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This invention relates to a reaction control method
(or stabilization method) and a reaction control apparatus
that are useful for stabilizing a reaction system for a
carbonylation reaction, etc.
10
BACKGROUND ART
Carboxylic acids (such as acetic acid, etc.) and
derivatives thereof (such as methyl methacrylate, etc.)
are produced industrially by use of carbonylation
15 reactions. For example, Japanese Patent Application
Laid-open No. 54011/1973 (JP-48-54011A) discloses a
carbonylationmethod in which an olefin, an alcohol or ester
thereof, a halide, or ether derivative is allowed to react
in the ligquid phase with carbon monoxide in the presence
20 of a catalytic system containing a rhodium or iridium
component and an iodine or bromine component. In this
process, at least part of the liquid reactants is passed
without heating through a separation zone that is
substantially low in pressure to vaporize at least part
25 of an above-mentioned carbonylation product, the vaporized

carbonylation product is taken out, and the residual 1iquid



reactants are recirculated to the above-nentioned reaction zone. Wth this
literature, the renpval of unreacted carbon nonoxide fromthe reactor is

i ndi cated. Japanese Patent Application Laid-open No. 321847/1994 (JP-6 5
321847A) indicates a carbonyl ation product recovery nethod in which an
iridiumcatal yst is used as the carbonylation catalyst, a vapor conponent
cont ai ni ng the carbonyl ation product dnd a |iquid conponent containing the
iridium catalyst are generated by vapori zation of the reaction 10 product,
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product and a liquid component containing the iridium
catalyst are generated by vaporization of the reaction
10 product, the vapor component and the liquid component are
separated, and the concentration of water in the liquid
component is maintained at least at 0.5 weight %. With this
literature, the discharge of unreacted carbon monoxide as
exhaust gas from the reactor is illustrated.
15 Japanese Patent Application Laid-open No.
508594/1998 (JP-10-508594A) proposes a method comprising
a first region, in which a carboxylic acid is produced by
liquid phase carbonylation in the presence of a rhodium
catalyst, and a second region, in which the reactionmixture
20 is partially vaporized, and wherein a vapor fraction
containing the produced carboxylic acid is refined and the
non-vaporized liquid fraction containing the catalyst is
circulated to the first region, carbon monoxide is added
to the non-vaporized liquid fraction generated from the
25 second region with preventing return of carbon monoxide

to the second region to avoid loss of carbon monoxide.



However with such carbonylation reactions, the tenperature and pressure of
the reaction systemfluctuate or vary with the circulation of the high
boiling point conponent to the reaction system causing the carbon 5
nonoxi de consunption rate or usage rate of the reaction systemto
fluctuate and thus making the stabilization of the reaction system
difficult. Also, the carbon nonoxide & scharge rate increases in
acconpani ment with the supplying of excess carbon nonoxi de and fl uctuation
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discharge rate increases in accompaniment with the
supplying of excess carbon monoxide and fluctuation of the
10 carbon monoxide consumption rate of the reaction system.
Carbon monoxide therefore could not be used effectively
in the carbonylation reaction.
Japanese Patent Application Laid-open No.
95723/2000 (JP-2000-95723A) discloses a control method for
15 a process of producing acetic acid by carbonylation,
wherein the flow of carbon monoxide that passes through
a control valve is measured, the average value of the carbon
monoxide flow within a predetermined term is calculated,
a fixed value is added to this average carbon monoxide flow
20 to calculate the maximum flow rate of carbon monoxide, and
operation is performed so that the flow rate of carbon
monoxide into the reactor will not exceed the maximum flow
rate. With this method, since the carbon monoxide flow
rate is controlled using a maximum flow rate, determined

25 by adding a fixed value to the average carbon monoxide flow,

as a reference, it is difficult to suppress fluctuations



of the tenperature and pressure of the reaction systemand thereby
stabilize the reaction system Thus an object of the present invention is
to provide a reaction control nmethod (or stabilization 5 nethod) and a
reaction control apparatus (or stabilization apparatus) by which a liquid
phase reaction system such as a carbonylation reaction system can be
stabilized effectively. Another object of the present inventionis to 10
provi de a reaction control nethod (or stabilization nethod) and a reaction
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as a carbonylation reaction system, can be stabilized

effectively.
Another object of the present invention is to
10 provide a reaction control method (or stabilization
method) and a reaction control apparatus (or
stabilization apparatus) with which the temperature
and pressure fluctuations of a liquid phase reaction
system are controlled to enable stable production of

15 products in an industrially advantageous manner.

DISCLOSURE OF INVENTION
The inventors of the present invention made

intensive studies to achieve the above objects, and finally
20 found that (1) even when a separated component (such as

a high boiling point component or fraction, etc.), which

has been separated by distillation from a carbonylation

reaction mixture, is circulated (or returned) to the

reaction system (i.e., the pressurized reaction system)
25 steadily at a predetermined rate, the circulation rate

(return flow rate) of the separated component will



fluctuate accordingly, the pressure of the reaction system wll| fluctuate
in acconpaninment with this tenperature change even when carbon nonoxide is
supplied to the reaction 5 systemsteadily at a predeterm ned rate, and the
above-nentioned tenperature and pressure fluctuations wll be |arge
especially in the case where the reaction tenperature of an exothermc
reaction systemis controlled by the &irculation rate (return flow rate)
of the separated 10 conmponent and wi t hout using a cooling unit, and that
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temperature of an exothermic reaction system is controlled
by the circulation rate (return flow rate) of the separated
10 component and without using a cooling unit, and that (2)
when the temperature of the circulated separated component
is controlled according to (or depending on) the heat
quantity of the separated component that is returned to
the reaction system, the temperature and pressure
15 fluctuations of the reaction system can be suppressed (or
restrained) effectively, the discharge amount of carbon
monoxide can be reduced to enable effective use of carbon
monoxide for reaction, and the reaction system can be
stabilized. The present invention was accomplished based
20 on the above finding.
That is, the reaction control method (or
stabilizationmethod) of this invention is amethod in which,
while supplying reaction components continuously into a
ligquid-phase reaction system (e.g., a pressurized
25 liquid-phase reaction system), part of the reaction

product in the reaction system is subjected continuously



boi i ng poi nt conponent or fraction, etc., that has been separated froma
| ow boi ling point conponent or fractlon) that has been separated in the
separation step is circulated 5 (or returned) to the above-nentioned
reaction system wherein the tenperature of the above-nentioned reaction
systemis controlled by controlling the heat quantity of the separated
conponent that is circulated or returnéd to the reaction systemin
association with the circulation 10 rate (return flow rate) of the
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or a cooling t"fl%' geparated component that is circulated or returned to
the reaction system in association with the circulation
10 rate (return flow rate) of the separated component from
the above-mentioned separation step. With this method,
the separated component that is circulated or returned to
the reaction system usually contains effective or useful
components (catalytic components, etc.) that are effective
15 for the reaction. The method of this invention can be
applied favorably to a system, wherein the circulation rate
(return flow rate) of a separated component (a circulated
component such as a high boiling point) from the separation
step to the reaction system fluctuates. With such a system,
20 it is useful, for control of the reaction system temperature
at a predetermined temperature, to detect the flow rate
and temperature of the circulated separated component (the
circulated component such as the high boiling point
component) and to control the temperature of the circulated

25 separated component (or circulated component) based on the

detected flow rate and temperature. Though the reactor may



this invention is preferably applied to an exotherm c reaction systemthat
the reactor is not equipped wwth a heat renoval unit or cooling unit and
the tenperature of 5 this exotherm c reaction system (or reactor) can be
controlled by the tenperature and flow rate of a separated conponent that
Is lower in tenperature than the reaction system (or reactor). In the
present invention, usually, treatment? or operations in the
above-descri bed steps may 10 be conducted continuously or successively.
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system (or reactor). In the present invention, usually,
treatments or operations in the above-described steps may
10 be conducted continuously or successively.
The above-described reaction control method
(reaction stabilization method) can be utilized in various
liquid phase reaction systems, such as carbonylation
reaction systems (a pressurized carbonylation system).
15 For example, the method can be applied to a system, wherein
an alcohol and carbon monoxide are supplied into a liquid
phase reaction system that comprises a carbonylation
catalytic system, part of the reaction mixture comprising
the carboxylic acid produced by the reaction is drawn out
20 from the reaction system while maintaining a substantially
constant liquid level of the reaction system and is
subjected to a flash distillation, and a high boiling point
component or fraction is circulated or returned to the
reaction system, the high boiling point component

25 comprises the carbonylation catalytic system and is

separated by the flashdistillation froma low boiling point



The hi gh boiling point conmponent may contain a carbonylation catalytic
system conprising a rhodium catalyst and a cocatal yst, and the | ow boiling
poi nt 5 conponent nay contain a carboxylic acid, a carboxylic acid ester
and an al kane halide. Wth this system the |ow boiling point conponent
that has been separated by the flash distillation may be further subjected
to a refining system for separating i Bto a second |ow boiling point
conponent 10 or fraction, a conponent containing a carboxylic acid, and a
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contains a cocatalyst (e.g., an.al kane haHéga, etc. The abgve- nentioned
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0. 5 Cwth respect to,a reference te rature. 9 The reference.tenperature
may be 150 t &) ng point componen thé@ as been separateg by the %las[l:rlp
distillation may be further subjected to a refining system
for separating into a second low boiling point component
10 or fraction, a component containing a carboxylic acid, and
a second high boiling point component or fraction, and the
second low boiling point component that has been separated
by this refining system may be circulated or returned to
the reaction system. With this carbonylation reaction,
15 the second low boiling point component usually contains
a cocatalyst (e.g., an alkane halide), etc. The above-
mentioned liquid phase reaction system may be a reaction
system in which methanol and carbon monoxide are reacted
in the presence of a carbonylation catalytic system to
20 produce acetic acid or a derivative thereof. By such a
method, the reaction temperature can be controlled at
extremely high precision and pressure fluctuations of the
liquid phase reaction system can be suppressed (or
restrained) significantly as well. For example, the

25 temperature of the reaction system can be controlled within

a range of 0.5 °C with respect to a reference temperature.



The control apparatus (stabilization apparatus) of this invention is

equi pped with the above-described |iquid phase reaction system a
separation unit such as 5 a distillation colum, a tenperature control unit
for controlling the tenperature of the separated conponent that has been
separated by the separation unit, and a circulation line for circul ating
or returning the separated conponent tBat has been adjusted in tenperature
10 by the tenperature control unit to the reaction system This apparatus
is also equipped with a flow rate sensor gor fl ow sensor% for detecting
the circul ati reafe nanae rypmoe et Ut é)aYo & Hé O d9ark®edCeonponent in the
above nentioned circulation line, ate tur ensr for 15 detecting the
tenperature of the sépﬁlzfr gtoé’d:ré’dnﬁgﬁéﬁta Fljfé B2 r’ré’Ht PEREF S, |u|S§uI ation
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circulation line for circulating or returning the
separated component that has been adjusted in temperature
10 by the temperature control unit to the reaction system.
This apparatus is also equipped with a flow rate sensor
(or flow sensor) for detecting the circulation rate (return
flow rate) of the separated component in the above-
mentioned circulation line, a temperature sensor for
15 detecting the temperature of the separated component in
the above-mentioned circulation line, and a control unit,
by means of the temperature control unit and based on the
detection data from the flow rate sensor and temperature
sensor, for controlling the heat quantity of the separated
20 component that is circulated or returned to the reaction
system. With the above-described apparatus, separation
into a low boiling point component and a high boiling point
component is carried out by the separation unit, and the
high boiling point component is circulated or returned via
25 the circulation line (first circulation line) to the

reaction system. The separated low boiling point



a second | ow boiling point conponent, a conmponent containing a carboxylic
acid, and a second high boiling point conponent, and the second | ow
boi l i ng point conponent 5 may be circulated or returned to the reaction
systemvia a second circulation line. The above-described liquid phase
reaction systemmy be practically a liquid phase exotherm c reaction
systemw thout (that is not equipped Mith) a cooling unit, and the contro
unit may serve as 10 a unit that controls the heat quantity of the

separated conponent that iis loywer in te rature than.the reactiqn tem
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phase reaction system may be practically a liquid phase
exothermic reaction system without (that is not equipped
with) a cooling unit, and the control unit may serve as

10 a unit that controls the heat quantity of the separated
component that is lower in temperature than the reaction
system by means of the temperature control unit and controls
the reaction temperature by the circulation rate (return
flow rate) of the circulated separated component.

15 With the present specification, the expression
"maintaining a substantially constant liquid level of the
reaction system” means that the liquid level (the height
level of the liquid surface) is maintained substantially
constant on the average. That is, this expression shall

20 not be limited to the case where the liquid level is
maintained statically at a constant level, and it is
sufficient for the liquid level to be substantially
constant on the average even in the case where the liquid
level fluctuates due to sparging of a gaseous component,

25 etc.



Fig. 1 shows a process flow diagramfor explaining a reaction control

nmet hod and control apparatus of this invention, and Fig. 2 is a bl ock

di agram for explaining the control apparatus of Fig. 1. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON The present invention shall now be described in
10 detail with reference as necessary to the attached drawings. Fig. 1 is
a process flow diagramfor explainingld control nethod and control
apparatus of this inventi on Fi g 2 is a block diagram for explaining the

control apparatus of Fygg Thi s _enbaodi nent illustrates a process for
produci ng a carboxylic SRIEE( ?@&Q:Ralg'r&@é‘t iO(lf' dEEd PRAENES hy a carbonyl ati on
reaction of an al cohol (such as nethanol, _etc.. ) and carbon m)nOX| de in

the presence of a cafB@nyl fhWtF ac%‘E%EF?ﬁ? ELOF LERPERF IS PHE 12 1PHBE um
catal yst, lithium 20 i odi de and nethyl iodide. This process is ui pped
with a conprésFHACtiqly Copta: eﬁhﬁgy COMEER LrBRBETAL USs °tfh§%3§seous
reaction conponent (reactant), a feed line 17 for supplying or feeding

t he pressuri ZeVerdih @oxi de continuously at 25 a predeterm ned rate to
a reactor 3 via a buffer tank 2 a feed line 19 for sup the aI cohol
(methanolS, etc. ) 12Fdg-thés|a Rlrakddagnashies 1(@5% jtrol

continuously at a predetermned rate to the reactor 3, and a feed |line
apparatus of Fig. 1.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention shall now be described in

10 detail with reference as necessary to the attached drawings.
Fig. 1 is a process flow diagram for explaining a control
method and control apparatus of this invention. Fig. 2 is
a block diagram for explaining the control apparatus of
Fig. 1.

15 This embodiment illustrates a process for
producing a carboxylic acid (such as acetic acid, etc.)
by a carbonylation reaction of an alcohol (such as methanol,
etc.) and carbon monoxide in the presence of a carbonylation
catalytic system comprising a rhodium catalyst, lithium

20 iodide, and methyl iodide.

This process is equipped with a compressor 1 for
pressurizing the carbon monoxide as the gaseous reaction
component (reactant), a feed line 17 for supplying or
feeding the pressurized carbon monoxide continuously at

25 a predetermined rate to a reactor 3 via a buffer tank 2,

a feed line 19 for supplying the alcohol (methanol, etc.)



20 for continuously drawing out fromthe reactor part of the reaction

m xture, which contains the carbonylation 5 product (a carboxylic acid,
such as acetic acid or a derivative thereof) produced by the reaction,
with nmaintaining a substantially constant liquid | evel of the reactor 3,
to supply the drawn the reaction mxture (the draw stream) to a flash
distillation colum 4, which serves 10las the separation unit. The reactor
3 conprises a liquid phase reaction systemthat includes the carbonyl ation
catal ytic system (a catalytic system conprising a_ princi pal or main

catal ytic corpridit 11eUdH BEaFkIANFHHTRAMY S(Teagt@nt h FenddoMCRSyst s, such
as lithiumiodide 15 and nethyl iodide, etc.), and_the carbon ponoxi de,
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Thi s gaseous &FtRichte ddREa hPresuasth o &RAC IOy Eed from t he

above-descri bed reactor 3 to an absorption systemfor _recovery of the
maintaining a substantially constant liquid level of the

reactor 3, to supply the drawn the reaction mixture (the
draw stream) to a flash distillation column 4, which serves
10 as the separation unit. The reactor 3 comprises a liquid
phase reaction system that includes the carbonylation
catalytic system (a catalytic system comprising a
principal or main catalytic component, such as rhodium
catalyst, etc., and cocatalysts, such as lithium iodide
15 and methyl iodide, etc.), and the carbon monoxide, which
is the gaseous reactant, is sparged from the lower part
or bottom of the reactor 3. Such a liquid phase reaction
system (or reactor) is an exothermic reaction system (or
reactor) accompanying with exothermic reaction. The
20 above-described reactor 3 may be equipped with a heat
removal unit or a cooling unit for controlling the reaction
temperature, while is preferably not equipped with a heat
removal unit or a cooling unit.
The gaseous component from the reactor 3 contains
25 unreacted carbon monoxide, methyl iodide as the cocatalyst,

byproduct methane, etc. This gaseous component containing



cocatal yst, such as nethyl iodide, etc., and the recovered cocatalyst can
then be reused in the reaction. 5 An exhaust |line 18, for discharging while
conmbusti ng the excess carbon nonoxi de that could not be absorbed at the
above-nentioned buffer tank 2, is connected to the carbon nonoxi de feed
line 17 at the upstreamside of the buffer tank 2. 10 A pressure sensor
(or flowrate sensor) P1, for detectili®y the feed pressure (or flow rate)
of carbon nonoxide, and a pressure regulating valve (el ectromagnetic

val ve) V1, for dischar in% excess carban nonox| de hron1the above- nenti oned
exhaust | i ne SP§HEOB@OGRNLSe 1§ 54PRLE §E°T5tb$ ehevesAESFTARE Wat a
concerning a reference value, are attached to the carbon no ox%de feed
line 17 at tA&®AFHEEr daho &Ng@PSPIPhd oPufYSteMafiRT2 TRQVEREr fdr &€ 1 ow
rate sensor (or pressure sensor) F1l and a flow rate requlating valve (or
pressure regfoSEtRdYEd vEYCRHRASPEthEhM ALY 6tChe 204 BRCABRELAde feed
line 17 between the buffer tank 2 and the reactor 3, and a pressure sensor
P2, for dete@AGRFANSt GRgsdhed be rrYsSgas 1pndbe rRartdOlor 3, is nounted
onto the upper part _of the reactor 3. The flow rate of carbon nonoxide
into theeactor 3 i&Pt R¥LAVSHt FdPPedBny TPReIRFGRAZILPY: Pt eGul ati ng val ve
V2 based on the data detected by the flow rate _sensor Fl Rf th ar bon
monoxi de f eeFAMONS tind1 Ahen #XCRS SprasboremeBRdAepihat cRE1A30EPe3.

Incidentally, ~a tenperature sensor Ti for detecting the reaction
absorbed at the above-mentioned buffer tarnk 2, is connected

to the carbon monoxide feed line 17 at the upstream side
of the buffer tank 2.

10 A pressure sensor (or flow rate sensor) Pl, for
detecting the feed pressure (or flow rate) of carbon
monoxide, and a pressure regulating valve {({electromagnetic
valve) V1, for discharging excess carbon monoxide from the
above-mentioned exhaust line 18 based on the data detected

15 by the sensor and data concerning a reference value, are
attached to the carbon monoxide feed 1ine 17 at the upstream
side of the buffer tank 2. Furthermore, a flow rate sensor
(or pressure sensor) Fl and a flow rate regulating valve
(or pressure regulating valve) V2 are mounted onto the

20 carbon monoxide feed line 17 between the buffer tank 2 and
the reactor 3, and a pressure sensor P2, for detecting the
pressure of the gas phase in reactor 3, is mounted onto
the upper part of the reactor 3. The flow rate of carbon
monoxide into the reactor 3 is thus controlled by the flow

25 rate regulating valve V2 based on the data detected by the

flow rate sensor Fl1 of the carbon monoxide feed line 17



tenperature is nounted onto the reactor 3. The detection data fromthis
tenperature sensor Ti are transmtted to 5 a tenperature control unit 16,
and this tenperature control unit adjusts, by neans of a tenperature
regul ating unit (heat exchanger) 7 nounted onto an al cohol feed |line 19,
the tenperature of the alcohol (nethanol, etc.) that is supplied to the
reactor 3. That is, in order to supprelss 10 the fluctuation of the
tenperature in the reactor 3 in a supplenentary manner by neans of the

t enper at ure of raw material fromthe raw material _feedin sstem t he

al cohol (net Fheéﬁ?s)sqrﬁ? PRRSQF Fhef theegeprherfo i Incidgntdldie react or

3 upon | owering the erature of the 15 al cohol nethanol_ etc.) by use
of the tenperta &ﬁ‘@?@rﬁ&e sEnsoth &'l dfe dAatGcd g ths T&FAELPR and t he

tenperature ulating unit (heat exchanger) 7 when the terrperature of
the reactor q&@@&fg&lﬁl BARRted AR hd e FEREROE 3terﬁ5’§r dekeetignd upon

raising the tenperature_of the 20 al cohol (nmethanol, etc.) by neans of the
tenperat ure YHGUIEHIhFHIS tempezataren£ea8cr FlRER Fﬁénﬁgﬁﬁéﬁgtﬁpe of
the reactor 3 has becone | ower than the reference tenperature.

Furt her mor e, & heMPREALIFACOPFTOlountt difl-\ang thie temperaliTe FoRtEedr e
solution fromthe reactor 3 to the flash distillation colum 4, is

provi ded wit BT BsWustse dandsanssofoa temPeEpErengeondating NaiE of the

reaction th% sol ution, and flowrate regul ati ng valve V3, for
eat exchanger) 7 mounted onto an alcohol feed line 19,

the temperature of the alcohol (methanol, etc.) that is
supplied to the reactor 3. That is, in order to suppress
10 the fluctuation of the temperature in the reactor 3 in a
supplementary manner by means of the temperature of the
raw material from the raw material feeding system, the
alcohol (methanol, etc.) in the alcohol feed line 19 is
fed to the reactor 3 upon lowering the temperature of the
15 alcohol (methanol, etc.) by use of the temperature sensor
Tl, the temperature control unit 16 and the temperature
regulating unit (heat exchanger) 7 when the temperature
of the reactor 3 has become higher than the reference
temperature, and upon raising the temperature of the
20 alcohol (methanol, etc.) by means of the temperature
regulating unit (heat exchanger) 7 when the temperature
of the reactor 3 has become lower than the reference
temperature.
Furthermore, the feed line 20, for supplying the
25 reaction mixture solution from the reactor 3 to the flash

distillation column 4, is provided with a flow rate sensor



controlling the flowrate of the reaction m xture solution based on the
detection data fromthis flowrate sensor. 5 At the above-nentioned fl ash
distillation colum 4, separation into a first |ow boiling point conmponent
(vapor conponent) containing the carbonylation product, and a first high
boi i ng poi nt conponent (liquid conponent) containing the carbonylation
catalytic system (a rhodium 10 catal ysts |ithiumiodide, and ot her high
boiling point cocatalytic conponents) is carried out and the high boiling
poi nt conponent is circulated or returned to the reactor 3 through a first
circul ation 154e for Wetestigighttdienifdew Fasebofatheareactdost aXturgui d
l evel in the distillation 15 colum 4. Due to the | atent heat of
vapori zat i on SHaticgoc@pshid dLlavhEFlepsteadilatiingatviadive Me tidFper at ure of
the high boiling point conponent that is circulated or returned to the
reactor 3 vi £aHEFliligg thedilen irate ehdheireactbopmixtizre sRdWda®t i on
tenperature (reference tenperature) of 20 the reactor 3. The first |ow
boi | i ng poi ntbasafh ererthe dgi@ctiapnmsaienttromihigaf lowe FadepgeREOF -at | ash
distillation colum 4 practically contains, in addition to the reaction
product @Gacetic aci dAdr tBeheborarbenryiereddikpsh disddddadtion COWIB®: | i ng
point reactants (an al cohol such as nethanol), internediate products (a
carboxyl i ¢ adid sepagatdaih iatol @ fEngh levetpidingy podny eoxmemedityti c
conmponents (an al kane halide such as nmethyl iodide), and | ow boiling point
(vapor component) containing the carbonylation product,

and a first high boiling point component (liquid component)
containing the carbonylation catalytic system (a rhodium
10 catalyst, lithium iodide, and other high boiling point
cocatalytic components) is carried out and the high boiling
point component is circulated or returned to the reactor
3 through a first circulation line 21 while maintaining
a substantially constant liquid level in the distillation
15 column 4. Due to the latent heat of vaporization that
accompanies the flash distillation, the temperature of the
high boiling point component that is circulated or returned
to the reactor 3 via the first circulation line 21 is lower
than the reaction temperature (reference temperature) of
20 the reactor 3.

The first low boiling point component (vapor
component) that has been separated at flash distillation
column 4 practically contains, in addition to the reaction
product (acetic acid or other carboxylic acid), unreacted

25 low boiling point reactants (an alcohol such as methanol),

intermediate products (a carboxylic acid ester such as



byproducts. The first | ow boiling point conponent that has been separated
In the separation step is thus supplied to 5 a second separation step or
refining system (for exanple, a fractionating colum 5) and separated
there into a second |ow boiling point conponent, which contains volatile
cocatal ytic conponents (nethyl iodide, etc.) which are wuseful for the
reaction, a carboxylic acid (acetic aciel, 10 etc.), and a second high

boi li ng point conponent, as a result the refined carboxylic acid (acetic
acid, etc. ) is_ taken out via a |line 23. Meanwhile, the second |ow boiling
poi nt conpondthHar@aetatisden vedadiidee Fosa tady tica compeRemts d@um 5 is
returned through a second 15 circulation lLine 22 to_the reactor 3, and t he
hi gh boilinga ]g?ﬂf\ﬂ hadife MK agdetiusl pedhdedpand éaWRO1 hing PP4&E onat i ng
colum 5 is taken out through a line 24 from the colum bottom The

t enper at ur e dfyRURSugtEondThek insdh Levdaidiimg eohpbremponest tRat #asrned to
the reactor 20 3 is also usually lower than the reaction tenperature
(reference t Qf%Y seprEptefl LRcthesapnraiion péep| 18cHes WPPKIRA d€t ecting
the height of the liquid |level of the liquid phase, is mounted onto the

| oner part oF serend| ﬁélaial?j@'é%@llI%‘iqmﬁrcéﬁghﬁlﬂg FYF FoMRr(fAe example,
tenperature sensor T2, for detecting the tenperature of the first high

boi | i ng poi nt& éﬁﬁﬁ&heﬂ@twgcﬁﬂldm&bﬁgcﬁ{%ﬂepwa{cﬁatth%rq PP EeCohe

reaction system and a flowrate sensor F3, for detecting the flow rate of
the first h,dww boiling point component, which contains volatile

cocatalytic components (methyl iodide, etc.) which are
useful for the reaction, a carboxylic acid (acetic acid,
10 etc.), and a second high boiling point component, as a
result the refined carboxylic acid (acetic acid, etc.) is
taken out via a line 23. Meanwhile, the second low boiling
point component that has been separated at the
fractionating column 5 is returned through a second
15 circulation line 22 to the reactor 3, and the high boiling
point component that has been separated at the
fractionating column 5 is taken out through a line 24 from
the column bottom. The temperature of the second low
boiling point component that is returned to the reactor
20 3 is also usually lower than the reaction temperature
(reference temperature) of the reactor 3.
A level sensor L1, for detecting the height of the
liquid level of the 1liquid phase, is mounted onto the lower
part of the flash distillation column 4. Furthermore a
25 temperature sensor T2, for detecting the temperature of

the first high boiling point component (liquid component)



boi l i ng point conponent, are nounted onto the circulation line 21. The
detection data fromthis tenperature sensor 5 T2 are sent or transmtted to
the control unit 14, and this control unit controls the tenperature of the
hi gh boiling point component by neans of a heat nediumflow rate

regul ating valve V4 and a tenperature control unit (heat exchanger) 6,
provided at the first circulation ling21. 10 Furthernore, the detection
data with respect to the height of the liquid | evel provided by the
above-nentioned | evel sensor L1 and the detection data fromthe

above- nent i ortdwt fisowetiraedefoothe3repetienngysterd Hd i Aliadedate t he
control unit 15, and based on these detection data, this 15 control unit
control s the sgnsan fJ.oforadetecsingnthpofilovarate 3f tthe Higs thdiligbng poi nt
conponent by nmeans of the flow rate regulating valve V5 provided in the
first circulkailomg pednzicempenertp\anmmeuaited apteitig ¢irepdiatign t he
flash distillation colum 4 at a predeterm ned height 20 position. Wth
such a syst emine@1lt.enPee ddarectinn dater Exom thigftenperijsire $emsogned
reactor 3 fluctuates as a result of fluctuation of at |east one

quanti t atd ve T2aerersewrt @t tdansmphtedc et coptyol umiduht) a1d tihdsreacti on
m xture 25 supplied fromthe reactor 3 to the flash distillation colum 4
and the quant¢antxsil updtheghtbelsithe feimperadiyienefit the kigh Bloddd®9f rom t he

flash distillation columm 4 to the reactor 3. In particular, not only is
t he reacti on BSiditefgomponent by means of a heat medium flow rate

regulating valve V4 and a temperature control unit (heat
exchanger) 6, provided at the first circulation line 21.
10 Furthermore, the detection data with respect to the height
of the liquid level provided by the above-mentioned level
sensor L1 and the detection data from the above-mentioned
flow rate sensor F3 are transmitted or provided to the
control unit 15, and based on these detection data, this
15 control unit controls the circulation rate (return flow
rate) of the high boiling point component by means of the
flow rate regulating valve V5 provided in the first
circulation line 21 to thereby maintain the liquid level
at the flashdistillation column 4 at a predetermined height
20 position.

With such a system, the temperature and/or pressure
of the above-mentioned reactor 3 fluctuates as a result
of fluctuation of at least one quantitative factor selected
from the quantity (or amount) of the reaction mixture

25 supplied from the reactor 3 to the flash distillation column

4 and the quantity of the high boiling point component



a circulating system in which a certain fluctuation or one of
fluctuations (flow rate fluctuation) spreads 5 successively to subsequent
steps (in other words, a fluctuation propagating type circulating systemn
whi ch may be acconpanied with regular or irregular pulsating flow or
variations, but the reaction systemis one that is an exothermc reaction,
and though the reactor 3 may be 10 equigped with a heat renoval or cooling
unit, such as a jacket, the reactor 3 is preferably an open cooling type
reaction systemthat is not equipped wth a heat renoval or cooling unit,
such as a j acidgiculgdashigrom (e t st dration codammot Ssttdif i s
controlled by 15 circulation or returning of the separated conponents that
are | ower in TEfPFaturell WQW%CPP%W%&HWNFWCW% sygdeTh
system the tenperature and pressure fluctuations of the reaction system
are large. FGét @&apiating fsysteame ighahd-de s qegd@isy filagtua tdesc ade
control is 20 perforned utilizing the |level sensor L1 to maintain the

hei ght posi t i &f fHagtupkipnevdlaw nafe flagiuafiiamn) |sphnesdscol um 4 at
a predeterm ned position, the rate of drawout (circulation rate or return
rate) from tHFCeaAsRivVaLH itoh shsagnent shers r(dacdhes Wands,| @&tuate, the
25 enthal py introduced into the reactor 3 wll change and thus the

t enper at ur e ifudaatdan Bropagaking | typeuai ECutabiug fyIs;emoviielh m&¥hor e

due to the tenperature change in the pressurized reactor 3, the pressure
and carbon nffo@cFempanied with regular or irregular pulsating flow

or variations, but the reaction system is one that is an
exothermic reaction, and though the reactor 3 may be

10 equipped with a heat removal or cooling unit, such as a
jacket, the reactor 3 is preferably an open cooling type
reaction system that is not equipped with a heat removal
or cooling unit, such as a jacket. Moreover, the
temperature of the reaction system is controlled by

15 circulation or returning of the separated components that
are lower in temperature than the reaction system. Thus
with such a system, the temperature and pressure
fluctuations of the reaction systemare large. For example,
if in the above-described system, a cascade control is

20 performed utilizing the level sensor L1 to maintain the
height position of the liquid level of the flash
distillation column 4 at a predetermined position, the rate
of draw-out (circulation rate or return rate) from the
distillation column 4 to the reactor 3 will fluctuate, the

25 enthalpy introduced into the reactor 3 will change and thus

the temperature in the reactor 3 will fluctuate accordingly.



usage rate (or consunption rate) in reactor 3 will fluctuate . Stable
operation of the reaction systemis thus difficult 5 and since the anount
of carbon nonoxi de di scharged from the exhaust line 18 will also be |arge,
t he carbon nonoxi de cannot be used effectively in the carbonylation
reaction. More specifically, an acetic acid production plant can be run
under conditions, for exanple, of a regaction 10 tenperature (reference
tenperature) of about 150 to 220 C (preferably about 170 to 200 C and nore
preferably about 175 to 195 C) and a high boiling point conponent

t enper at ure Fawrtdermasd.edusy tiohdheemeapemartainee ghlazgengnuthie 6 of about
20 to 130 C (preferably about 50 to 130 C, nore preferably 15 about 90 to
125 C, and egresisainizeghagactor Bo Ih® Qresspreoandhgarbew manexdfdeashed
solution flowrate) of the reaction mxture at the feed line 20
corresponds Us@gst aat¢ dlorycansunpt faredate) dnofeadeor daciibfilustpotent s

that are supplied to the reaction system and relative to 20 a flowrate
(fl ashed sol #tiabief bparpstieh of theereesdtioonsystemure tihwus B ffdedtliti ne 20
of 100 parts by volune/hour, the flowrate of the first high boiling point
conponentdt atandeinaestthe eowuati ofi ciamdon] monokddeedidsphargiedutfrol to 90
parts by vol une/ hour (preferably about 30 to 90 parts 25 by vol une/ hour,
nore preferaliihe akbaus§dline 86 ekl elsp bedlanas/.hbhe carhbrempooxdldey about
60 to 70 parts by 20 vol une/hour), and the flowrate of the first |ow
boiling poi mang@pbacnted lefif epdveilyednf tlaenaanrbdnydat igins repicitionn

More specifically, an acetic acid production plant

can be run under conditions, for example, of a reaction

10 temperature (reference temperature) of about 150 to 220
°C (preferably about 170 to 200 °C and more preferably about

175 to 195 °C) and ahigh boiling point component temperature

as controlled by the temperature regulating unit 6 of about

20 to 130 °C (preferably about 50 to 130 °C, more preferably

15 about 90 to 125 °C, and especially about 100 to 125 °C).

Also, the flow rate (flashed solution flow rate) of the
reaction mixture at the feed line 20 corresponds
substantially to the feed rate of the reaction components
that are supplied to the reaction system, and relative to
20 a flow rate (flashed solution flow rate) of the reaction
mixture at the feed line 20 of 100 parts by volume/hour,
the flow rate of the first high boiling point component
at the first circulation line 21 is for example about 10
to 90 parts by volume/hour (preferably about 30 to 90 parts
25 by volume/hour, more preferably about 50 to 80 parts by

volume/hour, and especially about 60 to 70 parts by



colum 4 and is supplied to the refining step is for exanple about 10 to
90 parts by vol une/hour (preferably about 20 5 to 70 parts by vol une/ hour,
nore preferably about 20 to 50 parts by vol unme/ hour, and especially about
30 to 40 parts by volune/hour). Furthernore, relative to a flowrate
(flashed solution flow rate) of the reaction mxture at the feed line 20
of 100 parts by vol une/hour, the flowapate 10 of the second | ow boiling
poi nt conponent at the second circulation line 22 is for exanple about 1
to 90 parts by volune/ hour (preferably about 5 to 50 parts by vol une/ hour,
nore pref er abiojumedbou’® )t oand paetEloy natems e fizxsd lewpbeilding about
10 to 15 parts by volune/hour). 15 However, even if the plant is operated
under such ®eAditt¢orRONeE thatyvapesizee floswthetfdash ahetidiation

m xture at the feed line 20 fluctuate but since the height position of the
li qui d | evel calumhed fngshs guppilileg tothecsefimingistefohs fny edapplene | evel
sensor L1, the flow 20 rate of the high boiling point conponent at the
first circuldoudnlPi he 20 pakts hy Madwnegtheuwst (Preflegablyi rPRYTL BBi nt
conmponent at the second circulation line 22 fluctuate and consequently,

t he t enpér at #oe 70npehésr brcvoluBef hguruamesef preéeaapl¥ abPeutn28 itange of
about 0.5 to 1 25 Cwth respect to the reference tenperature. Thus

accor di ng t o 5OreapebyFrolumeiidwn, andestedialel rbaudaihterdhPaRresf | ow

rate sensor F3 and the tenperature sensor T2 at the above-nentioned first
by volume/hour). Furthermore, relative to a flow rate

(flashed solution flow rate) of the reaction mixture at
the feed line 20 of 100 parts by volume/hour, the flow rate

10 of the second low boiling point component at the second
circulation line 22 is for example about 1 to 90 parts by
volume/hour (preferably about 5 to 50 parts by volume/hour,
more preferably about 5 to 20 parts by volume/hour, and
especially about 10 to 15 parts by volume/hour).

15 However, even if the plant is operated under such
conditions, not only does the flow rate of the reaction
mixture at the feed line 20 fluctuate but since the height
position of the liquid level at the flash distillation
column 4 is controlled by the level sensor L1, the flow

20 rate of the high boiling point component at the first
circulation line 21 and the flow rate of the low boiling
point component at the second circulation line 22 fluctuate
and consequently, the temperature in the reactor 3
fluctuates for example within a range of about 0.5 to 1

25 °C with respect to the reference temperature.

Thus according to the present invention, the



circulation line 21 are provided or transmtted to a control unit (or
control device) 8, and the tenperature of the high 5 boiling point
conponent that is returned to the reaction systemis controlled according
to the heat quantity of the high boiling point conponent based on the flow
rate and tenperature. Mire specifically, the flowrate data from the flow
rate sensor F3 and the tenperature datsm fromthe 10 tenperature sensor T2
at the circulation line 21 are transmtted to the control unit 8 as shown
in Fig. 2. The control unit (or control device) 8 conprises a first

conput ati on dletedtd@inatdatg diriam Thewfilov gahsutsensor Fdalaodl &thes t he heat
quantity data for the circulated high 15 boiling point conponent based on

t he above- nerftempead tinay sensicr & @ tartdvet @hsoreamend idared fansdnpari son unit
11, which conpares a reference heat quantity data (threshold data) that
is set at a sumduigtigin lige icazepvevidedor tranenttbteddo agontaiodi ng t he
tenperature in the above-nentioned 20 reactor 3 at a predeterm ned

t enper at ure wintit (he caitidlatedibeadt 8 quadt the thmperat wrecofidtleimggbat i on or
calculating unit 12, which conputes or calculates a control anpbunt with
respect 1o t hwitldmee patitnte compedent thatdiwiretwrmekttigedie fealddonquantity
data and the reference 25 heat quantity data cal culated by the conparison
unit when tRysteat igueenirgled acdordingstorigme hieatt guashbty afalthe 22 of
the reference heat quantity data, and a drive unit 13, which, based on the
control anoumigioieddding podmiecomponent based on the flow rate and

temperature. More specifically, the flow rate data from
the flow rate sensor F3 and the temperature data from the
10 temperature sensor T2 at the circulation line 21 are
transmitted to the control unit 8 as shown in Fig. 2. The
control unit (or control device) 8 comprises a first
computation or calculating unit 9, which computes or
calculates the heat quantity data for the circulated high
15 boiling point component based on the above-mentioned flow
rate data and temperature data, a comparison unit 11, which
compares a reference heat quantity data (threshold data)
that is set at a setting unit 10 and serves as a reference
for maintaining the temperature in the above-mentioned
20 reactor 3 at a predetermined temperature with the
calculated heat quantity data, a second computation or
calculatingunit 12, which computes or calculates a control
amount with respect to the temperature based on the
deviation between the heat gquantity data and the reference
25 heat quantity data calculated by the comparison unit when

the heat quantity data deviates from the threshold value



that is calculated by the second conputation unit, controls the
tenperature of the circulated high boiling point 5 conponent by neans of

t he above-nentioned heat nmediumflow rate regulating valve V4 and
tenperature regulating unit 6. Wth the tenperature regulating unit 6 of
the present enbodinent, the signal with respect to the control anount
fromthe drive unit 13 is transmtted 4» the above-nentioned 10 flow rate
regul ating valve V4 for controlling the flowrate of the heat medium Wth
a process equigped with such a control device, even when the circulation
rate (return Qfaittle spferenpegheapuanig hoidatagofpdnemrive tmd tf iLest
circulation line 21 15 fluctuates, since the heat quantity of the

ci rcul ated higHClhoPRSed Pbithie CORBEAENMMPYNE AANGHINERT FeRPESAEHRREe Wit h
(or in response to) the circulation rate (return rate) of the high boiling
poi nt conponditat hatcadclFted by (thegrecord comRpusAtire Y bl CPBLEPAED to t he
reaction system 20 tenperature fluctuations and pressure fluctuations
within the ridecttemperatinnge ofuihee sdadudiadsidl ihdght bpiddaa Peiadetic acid
production process can be stabilized. For exanple, when acetic acid is

i ndustri & | y qampanent bidesansefcbeliabioyies men tiilpneghboat deestium&doxicet i c
acid production 25 plant, the tenperature of the reaction system can be
controll ed i Fade &egudadiipgsvabre Yamrd tanpenaddiie regilzd imge updfter ence

tenperature, that is for exanple, within a range of reference tenperature
0.5 C (preferfabl Yikht Fhe temperature regulating unit 6 of the present

embodiment, the signal with respect to the control amount
from the drive unit 13 is transmitted to the above-mentioned

10 flow rate regulating valve V4 for controlling the flow rate
of the heat medium.

With a process equipped with such a control device,
even when the circulation rate (return rate) of the high
boiling point component in the first circulation line 21

15 fluctuates, since the heat quantity of the circulated high
boiling point component is controlled in accordance with
(or in response to) the circulation rate (return rate) of
the high boiling point component that occupies a large
portion of the flows returned to the reaction system,

20 temperature fluctuations and pressure fluctuations within
the reactor 3 can be suppressed significantly and the acetic
acid production process can be stabilized. For example,
when acetic acid is industrially produced under the
conditions of the above-described acetic acid production

25 plant, the temperature of the reaction system can be

controlled in an extremely stable manner with respect to



a range of reference tenperature 0.3 C and especially wthin a range of
reference tenperature 0.2 C). 5 Furthernore, since tenperature and pressure
fluctuations (variations) can be suppressed or inhibited and the reaction
system can be stabilized, not only the carbon nonoxide feed rate and
met hanol feed rate but the acetic acid production rate can al so be
I ncreased. Furthernore, 10 the dischargge rate of carbon nonoxide fromthe
exhaust line 18 can be reduced and the carbon nonoxi de can thus be
utilized effectively in the carbonylation reaction. This invention can be
appl i ed not jtlet refemeaceabempetatvrebethabsks ofomn eaxsmnlfuoWd thdfbéxyl i c
acid 15 production process but to any process gfor exanpl e, a conti nuous
producti on preness pfwhef erenesitemmamatiutiend 0 .5eaCt (@mef qupdslaowd thdact i on
conponents, liquid reaction conponents, etc.) continuously at a prescribed
rate into ad impunige pifase fegmndeotegperanunsart0 . “€hanfdeaspeoha2dypr oduct
of the reaction systemis subjected continuously to a separation step or
separ ati on sysittdrin( @i standeatiforrefeglemee, temperatamg tife 25664rF at ed conponent
(low boiling point conponent or high boiling point conmponent) that has
been sepdr at dhnthermorsspgiaceohenpepatyre|and | ppasfwie F3uctlgti®dsto t he
above-nentioned reaction system This invention enables stabilization of a
| i qui d phase (vegs@Etden) Sas e syppgesisied oF tiphidddedbanghthecati on to a
system with which at |least one flowrate (return flowrate) , anong
reaction system can be stabilized, not only the carbon

monoxide feed rate and methanol feed rate but the acetic
acid production rate can also be increased. Furthermore,

10 the discharge rate of carbon monoxide from the exhaust line
18 can be reduced and the carbon monoxide can thus be
utilized effectively in the carbonylation reaction.

This invention can be applied not just to the

above-described case of a continuous carboxylic acid

15 production process but to any process (for example, a
continuous production process) wherein while supplying
reactants (gaseous reaction components, liquid reaction
components, etc.) continuously at a prescribed rate into
a liquid-phase reaction system, part of the reaction

20 product of the reaction system is subjected continuously
to a separation step or separation system (distillation
column, etc.), and the separated component (low boiling
point component or high boiling point component) that has
been separated in the separation step is circulated or

25 returned to the above-mentioned reaction system. This

invention enables stabilization of a 1liquid phase reaction



the feed rate of the reaction product fromthe reaction systemto a
separation system (distillation system etc.) 5 and the circulation rate
(return flowrate) of the separated conponent (such as a high boiling
poi nt conponent, etc.) fromthe separation system (distillation system
etc.) to the reaction system fluctuates (and especially a system wth
which the circulation rate of the sepasated conponent 10 fromthe
separation systemto the reaction systemfluctuates with or without a
pul sating node). Furthernore, this invention is favorably applied to an
exot her m ¢ r systtieon especdmllghiiohthe ¢ase fuignrdd catiion &ohaafYFERBval unit
or cooling unit using a coolant, 15 etc. , and with which the tenperature
of the react wirthsyBiemat degshtons fdowhyated nedmgsr Blavaahf) f BBRNGat e of a
separated conponent that is lower in tenperature than the reaction system
(an exot her nither g2eid aatey sifervhgsiregcgon produckgfromhéheekpaciighe of the
separ ated conponent that 20 is circulated or returned to the reaction
system can beysdsinetped Sepanadrivmg syeper tdisttliabionsystem.cR&fplle about
10 to 120 C (and especially about 20 to 100 C) lower than the reference
t enper at @r e @nd tlee cdacuilatiopstats dngtusn fiavwrale hiedthagepsratedc (for
exanpl e, about 50 to 80 C) 25 lower than the reference tenperature of the
reacti on sysosporERtTHsushpasas dailglofphking theint sorpoagnit.cgtsr )
returned to the reaction system can be sel ected according

from the separation system (distillation system, etc.) to

the reaction system, fluctuates (and especially a system
with which the circulation rate of the separated component
10 from the separation system to the reaction system
fluctuates with or without a pulsating mode).
Furthermore, this invention is favorably applied
to an exothermic reaction system, which is not equipped
with a heat removal unit or cooling unit using a coolant,
15 etc., and with which the temperature of the reaction system
is controlled by the temperature and flow rate of a
separated component that is lower in temperature than the
reaction system (an exothermic reaction system using open
cooling). The temperature of the separated component that
20 is circulated or returned to the reaction system can be
selected from among temperatures that are for example about
10 to 120 °C (and especially about 20 to 100 °C) lower than
the reference temperature of the reaction system and is
usually about 30 to 100 °C (for example, about 50 to 80 °C)
25 lower than the reference temperature of the reaction

system.



to the type of reaction and usually contains an effective conponent for
the reaction. This effective conponent 5 includes not only catalytic
conponents but al so unreacted reaction conmponents, reaction solvents, etc.
The separated conponent that is circulated or returned to the reaction
systemis practically a liquid. Furthernore, the separated conponent that
IS separated by the separation 10 systgm and contai ns the object conpound
is usually not returned to the reaction systembut is supplied to the
separation refining systemfor recovery of the object conpound.
Furthernore, this in¥bet separatedecappbnentt 8hatsigarisgylptgdi 8Tphase
reactions (e.g., a pressurized liquid phase reaction) with which catalytic
conponent s ad@tarned teftheeactdmmpseysten are hesglestedoacrerAdast i on
system w th exanpl es including carbonylation reactions, )

di sproportiof& tbe t¥petdbHreagineguenionsedlly|aialdw apoetEpRELNG benzene
fromxylene, etc.), isonerization reactions (production of fumaric acid
from nal ei ¢ soMponegttc fpr rhbeatreasitd omeacThbaseffgaE Lye oRORRARENENS,

hydr of ormyl ati on reactions, esterification reactions, oxidation reactions,
condensasi on imedadiesns ot hai by @adialont izs cowpenebhs bk @lsphanreaetiedn
conponents can be selected according to the type of reaction and are not
restricted 2@€astimmn components, nescddion selyepltés 6ftcconpbBfents that are

used
separated component that is circulated or returned to the

reaction system is practically a liquid. Furthermore, the
separated component that is separated by the separation
10 system and contains the object compound is usually not
returned to the reaction system but is supplied to the
separation refining system for recovery of the object
compound.
Furthermore, this invention can be applied to
15 various liquid phase reactions (e.g., a pressurized liquid
phase reaction) with which catalytic components and other
effective components are returned to the reaction system,
with examples including carbonylation reactions,
disproportionation reactions (production of toluene and
20 trimethylbenzene from xylene, etc.), isomerization
reactions (production of fumaric acid from maleic acid,
etc.), metathesis reactions, hydration reactions,
hydroformylation reactions, esterification reactions,
oxidation reactions, condensation reactions, halogenation
25 reactions, etc. The reaction components can be selected

according to the type of reaction and are not restricted



i n carbonyl ation reactions include conbinations of an al cohol (nethanol,
etc.) or a derivative thereof and carbon 5 nonoxi de (production of acetic
acid or other carboxylic acid or derivative thereof), conbinations of an
olefin (ethylene, etc.), carbon nonoxide, and hydrogen (production of
acet al dehyde or ot her al dehyde), conbinations of an ol efin, carbon
nonoxi de, and water 10 (production of 2g carboxylic acid), conbinations of
an olef in, carbon nonoxide, and an al cohol (production of a carboxylic
acid ester), conbinations of an al kyne (acetylene, nethyl acetyl ene,
etc.), carbodnmpastidelaznd water (production of acrylic acid, nethacrylic
acid, or 15 other unsaturated carboxylic acid), conbinations of an al kyne
(acetyl ene, nethyl aFeryirskanes cexampdesort coppoxiedds that Areangefol
(et hanol, etc.) (production of nethyl acrylate, nethyl nethacrylate, or
ot her unsat urdat edarboayletionc reectiesseincludebcaabioasiensaffapdohol ,
carbon 20 nonoxi de, and oxygen (production of a diester carbonate, etc.)
Exanpl es of adcahodhhetisabl nettbe ) avoredemiva kel theaeb§RFIhERBROReact i on
i nclude C1-10 al kyl al cohols, such as nethanol, ethanol, propanol,
i sopr opahol , momoaridie, (RFodugtannl ofhegetadl, ac3d, orcpthesl RYrbaK¥dh6l s, such
as cycl ohexanol, cyclooctanol, etc., phenols, such as phenol, 27 etc., and
aral kyl al colagiig, ogudierdivaidveyithereolfdl., cophdnathipnsaloéond olefdn Exanpl es
of al cohol derivatives

(ethylene, etc.), carbon monoxide, and hydrogen

(production of acetaldehyde or other aldehYde),
combinations of an olefin, carbon monoxide, and water

10 (production of a carboxylic acid), combinations of an
olefin, carbon monoxide, and an alcohol (production of a
carboxylic acid ester), combinations of an alkyne
(acetylene, methyl acetylene, etc.), carbon monoxide, and
water (production of acrylic acid, methacrylic acid, or

15 other unsaturated carboxylic acid), combinations of an
alkyne (acetylene, methyl acetylene, etc.), carbon
monoxide, and an alcohol (methanol, etc.) (production of
methyl acrylate, methyl methacrylate, or other unsaturated
carboxylic acid ester), combinations of an alcohol, carbon

20 monoxide, and oxygen (production of a diester carbonate,
etc.)

Examples of an alcohol used in the above-mentioned
carbonylation reaction include C,,, alkyl alcohols, such
as methanol, ethanol, propanol, isopropanol, butanol,

25 pentanol, hexanol, C,,, cycloalkyl alcohols, such as

cyclohexanol, cyclooctanol, etc., phenols, such as phenol,



I nclude esters, such as nethyl acetate, ethyl acetate, and other C2_6
al kyl carboxylic acid - C1_6 alkyl esters, and 5 halides, such as nethyl
i odi de, ethyl iodide, propyl iodide, and other Cl1 10 al kyl iodides as well
as brom des (nethyl brom de, propyl brom de, etc.) and chlorides (nethyl
chloride, etc.) corresponding to such al kyl iodides. Exanples of ethers
i nclude C1_6 al kyl ethers, such as netdyl 10 ether, ethyl ether, propyl
et her, isopropyl ether, butyl ether, etc. If necessary, as the alcohol, a
pol yval ent al cohol, for exanple, an al kyl ene glycol, such as ethyl ene
gl ycol, propgtene ghdceralkyilandcohells.estich 85 RepévilvaidceBolf.or exanpl e,
an ester, halide, ether, etc.) 15 of such a polyval ent al cohol nay be
used. Exanpl @heoktblydf ahsohadl ugtcal BHamplesuf adcobprlyferdvapivp§l ene,
but ene- 1, butene-2, hexene, octene, etc., cycloal kenes, such as
cycl ohexene, imeillade esvetrshevmieasauethyhadediadeesethytacetadld.cand
but adi ene, 20 isoprene, etc. Exanples of al kynes include acetyl ene, nethyl
acetyl ene, etothek fFrefalkplechrhoklphaseideactioreBywl easters, ardction
systemto obtain a carboxylic acid or a derivative thereof (such as a
car boxyl bc abiadidelydructeasaiathyl bodide ngthylaiodi dohproppldfadifdgy a Cl 4
al cohol or a derivative thereof (for exanple, nethanol, nethyl acetate,
met hyl i odi dend28tbemeChyl adikvr iogtides as wedl agubgomddesi émeEbiponent ,
and in particular, a reaction systemto produce acetic acid

bromide, propyl bromide, etc.) and chlorides (methyl

chloride, etc.) corresponding to such alkyl jiodides.

Examples of ethers include C, ( alkyl ethers, such as methyl
10 ether, ethyl ether, propyl ether, isopropyl ether, butyl

ether, etc. If necessary, as the alcohol, a polyvalent

alcohol, for example, an alkylene glycol, such as ethylene

glycol, propylene glycol, butane diol, etc., or a

derivative (for example, an ester, halide, ether, etc.)
15 of such a polyvalent alcohol may be used.

Examples of olefins include alkenes, such as
ethylene, propylene, butene-1, butene-2, hexene, octene,
etc., cycloalkenes, such as cyclohexene, methyl
cyclohexene, etc., and dienes, such as allene, butadiene,

20 isoprene, etc. Examples of alkynes include acetylene,
methyl acetylene, etc.

A preferable liquid phase reaction system is a
reaction system to obtain a carboxylic acid or a derivative
thereof (such as a carboxylic acid anhydride, etc.) by using

25 an alcohol, preferably aC, , alcohol or aderivative thereof

(for example, methanol, methyl acetate, methyl iodide,



or a derivative thereof by reacting nethanol with carbon nonoxide in a

| i qui d phase reaction systemin the presence 5 of a carbonylation
catalyst. Wth the above-nentioned |iquid phase reaction system the
reaction nmay be carried out in the presence of a catalyst or a catalytic
system and though the catalyst or catalytic systemis not restricted in
particular and 10 may be selected in agggociation with the type of reaction,
a high boiling point catalyst or metal catalyst is usually wused in the
above- nenti oned carbonyl ation reaction. For exanple, exanples of the
above- nment i ordsgheddvioratitetzi ore tcgat @lsy dhe ddiawdd reassiepogoRpraentat al yst s,
such as 15 rhodi um catal yst, iridiumcatalyst, platinumcatalyst,

pal | adi um catald/$n paipzulamt alseactioynisystentte preduchiagedieacddy st ,
cobalt catalyst, etc. The catalyst may be the sinple netal (or el enental
metal) or mayiea desdvatdveatheusof obysreaching madihanadx wddh( cagbeadi ng
conposite 20 oxides), hydroxide, halide (chloride, bromde, iodide, etc.),
car boxyl at e (woetcitds iet @.l)iquidbphasecreadiealsysteguin dihe prieseace,
phosphate, etc.), conplex, etc. The concentration of the catalyst may be
sel ect ed 5 acodfr di mprthpnattiqre aftdliypti.d phase reaction, and for 25
exanple in the case of the above-nentioned carbonyl ation reaction, the
concentration of theWedthalthet abovigeimghnt iwineld 2dquddppbaseoreRetdeni rety of

the liquid phase systemis about 5 to 10000ppm preferably about 10 to
7000ppm and swatem, the reaction may be carried out in the presence

of a catalyst or a catalytic system, and though the catalyst
or catalytic system is not restricted in particular and
10 may be selected in association with the type of reaction,
a high boiling point catalyst or metal catalyst is usually
used in the above-mentioned carbonylation reaction. For
example, examples of the above-mentioned carbonylation
catalyst include transition metal catalysts, such as
15 rhodium catalyst, iridium catalyst, platinum catalyst,
palladium catalyst, copper catalyst, osmium catalyst,
nickel catalyst, cobalt catalyst, etc. The catalyst may
be the simple metal (or elemental metal) or may be used
in various forms such as metal oxide (including composite
20 oxides), hydroxide, halide (chloride, bromide, iodide,
etc.), carboxylate (acetate, etc.), inorganic acid salt
(sulfate, nitrate, phosphate, etc.), complex, etc.
The concentration of the catalyst may be selected
according to the type of liquid phase reaction, and for
25 example in the case of the above-mentioned carbonylation

reaction, the concentration of the catalyst in weight with



preferably about 20 to 5000ppm (for exanple, about 50 to 1000ppnm). 5 The
carbonyl ati on catal yst may al so be conbined wth a cocatal yst or pronoter
and used as a catalytic system The cocatal yst or pronoter nay be sel ected
depending on the type of reaction, and exanples in the case of production
of a carboxylic acid by a carbonylation reaction of an 10 al cohol include
alkali netal halides (for exanple, |ithium iodide, potassiumi odide,
sodium i odide, lithiumbromde, etc.), hydrogen halides (hydrogen iodide,
hydrogen brom de, etc.), alkyl halides (methyl iodide, nmethyl brom de and
ot her Cl.4 aldeapechatsé dte)entetety AT &hkaliquist phakel $yistem §¢ aBoftincti ons
as a stabilizer for a carbonylation catalyst (for exanple, rhodium
catal yst, et®. o Ab®00bom,t beeferdbdyi aboudf 1L0neehy0aeppmi candi BOEE an
ester thereof, etc., an amne (a chain or cyclic tertiary amne, etc.) or
an organi ¢ piefferiablgcadotan2al kyl5cu0pmmi (faciekampleh abopd 50 to
nmet hanesul fonic acid or a salt thereof, etc.), etc., may be used. The
content of theooppanal yst or pronoter can be selected according to the
type of |liquid phase reaction, and for exanple in the case of the
above-described 25 c@hbosgirabnglateant catalyht mamt ehsoobeeaonbdnaponent
wth respect to the entirety of the liquid phase systemis about 30 0.1 to
30 wei ght % winef £cabhyaapetitodpbohotaf angi ged & a aatiabptbcmyst@mbl vy
about 1 to 15 weight % More

The cocatalyst or promoter may be selected depending on

the type of reaction, and examples in the case of production
of a carboxylic acid by a carbonylation reaction of an

10 alcohol include alkali metal halides (for example, lithium
iodide, potassium iodide, sodium iodide, lithium bromide,
etc.), hydrogen halides (hydrogen iodide, hydrogen bromide,
etc.), alkyl halides (methyl iodide, methyl bromide and
other C, , alkane halides), etc. Analkalimetal halide also

15 functions as a stabilizer for a carbonylation catalyst (for
example, rhodium catalyst, etc.). Also for the production
of (meth)acrylic acid or an ester thereof, etc., an amine
(a chain or cyclic tertiary amine, etc.) or an organic
sulfonic acid (an alkyl sulfonic acid, such as

20 methanesulfonic acid or a salt thereof, etc.), etc., may
be used.

The content of the cocatalyst or promoter can be
selected according to the type of liquid phase reaction,
and for example in the case of the above-described

25 carbonylation reaction, the content of each component with

respect to the entirety of the liquid phase system is about




specifically, for the above-nentioned production of a carboxylic acid by
carbonyl ati on reaction of alcohol, the 5 content of nethyl iodide or other
al kane halide with respect to the entirety of the liquid phase systemis
about 0.1 to 25 weight % preferably about 1 to 20 weight % and nore
preferably about 5 to 15 weight % and the content of |lithium iodide or
other alkali nmetal halide with respect3go the 10 entirety of the liquid
phase systemis about 0.1 to 30 weight % preferably about 0.5 to 15
wei ght % and nore preferably about 1 to 10 weight % For the production
of a carboxyld.d &ci d0byeightbdnyprefenably aabeuicdhd tor@Ohyeigbdt dte or
other 15 carboxylic acid ester (especially an ester of the carboxylic acid
to be produc@mdvmoreapreifesably ebpule 1 dontld wedoht 3n aM®LAt with respect
to the entirety of the 1liquid phase systemof about 0. 1 to 75 weight %
preferably aipegtifdcalily,5Eoneititet afioVieomemtioped, productizh wdi ght % , 20
and nore preferably about 0.5 to 10 weight % (for exanple, 0.5 to 5 weight
% . The car boanxyliideaghg e cagdbidnys at i regation ofraldehalsedhgpon
dilution with an inert gas (for exanple, nitrogen, helium carbon dioxide,
etc.). The padntant2sf pedbylriodide arpohamabkane hiad ideswidateispecdyst em
may be selected suitably according to the type of reaction, etc., 31 and
for exanpl e ftor thiee etdahedtyi off dhea ldgubidx phiaseasiyd temy isapbomEl &-ilon
reacti on of an al cohol, the partial

to 25 weight %, preferably about 1 to 20 weight %, and more

preferably about 5 to 15 weight % and the content of l1lithium
iodide or other alkali metal halide with respect to the

10 entirety of the liguid phase system is about 0.1 to 30
weight %, preferably about 0.5 to 15 weight %, and more
preferably about 1 to 10 weight %.

For the production of a carboxylic acid by
carbonylation of an alcohol, methyl acetate or other

15 carboxylic acid ester (especially an ester of the
carboxylic acid to be produced with an alcohol) may be
contained at an amount with respect to the entirety of the
liquid phase system of about 0.1 to 75 weight %, preferably
about 0.2 to 50 weight % (for example, 0.2 to 25 weight %),

20 and more preferably about 0.5 to 10 weight % (for example,
0.5 to 5 weight %).

The carbon monoxide may be used as a pure gas or
may be used upon dilution with an inert gas (for example,
nitrogen, helium, carbon dioxide, etc.). The partial

25 pressure of carbon monoxide in the reaction system may be

selected suitably according to the type of reaction, etc.,



pressure of carbon nonoxide in the reaction systemis, for exanple, about
200 to 3000kPa, preferably about 400 to 5 1500kPa, and nore preferably
about 500 to 1000kPa. The reaction may be carried out in the presence or
absence of a solvent or may be carried out in the presence of hydrogen gas
and/or water (for exanple of an amount with respect to the entirety of the
| i quid phase system of about 10 0.1 t@&3130 weight % preferably about 0.5 to
15 weight % and nore preferably about 1 to 10 weight % . The reaction
tenperature and pressure of the carbonylation reaction nay be sel ected
suitably accandi ffigr emampdet fpe tvhel pyoddcphaseof eaccavboxrvitii¢oncddanyl e,
the 15 reaction tenperature may be about 100 to 250 C (preferably about
150 to 220 Cbandarboaypraéfienalepcsbhont of7ent slgobolc) thadpak&ipdacti on
pressure nmay be about 1000 to 5000kPa (for exanple, about 1500 to
4000kPa). W piressaireaof iqpritbmphasexidecin dhesysaehiohaaystrm 1% ferght of
the liquid level is conparatively stable, a | evel sensor, for detection of
t he hei ght ofxamplei,qabdulte260 tof 30WEkPagupdefhasblyeabeitn49Psteém may be
nmounted as necessary to the reactor in order to control the height of the
i quid | Bvel 1500kPe,r eadt more2preferablybabeutrefbPotied188PkBaAy| ati on
reaction of an alcohol, in addition to the production of the carboxylic 32
acid (acetic acid, efThbe)reectéepomdiynhet carhiéed| coholin thethaasencetc.),
the ester (nmethyl acetate, etc.) of the

or absence of a solvent or may be carried out in the presence

of hydrégen gas and/or water (for example of an amount with
respect to the entirety of the liquid phase system of about

10 0.1 to 30 weight %, preferably about 0.5 to 15 weight %,
and more preferably about 1 to 10 weight %).

The reaction temperature and pressure of the
carbonylation reaction may be selected suitably according
to the type of liquid phase reaction and for example, the

15 reaction temperature may be about 100 to 250 °C (preferably
about 150 to 220 °C and more preferably about 170 to 200
°C) and the reaction pressure may be about 1000 to 5000kPa
(for example, about 1500 to 4000kPa).

With such a liquid phase reaction system that the

20 height of the liquid level is comparatively stable, a level
sensor, for detection of the height of the liquid level
of the liquid phase reaction system, may be mounted as
necessary to the reactor in order to control the height
of the liquid level in the reactor.

25 In the above-mentioned carbonylation reaction of

an alcohol, in addition to the production of the carboxylic




produced carboxylic acid with the alcohol is produced and water, etc., are
al so produced in acconpaninent with the 5 esterification reaction. Instead
of being subjected directly to the separation step, the reaction product
(reaction mxture solution) nmay be pretreated (subjected to filtration
treatment, etc.), cooled to a predeterm ned tenperature, 10 and then
subjected to the separation step. In the separation step, the reaction
product (reaction mxture solution) may be separated into a vapor
conponent as the |ow boiling point conponent that contains the reaction

product, and aild quicdtae @I eas .)heorirgsponidingg tpoithe a3 cobwdonent, by
a separation zone (for exanple, a separation wunit, such as a distillation
col umm, etc.)(ndtanol, ptachi, cthé \edtmre(methyleasatate hatd he afe&bei on
zone. As a separation unit, various separation means, such as a

di stillation pduded phabexgolvnicipacikad thel ahohdl ath pAddlicstd kgt i on
colum, etc.) may be used. At the separation wunit, heating may be

performed or veapal,akiten i are &bhso vepeduced npoydongrathintent wguind thenponent
may be carried out without heating. For exanple, in cases where flash
di still atsi on de¢terd faRatiidn zedcttiba.reacti on nmixture can 25 be separated by

depressurization without heating in an adiabatic flash distillation step,
the reaction m xtureIs3tead bE vepapakat jeytedadimecany deptdesuri zati on of
the reaction mxture in an isothermal flash distillation step,
separation step, the reaction product (reaction mixture
solution) may be pretreated (subjected to filtration
treatment, etc.), cooled to a predetermined temperature,
10 and then subjected to the separation step. In the
separation step, the reaction product (reaction mixture
solution) may be separated into a vapor component as the
low boiling point component that contains the reaction
product, and a liquid component as the high boiling point
15 component, by a separation zone (for example, a separation
unit, such as a distillation column, etc.) that is
practically lower in pressure than the reaction zone. As
a separation unit, various separation means, such as a
distillation column (plate column, packed column, flash
20 distillation column, etc.) may be used. At the separation
unit, heating may be performed or separation into the vapor
component and the liquid component may be carried out
without heating. For example, in cases where flash
distillation is to be utilized, the reaction mixture can

25 be separated by depressurization without heating in an

adiabatic flash distillation step, the reaction mixture



or these flash conditions may be conbined to separate the reaction
m xture. Such flash distillation nay be 5 perforned on a reaction m xture
for exanple at a tenperature of about 80 to 200 C and a pressure of about
50 to 1000kPa (for exanple, about 100 to 1000kPa). In this invention,
usual ly, a separated conponent A, which contains effective conponents
useful for the 10 reaction, and a sepg ated conponent B, which mainly
contai ns the object compound, are separated fromthe reaction product
(reaction mxture), and the separated conponent Ais returned to the
reacti on systcam fer sephiraitedt byubeatfinghendf flepreseurdmpthent 9fatilet he
obj ect conpound 15 is separated and refined fromthe separated conponent B.
Thus in the aasetilareitterd insan HisptheginaInglpsehniis tichiedniaan s&a/ or t he
first low boiling point conponent nminly contain the object conpound and
the ef fecti ver thepenthash (aatdiltitdrss oaypbeenesbired Yo separatesthii gh 20
boi li ng poi nt conponent and/or the first |low boiling point conponent nmay
be supplied treaxrtiepandtitarer.ef Suchgfigshedistbdilationi mgysheten) and
separated into the object conmpound and the conmponent containing effective
conponents, e fidremedcomparesntt iconmakhiing fisfif exanpke adnd tewpesafdyet hen be
25 circulated to the reaction system The object conpound nmay be refined
not just by difstbbhats@rorobrarananatpsssute 3% absatbyo dizs A0P0kdA,
adsorption, condensation, «crystallization, or other techniques.

(for example, about 100 to 1000kPa).

In this invention, usually, a separated component
A, which contains effective components useful for the
10 reaction, and a separated component B, which mainly
contains the object compound, are separated from the
reaction product (reaction mixture), and the separated
component A is returned to the reaction system for efficient
use of the effective components and the object compound
15 is separated and refined from the separated component B.
Thus in the case where the first high boiling point
component and/or the first low boiling point component
mainly contain the object compound and the effective
components (catalytic components, etc.), the first high
20 boiling point component and/or the first low boiling point
component may be supplied to a separation refining system
(or refining system) and separated into the object compound
and the component containing effective components, and the
component containing effective components may then be
25 circulated to the reaction system. The object compound may

be refined not just by distillation or fractionation but



The first high boiling point conponent and/or the second high boiling
poi nt conponent may contain high 5 boiling point byproducts in sonme cases.
Al so, the first |ow boiling point conponent and/or the second | ow boiling
poi nt conponent may contain |ow boiling point byproducts in sone cases.
Thus the high boiling point byproducts or |ow boiling point byproducts may
be separated if necessary 10 from suchygi gh boiling point or |ow boiling
poi nt conponents, and in cases where conponents that are effective to the
reaction are contained, the conponent containing effective conponents nmay
be circul at eciliso tbye absaatptdonsy sidsorpthont, heondasskdd opeen di scl osed in
Japanese Patent 15 Application Laid-open No. 321847/1994 (JP-6-321847A), a
hi gh boi | i ng qxyistialddmadrien, may dtheradechaicguetsai n water (at an anmount
for exanple of about 0.5 to 30 weight % and preferably about 1 to 15

wei ght 9% for preventhhegfjpretipightiodlimg pedniererpoment @anddayosihe on) and
20 stabilizing the catalytic system The first separation step (separation
uni t) and/ or sedunds écigid eafidmar iporintefdompogesite mafr efomrtiaig ddigh) may each
be arranged as a single step (or unit) or as a plurality of steps (or
units). 25 | bdiliing mpeemtti byproductdelint some abasége tAiso.t dmgefdmete and/ or
pressure of the liquid phase reaction 35 system the heat quantity of a
circul ated cdnpobeifling pobnt radmmthent assioirathense¢omd (low ®oddridiang t o)

the point component may contain low boiling point byproducts

in some cases. Thus the high boiling point byproducts or
low boiling point byproducts may be separated if necessary

10 from such high boiling point or low boiling point components,
and in cases where components that are effective to the
reaction are contained, the component containing effective
components may be circulated to the reaction system.
Further, as has been disclosed in Japanese Patent

15 Application Laid-open No. 321847/1994 (JP-6-3218474A), a
high boiling point component may be made to contain water
(at an amount for example of about 0.5 to 30 weight % and
preferably about 1 to 15 weight %) for preventing
precipitation or sedimentation (or deposition) and

20 stabilizing the catalytic system.

The first separation step (separation unit) and/or
the second separation refining step (refining unit) may
each be arranged as a single step (orunit) or as a plurality
of steps (or units).

25 In this invention, in order to stabilize the

temperature and/or pressure of the liquid phase reaction



circulation rate (or return flowrate) of the separated conponent

(circul ated conmponent or returned conponent) 5 fromthe separation step.
The heat quantity of the separated conmponent can be controlled by
detecting the flow rate (return rate) and tenperature of the circul ated
conponent and controlling the tenperature of the circul ated conponent
based on the detected flow rate and 1Gst enperature. In the case where the
wi dth of fluctuation of the tenperature of the circul ated conponent is
small, the flowrate of the circul ated conponent may be detected and the
t enper at ur e @fysttiem , citheu haadéd quenpdtynofmay ciecudahefocPBg@opgddd in t he
detected flow rate data. By such 15 control, the tenperature of the

above- descri loehtreddeidorin sgsoeriatdenbyitbni(ogl regoxfiadpitedettdeni ned
tenperature and pressure fluctuations of the gas phase of the reaction
system can beisumleddoad rater dotr metadn Khow spée)f pEakthg, sephzated
represents a reference tenperature (reference 20 val ue regarding

t enper at ur e) coinponentedctiiromlayede momplonendgp oas srtyraedecompedendilr cul ati on
rate (reference value regarding the circulation rate or flowrate) of the
circul at 6d cEmpondine, skparatdoni stepat i Therheat (arantityepf Bhet he

circul ated conponent, and T2 indicates a tenperature 25 of the circul ated
conponent , i tseipanadefditomponent can b contzail lgddy Aeyest ingethe fdowat ed
hi gh boiling point 36 conmponent in accordance with the return rate (or
return anoumateof( neimrn matiedt @tdc depreaatuge edntthel IciFgulipded

component and controlling the temperature of the
circulated component based on the detected flow rate and
10 temperature. In the case where the width of fluctuation
of the temperature of the circulated component is small,
the flow rate of the circulated component may be detected
and the temperature of the circulated component may be
controlled based on the detected f£low rate data. By such
15 control, the temperature of the above-described reaction
system can be controlled at a predetermined temperature
and pressure fluctuations of the gas phase of the reaction
system can be suppressed or restrained. More specifically,
when Tl represents a reference temperature (reference
20 value regarding temperature) of the reaction system, Al
represents a reference circulation rate (reference value
regarding the circulation rate or flow rate) of the
circulated component, A2 is a circulation rate (flow rate)
of the circulated component, and T2 indicates a temperature
25 of the circulated component, it is useful to control the

heat quantity of the circulated high boiling point



tenperature of the circul ated conponent, based on the difference A(Al -
A2) of the above-nentioned circulation 5 rates (flow rates) and the
tenperature difference O (T1 - T2) of the circul ated conponent. Though in

t he above-descri bed exanple, the tenperature of the reaction systemis
controlled by controlling the heat quantity of the first high boiling 10
poi nt conponent, the heat quantity of 3ghe second | ow boiling point
conponent that is circulated to the reaction system mnay al so be controlled
to control or regulate the tenperature of the reaction systemeven nore
preci sely. FEompexanpl én abeotfanceawdthntheenmpbuanuratef (pheretusnd 15 | ow
boi I i ng poi nt conponent may be detected by neans of a flow rate sensor and
a tenperat ur ameans)r ofnthkecdecatdtedi companeoh biyneoatdolhdngeirper at ure of
the circulated second |ow boiling point conponent (the heat quantity of

t he second | eempeirhitngepoiEntheopproeht}edanygomponentr obhedd20nb4ibed on t he
detection data fromthe flow rate sensor and tenperature sensor by the

sane control gyfirbrandet ANPAr at N2§ of @l @bovri-meat idaedr clhedudbbient o
control the tenperature of the above-nentioned reaction systemat a

pr edet er i negateenpel el ur£teany 4l ot tampepataser éiffecenaei Hr(Tlof the 25
gas phase of the above-nentioned reaction system Various nodes or forns of
f eedback contm29l ogndhé7 carbelatbdpcompssendnt rol acti ons may be used for
control of the heat quantity of the circul ated conponent (or
Though in the above-described example, the
temperature of the reaction system is controlled by
controlling the heat quantity of the first high boiling
10 point component, the heat quantity of the second low boiling
point component that is circulated to the reaction system
may also be controlled to control or regulate the
temperature of the reaction system even more precisely.
For example, the flow rate and temperature of the second
15 low boiling point component may be detected by means of
a flow rate sensor and a temperature sensor in the second
circulation line and the temperature of the circulated
second low boiling point component (the heat quantity of
the second low boiling point component) may be controlled
20 based on the detection data from the flow rate sensor and
temperature sensor by the same control unit and temperature
control unit as described above to control the temperature
of the above-mentioned reaction system at a predetermined
temperature and to restrain pressure fluctuations of the

25 gas phase of the above-mentioned reaction system.

Various modes or forms of feedback control and



returned conponent), and exanpl es of such process control actions include
a proportional control action (P control 5 action), with which the
mani pul ated variable is controlled in proportion to the deviation of the
heat quantity from the reference heat quantity, an integral control action
(I control action), with which the mani pul ated variable is controlled by
or upon integrating the heat quantitys-10 deviation, a differential control
action (D control action), with which the mani pulated variable is
controlled in accordance with the variation of the heat quantity

devi ati on, amdheat bfnprobassceoitnel tadxet Aoy enayo des usledr foexaoptepla P
action, a PD action, and a PID action) . For 15 exanple, the I action may
be utilized afdtheehdeati guaanitgf ofheheetcircullhtedr abmpoheatci(ocul at ed
conponent (in the above-described exanple, a returned conponent such as
the first hirghuddield agmpoheh t ¢ rgrohexiamplad/soot tdects paoae slsomonbodlli ng
poi nt conponent) with respect to a reference flow 20 rate nmay be integrated
over each predetiensi nadludeeaperopsrttowal heomtinalulaattesdnc ®pooshroimy be
controlled in tenperature and returned to the reaction system when the

I nt egr at 6d amm@tiion)f, with metihnthé mamigd abed aarbabledicheentzolled
predeterm ned flow rate. 25 The circul ated conponent may be cooled to a

pr edet er mi nednt prppoatiova, tohthe ederetat lom of thee hg@tciquanittdtydfromponent
may be adjusted to a predeterm ned tenperature utilizing the
above-descri it ceferencenhkeaianduantity, an integral control action

(I control action), with which the manipulated variable
is controlled by or upon integrating the heat quantity
10 deviation, a differential control action (D control
action), with which the manipulated variable is controlled
in accordance with the variation of the heat quantity
deviation, and actions that combine the above modes (for
example, a PI action, a PD action, and a PID action). For
15 example, the I action may be utilized and the deviation
of the return flow rate of a circulated component (in the
above-described example, a returned component such as the
first high boiling point component and/or the second low
boiling point component) with respect to a reference flow
20 rate may be integrated over each predetermined time period
and the circulated component may be controlled in
temperature and returned to the reaction system when the
integrated amount of the return flow rate deviation reaches
a predetermined flow rate.
25 The circulated component may be cooled to a

predetermined temperature, the temperature of the



tenperature regulating unit, and the tenperature controlled circul ated
conponent nmay be circulated to the 5 reactor at a predetermined rate. In
such an enbodi nent, the tenperature of the circul ated conmponent may be
controll ed based on the above-nentioned circulation rate (flow rate)
difference 0 (Al - A2) without controlling the tenperature of the
circul at ed conponent based on the 10 ﬁ%%perature difference A(T1 - T2) of
the circulated conponent. Futher, the circul ated conponent (the |iquid

conponent coorat-%iaylra&et&%oﬁ&mwl HeyOBeC Aaduited S¥ShePreastermifiBy be

controlled t e approximately the Same in~ tenperature as the reaction

tenperature QlendyaG JtRae aeﬂjriéﬁnéﬁtee%@@@-&&@&ﬂé&ebﬁ%%ﬂ&imnaeact i on

system In the Circulation [ine,“the tenperature regulating unit may be

mounted at t e,y I%a%%‘ﬁea(}gfs“gri 2_ f | Qg dhe %%H@%E:a%ﬁg‘le_the tenperature

sensor. As long™ as the above- control unit is utilized, a buffer

20 tank for (RRAANeS L3%T atka BEnbbAGHE dheY! wOBIGENL TR toPgnr ovi ded

as necessary In the circulation |ine. ough 1 n the above-descri bed

ebodi neg! . MARdiRAchod BERAUELrAinbACraLact o ishchlR! bRohnbht

separation unit by a sing I ne an he circul ated 5 Tiquid

component g NasReh AR Ahe X iirRIBRY AohPOndil! may BRI urned to the

reaction system by single first 39 or second circulation”line, the

Lﬁ?tct 't ﬁpoggﬁ%tr%fll%ba%@ﬁcbﬂr EHEYa i ih SitHd @4 rlci1ldh8 orerakat i on

(flow rate) difference A (Al - A2) without controlling the
temperature of the circulated component based on the

10 temperature difference A (Tl - T2) of the circulated
component. Futher, the circulated component (the liquid
component containing the carbonylation catalytic system,
etc.) may be controlled to be approximately the same in
temperature as the reaction temperature of the reaction

15 system and then circulated to the reaction system.

In the circulation line, the temperature
regulating unit may be mounted at the downstream side of
the flow rate sensor and the temperature sensor. As long
as the above-described control unit is utilized, a buffer

20 tank for temporary storage of the circulated component may
be provided as necessary in the circulation line.

Though in the above-described embodiment, the
reaction product of the reactor is supplied to the
separation unit by a single feed line and the circulated

25 liquid component that has been separated by the separation

unit is returned to the reaction system by a single first



a plurality of feed lines (for exanple, a main feed line and a bypass
line). Further, the circul ated conponent that 5 has been separated by the
separation unit nmay be returned to the reaction systemthrough a plurality
of circulation lines. In the case where a plurality of circulation |lines
are utilized, it is sufficient that the heat quantity of the entirety of
the circul ated conponent is control | ed210 utilizing at | east one of the
circulation lines, and for exanple, while returning the circul ated

conponents  cangd & cticl"chrl;?atrj.%%Ctlii%% ,Sﬁ%e'f‘eg)f:taoga%?oﬁhrc%u!o% ke | ine,

a tenperature regulating unit may be nounted onto pass line to control

the heat qua'lté%%‘to(}f mégeclles%t béeé\gprﬁllg.ég 55%&%%&?}7%&:\/@ nqm@@:}%%utgl?lat i's

circulated to t reacCtion syst ased on t ata and tenperature

data.  Wth respeGh tqf Re FenRes huke £&8U At UM naith GAUd R et er or
, I ol o) 31

ot her cool ant y be use or a silrcone t her heat nediumthat can

be heat ed ”HXHR??gﬁﬁhgﬁﬁﬁﬁéPft@ﬂ' éf,{ﬂékﬁﬂgquﬂéﬁ%oﬁbéﬁ€9£%hat

tenperature regu a plurality of tenpérature regulating units

may be maunt ge ORLa,As gt UEBATIRD dd SRSk WBHSTRI AlndPRd CARlibY

According to presen sinCe the heat quantity is controlled

o o Chconcg ' HIECELET AN ARFRE (R Tkl
lines. In the case where a plurality of circulation lines
are utilized, it is sufficient that the heat quantity of
the entirety of the circulated component is controlled

10 utilizing at least one of the circulation lines, and for
example, while returning the circulated components
constantly to the reaction system by a main circulation
line, a temperature regulating unit may be mounted onto
a bypass line to control the heat quantity of the entirety

15 of the circulated component that is circulated to the
reaction system based on the flow data and temperature data.

With respect to the temperature regulating unit,
a cooling water or other coolant may be used, or a silicone
oil or other heat medium that can be heated may be used.

20 Furthermore, instead of just a single temperature
regulating unit, a plurality of temperature regulating

units may be mounted onto a circulation line.

INDUSTRIAL APPLICABILITY
25 According to the present invention, since the heat

quantity is controlled in accordance with the circulation



(carbonyl ation reaction system etc.) can be stabilized effectively even
when the circulation rate (return rate) 5 of the high boiling point
conponent fluctuates. Further, since tenperature and pressure fluctuations
of the reaction systemcan be restrained and the reaction system can

t hereby be stabilized, reaction conponents can be supplied in a stable
manner and the reaction conponents 10 4%an be utilized effectively to

i ncrease the production rate (or amount) of a object product. The object

product can I%%és#%ﬁtgggdggggai%?bgthghhbgggaégdpgggkahoﬁgéﬁg g9€gUS.

EXAMPLES 15 ["OW n es areé inten escri is invention

[ Turther dgt ablaapdoihoM debl, "% TR b £hARS T R AT ode! LRGN e

scope of the 1 nvention. arative I ng the apparattus shown in
Fig. 1 witho [ h .ral Lt 8 te ragu ing unit
6 shown in 3%6&%fﬂg%3%gfé.%5%%3%P§039%g%g¥igggﬁ&sggﬁpg i% aP?%%?ag cgrbon

id [ I .
Tothanol was SUESTLSd Foorhg PAE; BE Al R Zod 1B B8R L ana

reacti on.wa i ed. ty ;at : i i

of 700 Fo ?gg‘ibfa%"*glﬁp%#el&%g Bolfitieaishgat BALJERRELS BRLHhEY P osure
t enper at ure Qf. 7. th |, i ; ti th
terrp_erature %Tlnt%%e ?ggg?grgj’tg%ppgﬂ&beq{ﬁvgs%r?glfugfceﬁ:tel(?‘gaanp??gt \l‘}?gnor ©
cool i ng Mhenx%g%tﬁggp§§§£gﬁgxn1be restrained and the reaction system

can thereby be stabilized, reaction components can be
supplied in a stable manner and the reaction components
10 can be utilized effectively to increase the production rate
(or amount) of a object product. The object product can

thus be produced stably with and industrial advantageous.

EXAMPLES
15 The following examples are intended to describe
this invention in further detail and should by no means
be construed as defining the scope of the invention.
Comparative Example
Using the apparatus shown in Fig. 1 without using
20 the control unit 8 and temperature regulating unit 6 shown
in Fig. 1 and Fig. 2, carbon monoxide was supplied from
a carbon monoxide production plant to the reactor at a
pressure of 3079kPa, methanol was supplied to the reactor
at a flow rate of about 29kg/H, and reaction was carried
25 out at a reference carbon monoxide partial pressure of 700

to 755kPa, a reference pressure of 2755kPa, and a reference



of the reactor becane higher than the reference tenperature 5 was carried
out to adjust the tenperature of nethanol for supplying to the reactor.
When the pressure of carbon nonoxi de exceeded 3236kPa, the excess carbon
nonoxi de that could not be absorbed at the buffer tank was conbusted at
and di scharged fromthe exhaust |ine. The reaction was 10 carried out under
a rhodi um i odi de concentration of 550%4%o0 600ppm a nethyl i odide
concentration of 12 to 13 weight % a lithiumiodide concentration of 4 7

to 4.9 weight, {Qr?ei-atqﬁteh%lf ?)L%%t 3Le Cogcogtntﬂ{ea&ﬁ%% of t}’e Obfgré 8We%f phase

and a water coricentration 8 to

Part of the rl‘ﬁa‘%’\ttln(q: Hlei&t’e'ﬁ@ t%?r\ﬁéfafﬁhf’@%fs'éﬁ@fé‘&ct&P@x‘o?ﬁO‘dsbélBﬁomthe

reactor to the fl distillation colum, flash distil n was perfornmed

at a referengge PestdhBeCt enpdkdfurd JrebBbEN0G VIR YEfp@iatdPeC and
20 a reference flash rate of 540L/H, and the séparated f II‘SF hi gh boiling

Poi Nt _componegt AE SLaictont SAMELALMES: 122 tnE)r de- GIdCYLAPBLaRhrEE! U ned

to the reaction systemat a re er énce rat 350L H ~Furt t he

first 1oy bqjdd eare%atoﬁenw%erﬁhstthehewegmﬁe%{eiedoé%efth %{&12?3@

distillation was supplied to a pluralit ractionati ng ums and the

fraction contsaipiiing fgptdy leHeo Hede 1apd V‘ﬁhéﬁof}ﬁe(EEEQEQréO&EbBAJ_—FBH poi nt

conmponent) was cCirculated or returned wthout tenperature regulation to

the reacti onpms)slitid 8kce 868 HANKD S, PheAl& Y c8Bbbhlmonoxide that
could not be absorbed at the buffer tank was combusted at
and discharged from the exhaust line. The reaction was
10 carried out under a rhodium iodide concentration of 550
to 600ppm, amethyl iodide concentrationof 12 to 13 weight %,
a lithium iodide concentration of 4.7 to 4.9 weight %, a
methyl acetate concentration of 1.5 to 1.7 weight %, and
a water concentration of 7.8 to 8.0 weight % in the liquid
15 phase.

Part of the reaction mixture solution was supplied
continuously from the reactor to the flash distillation
column, flash distillation was performed at a reference
pressure of 157kPa, a reference temperature of 130 °C, and

20 a reference flash rate of 540L/H, and the separated first
high boiling point component (reference temperature: 122
°C) was circulated or returned to the reaction system at
a reference flow rate of 350L/H. PFurther, the first low
boiling point component that was separated by flash

25 distillation was supplied to a plurality of fractionating

columns and the fraction containing methyl iodide and water



When conti nuous production of acetic acid was 5 carried out under the above
conditions, the flow rate of carbon nonoxide fromthe carbon nonoxi de
production plant fluctuated in the range of 21.2 to 21.8NnB/H, the

met hanol | oading flow rate was 28.8kg/H, and the methanol was supplied to
the reactor with tenperature regulation wwthin 10 a range of 60 to 100 C
The reaction m xture having a tenperalﬁﬁe of 186.9 to 188.1 C was supplied
to the flash distillation colunmm wth the supply pressure fluctuating in

t he range of 27 R f / ¢ : ! f
15 530 ? 0 545‘%%?’%3%?’?%&%“%%m etu r‘#g‘f 8{“%9&30%&%2{1‘%3'}%&%%? range o

separ at ed at i ae Budhhd Al AU 01 GLhE HoRk el QLabgiUEned 1o

t he reactor ow ra return f fl'uctuating in the range

of 345 to BSEgylﬁtﬁ_m Ry tahge%rr%néeh%fgvpx%rﬁ%f( Ry flow rate) of the

second 20 | owboi 'l ng poi nt conponént, was separated at the

fractionating colunnﬁggggf h&qéb?%%d L2 duld 820 ARetS¥SLETY @%%ctuated in

the range of 64.8 to ernmore, the discharge rate of carbon

monoxi de g f rmithe £xXhaushaklnept! UGbUat S6h AT 1o T ANGe Mo dte 22
LA

0. 6NnB/ H (di scharge pressure: 6 e reaction tenperature fluctuated

R S Rt L i it el v U
subjected to fcllu%ﬁ_iﬁated in the range of 21.2 to 21.8Nm’/H, the methanol
loading flow rate was 28.8kg/H, and the methanol was
supplied to the reactor with temperature regulation within
10 a range of 60 to 100 °C.
The reaction mixture having a temperature of 186.9
to 188.1 °C was supplied to the flash distillation column
with the supply pressure fluctuating in the range of 2726
to 2785kPa and the flow rate fluctuating in the range of
15 530 to 545L/H. The first high boiling point component that
was separated at the flash distillation column was
circulated or returned to the reactor with the flow rate
(return flowrate) fluctuating in the range of 345 to 355L/H.
Furthermore, the flow rate (return flow rate) of the second
20 low boiling point component, which was separated at the
fractionating columns and circulated to the reaction
system, fluctuated in the range of 64.8 to 67.2L/H.
Furthermore, the discharge rate of carbon monoxide
from the exhaust line fluctuated in the range of 0 to

25 0.6Nm’/H (discharge pressure: 3236kPa), the reaction

temperature fluctuated in the range of 186.9 to 188.1 °C,



distillation contained 72 weight % of acetic acid, 13 5 weight % of nethyl
i odide, 2 weight % of nethyl acetate, 8 weight % of water, 600ppm of
rhodi umi odide, and 5 weight % of lithiumiodide. The high boiling point
conponent separated at the distillation columm contained 81 wei ght % of
acetic acid, 2 weight %of nethyl iodide, 1 weight % 10 of nethyl acetate,
9 wei ght % of water, 1000ppm of rhodi i iodide, and 7 weight %of |ithium
i odide. Also, the fraction (second |ow boiling point conponent) fromthe

ety 1 odli 0270 U SaFChE Sh MR el £18brATRECI 8 e meib B ot

Exanple Wt <§y§i of circulating the first high boiling point
conponent,\J%i: Jgg seéﬁra'ed at the flash distillation colum and was

ciroulated (o the reqfkoLaabts 30 AIEELPBCLAL WAL SAMIANGd B aon

tenperature of the Ccircu ol I'i ng poin onent by just 0.415 C

uhen the 11 oyt ol e g el 70 Al SOTROREl s d leialats by 2

proportion o aceti c aci n"t he same manner as in the

Comar o S Thohel i 2Eod M5Ol I AEDIATIREAS

regul ati ng uni shown Tn wefe u action node,

e g b o LR LT
integral ValW%(¥iﬂﬂ¥%ﬂwfgﬁﬂﬁ§p @ﬁetﬁfgh boiling point component
separated at the distillation column contained 81 weight %
of acetic acid, 2 weight % of methyl iodide, 1 weight 2
10 of methyl acetate, 9 weight % of water, 1000ppm of rhodium
iodide, and 7 weight % of lithium iodide. Also, the
fraction (second low boiling point component) from the
fractionating columns contained 61 weight % of acetic acid,
19 weight % of methyl iodide, 8 weight % of methyl acetate,
15 and 12 weight % of water.
Example
With the exception of circulating the first high
boiling point component, which was separated at the flash
distillation column and was circulated to the reactor, to
20 the reactor with regulating the temperature of the
circulated high boiling point component by just 0.415 °C
when the flow rate of the high boiling point component
fluctuates by a proportion of 1L/H, acetic acid was produced
in the same manner as in the Comparative Example. That is,
25 the control unit 8 and temperature regulating unit 6 shown

in Fig. 1 were utilized and by an I action mode, the



first high boiling point conponent increased by 1L/H 5 relative to the
reference flowrate of 350L/H and |lowering the tenperature of the high

boi li ng point conponent by 0. 415 C fromthe reference tenperature of 122
C when the integral value of the flowrate of the first high boiling point
conponent decreased by 1L/H relative to the reference flow 10 rate of
350L/ H was performed. Wien conti nuous 4¥r oduction of acetic acid was
carried out under the above conditions, the flowrate of carbon nonoxide

iﬁ %E?:;E)E d‘é:i‘;%ggf%‘sil?z §§f?§£§§ﬁ%p‘{%@%ﬁ%ﬁ%ﬁ R
wihin a range LG oabpenceh By 4okt SPY EAE TebeRARGe FRTPRESPHEE or The
he 11 sh i S8 FPaL ol heD) GO SabeHFER YALOS, G5 i tdesl pEeinom SRR 75, ©
5420 H The FEou"r BLan PeTuRRC Pok"Facenoapelit, TRoPapRY RS AE/R 7 i ny

Ciroulat 8u 1 §eLASIVR SE AN EEE Pnk il G TALRE D0 ARLRONERART 1O°

€ narrow range o

T e e e

| ow boi ling p onponen Was sepa Ionating
colurms and o} oyl atied Lo L I8 oA Sl 2 b2 LUGhUR"GEb LReblEAR2NTE Of
value of the flow rate of the first high boiling point
component decreased by 1L/H relative to the reference flow
10 rate of 350L/H was performed.

When continuous production of acetic acid was
carried out under the above conditions, the flow rate of
carbon monoxide from the carbon monoxide production plant
fluctuated within the narrow range of 21.7 to 21.8Nm°/H and

15 the methanol locading flow rate increased to 29.3kg/H. The
feed temperature of methanol was regulated within a range
of 60 to 90 °C in supplying the methanol to the reactor.

The reaction mixture having a temperature of 187.5
to 187.8 °C was supplied to the flash distillation column

20 with the supply pressure in the narrow range of 2750 to
2760kPa and the flow rate in the narrow range of 537 to
542L/H. The flow rate (return flow rate) of the first high
boiling point component, which was separated at the flash
distillation column and was circulated to the reactor,

25 fluctuated in the narrow range of 347 to 352L/H.

Furthermore, the flow rate (return flow rate) of the second



Furthernore, the discharge rate of carbon nonoxide 5 fromthe exhaust |ine
fluctuated in the range of 0 to O0.1NnB/H (discharge pressure: 3236kPa),
the fluctuation w dth of the reaction tenperature was 187.5 to 187.6 C,
and the fluctuation width of the reaction pressure was 2750 to 2760kPa. 10
The conpositions of the reaction mxture that was subjected to flash
distillation, the high boiling point 4'r,sonponent that was separated at the
distillation colum, and the second |ow boiling point conponent fromthe

fractionatin I it he t NG QKT ogdi itions
of the Cbnpa?éﬁf&gﬁgégﬁgﬁg}%ﬁé co§g§?§ 'mﬁ?%%Phgggo%gg?g?Fég EggﬁgFe, t he

met hod of th@:‘r@&%ln%ti\?\}%\“%o?l% L& of |d:|.‘i1c:'th‘1§it%'a WodltheOtre aldtd drenmper at ur e
em was si r

of the reaction syst gnificantly educed from "reference

temper ature 08Cn { ¢1URLEIERS P AnbeTRRIAl Wit 68 koot ( hat the
w-dth of the

fluctuation reaction pressure was significantly reduced from

"reference pressure %ﬂ%@ﬁ"erﬁngr'ér,e{ﬁé’ Q3 SehRIrGESHH e BEFGarbord HohbB&iERr €, 1N

t he Exanple, since the reaction system can ~“be stabilized, not only the

feed rate of £abengTRANER 23:R)¢ IR 18l e yHBigERR o e

production rate of acetic acid can also be increased, noreover the
di schar ge 46 oﬁ,mpﬁit (?95&5&&@8&@5@&9& 9536RPRPN FRACKIdetEAdnbe
y 0 H" to "0 to 0. 1L/ H'

reduced significan rom"0 to 6L
width of the reaction temperature was 187.5 to 187.6 °C,
and the fluctuation width of the reaction pressure was 2750
to 2760kPa.

10 The compositions of the reaction mixture that was
subjected to flash distillation, the high boiling point
component that was separated at the distillation column,
and the second low boiling point component from the
fractionating columns were the same as the corresponding

15 compositions of the Comparative Example.

As compared with the Comparative Example, the
method of the Example shows that the fluctuation width of
the temperature of the reaction system was significantly

reduced from "reference temperature +0.6 °C" to “"reference
20 temperature 0.1 °C” and that the fluctuation width of the
reaction pressure was significantly reduced from
"reference pressure +30kPa” to "reference pressure +5kPa”.
Furthermore, in the Example, since the reaction system can
be stabilized, not only the feed rate of carbon monoxide
25 and the feed rate of methanol but the productién rate of

acetic acid can also be increased, moreover the discharge



and the carbon nonoxi de could be utilized effectively in the carbonyl ation
reaction. The results are shown in Table 1. Table 1 carbon nonoxide _

met hanol flash solution first high boiling point conponent second | ow
boiling point conmponent carbon nonoxide discharge rate reaction
tenperature reaction pressure Conparative Exanple Exanple flow rate
21.2-21.821.7-21.8 (Nw8/H) pressure( kP 30793079 flow rat e(kg/ H) 28. 829. 3

t enper at ure( C) 60- 10060-90 fl ow rate(L/H)530-545537-542

tenper at ur e( Quiff 1187 RhR4s¥ Lhoulit) of carbon monoxide could be

reduced significantly from "0 to 6L/H" to "0 to 0.1L/H",

and the carbon monoxide could be utilized effectively in

the carbonylation reaction.

The results are shown in Table 1.

Table 1
Comparative Example
Example
flow rate 21.2-21.8 21.7-21.8
carbon monoxide (Nm®/H)
pressure( kPa) 3079 3079
h flow rate(kg/H) 28.8 29.3
methanol temperature( °C) 60-100 60-90
flow rate(L/H) 530-545 537-542
flash solution temperature( °C) 187.1-187.8 187.5-187.6
pressure( kPa) 2726-2785 2750-2760
first high boiling flow rate(L/H) 345-355 347-352
point component
second low boiling flow rate(L/H) 64.8-67.2 66-69
point component
carbon monoxide flow rate 0-0.6 0-0.1

discharge rate

(Nm*/H)

reaction temperature

temperature( °C)

186.9-188.1

187.5-187.6

reaction pressure

pressure( kPa)

2726-2785

2750-2760




pressure(kPa) 2726- 27852750- 2760 fl ow rate(L/H)345-355347-352 fl ow

rate(L/ H)64.8-67.266-69 flow rate 0-0.60-0.1 (N8/H)
tenperature(C) 186. 9-188. 1187. 5-187. 6 pressure(kPa) 2726-27852750- 2760 47
CLAIMS 1. A reaction control nethod in which, with supplying reaction
conponents continuously into a liquid 5 phase reaction system subjecting
continuously part of the reaction prdduct in the reaction systemto a
separation step and circulating the separated conponent that has been
separated in the separation step to q@ﬂ€8ﬁ§action system wherein the
tenperature of said reaction systemis controlled by controlling or
regul ating the heat quantity of the circul ated separated conponent in
association with the circulation rate of the separated conponent from said

separation step. 2. /f.r‘ia‘iteia%@i%ﬁ”%ﬁ?c%ﬁéﬁ%&{x?&c%dhﬂ&gg(r?m Gigpm 151,

wherein a separated conponent cont al ni ective onent for the

ein a sep | _ o
method accor SRS YA £PRetin, BB Ry EE S nubudud MG AT 1 ¢

Contr0||%d phase reaction system, subjecting continuously part of the

reaction product in the reaction system to a separation
step and circulating the separated component that has been
separated in the separation step to said reaction system,
wherein the temperature of said reaction system is
10 controlled by controlling or regulating the heat quantity
of the circulated separated component in association with
the circulation rate of the separated component from said
separation step.
2. A reaction control method according to Claim
15 1, wherein a separated component containing an effective
component for the reaction is circulated to the reaction
system.
3. A reaction control method according to Claim
1, wherein the reaction system temperature is controlled
20 at a predetermined temperature for a system in which the
rate of circulation of the separated component from the
separation step to the reaction system fluctuates,
which comprises detecting the flow rate and
temperature of the circulated separated component, and
25 controlling the temperature of the circulated separated

component based on the detected flow rate and temperature.



20 at a predetermi ned tenperature for a systemin which the rate of
circulation of the separated conponent fromthe separation step to the
reaction system fluctuates, which conprises detecting the flow rate and
tenperature of the circul ated separated conponent, and 25 controlling the
tenperature of the circul ated separated conponent based on the detected
flowrate and tenperature. 48 4. A reat?ion control nethod according to
Claim 1, wherein the reaction systemis an exotherm c reaction system

wi thout a heat removal n| ad¥¥$ﬁlﬁ%nﬁﬁﬁﬁﬁﬁékﬂbﬁ a@Eo&ﬁ@nbe%%tCQ%1§V5te”"S
controlled by neans of t 5 tenperature and flow rate of "a separated

conponent that v\fh%xjec:].‘ﬁerth'ean Hﬂ%ﬁtg%gténha{'sté‘r?efx%%@xféxfﬂﬁcs)f%fa%mlo% A
reacti on contr'ol nethod according to aim 1 in which: an al cohol and

car bon mnow%& o Wit d HdR rbhrdil Wit p%ﬁetﬁ]%a%h@@xwfx%m

conprising a onylation cata yt|c system part of the reaction mxture,

whi ch conpri sgs 4 rQsiuGas 1 | dranwn out
from the reactlgﬁgsysten1mnth nalntéfnlng a sgﬁgt ntlgﬁfi(%21%%istant
liquid | guel e t v ;

disti Il atl O”H G E' ﬁl%@ gtg%]%cfoframng’@r%‘ﬁteﬁg|°tr°g’6’?’§telé§°s{tgatt he

reaction systgm; ﬂﬂi% rd (4 Uritn GHE VI 1070 B, L he

carbonylatlon cat alytic systen1a een
5. A reaction control method according to Claim

1 in which:
an alcohol and carbon monoxide are supplied into
10 a liquid phase reaction system comprising a carbonylation
catalytic system;
part of the reaction mixture, which comprises the
carboxylic acid produced by the reaction, is drawn out from
the reaction system with maintaining a substantially
15 constant liquid level in the reaction system and is
subjected to a flash distillation; and
a high boiling point component is circulated to
the reaction system, said high boiling point component
comprises the carbonylation catalytic system and has been
20 separated by the flash distillation froma low boiling point
component comprising the carbonylation product,
wherein the flow rate and temperature of the circulated
high boiling point component are detected, and the
temperature of the circulated high boiling point component
25 is controlled based on the detected flow rate and

temperature to control the temperature of said reaction



20 separated by the flash distillation froma |ow boiling point conponent
conprising the carbonyl ation product, wherein the flowrate and tenperature
of the circulated high boiling point conponent are detected, and the
tenperature of the circulated high boiling point conponent 25 is controlled
based on the detected flow rate and tenperature to control the tenperature
of said reaction 49 systemat a predef%%nined tenperature and to suppress
the pressure fluctuation of the gas phase of said reaction system 6. A

react i on contle fPRROS HOARIC A PeiipBirabute 4HETR) Budidayiehal |1 g

poi nt conponent that has been separate ash distillation is further

subj ected or pr$lRlree ¢ 1R tRatSbnNio#d thS gad bRhseeh#r 3hiAN redd drsecond
| ow boi ling point conponent, a conponent “containing carboxylic acid, and a

second hi gh bQiddgpf poi nt component, 10 and the second |ow boiling point
conponent that has been separated by the refining systemis circulated to

the reaction systems 7a AcheRbhoBoRREbiOheIRbOLCBBERIANSS! @16HA M 5.

wherein the liquid phase reaction systemis a reaction systemin which

met hanol sand sCaphen eANeKLAeo@ S0 £AEE §5b dt § RNt hasCaekanyl ation
iI'd or a r . 8. A

catal ytic systemto produce acetic a Ivative thereo

Lg?ﬁ%i 22 nggﬂtes% a&%@?ﬂ’g‘g‘;ﬂ%ﬂi B9 st919:240h 35 MISERLR &0 ;RLERaPRY | ng
' supplied to a refining system for separation into a second
low boiling point component, a component containing
carboxylic acid, and a second high boiling point component,
10 and the second low boiling point component that has been
separated by the refining system is circulated to the
reaction system.
7. A reaction control method according to Claim
5, wherein the liquid phase reaction system is a reaction
15 system in which methanol and carbon monoxide are reacted
in the presence of a carbonylation catalytic system to
produce acetic acid or a derivative thereof.
8. A reaction control method according to Claim
5, wherein the high boiling point component contains a
20 calbonylation catalytic system comprising a rhodium
catalyst and a cocatalyst, and the low boiling point
component contains a carboxylic acid, a carboxylic acid
ester and an alkane halide.
9. A reaction control method according to Claim

25 6, wherein the second low boiling point component contains

an alkane halide.



20 cal bonyl ation catal ytic system conprising a rhodium catal yst and a
cocatal yst, and the |low boiling point conponent contains a carboxylic
acid, a carboxylic acid ester and an al kane halide. 9. A reaction control
met hod according to Caim 25 6, wherein the second | ow boiling point
conponent contains an al kane halide. 50 10. A reaction control method
according to Claim 1, wherein the tenperature of the reaction systemis
controlled within a range of 0.5 Cwith respect to a reference

temperature. 5 11 A1peagtionoCon [in T b ALROLHRFAIACHS DLall

wherein the reference tenperature is 150 to 220 C.  12. A control apparatus

comprising: g | \AUrdiRNase FeAPLEARLFLSLEMnENERaWRLER E9aELhOL, cOMPONeNt s

are supplied continuously at a predeterm ne rate; a separation unit,

| nto which pap t%lrl@‘c’i %ﬁ%ﬁ&hogairggmggu% (608! t’@ew{ﬁ?c%% =8 }/SESWA' S

suppl i ed conti nuous cont ol “unrt | rng the

tenperature ggfgggnggpﬁgﬁbggaggggonent that has been 15 separated by the
separation unit a circulation line for circulating the separated

component that has bggn AddistErbi IbdiRIRSY Hidtiod b dditaih@Rel eutsf control

unit to the reaction system ein control apparatus conpri ses:
10, wherein the reference temperature is 150 to 220 °C.

12. A control apparatus comprising:
a liguid phase reaction system, into which reaction
components are supplied continuously at a predetermined
10 rate;
a separation unit, into which part of the reaction
product from the reaction system is supplied continuously,
a temperature control unit for controlling the
temperature of the separated component that has been
15 separated by the separation unit; and
a circulation line for circulating the separated
component that has been adjusted in temperature by the
temperature control unit to the reaction system,
wherein said control apparatus comprises:
20 a flow rate sensor for detecting the circulation
rate of the separated component in said circulation line;
a temperature sensor for detecting the temperature
of the separated component in said circulation line; and
a control unit, by means of said temperature
25 control unit, for controlling the heat quantity of the

circulated separated component based on the detection data



20 a flow rate sensor for detecting the circulation rate of the separated
conponent in said circulation line; a tenperature sensor for detecting the
tenperature of the separated conponent in said circulation line; and a
control unit, by neans of said tenperature 25 control unit, for controlling
the heat quantity of the circulated separated conmponent based on the
detection data 51 fromsaid flow rate 3densor and tenperature sensor. 13. A
control apparatus according to Claim12, which further conprises: a

ref i ning Ut Lerbh ARG e AUOLd G dliikcoaupagent that has

been separate € séparation unit into a secon i'ng poi nt

component, a conponeqly  GoRLY U0 aAGaLRAKY Liko3i s 280cdagfeend high
and a Sse n

boiling point conponent; C circulatron € for circulating the

10 second I0W4$@4iinﬂﬂ@ﬂ“édﬁ%T&%@%Qt that has been separated by the
0

refining unit he reaction system wherein the |liquid phase reaction

systemis a reactio% §%?Eggh 'ng%tfgrcggg%QgtgpbgFﬁgd15?589%§§ﬂ herm c

reaction, and the control "uni I's™a unit con I'ng at

suant o SRSSeBBhaRitomaPes LAk L3gholeto 9 ARTUEEALIS oD (1

contr unit conirol or

regul at @ 1ne iSaEh et LERRERAIN BoBY1hEDSIAE LbAbbABNE T L cBhpbREnt
containing a carboxylic acid, and a second high boiling
point component; and
a second circulation line for circulating the
10 second low boiling point component that has been separated
by the refining unit to the reaction system,
wherein the liquid phase reaction system is a
reaction system without a cooling unit and is an exothermic
reaction, and the control unit is a unit for controlling
15 the heat quantity of the separated component that is lower
in temperature than the reaction system by means of the
temperature control unit to control or regulate the

reaction temperature by the circulation rate of the

circulated separated component.



