontinUodgty ha) E@&@uqarﬂizc}rggpém%_@t the

solid/liquid mxture in the 15 riser. Then, as a res arising flow of a

mxture that shewsthieadh@sessothgaghhigdl eseldibd scédppoBdriba produce
acetic acid as bubbles of carbon nonoxide gas are nade to rise in the

former rising thewtard blissoee sepbiraeddwrtrbnt ke grameri¢issngff kaw. Wen 20
the rising flowin the riser that shows three phases gets to the separator,
particles of thelda ichtaxlayst yst ahd bopbbés tbk cdrdson, nonexidqudds are
separated fromthe liquid reaction conposition. This w1l be described in
greater detail deelworOfcamposition flows out through liquid outlet
port 35 arranged at an upper part of the lateral wall
of the separator. A partition plate 36 having a
diameter greater than the diameter of the riser and
10 smaller than that of the separator is 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



25 rising flowin the riser that shows three phases of gas/liquid/solid,
the particles of the solid catalyst spill out fromthe top end of the riser
and circulate 35 back to the bottomof the riser by way of the pocket
section 31 and the external circulation pgsh 34. On the other hand, of the
liquid reaction conposition and the bubbles separated fromthe particles of
the 5 solid catalyst at the top of the riser, the liquid reaction
conposition flows out through liquid outlet port 35 arranged at an upper
part of the lateral wall of the separator. A partition plate 36 having a

di ameter greatgh dghan gde: dbanehereQtethglr keecuand it siml es4than that of
the separator is arranged in the separator to prevent particles of the

solid catal yst oreepana erﬁlerﬁcﬁ@é“ﬁ@@t'?GHEQa&@@CHW&r@Wﬁi@I@ fham being
di scharged through the outlet port of the |liquid product. Since the |liquid

reaction 15 compasitdion fios nneefree sumpacatiurd he separsdoctorbubbbes
contained in the liquid reaction conposition are separated fromthe latter

to forma regi aonaftagas lghake above the free surface and eventually
di scharged through gas outlet port 37 arranged at the 20 top of the
separator (9irst sepdhatildquitcemeactAdentcompbbytianbahfilte fdlcate @8ti s
arranged vis-a-vis the open top end of the riser in the separator so as to
prevent dropl etthrefuatheche qghiduidaenfrdat port 35 of the reactor is
led into a flash column 2, the internal pressure of
which is substantially held to the atmospheric
pressure level, through lower inlet port 41 of the
10 flash column and divided into 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 bottom 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



conposition from being di scharged through the gas 25 outlet port to
acconpany the bubbles separated from the liquid reaction conposition and
expell ed through the gas outlet port. A cooler 39 is arranged at a 36

m ddl e part of the external circulation path 34 in order to renove heat
generated by the reaction and maintain the internal 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 flash
colum 2, the internal pressure of which is substantially held to the

at nospheric pr : rinl QoS o] £l ash
colung anh d?v?ﬁg%ﬁ?%é?gﬁ%Oggéggggdggﬁﬁgﬁk %aQ£ﬁ%ﬁq?%%t%%%gﬁﬁa%g%Péw out
through tover tapn utdietnmPOFd 6asi@aqa9d%d%§ﬂﬂy:ﬁgackér@ﬁéion that flows

out through tower mddle outlet port 43°and a circulating fraction that

flows out throughriswesad 5dbott dMhedbhels @ 44 ( Tecond sappsathgn step).
The off gas contains carbon nonoxi de that has been dissolved in the liquid

reacti on conpodidadi @ndcogasinsedimeblyn icotipdaindd) | ehdédéuhi gbiplliegui d
fraction mainly contains nmethyl acetate, acetic acid 20 and water. |If
necessary, Bxcessl s vat ethas asepaeabed tadorfirtdre gaghicleguod thacti on by
means of an oil/water separator (not shown) . Subsequently,
solid catalyst in addition to acetic acid, methyl
acetate, methyl iodide, water, and methanol which are
returned to the reactor 1, although part of the
circulating fraction may have to be bypassed through

10 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 prodﬁct 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



part of the light liquid fraction is fed to a downstreamdistillation
system 3, while the remaining 25 part of the light liquid fraction is
returned to the reactor 1. Wiile the crude acetic acid fraction contains
water, nethyl iodide, propionic acid and 39 other reaction byproducts in
addition to acetic acid, all of themare basically totally fed to the
downstreamdistillation system 3. The circulating fraction contains

ni trogen conpounds, rhodium conplex 5 and so on that are separated from
particles of the solid catalyst in addition to acetic acid, nethyl

acetate, nethybrbodi@ezewat af, and: y@eihenol nWhhehnage -grtded to the
reactor 1, although part of the <circulating fraction nay have to be

bypassed thr oughsd@paibint tegRYT rend NohsoHeMf ( Bt cBhaw)prids Qi Hese o
renove the nitrogen conpounds. The remaining part of the liquid |ight
fraction and the 8rudeSat®a C faaisk dbsctpoibofiedted)t.heCdi shie latHemn sSystem
3 are divided into off gas, a product acetic acid fraction, a heavy 15
fraction that hantlp béei mdinerat etbrityn@nouncohethtort 1 adh armgl womt 21 ns

propi onic acid and other reaction byproducts) and a circulating fraction
(mai nly cdnt ainiinghecetiist iddiat iamt €ysaen feshbasknttikdtl ¥ sshews urned to
the reactor 1 (third separation step). 20 Of gas is discharged fromthe
reactor 1, theathmpgphegdlcumires gk t$e Ehati Lratisolt repdtasmidy Shdice

low-pressure (atmospheric pressure) absorption tower
6 (second absorption step). By using a high-pressure
absorption tower and a low-pressure absorption tower

10 in parallel, all raw material methanol can be used
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 liguid reaction
composition is evaporated in the flash vessel under

reduced pressure and divided into a gaseous fraction



such of f gas contains gasified nethyl iodide and an organic solvent in
addition to unreacted carbon nonoxide, the useful substances are collected
by 25 absorption towers 5 and 6 and the renmi ning substances are
incinerated in the incinerator 4. Since t3I%e off gas com ng out of the
reactor 1 is 38 pressurized, it is treated in the high-pressure absorption
tower 5 the inside of which is pressurized to 3 to 5 MPa (first absorption
step). On the other hand, the off gas com ng out of the flash columm 2 5
and the distillation system 3 substantially shows atnospheric pressure so

that it is treairfd d mideid! e¥aPEESHULE (RIMISPNEIH Ln@r ES§ULE) (8B3@mRE | ON
tower 6 (second absorption step) . By using a high-pressure absorption

tower and a | owgpasstiyen apseppt i onhé oyesedQsi Erpastaldrelcomtdifnaw materi al
met hanol can be used effectively as absorber for absorbing useful

subst ances contecnieth imowdkidasthdhi hast hetoffegatsed tivat hast beaned i n the
hi gh- pressure absorption tower 5 may be treated further in the | ow pressure
15 absorpti on tdiwesobyed hencbhkedfiiqon defrfeectt iamd ¢dreposnsiahl anidon cost may
need to be considered when such an arrangenent is enployed. FIG 4 is a
schemati ¢ dbagmghilufl si¢didanasheellemsodinvgiet afe it hadldf thatufisctiar i ng

acetic acid 20 according to the invention. The arrangenent of FIG
be refined to product acetic acid in a subsequent

distillation step and part of the organic solvent and
the byproducts, all of which flow out through an
upper outlet port 82 of the flash vessel and led into
10 the distillation system 3. Therefore no off gas is
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



4 differs fromthat of FIG 3 in that the liquid reaction conposition
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. Mre specifically, the liqui4d reaction conposition is
evaporated in the flash vessel under reduced pressure and divided into a
gaseous fraction 39 and a liquid fraction of the remaining liquid (second
separation step) . The gaseous fraction contains carbon nonoxide that has
not reacted but has been dissolved in the liquid reaction conposition and 5

methyl iodide ag weldl s cryge agaldGacd dhptcienty iRe 1R Lk to product

acetic acid in a subsequent distillation step and part of the organic

sol vent and thgebyRrOGHEIS, t ahpe PhtWhECBxELEWSORIS “thr OB@y dkamiPReS outl et
port 82 of the flash vessel and led into 10 the distillation system 3.

Theref ore no ofhegasbss rifirss hadi@edetnboimyhekhgah ivesistd Srofofhe ot her
hand, the liquid fraction contains the organic solvent, heavy substances

and nitrogen caoapounie thetio fdOwsosst génemapant igeleas afotdel sbéi dheat al yst,
which 15 flow out through |ower outlet port 83 of the flash vessel and
return to the teactrerthhndX hesnpseattbhe eaceadgeentC.of OFl Ghed atshéhe sane
as that of FIG 3. Raw material nethanol is used as absorbent liquid in the
absorption t owbesds afere. tihengskanpl temperature is lower than
10°C, the temperature of the coolant also needs to be
lowered to uneconomically raise the operating cost.
Methanol that is used as absorbent liquid is
10 distributed to the high-pressure absorption tower 5
and the low-pressure absorption tower 6. The loss of
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 1is approximately between 1.5 : 1 and 1 : 1.5, the
ratio of the flow rate of absorbent liguid 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



20 raw materi al nethanol nmakes the conventional diffusion step unnecessary
and the nethanol that has been used as absorbent liquid can be led into the
reaction tower wthout processing it. The tenperature of nmethanol that is
used in the 25 absorption towers 5 and 6 ig|regulated to 10 to 25C
(normally cool ed by cooler 7) in order to inprove the efficiency of
absor bi ng useful substances contained 40 in off gas. The absorption
efficiency is | ow when the nethanol tenperature exceeds 25C. For exanpl e,
when absorbing and renoving nethyl iodide fromoff gas, the ratio of |oss

general |y goes ,above; On 136¥A8R 5 ahh9 oFE 1t§8@f£é‘é%ﬁa%x‘i%e%s 25C. On
the other hand, when the nethanol tenperature is [ower than 10C, the

tenperature of ghers@etanbrakse neads il Rere l@yenedst goupegenomeal Iy raise
the operating cost. Methanol that is used as absorbent liquidis 10

distributed to gdsmnb\iybt?r gssHuhe aBICMRISON Wiovel s anddibe ewdresssure
absorption tower 6. The Toss of nethyl iodide and nethanol that flows out

of the systemdeass advangageousky he @miny pZsisl ahennbOktot88%caspr effer abl y
55 to 70% of all of the nethanol that 15 flows through the absorption

towers i s dbstra bhuredgénoutsheaktadryptessara tawer I ovhpressarést ower
distribution ratio) . Since the ratio of the flow rate of off gas fromthe
reactor 1 to theaatef dpesgast need to be present to a large extent.
Normally, water is required to exist only by 2 to 10
wt%. On the other hand, rhodium complex carried by
insoluble resin particles that contains a pyridine
10 ring in the molecular structure is used as solid
metal catalyst. More specifically, a catalyst in
which rhodium carbonyl complex [Rh(CO),I,] 1is carried,
by ion exchange, by pyridine resin whose pyridine
part is turned to be quaternary by alkyl iodide 1is
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.



fromthe flash colum 2 and the distillation system3 20 is approxi mately
between 1.5 : 1 and 1 : 1.5, the ratio of the flowrate 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/§,4 in the |ow pressure absorption
tower. 25 In the case of carbonylation of nethanol by neans of a

het er ogeneous catal yst reaction conducted in a reactor 1, while both acetic
acid that is the 41 reaction product and/or nethyl acetate that is a
byproduct of the reaction are used as solvent, the solubility of the

catal yst, mhlc@h Eggglumﬁumgaﬁghl Qggtpggcgigg f&%%ltghaqyﬂg? bl em

unl i ke the case © honngenous tat reactron wat er

foCexist only EHRRDEES s %#?% R R Tk hs reéxﬁc%??i”‘e&eﬁy
i nsol ubl e resi ggig ggﬁggg Calp?y@?gﬁrkghggl%% @d%ﬁ#ﬂlfﬁe nol ecul ar

structure is u More specific a catalyst in

whi ch rhodi um gaghenyl, %mloﬁ@&ﬂ}ﬁm@ﬂaﬂl b8 RAEFLEAn g &m&écmnge by
pyridine resin whose pyridine part is turned to be quaternary by al k

iodide is 55 sdet ablhynike resedidi0 osWhepnt he acetic acid nanufacturing
operation is conducted for a prol onge period of time, there nmay arise a
probl em that the As for the type of the reactor, the bubble
column reactor as shown in FIGS. 3 and 4 1is
preferable. A conventional agitation tank type
reactor is accompanied by a problem that resin
10 particles that operate as carriers of the solid 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



pyridi ne skeleton of pyridine resin that is turned to be quaternary can be
partly released fromthe resin 20 and dissolved into the |Iiquid phase. Then,
the rhodi um carbonyl conplex can acconpany the pyridine skeleton (nitrogen
conmpound) that is released from the resipzand becone contained in the
liquid reaction conposition. 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.
42 Therefore, the circulating fraction fromthe flash colum that is

recycled to t Eﬁo{aeé‘ft %é;e' S0 SIAD Y pﬂé#%gbﬂﬁﬁ%‘% 9, £ H‘éﬁéeogé’

renovi ng col u r to avol'd accunu nitrogen co oun in5
the liquid re o] Si y the bubbl e
col um react ora%g QH%\%M%%I’I oth % éis%n%{4 geE rggf tdIhlecerA convent| onal

agi tation tankpbypgsel edet %a&%maﬂh@dr@x&&r q@ efddaty yesin 10
particles that operate as carriers of the solid nmetal <catalys ¥ can easily

be crushed. Fuihhekaskld iih Ne £asyridosepar abauRdl tdHd e Qf tdiee sgki d
catalyst from the liquid reaction conposition unlike the bubble column

reactor. From thesrpeiiflg dfigtiew, fiewl heasaserddudt, aphubhlg egolaam reactor,
particles of the solid catalyst can be separated with ease fromthe liquid
the solid catalyst are separated from the liquid
reaction composition.
In a bubble column reactor, the concentration

of suspended particles of the solid catalyst needs to

10 Dbe 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 1limited. 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 1is

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



reaction conposition if liquid is drawn from above the |ayer of catalyst
particles (which is expanded due to arising flowin the reactor) because
the 20 particles of the solid catalyst are | ess subjected to mechanical

i mpacts and hence resin particles can hagdly be crushed. Wth a bubble
colum 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 fromthe 43 top of the riser wthout

rising further .and hence the _top surface.of t resin {ayer_jis,produced
there becausef e &zm%ﬁ%ﬁélﬁt%ﬁ% 5%5??8}6F5Ogﬁ&&ﬁﬂ%Pl%%c?%géégsgn t he
separator to r o] e rkhsing.Ligyid.flow,. resul t,
particles of ?%3%§b&?§“%%ta'§s Egr%fgg%gfatggéfgékfﬁgg%ﬁfghﬁ%lffég%tion

composi tion. | RigrIubll:e, A Ul CBELOProkhe CANLAAO0; ¢ PhnsygDended

particles of the sol'id catalyst needs to 10 be ower than its

counterpart of taR QR MWod&oKddYBEokeast O rith QHHarhd S UgEf eral y di sperse
particles of the solid catalyst into the liquid reaction conposition.

Therefore, 3t haguidi &aéhkﬂiﬁ@ge@omﬁb@éieléﬁpbﬂovﬁiﬁﬂt;ﬁ)ﬂf geaction is 15
limted. However, with a bubble colum reactor as
appropriately designed so as to encourage the
movement of particles of the solid catalyst on the
bottom of the riser.
Now, the present invention will be described

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



shown in FIG 3 that is adapted to circulate particles of the solid

catal yst, particles of the solid catalyst are forced to circulate fromthe
top to the bottomof the tower by way of an external 20 circul ation path so
that the particles of the solid catalyst s@an highly efficiently contact
with the [liquid reaction conposition even when the concentration of
suspended particles of the solid catalyst is raised. Since carbon nonoxide
gas is 25 blown into the riser, there consequently arises an internal
density difference between the inside of the riser and the external

circulation patorhﬁsofgg}g_t,%ﬁe4 eg%%’o?f f%icrtcilgnatlifa??ﬁ%%ﬂ’?ﬁg%'5 e solid

catal yst takes place w thou ort. The Circu i'ghly snooth

when the profl i AML e B9SLLEONA! oAb AL ARNONL dEoBl gY LpPort and

those of the 5 1Tiquid reaction conposition ow-1n port ar appropriately

desi gned so aséébé%&%@fagéckhén gV enghk QBt%%Héﬂﬂ§¥é§§uf@eo§O£hg catal yst
on the bottomof the riser. Now, the present invention will be described

10 further by waya®foexaapl re1d( Exaapleedbt etk Loppasatirke 1Bxamlgs 1
through 3) 1In each exanple, acetic acid was manufactured experinentally by

usi ng an exper im@Mm$al obubbl eecobymatieactard WHd amtexhelnal circul ation
system as shown

temperature of the cylindrical reactor was raised to
a predetermined temperature level by means of a
heater while acetic acid and the solid catalyst were
being forced to circulate. Thereafter, the reaction |

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 section 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



15 in FIG 1 (height 15 m
a predeterm ned anount of
carrying rhodi um conpl ex by 0.85 w % of
1.2, average particle 20 dianeter 0.45 mjeinto the reactor,
filled into the riser section 12 by way of
Subsequently, CO was injected so as to

of the riser

i nner di aneter of

i qui

react or

r hodi um per

resin,

d lead-in

specific gr
acetic aci
pi pe.

150 mm. After filling
catal yst (vinyl pyridine type ion exchange resin

avity
d was

make it flow upward fromthe bottom

section 12 at a predetermned flowrate in order to 25 cause

acetic acid and the catalyst to start
part of the acefppleagihd that spilled due to the introduced CO was drawn 45

circulating and, at the sane tine,

out fromthe separator section 13 by way of piping Excessive CO gas was
exhausted fromthe top ofcéﬁu%nt§ggggﬁﬁ¢y'pgggiggnw(is. The interqnalq presgure
of the reactpr was held|{to a predeterm ned presisure | evel by 5 nmeans df
val ve regul at{on and the|bnternal tempersattse ofdidepacydi ndsisadriceact|or
was raised to| a predetefm ned tenperfature |evel| by neans of a heater (while
acetic acid anpd the solifceatlaglsyst wer apabei ng floraed te) ci [ col atiey
Thereafter, the reaction|10 raw materj al was intjroduced intp the reactqar by
way of piping at a constawj/mate and the spilled reaction |lkintgdad was |dr awn
out fromthe separator—seecttomr—1i3—by 1Twayof —ptpitc-
Example 1 280 1.8 7 0.30
Example 2 280 1.8 15 0.40
Comp Ex. 1 280 1.8 2 0.25
Comp Ex. 2 280 0.9 5 0.20
Comp Ex. 3 90 1.8 5 0.15
(to be continued)
Kla value 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)

Acetic acid was manufactured experimentally by
using an experimental bubble column reactor with an
external circulation system as shown in FIG. 2
(height 6 m, inner diameter of riser section 125 mm,

diameter of narrowed section 75 mm). A predetermined



An experiment was conducted in each of the 15 exanples by follow ng the

above descri bed operation

The Kl a val ues were observed and the overall reaction productivities
(acetic acid producing rate per unit reagjion volune, knol/h/n8) achieved

by the 20 experinents were conpared. The productivity of
as reference value (mark 10) and

rated on a

superfici al

280 1.8 7 0.3
Ex. 2 280 0.9 ;EQ
reaction

over al |

10

15

20

25

procedure under the conditions listed in Table 1.

Exampl e 1 was used
the achi evenents of the exanples were
rel ative basis. Table 1 al so shows the obtained results.
(Tabl e 1) Concentration CO parti al

25 46

CO Liquid of solid pressure discharge

AN SHa00 s el TPt TP T ey B TRESE comp

average particle diameter 0.45 mm) was filled into
the reactor 21 so as to make the concentration of the
solid catalyst per reaction volume to be equal to 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
make it flow upward as jet 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
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
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
liquid was drawn out from the separator section 23 by
way of piping.

The carbon monoxide blow-in port of the first

e Ry et R e 1 vale



Exanple 1 1000 - 5000 10 Exanple 2 1500 - 5500 12 Conp Ex. 1 300 - 4500 7
Conp Ex. 2 500 - 4500 3 Conmp Ex. 3 500 - 4500 3 (Exanple 3) 5 Acetic acid
was manufactured experinmentally by wusing an experinmental bubble colum
reactor with an external circulation sysfemas shown in FIG 2 (height 6 m
i nner dianeter of riser section 125 nmm dianeter of narrowed section 75
nm . A predeterm ned 47 anount of catalyst (vinylpyridine type ion exchange
resin carrying rhodi um conpl ex, specific gravity 1.2, average particle
dianeter 0.45 nm was filled into the reactor 21 so as to nmake the

concentr et on oL, 5011 d-GALF NS PSpAgRcLLon ¥9LUFE Lo fm syl (0 195

iC acid was ser ~sSection y of

i qui d I ead-i nplpecandy, syhsequently Lanban gonoxide (), s Jdyect ed

t hrough t he carbon nonoxi de OW-1n port's so as make | ow upward as

jet streamat arpggdetgrpnged. _élowoarsataerhﬁsh éé%e&ew%g&f%e tqegec acid and

the catalyst to start circulating. At thi I me, part e acetic acid
that spilled duevt® thepont MeAsat LB 1WRsidr gvRtodhdf hemt gyesepar at or

section 23 by way of 15 piping. Excessive CO gas was exhausted fromthe top
5 Jjunction of the narrowed section and the circulation

line located at the bottom of the narrowed section.
A branched pipe gas distributor was used for the
blow-in ports. CO gas was introduced at a flow rate
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 separator section 23. The internal pressure of the reactor was held
to a predeterm ned pressure |evel by neans of valve regulation and the
internal tenperature of the cylindrical reactor was raised to 20 a
predeterm ned tenperature | evel by nmeans dP 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 |iquid was drawn out fromthe separator
section 23 by way of piping. The carbon nonoxi de blowin port of the first

48 level was gEkangad af) an upper part of the narrowed section and the
second carbon nonoxide blowin port of the second | evel was arranged bel ow

the first Ilevel carbeetienexiide wiovsymeipeticandynsanufetujadchyon of the
narrowed section and the circulation I|ine |ocated at the bottom of the
narrowed secti aarbohdrancdredo pi petbasodi, stusiigt cthevgsraseslsf 6l ovhe bl ow i n
ports. CO gas was introduced at a flowrate of 340 NL/mn fromthe first
step carbon noridXiudd rid-dd ol | HIPer B.ankicatia fkdw matde meftlgel NLodidef r om
the second step carbon nonoxide blowin port. The reaction Broceeded on a

stabl e basi® whidie HihukRe? ukhagrasetpPe acir@ SRl thky dppveld&scainged

condi tions. o )
2 kg and pyridine resin that was turned to be

quaternary and rhodium carbonyl complex [Rh(CO),I,]"
were added thereto to prepare a rhodium-containing
solid catalyst in the reactor. Subsequently,

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
liquid 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



15 (Conparative Exanple 4) Acetic acid was manufactured as in Exanple 3
except that only a single carbon nonoxide blowin 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 flowrate 50340 NL/mn. As a result, the
volune 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 sane tine, gas stayed on 25 the bottom of the solid
and in the down-coner section as a result of short pass so that it took

long time before;dephtoyl ati ngribowewas opeoduces A9 ckExagpkeap)eAcetic
acid was synthetically manufactured by carbonylation of nethanol, using the

process flow dtduss)rahedtiempelratude Aclilte agdehandlmehly waedigde b were
put into the reactor 1 respectively by 10 kg and 2 kg and pyridine resin
that was turnegs t@bberbguat errariyd and rdrodi dis €atbadybnceapliex JRYHO) 21 2] -
were added thereto to prepare a rhodiumcontaining solid catalyst in the
react or. Subsebmenptysshenabizangt was ioweoducered hbdaddled.heTheqyi d inl et
port 33 by way of the absorption towers 5 and 6 at a rate of 5.3 kg/mn,
whi |l e carbon nomexrdeiwasfi woldduded ndtrlopghi otedgasnidnitée dorsts 32 at a
rate of 4.2 L/ mn.

methanol and carbon monoxide were observed by

measuring the flow rate using a flow meter and
conducting a composition analysis using a gas
chromatography. The obtained results are listed in

10 Table 3.



The liquid reaction conposition that flowed out from 15 the reactor
continuously refined in the flash

obtain

made to pass t
from the flas

hr ough t he
h colum 2

fromt

1,

1 was

colum 2 and the distillation tower 3 to
product acetic acid and the circulating fraction that
fromthe two towers was returned to the
Tabl e 2 shows 20 the operating conditions of the reactor
colum 2 and the distillation tower 3. The off gas

fl owed out

khquid inlet port of the reactor 1.

the fl ash

he reactor 1 was

hi gh- pressure absorption tower 5 while the off gas
and the distillation tower 3 was 25 nade to pass

t hrough the Iowﬁg&gﬁ§gge absorption tower 6 before they were incinerated
wi th the heav raction fromthe distillation tower 3 in the 50
incinerator 4, After the oper gty ga, f@@%gg a stabl.e. . statg.pithie fﬁg@er ture
of the methangl that was used| as éisor ent quU|dE%nd t he Jistrl ution
ratio of the |l ow pressure abgorption tower |wase nodified.| (hap, 5 the fratio
of collected thyl iodide and the |loss of |nethanol and darbon nonoxi de
were observed|kygsdmasuring the flow rate uging a fl ow nmetler and condugcti ng
a conpositionjanarysis using g gas chromatqgraphy. The oltai ned resultis are
listed in 10 Tablseadd 51 (Tahle 2) 180 4.0

off gas 0.78

Flash column

tower bottom 141 0.27

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 bottom 141 0.27 receiver 46 0.20 off gas 0.75
Distillation tower tower bottom 148 0.24 receiver 50 0.24 off gas 0.01 52
(Table 3) Absorbent Tenp. Distribution Flow out ratio (%9 Liquid Cratio
CH3l 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

Met hanol 40 60 0.30 0.6 91

(Table 3)
Absorbent | Temp. Disﬁribution 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 53 CLAIMS 1. A nethod of manufacturing
acetic acid by carbonyl ating nethanol with carbon nonoxide 5 by way of a
het er ogeneous catal ytic reaction in a bubble colum reactor, characterized
in that the carbonylating reaction is cond®ted with a solid catalyst
concentration of not |less than 100 kg/m in ternms of the reaction vol une,
wherein the partial 10 pressure of carbon nonoxide in the reactor is between
1.0 and 2.5 MPa and the exhaustion ratio of carbon nonoxide is between 3
and 15% of the theoretical reaction volune of carbon nonoxide, while the
liquid superficial velocity is between OcZaamt 1.0 msec. 15 2. A nethod
according to claiml1l, wherein the partial pressure of carbon nonoxide in
the reactor is held within a range between 1.7 and 2.2 MPa. 20 3. A nethod
according to claiml1l, wherein the exhaustion ratio of carbon nonoxide is
between 5 and 10% of tthe theoretical rreassilendverumanuéadchurEtihphesens di ng
to any of clains 1 through 3, wherein the solid catalyst is fornmed by 25
causi ng a vi nyl pyadiii fey rearhongilaitdndg oeddranol with carbon monoxide

5 by way of a heterogeneous catalytic reaction in a
bubble column reactor, characterized in that the
carbonylating reaction is conducted with. a solid
catalyst concentration of not less than 100 kg/m® in
terms of the reaction volume, wherein the partial

10 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.

15
2. A method according to claim 1, wherein
the partial pressure of carbon monoxide in the
reactor is held within a range between 1.7 and 2.2
MPa.
20 3. A method according to claim 1, wherein

the exhaustion ratio of carbon monoxide is between 5
and 10% of the theoretical reaction volume.
4. A method according to any of claims 1
through 3, wherein the solid catalyst is formed by
25 causing a vinylpyridine resin carrier to carry

rhodium complex.



rhodi um conplex. 54 5. A nmethod according to claim4, wherein nethyl iodide
is used as pronoter. 6. A nethod according to any of clainms 1 through 3,
wherein acetic acid and nethyl acetate are 5 used as solvent. 7. A nethod
according to any of clains 1 through 3, m@ﬁ;ein the water concentration in
the reactor is between 2 and 10 % 8. A nethod according to any of clains
1 10 through 3, wherein the ratio of the length L to the diameter D of the
bubbl e colum reactor, or L/D, is not snaller than 8. 9. A nethod according
to any of claims 1 through 3, wherein the bubble colum reactor has an 15

external circulation path and a heat exchanger is incorporated in the
circul ation path. 10.5p'A ne%é‘%?%%‘grﬂ?ﬁﬁrabggn§oof:l@%‘? fy WheRedhgh 3,

wherein a liquid reaction.product is,taken out fromthe reaction liquid
cont ai ni ng theI@%??ﬂf26ogéE§I§§tqﬂfqnﬂﬁu£{ﬁm J(-"géparator arranged at a top

of the reactor and fed to a nggih cglunn §nd ?tliln c%gra.f(tion, a fraction
mai nl y cont ai ni ng acet’ic aé}dn a-ﬁ8859 fBadE rd 19k du

respectively 1OM-o80hoB SRl AN, 2 01ddl e seat Lo ARER UL PEORLEN 25

of the flash col'umn &@nd sSepara fromeac
5 used as solwvent.

7. A method according to any of claims 1
through 3, wherein the water concentration in the
reactor is between 2 and 10 wt%.

8. A method according to any of claims 1

10 through 3, wherein the ratio of the length L to the
diameter D of the bubble column reactor, or L/D, is
not smaller than 8.

9. A method according to any of claims 1

through 3, wherein the bubble column reactor has an
15 external circulation path and a heat exchanger is
incorporated in the circulation path.

10. A method according to any of claims 1
through 3, 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.

11. A method according to claim 10, wherein

at least part of the heavy fraction is treated by



11. A method according to claim 10, wherein at |east part of the heavy
fraction is treated by 55 neans of a nitrogen-containing conpounds renovi ng
device and caused to circul ate back to the bubble colum reactor. 12. A

met hod according to claim1, wherein 5 caglon nonoxide is injected into the
reactor by way of carbon nonoxide blowin ports arranged at a plurality of
| evel s. 13. A nethod according to claim12, wherein said plurality of

| evels are two levels. 10 14. A nmethod according to claim 12, wherein said
bubbl e col um reactor has an external circulation path and said carbon

nmonoxi de blowin _ports arranegd at a glunaLit of levels include at |east
CRA 04O TR

a carbon nnnoxi@gﬁ&%mﬁﬁrﬁgﬂﬁ %9?3588 arla ?U?%SfFGPSW%Eche solid
I [ h [ [ d
ot 1 e eSS Lan @0 85 G BTN, BN DPOEL BgRIGed o

I1Ze the SO 'yst ina ower e reactor

and draw or fluidize }he jd catalyst in the external circulation path.
20 15. A nethodcggbordiﬁ%a?gé%fain114, wherein the bubble colum reactor

has a narrowed sectionoat ap HQ%HbdxHéCégifﬁﬁ eyl bndstcal rgpctor,wWith an
inner dianmeter as small as 30 to 70% of the Temaining part of the
cylindrical feailBHddnén62188Ni8DAGKIE® ed into the reactor by way
of carbon monoxide blow-in ports arranged at a
plurality of levels.
13. A method according to claim 12, wherein
said plurality of levels are two levels.

10 14. A method according to claim 12, 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 15. A method according to claim 14, 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



25 blowin port is arranged at an upper part of the narrowed section to
fluidize the solid catal yst while another carbon nonoxi de blowin port is
arranged near 56 the, junction of the reactor and the external <circulation
path (circulation |ead-in section) |ocatedsg a bottom of the narrowed
section to nobilize the solid catalyst and draw or fluidize the 5 solid
catalyst in the external circulation path. 16. A nethod according to any of
claims 12 through 15, wherein the carbon nonoxide blowin ports are
branched pipe gas distributors. 17. A nethod according to any of clains 12

10 LI oUSh 15, WIS 1, ReSSER RO AISHIELAY BLORepbile feRctor T

ar bon “nonoxi de gas from't ne F&A& on liquid

containing unre ¢fghf§{ggﬂ %BRQKWQ%JQﬁfléPﬂoqgf?ﬁﬁLEﬁ gg&§g¥§%§sand t ake

out a liquid reaction product “not contal ning e Soli t. 18. A

bubbl e col um retha@@éa 2e WS &b ttdm d@n&%%‘ é/ﬂftggeﬁc%ic‘ii%‘ﬂ 4Py

car bonyl ati ng net hano w th carbon nonoxi of a heterogeneous

catal ytic reacti %bfmﬁécm;éi %‘%{iit&’ QA 1ls € 35 RAN 428w BRI 196 i AV {1l PO t'S

arranged at a plurality of evels. 19. A'method of manufacturing acetic
acid by carbopyl addn9a meklangls tMitrh taas e &PwaXi derculation path.

16. A method according to any of claims 12
through 15, wherein the carbon monoxide blow-in ports
are branched pipe gas distributors.

17. A method according to any of claims 12

10 through 15, 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 gas and the solid catalyst
and take out a liquid reaction product not containing

15 the solid catalyst.

18. 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.

19. 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 in a pressurized bubble column



in the presence of a solid netal catalyst, 25 characterized in that it
conprises: a reaction step of causing a carbonylating reaction to take

pl ace in a pressurized bubble colum 57 reactor by suspending the solid
nmetal catalyst in a liquid reaction conposighi on containing an organic

sol vent conposed of nethanol, nethyl iodide, acetic acid and/or nethyl
acetate and water to a small 5 content ratio and bl ow ng carbon nonoxi de gas
into the liquid reaction conposition with a solid catalyst concentration
of not less than 100 kg/m in terns of the reaction volune; a first

separation step of separating and takin 10 out _the liquid reaction
conposi tion and J9AGERT {PBnFusReRding:itheh saleid @¢§ééoﬁ§t§é§§¢aﬂﬂbﬁistep
of conducting an _ operation of flash distillation by introducing the liquid

reaction conposi th} %@pﬁ?%?gaopnCPWQOﬁﬁﬁﬂQQMF%%ﬁ%}%%PSna§t859@ﬂ¥9a.flash
colum and thereby _s rati ng off gas dali ui.d fraction flow ng
out froma tower %/%]p %‘gﬁt FoRP 83 19% qnel 5 t#‘ygctlpgﬁdlel oRFF ¥t from
a tower mddle secti ﬂ?azd a Cké? | at | fract Iomnng out froma tower

t

20 bot t om sect i orffi°H L eP&-arof t%ﬁa?%tV% GEi 5§ Barff3dl the Iight
liquid fractlgn %anégﬁtcfgggoa%%h'%f%%fkg carbon monoxide gas into

the liquid reaction composition with a so0lid catalyst
concentration of not less than 100 kg/m’ in terms of
the reaction volume;

a first separation step of separating and taking

10 out the liquid reaction composition and off gas from
said reaction step;

a second separation step of conducting an
operation of flash distillation by introducing the
liquid reaction composition separated in the first

15 separation step into a flash column and thereby
separating off gas and a light liquid fraction
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

20 Dbottom section;

a third separation step of introducing part of
the light liquid fraction and the crude acetic acid
fraction separated in said second separation step
into a distillation system and thereby separating off

25 gas, a product acetic acid fraction, a heavy fraction
and a circulating fraction;

a circulation step of returning the residue of



fraction separated in said second separation step into a distillation
system and t hereby separating off 25 gas, a product acetic acid fraction, a
heavy fraction and a circulating fraction; a circulation step of returning
the residue of 58 the separated |ight Iicnn§hfraction and the «circulating
fraction separated in said second separation step and the circul ationg
fraction separated in said third separation step to the 5 reactor; a first
absorption step of conducting an operation of gas absorption for the off
gas separated in said first separation step, using nethanol as absorbent
liquid; 10 a second absorption step of_ conducting an operation of gas
absorption for thehefsepasasegaddidt 1iaebd ofsaebhansapsr dthen step and the
off gas separated in said third separation step, using _nethanol as
absorbent |iquid ¥kBeplatppgsfFactiviprsaparabadt kot Selds H4FIng st
absorption step; and an exhaustionlﬁieﬁ?of exha sthg_the off gas left
after said first 3BRBFALAGR St&P & ¢ ghtcuiafiongd: éractiPRecond
absorption step and the_h aVé fractjion éegarate N sai

step to 20 the oufEPAEALFY D SAKTHNLR

for tenperatuEF reactor:

third separation

d
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a first absorption step of conducting an
operation of gas absorption for the off gas separated
in said first separation step, using methanol as
absorbent liquid;

10 a second absorption step of conducting an
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 liquid under a pressure lower

15 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
left after said second absorption step and the heavy
fraction separated in said third separation step to

20 the outside of the system; and

that methanol that is regulated for temperature
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

25 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



to 10 to 25C 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

met hanol to be used 25 in the two absorption steps in said second absorption
step and the nethanol left after the two abserption steps is used as raw
material nethanol in the 59 reaction step. 20. A nmethod of manufacturing
acetic acid by carbonyl ating nethanol wth carbon nonoxide 1in the presence
of a solid nmetal catalyst, 5 characterized in that it conprises: a reaction
step of causing a carbonylating reaction to take place in a pressurized

bubbl e colum r t Qrs §M§gending the solid netal catalyst ina Iliquid
reaction conposi??%ﬁﬂééﬁ¥a|n| g an organic 10 sol vent conposed of nethanol,

met hyl iodi de, acetic 2%Cid and/ or netthmgﬁﬁ&ftffaﬂgﬂﬁ@%?QuEgng%ac ﬂic

content ratio and bl owi ng carbon nonoxide gas 1nto qui I on

conposi tion wit ha%i?i"ﬂgfj %%M?iat‘iﬂ@c@!&tﬂiﬁtﬂdﬁ” WwitHotal-68 ﬁ\PﬂBxJi% kg/

interms of 15 the reaction volune; a first separation step of separating

and taking out the dHdypresERcti BR G0BRASIH M ANd-Qfh198¢ from said
reaction step; a second separation. step of conducting an 20 operation of

flash evapor & i ognarddtéPixsdndnt BBat it comprises:

a reaction step of causing a carbonylating
reaction to take place in a pressurized bubble column
reactor by suspending the solid metal catalyst in a
liquid reaction composition containing an organic

10 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 with a solid catalyst
concentration of not less than 100 kg/m® in terms of

15 the reaction volume;

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

a second separation step of conducting an

20 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

25 from a lower tower section;

a third separation step of leading the gaseous

fraction separated in said second separation step



liquid reaction conposition separated in the first separation step into a
flash vessel and thereby separating a gaseous fraction flowi ng out from an
upper tower section and a liquid fraction flowi ng out 25 froma | ower tower
section; a third separation step of | eadingé6tthe gaseous fraction separated
in said second separation step 60 into a distillation system and separating
off gas, a product acetic acid fraction, a heavy fraction and a

circulating fraction; a circulation step of returning the liquid 5 fraction
separated in said second separation step and the circulating fraction

separated in sai gy rg d§§’9i‘i%‘t‘1’6r§t a1$bé?n tdifa r& éPét %gf ff‘E g:é)ior Ption

step of conducting an ~operation of sorptlon or t epar at ed

10 in said first p&%ﬁé‘%'&@eﬁ&@padi% %d@émp0|aal§ea§959'i%{tldd Hhdlaa
second absorption step of conducting an operation of gas absorption for the

of f gas separat e¢jdubat éngherdctararation step, using methanol as 15
absorbent |iquid under a pressure |ower than that of said first absorption

step; and an exhausti o d@fcwlaexbaustiend ofheetfiriasy tREt 1atad said

first absorption step, the off gas left after said second absorption step

and the heavys fraction separated in said second separation step and
the circulating fraction separated in said third
separation step to the reactor;

a first ébsorption step of conducting an
operation of gas absorption for the off gas separated

10 in said first separation step, using methanol as
absorbent liquid;

a second absorption step of conducting an
operation of gas absorption for the off gas separated
in said third separation step, using methanol as

15 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
left after said second absorption step and the heavy

20 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 1liquid in said
first and second absorption steps and divided so as

25 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



20 fraction separated in said third separation step to the outside of the
system and the nethanol that is regulated for tenperature to 10 to 25Cis
used as absorbent liquid in said first and second absorption steps and
divided so as 25 to use 50 to 80 % of theedntire methanol to be used in
the two absorption steps in said second absorption step and the nethanol

| eft after the two absorption 61 steps is used as raw material nethanol in
the reaction step. 5 21. A nethod according to claim19 or 20, wherein the
solid catalyst is formed by causing a quaternary pyridine resin to carry

r hodi um car bonyl ﬁﬁéﬂ?{ﬁéﬁg%d ésngtatapq"ﬂ%q %egﬁeﬁloq_l nlg g 20, 10

wher ei n net hanol SO0 as to use e entire

met hanol to be usgdhdpibhestwp. absorption steps in said second absorption
step.

5 21. A method according to claim 19 or 20,
wherein the solid catalyst is formed by causing a
quaternary pyridine resin to carry rhodium carbonyl
complex.

22. A method according to claim 19 or 20,
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.





