1 DESCRI PTI ON FEED CONTROLLI NG METHOD OF GASEQUS REACTANT AND CONTROL
APPARATUS 5 TECHNI CAL FIELD This invention relates to a feed controlling
method of a gaseous reactant and a feed apparatus (or control apparatus)
t hereof which are useful for effectively 10 utilizing the gaseous reactant
for a carbonylation reaction or other reactions. BACKGROUND ART Carboxylic
acids (e.g., acetic acid) or 15 derivatives thereof (e.g., nethyl

met hacryl ate) have been produced industrially by use of carbonylation
reactions. For exanple, Japanese P | .cation Lai d-Open No.

54011/ 1973 (JP-48-54011A) discloses%ﬁﬁggpggﬁ$h§tion met hod in which an
olefin, an alcohol or an ester thereof, 20 a halide, or an ether derivative
is allowed to react in a liquid phase with carbon nonoxide in the presence

of a catalytic systenlcontal rho. and an
|od|?¢ or br3n1ne cd E&ﬁﬂﬁﬁﬁ% r%iéﬁléy 4ﬂéégd%3 part of aliquid
reaction product is supplled 0 a separation zone
which is substantially lowin 6“&%3%#@%#g‘9§€%$g§gn% evapgrate at least a
part of the above-nentioned carbonyl ation product, - 2 the vaporized

car bonyl a®i on product is taken out, and the

TECHNICAL FIELD
This invention relates to a feed controllingmethod
of a gaseous reactant and a feed apparatus (or control
apparatus) thereof which are useful for effectively
10 utilizing the gaseous reactant for a carbonylation

reaction or other reactions.

BACKGROUND ART
Carboxylic acids (e.g., acetic acid) or
15 derivatives thereof (e.g., methyl methacrylate) have been
produced industrially by use of carbonylation reactions.
For example, Japanese Patent Application Laid-Open No.
5401171973 (JP-48-54011A) discloses a carbonylation
method in which an olefin, an alcohol or an ester thereof,
20 a halide, or an ether derivative is allowed to react in
a liquid phase with carbon monoxide in the presence of a
catalytic system containing a rhodium or iridium component
and an iodine or bromine component. In this process, at
least a part of a liquid reaction product is supplied,
25 without heating, to a separation zone which is
substantially low in pressure to vaporize or evaporate at

least a part of the above-mentioned carbonylation product,



residual liquid reaction product is recirculated to the - [
reaction zone. This docunent describes the renoval of un?gggfegegnggﬁd
nonoxi de fromthe reactor. 5 Japanese Patent Application Laid-Cpen No.
321847/ 1994 (JP-6-321847A) discloses a carbonylation product recovering
nmet hod for maintaining the concentration of water in the |iquid conponent
at least at 0.5 weight %in which an ivizliumcatalyst is used as a
carbonyl ation 10 catal yst, wherein a vapor conponent containing the

carbonyl ati on product and a |iquid_conponent _containi the irjdi
catal yst are phsdiveperizedaporPeaviakion Pﬁ%du?Eaﬁ%Hﬁﬂ&3¥8836tagﬁaﬁg%e
vapor conponent is separated from the |iquid component. .This. doc t
:c Ir Iolrjnst { ﬁtees t hfaSJ;Bil‘t]ﬁbclmlg'fél Freafir kR (RIP G H ol oToKT ‘H‘él%ée%xﬁ%ﬂgﬁggas
reactor. Japanese Patent Application _Lai d- Open .

(JP- 10- 508594 AbqwermesticnefbtFRAL bR F3R Ay '#hri'egL g?"gﬁ’é“%’f%opqeﬁg‘ho’%f"g%é 3998
carboxylic acid in a first region 20 by liquid phase carb latiop in the
presence of a thmdiemevadaefiynieagiad Félr]b?nv‘ﬁ%&‘iaﬁg&f%gﬂéaﬁ??% Chi xture

in a second region, purifying a vapor fraction containi h d d
car boxyl i & aci lapanesecBateny Apel hemt ep ok gOPeR iP o ?gﬁéfﬁéﬁgé n?gfning
the catalyst to the first region, 25 wherein carbon nonoxide is supplied to
t he non-vaporl&le6+32ﬂﬂiV$}a%%$%h°%?%dﬂc@ﬂrP?Bﬁ}?ﬁéogeBBﬂguFégion by

avoiding the return of carbon nonoxide to the second region_in _or t
prevent the Iosscqweném@dmehhm@xf@%.mgéﬁﬁﬂéginﬁafﬁﬁtcﬁﬁﬁngﬁ?%gﬂnLgﬁg-Cgen

"o water in the liquid component at least at 0.5 weight % in

which an iridium catalyst is used as a carbonylation

10 catalyst, wherein a vapor component containing the
carbonylation product and a liquid component containing
the iridium catalyst are produced by vaporization of the
reaction product and the vapor component is separated from
the liquid component. This document illustrates the

15 discharge of unreacted carbon monoxide as exhaust gas from
the reactor.

Japanese Patent Application Laid-Open No.

508594/1998 (JP-10-508594A) proposes a method comprising
the steps of producing a carboxylic acid in a first region

20 by liquid phase carbonylation in the presence of a rhodium
catalyst, partially vaporizing the reaction mixture in a
second region, purifying a vapor fraction containing the
produced carboxylic acid and recycling the non-vaporized
liquid fraction containing the catalyst to the first region,

25 wherein carbon monoxide is supplied to the non-vaporized
liquid fraction produced from the second region by avoiding

the return of carbon monoxide to the second region in order



95723/ 2000 (JP-2000-95723A) discloses a control nethod for a process of
produci ng acetic acid by carbonylation, 5 wherein the flow of carbon
nonoxi de passing through a control valve is neasured, the average val ue of
the carbon nonoxide flow per a predetermned tinme is calculated, a fixed
value is added to this average carbon nonoxide flow to calculate the
maxi mum fl ow rate of carbon nonoxi de, ahd3 10 the operation is perforned so
that the flow rate of carbon nonoxide into the reactor does not exceed the
maxi mumf |ow rate. However, these carbonylation nmethods are pressurized
reaction systets prewenththdeclosmcef opareonsmere¥xi@®- out by pressurizing
carbon nonoxide with a conpressor. In order to inhibit the qQccurrence of
surging in such presslapaese Ratenh Apptipatien it @peRi¥e-is supplied
to the reaction systemw th nmaintaining a constant pressure and a_constant
flow rate at t9%723/200a{JP-RO06u0I5I2320 diseheses@rertErl MHNRGEPE, the
pressuri zed reaction system in which the reaction is carried out under a
pr edet er ni ned apptoesspres spreduchngeacetiet aaidohY ofarhapyaetdAiof t he
consunption rate of carbon nonoxide with varying reaction tenperatures. In
particul ar5 i nwher&bn atheaf1ow oafictagbon ﬁﬁhexé@?uPPﬁﬁiBBaﬁPrgﬁgh a
consunption rate of carbon nonoxide is significantly fluctuated even when
the reaction teoperal walve)ishmeasucedorths average valpe g IW‘%&F‘F%Q?‘
Accordingly, in order to prevent a pressure drog_i n the reaction_system
carbon nonoxi deonoxide flow per a predetermined time is calculated,” a

fixed value is added to this average carbon monoxide flow

to calculate the maximum flow rate of carbon monoxide, and

10 the operation is performed so that the flow rate of carbon

monoxide into the reactor does not exceed the maximum flow
rate.
However, these carbonylation methods are

pressurized reaction systems in which the reaction is

15 carried out by pressurizing carbon monoxide with a
compressor. In order to inhibit the occurrence of surging
in such pressurized reaction systems, carbon monoxide is
supplied to the reaction systemwith maintaining a constant
pressure and a constant flowrate at the inlet and the outlet

20 of the compressor. Meanwhile, the pressurized reaction
system, in which the reaction is carried out under a
predetermined applied pressure, causes fluctuation or
variation of the consumption rate of carbon monoxide with
varying reaction temperatures. In particular, in an

25 actual producing or manufacturing plant the consumption
rate of carbon monoxide is significantly fluctuated even

when the reaction temperature in the reaction system



an excess anmount over the consunption rate of carbon nonoxide at a steady
state (reference consunption rate) 5 is supplied to the reaction system as
a reference flow rate, fromthe outlet of the conpressor on the assunption
that the consunption rate is large. Therefore, in the case where the
consunption rate of carbon nonoxide is less than the reference consunption
rate in the reaction system an 10 excess4of carbon nonoxide in the
reaction systemis emtted or discharged and burned at the outside of the
reaction systemas a flare for retaining the pressure of the reaction
system at a giskightlyievanirs end@AFlindling i QRIS ith PTe¥RRYe?, in such
a systemit is inpossible to utilize carbon 15 nonoxid effectixslyi

resul ting in rgssurectmiidalthe Feaction gFstem, gargppofjonoxide in
nonoxi de- produci ng plant (carbon nnnoxide-nanufacturingmﬁlant% and a
producing pl zan €xcess ameunt oved- BReJGERFEMBEAAR) TRAEWAE cFaFRaN20
carbonyl ation reaction is conducted wth carbon nonoxi de r oduced, by the
car bon nonoxi deepeideialy | skeadeshabe (Fﬁ%eE%Pﬁ%ncﬂBﬁBQSBgoPeﬁﬁtg stem
and the carbonylation reaction system (or reaction systemincl udi g
separatiorb anis psuppliedi bh)the ¥ﬁ@@b§ﬂ@eﬁ¥$9390n?FoglEﬂfeFFan Eg w
therefore inpossible to reflect fluctuation factors in the react%gn system
(such as a presatee fromttle potleknes theRowRIesIPy 90 thepafsumptlon
nmonoxi de- produci ng plant and the 5 feed system Thus, it is ,difficult to
nore effici enttat tdwucensneptiPBgiake 46 %ﬁ’iﬂﬁlar Joesetora it o SPAEE and

where the consumption rate of carbon monoxide is less than
the reference consumption rate in the reaction system, an
10 excess of carbon monoxide in the reaction systemis emitted
or discharged and burned at the outside of the reaction
system as a flare for retaining the pressure of the reaction
system at a given value, and ensuring a stable operation.
However, in such a system it is impossible toutilize carbon
15 monoxide effectively, resulting in a great economical
loss.
Further, in a carbon monoxide-producing plant
(carbon monoxide-manufacturing plant), and a producing
plant (e.g., acetic acid-producing plant) in which the
20 carbonylation reaction is conducted with carbon monoxide
produced by the carbon monoxide-producing plant, each of
the carbon monoxide feed system and the carbonylation
reaction system {or reaction system including separation
and purification) is independently controlled. It is
25 therefore impossible to reflect fluctuation factors in the
reaction system (such as a pressure fluctuation) when

controlling the carbon monoxide-producing plant and the



to effectively utilize carbon nonoxide for the carbonylation reaction. 5 It
I's, therefore, an object of the present invention to provide a control

nmet hod and a control apparatus in which the gaseous reactant (such as
carbon nonoxide) is effectively used for the reaction in the pressurized
reaction system 10 Another object of the present invention is to provide
a control nethod and a control apparatus $n-which the em ssion (or

di scharge) of the gaseous reactant is inhibited or suppressed and which is
useful for subjecting the gaseous reactant to a reaction with econ](_)m' cal
15 advant ages.fded isystem| Fhmshed tojediffiiqrd g dutie i‘?ﬁ)@ejrﬁjr?fht Yo
provide, in a pressurized reaction system (such as a _  carbon Iaéion
reaction syst ergduce \ithe leris2leRsar HbieRargs ?%ecﬁﬁa‘%%u‘go?éﬁ% &ntBver
the reference flowrate is 20 continuously supplied industrially, a control
method and a teefttctiyekntwtilbre (€arbon BoRAEidasEetsthRact ant
effectively for a reaction even when the consunption rate of carbon
nonoxi de vari esarbonhkatiertreacti®@®em 25 DI SCLOSURE OF THE | NVENTI ON The
i nventors of the present invention nade intensive studies to achieve the
above obj é&ts, and fi ikt |is f ceheirefexe. i an opjeck pf Lbe (REEFPBR system
(e.g., a carbonylation reaction system) in_which the gaseous,  reactant
suppli ed with Envedetemceo corevigei ancenbhprl shgthod and a contro

apparatus in which the gaseous reactant {such as carbon
monoxide) is effectively used for the reaction in the
pressurized reaction system.

10 Another object of the present invention is to
provide a control method and a control apparatus in which
the emission (or discharge) of the gaseous reactant is
inhibited or suppressed and which is useful for subjecting
the gaseous reactant to a reaction with economical

15 advantages.

It is still another object of the present invention
to provide, in a pressurized reaction system (such as a
carbonylation reaction system) in which an excess amount
of the gaseous reactant over the reference flow rate is

20 continuously supplied industrially, a control method and
a control apparatus for utilizing the gaseous reactant
effectively for a reaction even when the consumption rate

of carbon monoxide varies in the reaction system.

25 DISCLOSURE OF THE INVENTION
The inventors of the present invention made

intensive studies to achieve the above objects, and finally



(reference reaction consunption rate) Fcs at a steady state 5 is consuned
acconpanied with a fluctuation flow rate AFcv, the em ssion or discharge
of the gaseous reactant can be reduced to al nost zero while maintaining
the pressure at a feed line (and a reference flow rate F) constant even
when the consunption rate of the gaseous reactant varies 10 wth
fluctuation of the reaction tenperature and other factors, by supplying
t he gaseous reactant to the reaction systemthrough a feed line with the
reference flowrate F having an excess of F1 over the iefefen

. - e
consunption ffond athatrcsin  rRERSFIREZEH BXREELORNBURT Bt ?hé'gageous 15
reactant (Fl-iFcv) to the feed |ine through (or vi % a_. circulation line
gg;egagpfgzg{|¢%Fbﬂn¥%$f#QﬂrﬁF?Ft%%%sﬁﬁﬁ¥g%h }%I@hf BcHhG: 3ReRBEY of the

ant in the reaction systemby the feed ra Fes+AFcy
gaseous react aFeactamt tsHpRkked st A ke GnFﬁecPBQHmP%ﬁgg gSOWhﬁaé?gge;Pe
i nvention was acconplished based on the above fiﬂgin -, That J.S..1Lhe
met hod of the {¥eEQFRNGHFEACLION CONPHNRELOR SRted 'ﬁ§%j: §§g&ﬂynﬁt% Gaseous
reactant from a gas feed systemto a pressurized reaction s teg1through
25 a feed §ineis mmmaﬂ;agppmgaaneéﬁtg% aaﬁ%HﬁFuéFlPﬁeﬂg%{’ééyéig FE¥et ant
in the reaction systemfromthe feed line to the reactiontgﬁ temvia a

Lot uat | on of o gaseoce phose In 1o entton srotam the Lesat gt
(or a feed preedueed 0 & %%é%ﬁﬁé“wgéﬁtEﬁ?nﬁﬁaﬁﬁpﬁgkaésnggggg%g g}:ate
a feed line (and a reference flow rate F) constant even
when the consumption rate of the gaseous reactant varies
10 with fluctuation of the reaction temperature and other
factors, by supplying the gaseous reactant to the reaction
system through a feed line with the reference flow rate
F having an excess of Fl over the reference consumption
flow rate Fcs, circulating an excess amount of the gaseous
15 reactant (F1-AFcv) to the feed line through (or via) a
circulation line for compensating or absorbing a
consumption rate fluctuation AFcv of the gaseous reactant

in the reaction system by the feed rate (Fcs+AFcv) of the

gaseous reactant from the gas feed system to the feed line.
20 The present invention was accomplished based on the above

f£indings.

That is, the method of the present invention

comprises continuously supplying a gaseous reactant from

a gas feed system to a pressurized reaction system through
25 a feed line, and circulating an excess amount of the gaseous

reactant in the reaction system from the feed line to the

reaction system via a circulation line, wherein based on



Is controlled in connection with the circulation flowrate 5 (return flow
rate) of the gaseous reactant in the circulation line, and the gaseous
reactant is supplied to the reaction systemvia the feed line with a
predeterm ned reference flow rate. Mreover, the apparatus of the present
I nvention conprises a feed line for supplying a 10 gaseous reactant to a
pressuri zed reaction system a feed umt7for supplying the gaseous
reactant to the feed line; a pressurizing nmeans, disposed at the feed
line, for pressurizing the gaseous reactant fromthe feed_unit;

a
circulation |i(Rrfigr rekakion kR oh RERSIESHIMFTEATLoR 08 R 98P REct ant
in the reaction systemto the reaction systeg& % a con%ro uni% fﬁr
control | i ng tehasewn the reactipn §¥§L6Ms Fag %%{ MW FREEi YRR FBR 1 ne
and controlling the feed rate of the gaseous react gnt frogltE5 fged uni t
to the feed |ipressirr) @f the JaseaTEATHANt $5°0 Hredaf sePAuYR 5t on of
a gaseous phase in the reaction systemto sug ijﬂuafhseou% reactgnt to
the reaction siscomtrpldeddnieRngsinerywithy E?éﬂ‘e‘c%} TP FAPY EREE 1 ow
rate. Such a nethod and an apparatus ensure feedina of the gﬁseous
reactant to theretarn | bhowyEate tof otlyh IASCPBEITPRHEARF AN 2508
predetermned flow rate by pontrollin% the feed fl ow rate sof %H% gggeous
reactant in reitrentationihinele @ FBA 975ePRE TGFICHARY itsh SPPBA PS5 &%i t h
respect to a reference flow 8 rate in _the circulation Line, .| E@' t hod,
the gaseous rctie ZRacidprepyedemviafhe £e89 ﬁi eéﬁ’utq'l ﬁ’eplé?q%g?a #%ﬁgﬁ ne
may be conti nuousl

Y refe%'/ence flow rate. Moreover, the apparatus of the
present invention comprises a feed line for supplying a
10 gaseous reactant to a pressurized reaction system; a feed
unit for supplying the gaseous reactant to the feed line;
a pressurizing means, disposed at the feed line, for
pressurizing the gaseous reactant from the feed unit; a
circulation line for circulating an excess amount of a
15 gaseous reactant in the reaction system to the reaction
system; and a control unit for controlling the flow rate
of the gaseous reactant in the circulation line and
controlling the feed rate of the gaseous reactant from the
feed unit to the feed line based on {(or in relation to)
20 a pressure fluctuation of a gaseous phase in the reaction
system to supply the gaseous reactant to the reaction system
via the feed line with a predetermined reference flow rate.
Such a method and an apparatus ensure feeding of the gaseous
reactant to the reaction system through the feed line with
25 a predetermined flow rate by controlling the feed £flow rate

of the gaseous reactant in reference to the deviation of

the circulation flow rate with respect to a reference flow



supplied to the reaction systemwith a reference flowrate 5 F which is
defined as the total flowrate of a reference consunption flowrate Fcs in
the reaction systemand an excess flowrate FI in an excess anount over
the fluctuation consunption flowrate AFcv in the reaction system

Mor eover, the gaseous reactant may be fed to the reaction 10 systemwth
the reference flow rate F by conpensati ngBor absorbing the consunption
rate fluctuation of the gaseous reactant in the reaction systemwth a
feed rate of the gaseous reactant fromthe gas feed system The gas feed
source of the FatefitBdtResEERPHAFLHAN H1BE1i quid form (or 15 a |iquefied
gaseous reactant). Further, according go t he nethod or qpparatusegi. t he
present invention, thel® s gedhod « kB IRRGNS REATLIT GORVERISLAR |ine

may be controlled to the reference flow,. rate based on. at

> | east the
pressure flucttheifRedLing.and tha &dFs 0 LipRdFL P& FSH%w?f)gﬁlyFor
exanpl e, the pressure fluctuation. of the(%?s Qus pq%Ee I n tgﬁ_reag ion
systemis propagapiéeddte fbegreaghiopsest “ﬁﬁg‘ R T HRCE - MhE%GEseous
feed systemvia the circulation line.. Therefore, tgg fl%w ratE of the
gaseous react aftWhiGh pks e Eped A5 ¢ hUdyh T &Pt ReTFFESSTFE
fluctuation generated in relation to the pressure ¥ariation of tgga
gaseous phase FANPHEPE&QR: f4RVsTaFEnfCRoAn FBPAREBCTLRR EYPEEMAfPENn 2 ow
rate of the gaseous reactant in ihe circulation |ine ntral |l ed
based on the pP¥SEaFLIqY HRtGHL LR Wt CXRESFLAMAL Bﬁﬁgﬁ%gﬁﬁég}%‘;ﬁgﬂk"on
system and the feed flow rate of the gaseou% react q; from.the
consumption flow rate AFcv in the reaction system.
Moreover, the gaseous reactant may be fed to the reaction
10 system with the reference flow rate F by compensating or
absorbing the consumption rate fluctuation of the gaseous
reactant in the reaction system with a feed rate of the
gaseous reactant from the gas feed system. The gas feed
source of the gas feed system may be in a liquid form (or
15 a liquefied gaseous reactant).

Further, according to the method or apparatus of
the present invention, the £low rate of the gaseous reactant
in the feed line may be controlled to the reference flow
rate based on at least the pressure fluctuation of the

20 gaseous phase in the reaction system. For example, the
pressure fluctuation of the gaseous phase in the reaction
system is propagated to the gaseous phase or the feed line
of the gaseous feed system via the circulation line.
Therefore, the flow rate of the gaseous reactant may be

25 controlled through the use of the pressure fluctuation

generated in relation to the pressure variation of the

gaseous phase in the reaction system. For instance, the



5 gas feed system may be controll ed based on the pressure fluctuation of

t he gaseous phase in the gas feed system to supply the gaseous reactant to
the reaction systemvia the feed line with the predeterm ned reference
flowrate. Moreover, the apparatus of the present invention conprises 10 a
first pressure sensor for detecting the pressure of the gaseous phase in
the reaction system a first flowrate -cBntrolling unit for controlling
the flowrate of the gaseous reactant in the circulation line in response

to a detection signal fromthe first _pressure sensor; secqnd pressure
sensor for det%%FFHbaPﬁ%npfégguFétPlHétﬁﬁ?iSﬁSSPustﬁgaﬁigggugnpﬁé%é (of the

and a Second {FORPULAELORORRGI MR PO TR IGhERS o the PESRERLPe of
Si'anal’ 17 om t hELSEEBALLARCRE HEE CARETIS MIETE o881 “BRE RPDs ERE e fent | on
Car bonyl at | on #BdcENEnEeRRr SLERGERFRCAFI Jro ASRERRoRC GERRE  Egen® ther ©
SySt em cont 3i nURG BeoHaFBERERaRREnb BN FPL IE)s PRREOC OB DinE earhee
SUppl yi ng car DENSREHBRLOR BFotBer P2BRCBY PRESEonp: Seolts: BoFRePREER on
REelAbie - £ T SNH R T U S
the feed line with the predetermined reference flow rate.
Moreover, the apparatus of the present invention comprises
10 a first pressure sensor for detecting the pressure of the
gaseous phase in the reaction system; a first flow rate
controlling unit for controlling the flow rate of the
gaseous reactant in the circulation line in response to
a detection signal from the first pressure sensor; a second
15 pressure sensor for detecting the pressure fluctuation of
the gaseous phase (of the feed unit or feed line) upstream
side relative to the pressurizing means; and a second flow
rate controlling unit for controlling the flow rate of the
gaseous reactant in the feed line in response to a detection
20 signal from the second pressure sensor.
The method of the present invention may be utilized
for various reactions using a gaseous reactant, e.g.., a
carbonylation reaction. More specifically, the method
comprises continuously supplying an alcohol to a
25 liquid-phase pressurized reaction system containing a

carbonylation catalytic system; supplying carbon monoxide

to a compressor via a first feed line: continuously



5 acirculation Iine branched fromthe second feed Iine for continuously
produci ng a carboxylic acid by a carbonylation reaction in the reaction
system wherein carbon nonoxide joined with the first feed Iine and the
circulation line is continuously supplied to the reaction 10 systemvia the
second feed line with the reference flow rate F which is defined as the
total rate of the reference consunptienli ow rate Fcs in the reaction
systemand the excess f lowrate FI in an excess anount over the f

| uctuation consunption f lowrate AFcv in the reaction _system the

15 rate of carepp i GrRrlen tpRnexide| BEFRUTTAR EYC r%?nhﬁefﬁoﬁ t ot aI
circulation rate Fr which is def ined. as the tot% ie of excess
flowrate F1 atel the |meaciier s¥sFeRp¥hai AgSegoitle ?? ﬁﬁ?igﬁtgoﬁsunption
flow rate AFcv, in response to the pressure fluctuation of the 20 gaseous
phase of the reeferenceyElew, rake FheaRfoGPRYPEILRE EXFBSH ﬁﬁﬁg?f’de from
the gas feed systemto the first feed line is controlled t o égg_to a
supply flow r anengxide gin the FeretinRSYIRNAR tBe F1B9F L& Cald?t he

flow rate corresponding to the fluctuation consunption_ flo rate Ach
i n respons® t o2t Priaatien ]fjJQ?cPE&PicBﬁdofrPWe %ar?éeéiﬁl'éd Eﬁ«fgeigf‘ 8%as

feed system to adjust (or g pl ement) an_excess or I ci ent anmount of
carbon - 11 neerkimeouslitPye ?619ﬁearEPEP€ﬁ¥éiFIBﬁFFa & F |n the second
feed line by carbon nonoxide fromthe first feed line. In od of

the present inGareepylathany Eaactdansyst the FEFLIABr FgétﬁmprgggﬁF Ped

reaction systemin which a
Y carbon monoxide joined with the first feed line and the

circulation line is continuously supplied to the reaction
10 system via the second feed line with the reference flow
rate F which is defined as the total rate of the reference
consumption flow rate Fcs in the reaction system and the
excess flow rate F1 in an excess amount over the fluctuation
consumption £low rate AFcv in the reaction system, the flow
15 rate of carbon monoxide of the circulation line is
controlled to a total c¢irculation rate Fr which is defined
as the total rate of the excess flow rate Fl1 and a flow
rate corresponding to the fluctuation consumption flow
rate AFcv, in response to the pressure fluctuation of the
20 gaseous phase of the reaction system, and the flow rate
of carbon monoxide from the gas feed system to the first
feed line is controlled to the total supply flow rate Fsu
of the reference consumption flow rate Fcs and the flow
rate corresponding to the fluctuation consumption flow
25 rate AFcv, in response to the pressure fluctuation of the
gaseous phase of the gas feed system, to adjust (or

supplement) an excess or deficient amount of carbon



5 carboxylic acid or a derivative thereof is produced by reaction of
carbon nonoxide with a Cl1_4 alcohol or a derivative thereof, and for
exanpl e, may conprise a |iquid-phase pressurized reaction system for
producing acetic acid or a derivative thereof by allow ng nmethanol 10 to
react with carbon nonoxide in a liquid phase in the presence of a

carbonyl ation catalytic system The appaddtus of the present invention

i ncludes an apparatus for the above-nentioned carbonylation reaction, for

exanpl e, an apparatus which conprises a first 15 feed |ing for supplying
carbon nonoxi deonaxide sepasdyerto tHes%%’Eﬁl’ael?%%f&Pf“’n’éa?%F ’c‘bﬁ?ﬁ%ﬂ%ﬁ‘&%

suppl yi ng carbon nonoxi de pressurized by the conpressor_tao the pressurized
reaction syst éimed ldinec by €aben man GHide f&eny FBT‘hf‘H@St 5&%}131{‘8@(1 f?ne f or
conver gi ng excess carbon nonoxide in 20 the reaction systemin the first
feed |ine, whethymetdramhwt fheopresens ABYeRtAADy hEPR| FERCELRN FYRE®End t he
circulation line via the second feed line is continuously suppljed to the
reaction syst drayi COMPrise cd cpEessuBhzedt Eeachien hgysten iﬂewggF | 4rate of
the reference consunption flow rate 25 Fcs in the reaction syste nd an
excess fl dw r atarPaxyhic anchk cessa s@pthyablve Eh?FﬁE?uéﬁiBﬁoﬁﬁﬁgaLSVion
flowrate AFcv in the reaction system which further conprises a first -
12 pressure sesaotiémrofiecarbomgnonexideskith afCihe J£OAQs ©pifase in the

reaction system a first flowrate controlling _unit for conérolling t he
flow rate of cdebbrabbrextiereef. ardcFPEueXaPBher | MBY SOUBESAG Bressure

sensor for
liguid-phase pressurized reaction system for producing
acetic acid or a derivative thereof by allowing methanol
10 to react with carbon monoxide in a liquid phase in the
presence of a carbonylation catalytic system.

The apparatus of the present invention includes
an apparatus for the above-mentioned carbonylation
reaction, for example, an apparatus which comprises a first

15 feed line for supplying carbon monoxide to a compressor:
a second feed line for continuously supplying carbon
monoxide pressurized by the compressor to the pressurized
reaction system; a circulation line branched from the
second feed line for converging excess carbon monoxide in

20 the reaction system in the first feed line, whereby carbon
monoxidejoinedwiththefirstfeedlineandthecﬂrculation
line via the second feed line is continuously supplied.to
the reaction system with a reference flow rate F defined
as the total rate of the reference consumption flow rate

25 Fes in the reaction system and an excess flow rate Fl in
an excess amount over a fluctuation consumption flow rate

AFcv in the reaction system; which further comprises a first



5 detecting the pressure in the first feed line; a second flowrate
controlling unit for controlling the flow rate of carbon nonoxide in the
first feed line; a control unit for controlling the flow rate of carbon
nonoxide in the <circulation line to a total circulation rate Fr defined 10
as a total rate of the excess flowrate FI and a flow rate corresponding
to the fluctuation consunption flow ratel2AFcv by driving the first flow
rate controlling unit in response to a detection signal fromthe first
pressure sensor, and controlling_the flow rate of carbo noxi de 1% from
the gas feed Drassune seRsom for datecting e Prssisyre ?%pggﬁ 139t e Fsu
defined as the total rate of the reference_consunption,flow rat gcs and
the flow rat e phase éppgdwiregatdonneysrem &fisat ﬁﬂﬁeo‘ﬁo?{BV\f} e  AFcv

by driving the second flow rate controlling unit in 20 response 50 g
det ection si gnaiitf en wen tFedddddtdss Flow TaksoPt FSIBHPU'B?H?TS?' e in

suppl enment) an excess or deficient anpunt of carbon nonoxide_relative to
the reference thowirenkatrion 1ire 52 FRCPREPTEFEULE  ACREPHoR Honoxi de

from the first feed line. In the apparatus, the feed upit for 25 sugplyi ng
car bon norfoxi dietecting fihepFewssure nkn ke ERSE £eed J;%‘P?fy?nﬁeﬁﬂi‘

(colum) for reserving (or storing) a liquid carbon nnn%ﬁidg' a Eeﬁond
flowrate - 13flewmats [qondualikingunddnos) FPRETPIL 18 kneaf 408 TRRE
liquid carbon nonoxide supplied fromthe purifying unit; a (]J__?%i féi gg uni t
for produci ng efssIher nopexidendr therFbRstt Qilgtﬂ%f EaFBBETRENBR e with
a flowrate controlled 9{
for controlling the flow rate of carbon monoxide in the
circulation line to a total circulation rate Fr defined
10 as a total rate of the excess flow rate Fl and a flow rate
corresponding to the fluctuation consumption flow rate
AFcv by driving the first flow rate controlling unit in
response to a detection signal from the first pressure
sensor, and controlling the flow rate of carbon monoxide
15 from the gas feed system to the first feed line to a total
supply flow rate Fsu defined as the total rate of the
reference consumption flow rate Fcs and the flow rate
corresponding to the fluctuation consumption flow rate
AFcv by driving the second flow rate controlling unit in
20 response to a detection signal from the second pressure
sensor, to adjust (or supplement) an excess or deficient
amount of carbon monoxide relative to the reference flow
rate F in the second feed line with carbon monoxide from
the first feed line. In the apparatus, the feed unit for
25 supplying carbon monoxide to the first feed line may

comprise a purifying unit (column) for reserving (or

storing) a liquid carbon monoxide; a second flow rate



5 the flowrate controlling unit ; a buffer tank for reserving gaseous
carbon nonoxi de produced in the gasifying unit; and a second pressure
sensor for detecting the pressure fluctuation of the buffer tank or the
first feed line; and whereby, in response to a detection signal fromthe
second 10 pressure sensor, said controlling unit may control the flow rate
of the liquid carbon nonoxi de by the secagd-flow rate controlling unit for
suppl ying an excess or deficient anount of carbon nonoxide relative to the
reference flow rate F in the second feed line. 15 Such a contro| apparatus
is used for suppityialgling ygastdier centrahlipg the f%avgﬁ%ﬁ(‘}i‘ied]é}q‘bf‘gduced
I n a gaseous reactant-produci ng plantﬁée.g., a carbon nonoxi de-produci ng
plant) to a prazsshon zeahoxixde isuppliednfron the oppelfvlndg ogttng@pl ant
(e.g., a pressurized 20 carbonylation reaction systemof a carbonyl ation
plant), wher giasifirinemnid fappredueclng asaous fagbery BPReKddecklom, ot o
of the gaseous reactant (e.g., carbon nonoxide) from the gaseous

r eact ant - pr oduthiend igud@t carbgn, menexidepdhth i fdoviEasecaoRtRGIpPIRY based
on the pressure 25 fluctuation of the pressurized reaction systemin the

pl ant (e5g., thefdewmoate sondrolddnd Bpisys bafferrank forFesereiRdem
which unifies or unitizes managenent over operation - 14 of both plants,
the fluctuati gademorcaxtor mencxide cexedeced | irtthe i RILERLRGREhEt i on
systemmay be reflected to controls of the producing plant (e.g., a carbon
nonoxi de- pr oduidha piegend AFresrure sTORSo¥ cter At temeingthe pressure

fluctuation of the buffer tank or the first feed line; and
whereby, in response to a detection signal from the second

10 pressure sensor, said controlling unit may control the flow
rate of the liquid carbon monoxide by the second flow rate
controlling unit for supplying an excess Or deficient
amount of carbon monoxide relative to the reference flow
rate F in the second feed line.

i5 Such a control apparatus is used for supplying a
gaseous reactant (e.g., carbon monoxide) produced in a
gaseous reactant-producing plant (e.g., a carbon
monoxide-producing plant) to a pressurized reaction system
of a compound-producing plant (e.g., a pressurized

20 carbonylation reaction system of a carbonylation plant),
wherein the control apparatus realizes to control the feed
rate of the gaseous reactant (e.g., carbon monoxide) from
the gaseous reactant-producing plant (e.g., the carbon
monoxide-producing plant) based on the pressure

25 fluctuation of the pressurized reaction system in the plant
(e.g., the carbonylation reaction system). That is, in a

system which unifies or unitizes management over operation



5 feed system of the gaseous reactant (a. g. , carbon nonoxide) , and the
feed rate or anobunt of the gaseous reactant (e. g. , carbon nonoxide) nmay
be controlled integrally or unitarily. In such a nmethod, the consunption
flowrate Fc of 10 the gaseous reactant in the reaction system may be
represented by the total rate of the reference consunption flowrate Fcs
which is steadily consunmed by the reacti d4 -and the fluctuati on consunption
flowrate O-cv which fluctuates depending on varying the reaction
tenmperature i5 and other factors (i.e., Fc=Fcs+AFcv). To such a reaction
system the gefebathantiv the Eluptuatiop fRGtors bFRrR A%2 RIRFILRe F
(F=Fcs+Fl) represented by the total rate of the reference consunption flow
rate Fcs and diustaatdianwn rdie Tepctioh SE&lS kb i eg to
fluctuation consunption 20 flow rate AFcv. Therefore, even if the
consunption r sty nfof Hheypredncing REANL | (£ ther 2T syst em vari es
acconpanied with the fluctuation consunption flow rate AFcv, the gaseous
reactant can Bwnaxisle-@radneing pdantlopt HR @aRsA S reRStABLeRACES | ow
rate F having the excess 25 flowrate F1 in an excess ampount over .the
fluctuati 6n dEsesuspsten of the gaseouseackarhdgr Ong CRIRALMERPELAE o,
The circulation flowrate (return flowrate) Fr of the - 15 reactant in
the circul ati &nd the fagdpeate HeaBaiBY oY the Jagerrs ERRETRRYE- (B9 -

bet ween the excess flowrate F1 and a flow rate corresponding to the
fluctuation coteshan inano*idsy maR EGEentrPlird cinke % pressure of

a gaseous
unitarily.

In such a method, the consumption flow rate Fc of
10 the gaseous reactant in the reaction system may be
represented by the total rate of the reference consumption
flow rate Fcs which 1s steadily consumed by the reaction
and the fluctuation consumption flow rate AFcv which
fluctuates depending on varying the reaction temperature
15 and other factors (i.e., Fc=Fcs+AFcv). To such a reaction
system, the gaseous reactant is supplied with the reference
flow rate F (F=Fcs+Fl) represented by the total rate of
the reference consumption flow rate Fcs and an excess flow
rate F1 in an excess amount over the fluctuation consumption
20 flow rate AFcv. Therefore, even if the consumption rate
Fc of the gaseous reactant in the reaction system varies
accompanied with the fluctuation consumption flow rate
AFcv, the gaseous reactant can be supplied to the reaction
system with the reference flow rate F having the excess
25 flow rate F1 in an excess amount over the fluctuation

consumption flow rate AFcv for ensuring a stable reaction.

The circulation flow rate (return flow rate) Fr of the



5 phase in the reaction systemfluctuates with varying the consunption
anount of the gaseous reactant, the feed (supply) flow rate or suppl enent
(replenishment) flow rate of the gaseous reactant fromthe gas feed system
is controlled to a predeterm ned flow rate Fsu (=Fcs+LFcv) 10 in
connection with the circulation flowrate Fr (=F1-AFcv) of the reactant in
the circulation line, for supplying the 1§aseous reactant to the reaction
systemthrough the feed line with the predeterm ned reference flow rate F.
The nmeaning of the phrase "a pressure fluctuation 15 of a gasepus, phase in
a reaction sydteagtaniciodeke £igFcadalion Lipe:pay ks IRBE eSEMNFeok PY eous
phase in a reaction vessel but also of an area or field in which a
pressure fl uctdigifiearenasf (& lydFeous beitween the e¥gespofilodssate| El Arfdagat ed
(for exanple, an area conmunicated with the gaseous {phase of 20 the
reaction vessdl flowckase goyresperdingntockhe ffairtintion GARRIMRI R ssel ) .
Accordingly, the fluctuation of the gaseous phase in the reaction system
may be detect éilawratediBcwhy dnpthke s@se whererthd BEeSeUratof RIIRWF i ne
for supplying the gaseous reactant to the reaction vessel but, 25 also by
a pressuré semse dn dheetergtiensEyFhgmofluctuateRgvithk YREELICRE the
gaseous phase of the reaction vessel. The neaning of an area of "a
pressure fl uctasmsumptiors angunt f dhe ARG FeAGERNY ecthe yEREH

i ncludes a space for acconmodating or_reserving the gaseous ﬁeact a€t, or
a flow passage -‘Nl?rplsm)pSﬂ-?Wn@‘thé’rg%‘é%h%m?’éﬁdtré*rﬂle(qjﬁ’g““@éﬁ 8¥ 138t eed
| ine extended fromthe gasifying system

of the gaseous reactant from the gas feed system is

controlled to a predetermined flow rate Fsu {=Fcs+AFcv)

10 in connection with the circulation flow rate Fr (=Fl1-AFcv)

of the reactant in the circulation line, for supplying the
gaseous reactant to the reaction system through the feed
line with the predetermined reference flow rate F.
The meaning of the phrase "a pressure fluctuation
15 of a gaseous phase in a reaction system" includes a pressure
fluctuation not only of a gaseous phase in a reaction vessel
but also of an area or field in which a pressure fluctuation
of a gaseous phase in a reaction vessel is propagated (for
example, an area communicated with the gaseous phase of
20 the reaction vessel, such as a gas feed line extended to
the reaction vessel). Accordingly, the fluctuation of the
gaseous phase in the reaction system may be detected not
only by a pressure sensor disposed at the feed line for
supplying the gaseous reactant to the reaction vessel but
25 also by a pressure sensor for directly measuring or
detecting the pressure of the gaseous phase of the reaction

vessel. The meaning of an area of "a pressure fluctuation




5 of a gaseous reactant to a pressurizing nmeans). BRI EF DESCRI PTI ON OF
DRAW NGS Fig. 1 shows a process flow diagramfor illustrating a contro
nmet hod and control apparatus of the 10 present invention. Fig. 2 shows a
flow chart for illustrating an operation of the control apparatus of Fig.
1. Fig. 3 shows a process flow diagram for explaining an Exanple and
Conpar ative Exanple. 15 DETAI LED DESCRLPIeON OF THE | NVENTI ON The present

i nvention shall now be described in detail with reference if necessary to

the attached drawings. Fig. 1 is a process flow diagramfor illustrating a
control 20 netdfoch gadeoust phasepbaraitaas Feethsyptemeninthvaas 8nSPaFR  Fig.
2 is aflowchart for illustrating the control apparatus of Fig. 1. In

thi s enmbodi nerfior ;acraswmda triger tehtréser vy Him GaIRIUS sTRFEIRLoRT Y
supplied froma producing plant 25 for the gaseous reactant (for _exanple,
a carbon nonoxi dilgw @Assage piemtyupplyingr teeygaseans preactanbr (feXanpl e,
an acetic acid-producing plant). That is, the - 17 enbodinent illustrates
a control procesangle, dinepEgedglinaresctended fingm thengasifybpg system
nonoxi de- produci ng plant to a reaction system (an acetic acid-producing
plant for 5a ldfja cyadeses resatiant syet@pressusholmg meangdnt i nuously 5
produci ng a carboxylic acid (e.g., acetic acid) by a
BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 shows a process flow diagram for
illustrating a control method and control apparatus of the
10 present invention.
Fig. 2 shows a flow chart for illustrating an
operation of the control apparatus of Fig. 1.
Fig. 3 shows a process flow diagram for explaining
an Example and Comparative Example.
15
DETAILED DESCRIPTION OF THE INVENTION
The present invention shall now be described in
detail with reference if necessary to the attached drawings.
Fig. 1 is a process flow diagram for illustrating a control
20 method and control apparatus of the present invention, and
Fig. 2 is a flow chart for illustrating the control
apparatus of Fig. 1.
In this embodiment, a gaseous reactant {carbon
monoxide) is continuously supplied from a producing plant
25 for the gaseous reactant (for example, a carbon

monoxide-producing plant) to a carbonylation plant (for

example, an acetic acid-producing plant). That is, the



carbonyl ation reaction of an al cohol (e.g., nmethanol) with carbon nonoxide
(gaseous reactant) in the presence of a carbonylation catalytic system
conprising a rhodiumcatalyst, lithiumiodide, and nmethyl iodide. This
control 10 process controls the feed of carbon nonoxide fromthe carbon
nonoxi de- produci ng pl ant based on fluctuation factors (in particular, a
pressure fluctuation) in the acetic acidapreducing plant. In this process,
an al cohol and a pressurized carbon nonoxi de are continuously supplied to
15 a |iquid-phase pressurized reaction systemcontaining a carbonylation
catal yti c systemhodimerctiliustrates pz ce@trebnpreeess af 92 cRR1YiRgas f eed
systen) 1 for supplying or feeding carbon nonoxi de (gaseous reactant)
froma gas feezhrdmnr oonoxifder fromeedcanhnn menbzides pPIegMCinggPéantoke
nonoxi de fromthe feed unit to a conpressor 8, a second feed |line 23 for
conti nuousl y saipmagdtiprspstem naackt it caeid i peedwsing o tanprE8Eor 8, as
a pressurizing neans, to the reaction system (not shown) , and a

circul ation |1iypid¥ pivasmectedctiom systemcant Shown)i fier ArntirmRRsEd 25 to
the first feed line 22 for converging a surplus of carbon nonoxide in the
reacti on $yst guaduding fa rearbesyilic rcid The- 9 eecaceitic (aakd) by 8ystem 1
conprises a - 18 purifying unit (purification colum or gas feed source)

2 of a |iquid cartmylation geacddioncetan ajcehodt{n ity ﬂlﬁghappédi‘ﬂi‘é}ar bon
nonoxi de (liquefied carbon nonoxide), a second flow rate controlling unit
(such as an 5 ecimwan omnpride (gisequsy Feactamtl oln i Hee (PreeseRme raf o of

carbonylation catalytic system comprising a rhodium
catalyst, lithium iodide, and methyl iodide. This control
10 process controls the feed of carbon monoxide from the carbon
monoxide-producing plant based on fluctuation factors (in
particular, a pressure fluctuation) in the acetic
acid-producing plant. In this process, an alcohol and a
pressurized carbon monoxide are continuously supplied to
15 a liquid-phase pressurized reaction system containing a
carbonylation catalytic system, respectively.
The process comprises a feed unit (gas feed system)
1 for supplying or feeding carbon monoxide (gaseous
reactant) from a gas feed source, a first feed line 22 for
20 supplying carbon monoxide from the feed unit to a compressor
8, a second feed line 23 for continuously supplying carbon
monoxide pressurized by the compressor 8, as a pressurizing
means, to the reaction system (not shown), and a circulation
line 24 branched from the second feed line and connected
25 to the first feed line 22 for converging a surplus of carbon
monoxide in the reaction system to the first feed line.

The feed unit {(gas feed system) 1 comprises a



the liquefied carbon nonoxi de supplied fromthe purifying wunit, and a

gasi fying unit (gas-producing unit) (such as a heat exchanger) 4 for
produci ng gaseous carbon nonoxi de by vaporizing the |iquid carbon nonoxi de
at a flowrate 10 controlled by the flowrate controlling unit 3. Carbon
nonoxi de produced by the gasifying unit is supplied to a buffer tank 6,
connected to the first feed line 22, ferigreserving or storing gaseous
carbon nonoxi de. Incidentally, a vaporization line 21 extended fromthe 15
purifying unit 2 to the buffer tank 6 is provided with the second f|ow
rate control | ipurifiving urtite (unifAgation tcolumn RF S35 Kerd Fou%Fel | ow
sensor) 5 for detecting a flow rate of gas produced by the gasifying unit,
and a second %pdsaukiawidigarbeon peeexide Serg@seryimg oFeFEeTiRY e 20
internal pressure of the buffer tank 6 is nounted on the buffer tank 6.

Car bon nonoxi delduishhaarbdn mangwiade | ( Hiauefied gaghen morexidey. a
predeterm ned pressure by the conpressor (gas pressurizing unit or

conpr essi on urg&egorgl Gy 2%t mareesl ing ugpl b ePYeh 132 #Racti on system
via the second feed line 23 with the reference flowrate F. Incidentally,

t he consurpt i wildédmpnagne fic yalyalbdnfabrnd ol Hiagdhe fiow gatei oh
systemis defined as the total anount (Fc=Fcs+AFcv) of the reference
consunpti on fltve ddguerded garbanimorexhde |SpRFHAhEFoREhe RIFIERIRAL i on

consunption flow rate AFcv which is fluctuated depending on fluctuation 5
factors (e.g. uniteanst & gasifningeypnito(gasopeogusing wnit) (such as

a heat exchanger) 4 for producing gaseous carbon monoxide
by vaporizing the liquid carbon monoxide at a flow rate
10 controlled by the flow rate controlling unit 3. Carbon
monoxide produced by the gasifying unit is supplied to a
puffer tank 6, connected to the first feed line 22, for
reserving or storing gaseous carbon monoxide.
Incidentally, a vaporization line 21 extended from the
15 ~purifying unit 2 to the buffer tank 6 is provided with the
second flow rate controlling unit 3, the gasifying unit
4, and a flowmeter (or flow sensor) 5 for detecting a flow
rate of gas produced by the gasifying unit, and a second
pressure gauge (or pressure sensor) 7 for detecting an
20 internal pressure of the buffer tank 6 is mounted on the
buffer tank 6.
Carbon monoxide from the first feed line 22 is
pressurized to a predetermined pressure by the compressor
(gas pressurizing unit or compression uanit) 8, and
25 continuously supplied to the reaction systemvia the second
feed line 23 with the reference flow rate F. Incidentally,

the consumption flow rate Fc of carbon monoxide in the



reaction or operation in the case of varying the fluctuation consunption
flowrate iFcv in the reaction system (acetic acid-producing plant), the
reference flowrate F in the second feed line 23 is set as the total flow
rate (F=Fcs+F1) 10 of the reference consunption flowrate Fcs in the
reaction system and an excess flow rate F1 (F1>i Fcv) in an excess anount
over the fluctuation consunption flow ratte bFcv in the reaction system
Further, the circulation line 24 is branched from 15 the second feed |ine
23 and connected to the first feed line 22. A first pressure gauge (or
pressure sensdeactiorn grysfanecks Mefinedrassihe Wwtaheamedrbus phase in the
pressurized |iquid phase reaction systemis nounted on the downstream side
(acetic aci d- pifschRaswhBhantofsitiie) referkace20onsvoptiiracflpvneaks Feom t he
branched site of the circulation line 24. Furthernore, the circulation |ine
24 is provi dethigh hs=steadily consumied avdiths FlugtuatiopseRIsUBRt Hon

el ectromagnetic valve) 12 for controlling the flow rate of carbon nonoxide
in the circul dliconratad\E whigh isfpostvatedderentingonsfictuatbent he
first pressure gauge 11. That is, the pressure of the gaseous phase in the
reaction Syst diadtons (ender.sa pemperatvretchange i | ydughsyge. axptable
consunption flow rate AFcv, when the fluctuation consunption flow rate
AFcv has a negdctdampre@peration indhesase oFf vareing £ fluctuahioRased:;
and when the fluctuation consunption flow rate AFcv has a positive value 5
(Fc>Fcs: CO defarummtion tflewressuhBcy sinjddeczcagtipvn system (acetic

acid-producing plant), the reference flow rate F in the
second feed line 23 is set as the total flow rate (F=Fcs+F1}
10 of the reference consumption flow rate Fcs in the reaction
system and an excess flow rate Fl1 (F1>AFcv) in an excess
amount over the fluctuation consumption flow rate AFcv in
the reaction system.
Further, the circulation line 24 is branched from
15 the second feed line 23 and connected to the first feed
line 22. A first pressure gauge {(or pressure sensor) 1l
for detecting the pressure of the gaseous phase in the
pressurized liquid phase reaction system is mounted on the
downstream side (acetic acid-producing plant side) of the
20 second feed line 23 from the branched site of the
circulation line 24. Furthermore, the circulation line 24
is provided with a first flow rate controlling unit (such
as an electromagnetic valve) 12 for controlling the flow
rate of carbon monoxide in the circulation line 24 in
25 response to a detection signal from the first pressure gauge
11. That is, the pressure of the gaseous phase in the

reaction system is in inverse proportion to the fluctuation



conduct the reaction under a predeterm ned pressure in the reaction
system the first flowrate controlling unit (such as an el ectronmagnetic
valve) 12 nounted on the circulation line 24 is controlled, in response to
t he detection signal 10 fromthe first pressure gauge 11, for circulating
an excess carbon nonoxide in the reaction systemto the first feed I|ine
22 (then the reaction system through theoci-rculation |ine 24. The
circulation flowrate Fr in the circulation |ine 24 may be represented by
the difference (F1-\Fcv) 15 between the excess flowrate FIl and a flow
rate corresponsingpmpt idre flawinate chFconswingn | e ffckea@E1loRFcy. The
second feed line 23 is provided with a pressure gauge (pressure sensor) 9
for detecting corpnumptukan dflavheate dFsondaseadnegablvenvadue| bhFeETes: (or
flow sensor) 10 for detecting a flow rate of carbon nopnoxide. Further, a
di schar ge | i n€@®Reesvhndhe PTesIHRe yhst IReFeaseR: And neher; FRY) ation
line 24 relative to the first flowrate controlling unit 12. For taking
neasures to arflamsrugtion coBsump tdpschtew&atedF ¢ hgsA P@ed tiivervakue
energency valve or electromagnetic valve 13 for releasing or discharging a
gas in responsi@axFas ddi®eaefticisgngr) . f e B¥es Pres sty cdecraasgduge®
attached to the second feed line 23. That is, the energenc

el ect r omagnet igondGie the rgagté%iq!gﬂ%etpra%tem%%e@ rnge(fe‘%/"e‘Eﬁ LOntRe gnal
fromthe pressure gauge 9 of the second feed |ine 23 reaches an, abnor nal

| evel correspdiRRGILEN sFStRts e ElartsE1owrateLanerol birg ket (Fucheased

as an electromagnetic valve) 12 mounted on the circulation
line 24 is controlled, in response to the detection signal
10 from the first pressure gauge 11, for circulating an excess
carbon monoxide in the reaction system to the first feed
line 22 (then the reaction system) through the circulation
line 24. The circulation flow rate Fr in the circulation
line 24 may be represented by the difference (F1-AFcv)
15 between the excess flow rate Fl and a flow rate
corresponding to the fluctuation consumption flow rate
AFcv.
The second feed line 23 is provided with a pressure
gauge (pressure sensor) 9 for detecting a pressure of the
20 second feed line, and a flowmeter (or flow sensor} 10 for
detecting a flow rate of carbon monoxide. Further, a
discharge line 25 is connected to the upstream side of the
circulation line 24 relative to the first flow rate
controlling unit 12. For taking measures to an emergency,
25 the discharge line is provided with an emergency valve or
electromagnetic valve 13 for releasing or discharging a

gas in response to a detection signal from the pressure



pressure), the electromagnetic valve 13 is opened in response to the
abnormal detection signal to discharge an excess gas fromthe di scharge
line 25. In the first feed line 22, the flowrate of carbon 10 nonoxi de
fromthe feed unit 1 is controlled to maintain the feed rate of carbon
nonoxi de in the second feed line 23 at the reference flowrate F in
connection with the circulation flow raka i-n the circulation line 24. That
is, 1in response to the detection signal fromthe first pressure 15 gauge
(pressure sensor) 11 for detectin%ithe pressure of gaseous phase in the
reaction systegaugahd arbachadectofthe sesondredi tnef2i he Thatchfat FBR | ne
24 is controlled to a total circulation rate Fr (=Fl-i Fcv, Fl1>AFcv)
defined as temexgency |ehegtaanagnehic aadares 19 d% Fheadilyaslul. 280¢| ow
rate corresponding to the fluctuation consunption flowrate AFcv b
driving the fiwhen fthendeseectiont$bgnahframitheipresfuseRaug® et theor der
to maintain the pressure of the reaction systemat a reference pressure,
opening and c$esand ferdikimne 23gaghen an gnoumak 16yl eATEIS BNt he
first flowrate controlling unit 12 in relation to the pressure

fluctuati dn refatunesual terents of £ok copBRLe cremarkablyaiRetieaphidse in t he
reaction system for controlling - 22 the circulation flow rate of carbon
nonoxi de to tleressure) atthm ¢legiremadreticryalyeyl3 Fispreednifhe basis
of the reference circulation flowrate FI in the circulation line 24. 5
Further, the prespenrse flauthgagbparvalidetepkiopsignal to discharge an

excess gas from the discharge line 25.
In the first feed line 22, the flow rate of carbon
10 monoxide from the feed unit 1 is controlled to maintain
the feed rate of carbon monoxide in the second feed line
23 at the reference flow rate F in connection with the
circulation flow rate in the circulation line 24. That is,
in response to the detection signal from the first pressure
15 gauge (pressure sensor) 11 for detecting the pressure of
gaseous phase in the reaction system, the flow rate of
carbon monoxide of the circulation line 24 is controlled
to a total circulation rate Fr {=Fl1-AFcv, F1l>AFcv) defined
as the total flow rate of the excess flow rate Fl and a
20 flow rate corresponding to the fluctuation consumption
flow rate AFcv by driving the first flow rate controlling
unit 12. In other words, in order to maintain the pressure
of the reaction system at a reference pressure, opening
and closing of the circulation line 24 is controlled by
25 the first flow rate controlling unit 12 in relation to the
pressure fluctuation relative to the reference pressure

of the gaseous phase in the reaction system, for controlling



phase in the reaction systemis also propagated to the first feed |line 22
and the buffer tank 6 through the second feed |ine 23 and the circul ation
line 24. Thereby, the flowrate of the liquefied carbon nonoxide is
controlled by driving 10 the second flow rate controlling unit (such as an
el ectromagnetic valve) 3 of the feed unit 1 in response to the detection
signal fromthe second pressure gauge ¥ 2@ounted on the buffer tank 7, for
suppl yi ng carbon nmonoxide fromthe first feed line 22 with the total
supply flow rate 15 Fsu (Fsu=Fcs+AFcv) which is the total flow rate of the
ref erence condihptdigiculaidamifel o rakRy of reaupenmenedideshentfig to the
fluctuation consunption flowrate AFcv. That is, an excess or deficient
amount of car sHFcHRThd & Los gatecF of 1hk-ABger FlcARGvoworateepamis he
second 20 feed line 23 is adjusted_(or is _made up_for) wth carbon,

nonoxi de fromafhtheinefienence ¢irgudatiop Howrate Sl fbseirgplaion
supplenent flowrate in the first feed line 22 (Fsu=Fcs+AFcv) and the
circulation fllo& &% in the circulation line (Fr=Fl-i Fcv), the converged
carbon 25 nonoxide is supplied to the conpressor 8 as the total flow rate
Fsu+Fr (=F8s+F1=F), foFfuddfetol thegPrREsPrewflurEuatiopPEoReIRSEMRSin t he
second feed line 23 to the reference - 23 flowrate F. The variation of

the consunpti dhasf éndihegepshlopciititen el propagatsmoithe frsbact i on

system may be, accordi ngly, conpensat ed. or_absorbed by the fee rat& of 5
carbon nonoxi feqddddsudZ i it PofLss tank @&‘?W’&Pé‘i‘&%ﬁ?‘m tee

line 23 and the circulation line 24. Thereby, the flowrate
of the liquefied carbon monoxide is controlled by driving
10 the second flow rate controlling unit (such as an
electromagnetic valve) 3 of the feed unit 1 in response
to the detection signal from the second pressure gauge 7
mounted on the buffer tank 7, for supplying carbon monoxide
from the first feed line 22 with the total supply flow rate
15 Fsu (Fsu=Fcs+AFcv) which is the total flow rate of the
reference consumption flow rate Fcs and a flow rate
corresponding to the fluctuation consumption flow rate
AFcv. That is, an excess or deficient amount of carbon
monoxide relative to the reference flow rate F in the second
20 feed line 23 is adjusted (or is made up for) with carbon
monoxide from the first feed 1ine 22, to permit convergence
of the supplement flow rate in the first feed line 22
(Fsu=Fcs+AFcv) and the circulation flow rate in the

circulation line {(Fr=Fl1-AF¥cv), the converged carbon

25 monoxide is supplied to the compressor 8 as the total flow
rate Fsu+Fr(=Fcs+F1=F), for controlling the flow rate of

carbon monoxide in the second feed line 23 to the reference



and the reaction my be snoothly conducted with al nost zero em ssion of
carbon nonoxi de. Therefore, it Is extrenely advantageous industrially and
economcally in the respect that carbon nonoxide is utilized for the
reaction with 10 al nost 100% rate and that acetic acid Is stably and
continuously produced. Moreover, the feed rate of carbon nonoxide to the
conpressor 8 can be nmaintained at an al-npgt - constant rate, and the | oad
fluctuation to the conpressor 8 can be reduced to inhibit effectively the
occurrence of 15 surging. Further, since the |iquefied carbon nonoxide Is
used as a gas filasdl ™ JE.- in the feed unit 1, a controlled system (the

| i quefi ed carbon nonoxi de) can be precisely controlled by the second f | ow
rate controlling unit Thauugriatinnedd &he eenawp et gp i/ refptarbon

Mor eover, since, by 20 use of the |iquefied carbon nonoxide, the reservoir
capacity can ontuids {casgegst heactast hakn shereachionr Y stamBa®eon rate
of carbon nonoxi de can be conpensated by the slight fluctuation of the
liquid | evel (acordingdly. aompansatad amibsosied by the £aedorakdneki de
-purifying 25 unit (purification columm) 2 in conparison with the
fluctuati &n ofcarteor medoride (Fagpmwvueactapbn finobkhegas ferd gysaea.us can
be downsi zed, and as a result, it is - 24 unnecessary to use a |arge scale
equi pnent. | n antthe Teactbon mavhbe symoaidriy epndpghediwikth almosgez@ER| on
signal fromthe pressure gauge 11 for detecting the pressure of the
gaseous phase emigsion qf iaxbody noaexitle.s Thereforpge itris BHESBELViNi t .

The control unit
advantageous industrially and economically in the respect

that carbon monoxide is utilized for the reaction with
10 almost 100% rate and that acetic acid is stably and
continuously produced. Moreover, the feed rate of carbon
monoxide to the compressor 8 can be maintained at an almost
constant rate, and the load fluctuation to the compressor
8 can be reduced to inhibit effectively the occurrence of
15 surging. Further, since the liguefied carbon monoxide is
used as a gas feed source in the feed unit 1, a controlled
system (the liquefied carbon monoxide) can be precisely
controlled by the second flow rate controlling unit 3 with
a predetermined controlled variable. Moreover, since, by
20 use of the liquefied carbon monoxide, the reservoir
capacity can be downsized and the fluctuation AFcv of the
consumption rate of carbon monoxide can be compensated by
the slight fluctuation of the liquid level (or a small
amount to be taken ocut} in the carbon monoxide-purifying
25 unit (purification column) 2 in comparison with the
fluctuation of the feed rate of gaseous carbon monoxide,

the apparatus can be downsized, and as a result, it is



conprises a nenory circuit (or setting circuit) for storing a reference
value (threshold) with respect to the reference pressure of the gaseous
phase in the reaction system a conparison unit (conparison circuit) for
conparing the 10 reference value (threshold) of the nenory circuit with a
detection signal level fromthe pressure gauge 11, an arithmetic (or
operation) unit (arithnetic circuit) for24calculating a controlled variable
with respect to the flow rate of carbon nonoxi de based on the deviation
between the 15 reference value and the detection signal |evel, when the
conpari son uniunrfegaEsatntta sela carem sealaleqelrment. deviated fromthe
reference value, and a driving or actuating unit (driving circuit) for
driving the first flodn sach aeemtsidli mgthadion zogitnodeaBPREALHEI oBN®i ne 24
based 20 on the controlled variable calculated by the arithmetic unit.

Mor eover, the disteszttiam sdigpadl fromntheoresvie gauassilefgERRLTCY bR
detecting the pressure of the buffer tank 6 is fed to the second control
unit. The contthe nressw® odmthesggsgomsnbhasei inuthe (packeien ngyeteRuit)
for storing a reference value (threshold) with respect to the reference
pressure i5n this fiedttd e | Fims R zont xohpanriton The cantxpl wbkpari son
circuit) for conparing the reference value (threshold) of the nmenory
circuit with axpriiesnn msmery cirevdlt (epsethdngctirenbt bfowreteriRe 7, an
arithmetic (or operation) unit (arithmetic circuit) for calculating or 5
conputing a conreferegcearakts é threshpddaeith yespect to the reference

pressure of the gaseous phase in the reaction system, a
comparison unit (comparison circuit)} for comparing the

10 reference value (threshold) of the memory circuit with a
detection signal level from the pressure gauge 11, an
arithmetic (or operation) unit (arithmetic circuit) for
calculating a controlled variable with respect to the flow
rate of carbon monoxide based on the deviation between the

15 reference value and the detection signal level, when the
comparison unit £inds that the detection signal level is
deviated from the reference value, and a driving or
actuating unit (driving circuit) for driving the first flow
rate controlling unit 12 of the circulation line 24 based

20 on the controlled variable calculated by the arithmetic
unit.

Moreover, the detection signal from the second
pressure gauge 7 for detecting the pressure of the buffer
tank 6 is fed to the second control unit. The control unit

25 comprises a memory circuit (or setting circuit) for storing
a reference value (threshold) with respect to the reference

pressure in the first feed line 22, a comparison unit



suppl enment flow rate of carbon nonoxi de based on the deviation between the
reference value and the detection signal |evel when the conparison unit
finds that the detection signal level is deviated fromthe reference
value, 10 and a driving or actuating unit (driving circuit) for driving
the second flow rate controlling unit 3 attached to the vaporization |line
21 based on the controlled variable calgslated by the arithnetic unit. As
shown in Fig. 2, when the control unit (or 15 control apparatus) is driven
in response to a start signal, in step S1, it is discrimnated whether or
not the pressdcomperisen gHeanit hifere JoNRaTEING e FLESRERGR i 148 ed
based on the detection signal fromthe first pressure gauge 11 _and the
ref erence val Udhneshedidol @F thermerers Glngiityith Pe@%g%?l Lo Hanpb of
the nenory circuit. When the detection signal level is deviated fromthe
ref erence’ val develt ireghthe) segopd RESFIIES GaUHR 7ondn FRERREEICH{(Py rate
controlling unit is driven and controlled in step S2 based on the

control | ed varoipeixad i o windited agyi thie g (HRAYIL pFF reahqulaling 9% s

di scri m nated whether or not the driving rate (or armunf‘t;\%| reaches the
control | ed vardampudingra-cemmedled, vagade o ResPeGhetP tHRSfirst 1 ow
- 26 rate controlling unit is driven in step S2, it is discrimnated in
step 4 whet hersunplesenthE e Fafie of FHPOYRWMRELIMNRBSed MBI fer tank
6 is varied based on the detection signal fromthe second pressure Jauge 7

and the 5 ref dlesiatinn hetwendhe defgnencesprlie (3P4 Hehs dehrentte

signal level when the comparison unit finds that the
detection signal level is deviated from the reference value,
10 and a driving or actuating unit (driving circuit) for
driving the second flow rate controlling unit 3 attached
to the vaporization line 21 based on the controlled variable
calculated by the arithmetic unit.
As shown in Fig. 2, when the control unit (or
15 control apparatus) is driven in response to a start signal,
in step S1, it is discriminated whether or not the pressure
of the gaseous phase in the reaction system is varied bhased
on the detection signal from the first pressure gauge 11
and the reference value (threshold) with respect to the
20 reference pressure of the memory circuit. When the
detection signal level is deviated from the reference value
(threshold) by pressure fluctuations, the first flow rate
controlling unit is driven and controlled in step 52 based
on the controlled variable calculated by the arithmetic
25 circuit, and it is discriminated whether or not the driving
rate (or amount) reaches the controlled variable

(Fr=F1-AFcv) in step S3. Moreover, when the first flow



pressure of the nenory circuit. When the detection signal level is
deviated fromthe reference value (threshold) by pressure fluctuations,
the second flowrate controlling wunit is driven and controlled in step S5
based on the 10 controlled variable calculated by the arithnmetic circuit,
and it is discrimnated whether or not the driving rate (or anmount)
reaches the controlled variable (Fsu=Fes2&Fev) in step S6. In the case
where the driving rate does not reach 15 the controlled variable in steps
S3 and S6, the driving of the controlling units is fur%her continued. The
reach of trma?#FQHQRPFER¥J%QBt¢%4EO%?r%?gﬁﬁnv%Pl%B?% PhestEptS S3 and S6
stops the operations of the drive control, and, in step 7, it

di scri m nat ed G Hdrinpteddn ﬁéeBpér‘éﬂqg}PrZ@rs’r\BEIU’%é’rﬁsﬁbﬁé'd %t Hhe s,
whet her or not the flowrate control the control apparatu shoghd be
ternminated). 93PS Rhasader @hPhEuffS% Fapk & ot VATl F’aﬁf}%

termnated, it is discrimnated whether the pressure of the_gaseous phase
i s fluctuated dEIREIRTISIGNA ?FE’B‘ &he %0%8 RRRRRLTE 0] Heaf‘g ﬁ%“ﬁat i on
of the flowrate <control in ste be determ ned on. the Pa3|s whet her
or not thé fl RpFenenceyaise étF‘gPéF‘QlJr@ﬁ V%Fﬁer?%eﬁﬁltﬁ’gtheﬁe SrERGR base
(such as an accunul at ed ogeratlon tine ﬁ% eferenée valﬁe W th rgspect
to a flow rat PERETE 8fhthe mempLy o I“&fted ‘5Vvtrl%ﬁ ehGCEAE™ $H9 At e 10)

as an index. Incidentally, in _the present invention h?tﬂeedhoidl)i&? may

conprise a pl ukeyet }Sofief’éé&efil hrem the nefenengp value (thres

pressure fluctuations, the second flow rate controlling
unit is driven and controlled in step S5 based on the
10 controlled variable calculated by the arithmetic circuit,
and it is discriminated whether or not the driving rate
(or amount) reaches the controlled variable {Fsu=Fcs+AFcv)
in step S6.
In the case where the driving rate does not reach
15 the controlled variable in steps S3 and S6, the driving
of the controlling units is further continued. The reach
of the driving rate to the controlled variable in steps
S3 and S6 stops the operations of the drive control, and,
in step 7, it is discriminated whether or not the operation
20 should be stopped {that is, whether or not the flow rate
control by the control apparatus should be terminated).
In the case where the flow rate control will not be
terminated, it is discriminated whether the pressure of
the gaseous phase is fluctuated by returning to step Sl.
25 The necessity of the termination of the flow rate
control in step S7 may be determined on the basis whether

or not the flow rate reaches a reference value regarding



rate of a gaseous reactant may be controlled by at |east one feed |ine.
For exanple, the feed line nay conprise a |line for supplying a gaseous
reactant to a reaction system wth a reference consunption flow rate, and
aline for 10 supplying a gaseous reactant with a fluctuation consunption
flowrate (an exclusive feed line for the fluctuation consunption rate).
Mor eover, the conpressor (pressurizing BFans) may al so conprise a
plurality of conpressors disposed in a serial and/or parallel 15

arrangenent. Further, the circulation |ine m rise a plurality
ﬁeﬂy%?r%gg ﬁ'@

of lines, anda Hdma HRsealSuhy a§eancaREIBPLE |?’6Lﬁ‘ ation
l'ine. Nbreover the circulation |ine may be branched froma line (in
particul ar a FEEAFERRYALUS Fith rggggp% te & fpvegadeoBasrea ?'é 2% a
reaction vessel, and if necessary ma connected tQ reaction vessel

through a condghd&cugiu a&@ﬁeﬁ%°“7¥@¢ Qﬂhtpﬁtg LR el
based on (or in reference to) pressure fluctuation of  a aseogé %g phase

in a reaction systenlEPQﬂqqq§ﬂ¥ﬁ¥4ﬂ%Q &Bfr BFSEEBA 1B¥ERELAN,

fluctuation and a consunption rate_ of aseous reactant nd th feed
rate of tRe gaddwuday sgmprdge: ﬁrﬁl‘FFWF}%éﬁg%%&&nﬁst en3

controlled in connection with the circulation f | ow of t seous
reactant in tfﬁ??ﬁ19§HQaﬁP§ﬁ°PﬁnEePSFapeaWFfiHB ?ﬂ%thg oY t 3 kéhﬁa
reactant to the reactlon systemthrou he15 fe lLine with

pr edet er ni ned A& &escdifPow ?%Feex%g]e the' £eed 1108 ndy' dofiprise a

line for supplying a gaseous reactant to a reaction system
with a reference consumption flow rate, and a line for
10 supplying a gaseous reactant with a fluctuation
consumption flow rate (an exclusive feed line for the
fluctuation consumption rate). Moreover, the compressor
(pressurizing means) may also comprise a plurality of
compressors disposed in a serial and/or parallel
15 arrangement. Further, the circulation line may also
comprise a plurality of lines, and the flow rate may be
controlled by at least one circulation line. Moreover, the
circulation line may be branched from a feed line (in
particular a second feed line) for supplying a gaseous
20 reactant to a reaction vessel, and if necessary may be
connected to a reaction vessel through a condenser or
others.
The flow rate control may be conducted based on
(or in reference to) a pressure fluctuation of a gaseous
25 phase in a reaction system by utilizing the correlation
between a pressure fluctuation and a consumption rate of

a gaseous reactant, and the feed rate of the gaseous



specifically, in order to conpensate or absorb the consunption rate
fluctuation of the gaseous reactant in the reaction systemby the feed
rate of the gaseous reactant fromthe gas feed systemfor realizing a
substantial zero 10 di scharge of the gaseous reactant, as described above,
It is advantageous to control the flow rate of the gaseous reactant in
the circulation line and that of the gasgeus reactant from the feed unit
to the feed line, respectively, 1in association or connection with the
fluctuation 15 consunption rate of the gaseous reactant by the controlling
unit (or cont mslddtantafremttie g ﬁﬂtﬁﬁ% | SABEem ynay e \FoRtreltedviR ged
gaseous reactant fromthe feed ine and the <circulation line to the
reaction syst enneadtien sfidhetbe cirswlaiienrflpwchate ebtEheiFRILALSt he
total flowrate of 20 the reference consunption flow rate Fcs in the

reacti on systzgachantarineths simadatien Aine, for skl s e Feedtive
to the fluctuation consumption f lowrate AFcv in the reaction system The
ref erence flowf the gaseeusmeactantyitp the gieasddys sygitem-thggught the

ref erence consunption 25 flow rate Fcs as nentioned above, and the reactant
of the cdnsurfeedaineowithi@ mmedeteaingh Fefenensec §APYNTRRE - byMoXde
reference consunption flowrate Fcs and the fluctuation - 29 consunption
flow rate AFc\SReRILFITAALY.| gl Raded 150 RPRFALD|OF |RFITP the flow rate
is not limted to the specific above enbodi nents, and various control
flows may be wansurmiiiaysmafe fliuctuaton ffeddie F3599:5 08262 Paral | el

the driving or
the reaction system by the feed rate of the gaseous reactant

from the gas feed system for realizing a substantial zero
10 discharge of the gaseous reactant, as described above, it
is advantageous to control the flow rate of the gaseous
reactant in the circulation line and that of the gaseous
reactant from the feed unit to the feed line, respectively,
in association or connection with the fluctuation
15 consumption rate of the gaseous reactant by the controlling
unit (or controlling apparatus) for continuously supplying
a converged gaseous reactant from the feed line and the
circulation line to the reaction system with a reference
flow rate F which is determined as the total flow rate of
20 the reference consumption flow rate Fcs in the reaction
system and an excess flow rate Fl in an excess amount
relative to the fluctuation consumption flow rate AFcv in
the reaction system. The reference flow rate F has only
a surplus or excess rate Fl over the reference consumption
25 flow rate Fcs as mentioned above, and the reactant of the
consumption flow rate Fc is consumed with accompanying by

the reference consumption flow rate Fcs and the fluctuation




controlling operations of the controlling unit in step S2 and step S5 with
di scrim nant operations in step S3 and step S6. The control flow may
conprise, e.g., a control flowfor controlling the circulation flowrate
of the 10 circulation line by controlling the first flowrate controlling
unit 12 based on the detection signal fromthe first pressure gauge 11,

and a control flow for controlling the BPow rate in the first feed |ine by
controlling the second flowrate unit 3 based on the detection signal from
15 the second pressure gau e 7 |ndependently of the detection signal from
the first preSomsamption Aﬁ&ébd@ﬂaﬁ C%ontrol systens may contro
each flowrate concurrently cond flowrate

controlling unit 20 M8 g@“@@ﬁﬁﬁbl Q& E?nEGHkaiP 6°Fh€h?| W 6 r at e
controlling unit |n res onse to t he detectron Si nal Qéin the nﬁﬁi
t her the

pressure gaugds Z9F ta e RPesitio ks

pressure quctuatlon I S caused or not Qqn the asrs of t he det%etlon si gnal
from 25 the s¥d@H@YS é’é)s’l}:rr@]gf&é’é"% MaediHhiiedo FRE & €on al from
the first pressure auge. Further the pressure quct ation of the gaseous
-"30 phade i NOpREeRE Bt T RARRHE T (BT T tank 7, and
there is a correlatiqn betmeen t he defection al fro the fjrst

pressure gaug€°33fr(’a1liﬁrgeQBﬁF€thP§c?%a'El?‘?)r?od’ftrt nlgﬂ%%ﬂjsz’and t he
controlled 5 va%ta 2 %% wil h %@%ﬂ}fﬂgﬂ%ﬂg%é¥%tféﬂéll qplté% and

step S6. The control flow may comprise, e.g., a control
flow for controlling the circulation flow rate of the
10 circulation line by controlling the first flow rate
controlling unit 12 based on the detection signal from the
first pressure gauge 11, and a control £flow for controlling
the flow rate in the first feed line by controlling the
second flow rate unit 3 based on the detection signal from
15 the second pressure gauge 7, independently of the detection
signal from the first pressure gauge 11. These independent
control systems may control each flow rate concurrently
or in parallel.
Moreover, the second flow rate controlling unit
20 may be controlled by controlling the first flow rate
controlling unit in response to the detection signal from
the first pressure gauge, and by discriminating or
comparative detecting whether the pressure fluctuation is
caused or not on the basils of the detection signal from
25 the second pressure gauge in response to the detection
signal from the first pressure gauge.

Further, the pressure fluctuation of the gaseous



According to the present invention, the first flowrate controlling unit
12 and the second f lowrate controlling wunit 3 may be controlled in
relation to the pressure fluctuation of the gaseous phase in the reaction
system 10 (that is, with reference to the detection signal fromthe first
pressure gauge 11) without utilizing the detection signal fromthe second
pressure gauge 7. In other words, the-fB&w-rate control may be conducted
by the steps of; detecting the pressure of the gaseous phase in the
reaction 15 stemw th at |least the first pressure.s

A ) d
control ling t RAFSGWT A8 TEatha Pedystelo LanBoRATaLEat FE ERE( REFEET on
| ith th trolli it i t det ' ' f
Lhe fiTst preceiib Gemolr thais, 48, b COPReIALLaRcBoHERS the 4eberEien of
t he feed Iine 20 a d§%3$%‘§&ht e circulation |line aLf ontrolled with the
use of the first9} rst REQIFHTD IFNIE he sERDRECFSHER rat e

trolli |t b ted by drivi | t det '
[ime const ant YHEHATIOR ik HcEedh 198 Traibheafa BHEe Tt EFPELRg t no
first fl te 25 trolli It | derati t h i yal ti
ot her {actor & MG MBS resnd, SR RetE arrbthEHaR wfthe¥To the

vent i on comfGeRRAY (HE TR SRRAEHE BTN ot HPE (AR R RS r e of
e 9a5e0us Phass A {15 SRS 1R RE prfablFLofl FEUMERILIAI 1Y,
'n the unit 3 may be controlled in relation to the pressure
fluctuatlion of the gaseous phase in the reaction system
10 {that is, with reference to the detection signal from the
first pressure gauge 11) without utilizing the detection
signal from the second pressure gauge 7. In other words,
the flow rate control may be conducted by the steps of;
detecting the pressure of the gaseous phase in the reaction
15 system with at least the first pressure sensor, and
controlling the flow rate of the feed line and that of the
circulation line with the contreclling unit in response to
the detection signal from the first pressure sensor.
Moreover, in the case where the flow rate of the feed line
20 and that of the circulation line are controlled with the
use of the first pressure sensor, the control by the second
flow rate controlling unit may be conducted by driving with
a predetermined decay time constant (predetermined time
delay) from the start for driving the first flow rate
25 controlling unit in consideration of the arrival time or

other factors of the gaseous reactant from the circulation

line to the feed line.



circulation line, a second pressure sensor for detecting the pressure
fluctuation of the gaseous phase upstreamside relative to the

pressuri zing nmeans attached to the feed 1line (a gaseous phase of a space
comuni cated with the 10 circulation line, for exanple a gaseous phase of
the feed wunit or the first feed line), and a second flow rate controlling
unit for controlling or regulating the-fBdw rate of the gaseous reactant
inthe first feed line in response to the detection signal fromthe second

DressUr e, 10 Sesor e oeke BB pEPRRLREMBRE TR LRE Bboens g
o I b R SR L RSBt AL (A
(1750 20T LoMyiet 222l bt ol SHUIE bl oL PEalh b e
e pona ot R od DB WYY s ol e
25 SRS I S A SRS PAL PR e R 0 ! o
L ot o PR R R, B pERERRRCRGRRS FUE dsbabe L Tt
o EPon ik e e A Y Bk i BBt
deficient ano%%hafkégnggnkhe pressurizing means attached to the feed
line {(a gaseous phase of a space communicated with the
10 circulation line, for example a gaseous phase of the feed
unit or the first feed line), and a second flow rate
controlling unit for controlling or regulating the flow
rate of the gaseous reactant in the first feed line in
response to the detection signal from the second pressure
15 sensor. Further, the method or apparatus comprises a
controlling unit for controlling the flow rates by the first
and second flow rate-controlling units in response to the
detection signals from the first and second pressure
sensors. The control unif drives or actuates the first
20 flow rate controlling unit for controlling the flow rate
of carbon monoxide of the circulation line to a total
circulation rate Fr which is a total flow rate of the excess
flow rate Fl1 and a flow rate corresponding to the
fluctuation consumption flow rate AFcv, and drives or
25 actuates the second flow rate controlling unit for

controlling the flow rate of carbon monoxide from the gas

feed system to the first feed line to the total supply flow



nmonoxi de relative to the reference flowrate F in the second feed |line,
with the use of carbon nonoxide fromthe first feed Iine. The pressure
fluctuation of the gaseous phase in 10 the gas feed system may be
practically detected in a feed systemfor supplying the gaseous reactant
supplied from the gas feed source to the pressurizing nmeans (in particular
a passage fromthe buffer tank to the prégsurizing nmeans). For exanple,
the pressure fluctuation nmay be detectable 15 by a pressure gauge not only
mounted on the buffer tank but also attached to a suitable position of the
first feed |ifFRte FfN gasdec@rIsmRdfafondheptorah féaWtﬁaEﬁeof | th@ief i ed
gas, and may be a vaporized gas. Use of the liquid 20 (or |iquefied
reactant) i nSlF%%eEQFQ%cﬁR:‘éS‘F@H‘%beyOW Heate ofes Arddther fieverahevol une
and realizes a precise flow rate control because the source is in a liquid
form MoreoveiCTReRPIMGIRG )y thacklyet %E%R%SCQ%S‘EE%)%% Eloyekatge

vol ume conpared wth the gaseous carbon nonoxi de, 25 and to suppl enent for
t he fluctuat edﬁﬁﬁé c SHEhnP GO TRk é‘ni@o*ﬂ$'éﬁ%%@ﬁ®acdiiéﬁﬁaﬁﬂjaﬁi§@ﬁpt0@r
supply. That is, the fluctuation of the gas consun%llon rate can be

conpensat & - SHPPlAMenty Qf |E?;fhte"F‘F%F'c§u%’t'| Hienk PRt PEVERTPANt he
carbon nonoxi de- ur| fz uni t (5} Ib‘igf?}? col um1 sot t hat noe I arge scal e
equi pment is F-HPn'iﬁ ‘?W’%ifllrﬁ tFRteEnt? she#ftond he
flowrate of thed g 45 ef ! eiti R0 o P e R0 1 e Wb EnS ORI SL ' T O
feed line.
The pressure fluctuation of the gaseous phase in
10 the gas feed system may be practically detected in a feed
system for supplying the gaseous reactant supplied from
the gas feed source to the pressurizingmeans (in particular
a passage from the buffer tank to the pressurizing means).
For example, the pressure fluctuation may be detectable
15 by a pressure gauge not only mounted on the buffer tank
but also attached to a suitable position of the first feed
line.
The gas feed source may not be limited to the
liquefied gas, andmay be a vaporized gas. Use of the liquid
20 (or liquefied reactant) insures to reduce remarkably the
controlled variable in volume and realizes a precise flow
rate control because the source is in a liquid form.
Moreover, the liquefied reactant ensures to compact a
reserve volume compared with the gaseous carbon monoxide,
25 and to supplement for the fluctuated gas consumption rate
confronted by a small amount of supply. That is, the

fluctuation of the gas consumption rate can be compensated



(furthernore the height of the liquid level in the purifying columm) can
be controlled to the supplenent flowrate Fsu as a vaporized gaseous
reactant with high precision, in response to the detection signal fromthe
pressure sensor, 10 to supply a conpensated anount of carbon nonoxi de for
an excess or deficient anount of carbon nonoxide relative to the
reference flowrate F in the second feed3Bire. Wth respect to the flow
control, various process control nodes or fornms such as a feedback control
may be 15 used for control of the flow rate, and exanples of such process
control acti offs-iha skkaht Slyssuatdem of dhe diauidilovet AncERerATRRR i on)
with which the mani pulated variable is controlled in proportion to the
devi ati on of WINEFLAGYREIETTTMUHE rEWrdRtn g 1Ryt kb Sonthat RPal 20
control action (I control action), with which the_ nmanipul ated variable is
control |l ed by I@T9fsdicala auEimet thie TeBli et e AeFeRGiOg1Ya A% ferenti al
control action (D control action), with which the manipul ated variable is

control | ed i ndddzdis Eh@i ¢PnEFRL Wity B8 Blov At 8f BBe rkk@eftadt i on,

actions in which the above actions are conbined (for exanple, a Pl action,
a PD acti&n, &eRctamtpbyadheodecans fhewfiate iGPHEAHREIEh the |
action, a - 34 deviation of the flowrate with respect to the reference
flow rate may (Fagthesgonreehe bedobt ok theolAquid 1gvedete the RFAfFi Ml of
time in each feed line and a circulation line, and the flowrate of the

gaseous react ZALWn),canche| soptrRlled QM FIRRIGRER b AoV T aEe Ay

anmount
as a vaporized gaseous reactant with high precision, in

response to the detection signal from the pressure sensor,
10 to supply a compensated amount of carbon monoxide for an
excess or deficient amount of carbon monoxide relative to
the reference flow rate F in the second feed line.
With respect to the flow control, various process
control modes or forms such as a feedback control may be
15 used for control of the flow rate, and examples of such
process control actions include a proportional control
action (P control action), with which the manipulated
variable is controlled in proportion to the deviation of
the flow rate from the reference flow rate, an integral
20 control action (I control action), with which the
manipulated variable is controlled by or upon integrating
the flow rate deviation, a differential control action (D
control action), with which the manipulated variable is
controlled in accordance with the variation of the flow
25 rate deviation, actions in which the above actions are
combined (for example, a PI action, a PD action, and a PID

action). PFor example, in accordance with the I action, a



of the flow rate deviation reaches a predetermned flow rate. The
fluctuation consunption flowrate AFcv in a pressurized reaction system
(in particular a liquid-phase 10 pressurized reaction systen) changes
significantly depending on various fluctuation factors (for exanple, the
tenperature fluctuation in the reaction system and the anount of a
catalyst). In particular, in an industri d4 -manufacturing plant, a slight
change of the reaction 15 tenperature results in a | arge anount of em ssion

(or di schargg# of a gaseous reactant (such as carbon nonoxide). Even in
such a reacti Giewehalian ofhdhey £dom: rateeHitBnresFRePE 2 EQ Qﬁeixﬁfﬂgﬁ‘?‘?%ﬁ’l y

advant ageous reaction systemw th acconplishing a substantial zero

enmi ssi on of tHe-addhes ma hedRtpgra R LY ERYSR fay be applied
to a variety of processes which conprise continuously_ supplying a gaseous
reactant fromB¥ s ed Reaqd of phing in zach r%%%‘?i%ﬁ’?%y%’?grﬁ‘t hrough a
feed line and circulating_a 25 surplus ior excess) .gaseous reactant in the
reacti on syst EMrTHGhioelingd anrhdheot1pR radecpf A gaserperergiant
circulation line. The_reaction of the process inc]Judes, - 35 for exanple,
a car bonyPat i gl e@gh: LiRe BAY Pe SandFolisithyhes, the infegrated ameuntn
usi ng a gaseous_oxidant (such as oxygen or ozon;%, a hydrogen reduction
reaction, an®i dhieofdlBt Fate Sectd n&eRFhes ippd (Blo¥, 5

car bon di oxi de, 1:a ni trogen oxide, a sulfur oxide (such as
rate.

The fluctuation consumption flow rate AFcv in a
pressurized reaction system (in particular a liquid-phase
10 pressurized reaction system) changes significantly
depending on various fluctuation factors (for example, the
temperature fluctuation in the reaction system, and the
amount of a catalyst). In particular, in an industrial
manufacturing plant, a slight change of the reaction
15 temperature results in a large amount of emission (or
discharge) of a gaseous reactant (such as carbon monoxide).
Even in such a reaction system, the present invention
realizes an industrially advantageous reaction systemwith
accomplishing a substantial zeroc emission of the gaseous
20 reactant.
The present invention may be applied to a variety
of processes which comprise continuously supplying a
gaseous reactant from a gas feed system to a pressurized
reaction system through a feed line and circulating a
25 surplus {(or excess) gaseous reactant in the reaction system
from the feed line to the reaction system through a

c¢irculation line. The reaction of the process includes,



sul fur dioxide), a halogen, or a halide]. The reactant may be selected
dependi ng on the type of reaction, and is not particularly limted to a
speci fic one. For instance, exanples of conponents used for the

carbonyl ation reaction 10 include a conbi nati on of carbon nonoxi de and an
al cohol (e.g., a Cl-,()alkyl alcohol such as nethanol) or a derivative
thereof (e.g., a carboxylic acid ester -sdh-as nethyl acetate, a

Cl | Oal kyl iodide such as nmethyl iodide, a did _6al kyl ether such as

met hyl et her) for roductlon 15 of car box acid (such as acetic acid)
or a derivati ?é%@Rﬁ :ﬁﬁtf a%E}%%n %%%%x?ﬂgb OBn olef in
(e. g. , ethylene Iene but ene, aIIene) nd hydr ogen [f

producti on of l%ﬁp%jtfgq] %“(W%V%c’é?%q’%%déﬁ? gaP %d%?tcar bon
nonoxi de, the olef in, and metei&éfcw oductlon of a carbo C aC|d)

2 Conbi nat i on GRIATARTABRORF REORHL: 6 BIAR SoRGreRLc b SBrrrackn
production of a carboxylic acid ester); a conbination of carbon nonoxi de,
an al kyne (e. @nd XE‘EP-?Pér%th%Fﬁ?FtQE’BFﬂ%}%? a %?ﬁ?‘%\%ﬁ EPactant ks vduct i on

of an unsaturated carbox acid (such 25 s acryl.ic aC|ngnEthacr lic

acid)]; a3contfiHRIHA id(?arﬂoﬂi AgRPgRxl ?le Al &L of S‘AFEO

(e. nmet hano rod ction_of an uns carb 36 I d
Lo o (suoh aduady AigRiaoytia BRagea’ fecrae e SRET o) T T ﬁ%ﬁﬁmﬂﬁaﬁ'f
car bon nonoxi de, the alc hoI and o oduction of ester
carbonate); aRf Ged&ctedk P@nBFBQePﬁy 'é%% E&gpééeploﬁnayg%e%?t

particularly limited to a specific one. For instance,
examples of components used for the carbonylation reaction
10 include a combination of carbon monoxide and an alcohol
(e.g., a C;_jpalkyl alcohol such as methanol} or a
derivative therecof (e.g., a carboxylic acid ester such as
methyl acetate, a C;_j palkyl iodide such as methyl iodide,
a diC,;_galkyl ether such as methyl ether) [for production
15 of a carboxylic acid (such as acetic acid} or a derivative
thereof); a combination of carbon monoxide, an olefin (e.g.,
ethylene, propylene, butene, allene), and hydrogen [for
production of an aldehyde (such as acetaldehyde)]l; a
combination of carbon monoxide, the olefin, and water {for
20 production of a carboxylic acid); a combination of carbon
monoxide, the olefin, and the alcohol (for production of
a carboxylic acid ester); a combination of carbon monoxide,
an alkyne (e.g., acetylene, methyl acetylene), and water
[for production of an unsaturated carboxylic acid (such
25 as acrylic acid, methacrylic acid)]: a combination of
carbon monoxide, the alkyne, and the alcohol (e.g.,

methanol) [for production of an unsaturated carboxylic



I ncludes a reaction systemfor obtaining a carboxylic acid or a derivative
thereof (e.g., a carboxylic anhydride) by wusing carbon nonoxide, and an

al cohol, as a liquid reactant, preferably a Cl1_4 alcohol or a derivative
thereof (e.g., 10 nethanol, nethyl acetate, nethyl iodide, and diethyl
ether), in particular, a |iquid-phase pressurized reaction systemfor
produci ng acetic acid or a derivative th&6teof by allow ng to react

met hanol wi th carbon nonoxide in the presence of a carbonylation catalytic
systemin a |iquj 15 phase reaction system _The above-penti oned

ot bonyl ot on Sakdistebnlsteh ‘S8 netadl GaEERARRG  CHOLRELtype of
carbonyl ati on reacti on The carbonylatjon catal yst include for_ exanpl e,
St ransi £ on EORacErtate bhi o yoombrant Lt coF nedPhanBoBGELAs s o
iridiumcatalysy, a platipumcatalyst, a palladiumcatalyst, a copper

catal yst, a ni ?h%gta? t°x¥Q%PaY€%BaP¥°8B?B¥9§t9fTﬂeg$éFBBFylation
catalyst may be used as a catalyst system by conbining a co-catal yst or
accel erat or sUcrRRNALE b1 (apd &fShalide (e.g., lithium25 iodide), a

hydrogen halide (e.qg.,_hyd i odi d d. | ky] , halid . g., th
i)c/)di dg). I\?briaoveﬁ, ?orTrf%éro_ ‘%ﬁf’c‘iﬂ e :%‘?g%éﬂ‘?r(h%g%)g %/H‘?‘g %\3‘1’? _'grgan ;nsst e)r/
LEFRICCER A MR s i O el
th | f oni i.d lt. th b d - l.yst
Rocelerator - SR ERIBAT Y ERPREORa 1 1 gatboryi . Spfigagiad) By

using carbon monoxide, and an alcohol, as a liquid reactant,

preferably a C;_4 alcohol or a derivative thereof (e.g.,
10 methanol, methyl acetate, methyl iodide, and diethyl
ether), in particular, a liquid-phase pressurized reaction
system for producing acetic acid or a derivative thereof
by allowing to react methanol with carbon monoxide in the
presence of a carbonylation catalytic system in a liquid
15 phase reaction system.
The above-mentioned carbenylation catalyst may be
selected depending on the type of carbonylation reaction.
The carbonylation catalyst includes, for example, a
transition metal-series catalyst such as a rhodium
20 catalyst, an iridium catalyst, a platinum catalyst, a
palladium catalyst, a copper catalyst, a nickel catalyst
and a cobalt catalyst. The carbonylation catalyst may be
used as a catalyst system by combining a co-catalyst or
accelerator such as an alkali metal halide (e.g., lithium
25 iodide), a hydrogen halide (e.g., hydrogen iodide) and an
alkyl halide {(e.g., methyl iocdide). Moreover, for the

production of (meth)acrylic acid or an ester therecf, etc.,



may be used with diluting by an inert gas (for exanple, nitrogen, helium
and carbon dioxide). The partial pressure of carbon nonoxide in the
reaction systemmy be selected suitably according to the type or node of
reaction, 10 etc. For exanple, for the production of a carboxylic acid by
a carbonyl ation reaction of an al cohol, the partial pressure of carbon
nonoxi de in the reaction systemis, for 38xanple, about 200 to 3000 kPa,
preferably about 400 to 1500 kPa, and nore preferably about 500 to 1000
kPa. 15 In the carbonylation reaction system equi pped with the pressurized
reaction syst &R amide cf+9 on drddin CHRYCLEGPERBEIATY n#)1RR) s@F eBRed
suitably according to the type or_ node of reaction, and the reaction
pressure my, AN APIEonin agidulerdo e sdbulkpuliangc aghdusugBoo to
20 4000 kPa), and the reaction tenperature may, for exanple be about 100
to 250C (pref @amefhapagulbanic agidcorapdsa r‘@‘eﬁ-'reeq‘%)r &B‘Ibe&bBﬁFdl?@ to
200C). According to the present invention, the fluctuation of the
consunption r @ ETCRRLYRL UATERREMOT25 in a reaction system can be
conpensat ed or absorbed by the feed rate of the gaseous reactant froma gas
feed syst&m to i nsur &hE Caabofe menoide MeY e tFedgase8uBUF@a8RENPT- 38
(such as carbon nonoxide) for a reaction in a pressurized reaction system
In particul ar MaX &g YFef ey i HEng 2 t3BHningst FA4F n(HF AP K cess
flowrate of the gaseous reactant_is fed, di schar?e or rel ease of the

gaseous 5 readtidiffodeih hekiphr ARG FLIP TSR] on Wb NI | v,

pressure of carbon monoxide in the reaction system may be
selected suitably according to the type or mode of reaction,

10 etc. For example, for the production of a carboxylic acid
by a carbonylation reaction of an alcohol, the partial
pressure of carbon monoxide in the reactiocn system is, for
example, about 200 to 3000 kPa, preferably about 400 to
1500 kPa, and more preferably about 500 to 1000 kPa.

15 In the carbonylation reaction system equipped with
the pressurized reaction system, the reaction pressure and
temperature may be selected suitably according to the type
or mode of reaction, and the reaction pressure may, for
example, be about 1000 to 5000 kPa (e.g., about 1500 to

20 4000 kPa), and the reaction temperature may, for example,
be about 100 to 250°C (preferably about 150 to 220°C, and

more preferably about 170 to 200°C).

According to the present invention, the
fluctuation of the consumption rate of the gaseous reactant
25 in a reaction system can be compensated or absorbed by the
feed rate of the gaseous reactant from a gas feed system

to insure effective utilization of the gaseous reactant



resulting in econom cally advant ageous reaction of the gaseous reactant.
Further, in an industrial pressurized reaction system(e.g., a

carbonyl ation reaction system) in which an excess anount of a gaseous
reactant over a 10 reference flowrate is continuously supplied to a
reaction system the gaseous reactant can be effectively utilized for the
reacti on even when the consunption anount38of- carbon nonoxide fluctuates in
the reaction system Furthernore, based on fluctuation factors in a
carbonyl ation plant (e. g. 15 an acetic _acid-producing plant), the present

i nvention i ns&?‘é%h cshcagiboys mgnpgddelafer @ reagisiaiud nr saprapsurized
produci ng plant of the gaseous reactant and realizes a unitary nanagenent
for the carbork8aFtieR pFEfteBnd IhPapririiahyg §emtinia (Riegadebird
reactant. 20 | NDUSTRI AL APPLI CABILITY The present invention is preferably
appl i cabl e t o TeAFHIRR syEdessivyibichranexcess fd oy gatents theageapeust or

I nstance, a process or plant_for_ producing a carboxylic 25 acid or a
derivative t hef@¥FtIt 1§ 1§99 ngdbsSehrEBRy PRt FRheaFRaefi bie 9a890UEXAMVPLES
The follow ng exanpl es are intended to describe this invention in_further
detai | and shdifCERhEaRehe SUPRFH5ied FAAPRR cRAFEAPRSEPRLaRBBRLLY - t he

invention. 5 Conparative Exanple I n the process flow of Fig. 3 in relation
to Fig. resulting in economically advantageous reaction of the

gaseous reactant. Further, in an industrial pressurized
reaction system (e.g., a carbonylation reaction system)
in which an excess amount of a gaseous reactant over a
10 reference flow rate is continuously supplied to a reaction
system, the gaseous reactant can be effectively utilized
for the reaction even when the consumption amount of carbon
monoxide fluctuates in the reaction system. Furthermore,
based on fluctuation factors in a carbonylation plant (e.g.,
15 an acetic acid-producing plant}, the present invention
insures control of a feed rate of a gaseous reactant in
a producing plant of the gaseous reactant and realizes a
unitary management for the carbonylation plant and the
preoducing plant of the gaseous reactant.
20
INDUSTRIAL APPLICABILITY
The present invention is preferably applicable to
various processes or plants using a gaseous reactant, for
instance, a process or plant for producing a carboxylic
25 acid or a derivative thereof by utilizing a carbonylation

reaction.



1, the flowrate and pressure in a systemfor feeding carbon nonoxide to
an acetic acid production process were neasured wth both of flowreters
and pressure gauges, respectively, 10 attached or installed to the
following lines: (1) a vaporization line 21, (2) a downstream side of a
first feed line 22 froma juncture site with a circulation line 24, (3) an
upstream side of a second feed |ine 23-fB8ma 15 branched site of the
circulation line 24, (4) a downstream side of the second feed Iine 23 from
a branched site of the circulation 'Eﬂﬁgaﬁﬁ (5) an upstream side of the
circulation line 24 froma junction £h a di scharge line 25, 20 (6)
t he di scharge |ine 25, domnstr am si de of‘%gﬁﬁglrcu ation line 24

froma junction si telwetﬁ'E ef%earﬁ% int e 2T +R%ct i on
| d t t f tial
éE?%SELgUI : g, ;eac 'Ont i fﬁ#% :‘fgl%sﬁé% I Sﬁ%%ff"e?‘g%?iem% Bre ﬁfd
a, and.a reference. te 0 ressurize
carbon ronoxi & §OIFEbS m‘fﬁﬁ'rﬁrb%sm? zsé%P%?/ ‘#letskl% ﬁl %Bfoﬁb t he

reacti on yessel .wth u&% 3& arbon nonoxi de fron1the first feed line
with a pPessur§°BPaZgLt a ®§uppl yi ng nethanol to the reaction vessel

with a flowrate of 2 [ hour T re c&hon 188N gqﬁfd in a
rhodi um i odi de concent 8n r Feggog}%wéﬁg ﬁ%ﬁ a nefﬁy i3 g
concentrati on Of f112 ffow rate and pressure in a system for feeding carbon
monoxide to an acetic acid production process were measured
with both of flowmeters and pressure gauges, respectively,
10 attached or installed to the following lines:
(1) a vaporization line 21,
(2) a downstream side of a first feed line 22 from a
juncture site with a circulaticen line 24,
(3) an upstream side of a second feed line 23 from a
15 branched site of the circulation line 24,
(4) a downstream side of the second feed line 23 from a
branched site of the circulation line 24,
(5) an upstream side of the circulation line 24 from a
junction site with a discharge line 25,
20 {6) the discharge line 25, and
(7) a downstream side of the circulation line 24 from a
junction site with the discharge line 25,
A carbonylation reaction in a liquid phase reaction
system was conducted under a reference partial pressure
25 of carbon monoxide of 700 to 755 kPa, a reference pressure
of 2775 kPa, and a reference temperature of 187.5°C by

supplying a pressurized carbon monoxide of 3236 kPa



13% by weight, a lithiumiodide concentration of 4.7 to 4.9% by weight, a
met hyl acetate concentration of 1.5 to 1.7% by weight, and a water
concentration of 7.8 to 8.0% 10 by weight in the liquid phase. Mreover,
part of the resulting reaction product was supplied to a flash
distillation colum wth continuously taking out fromthe reaction vessel,
and a high boiling conponent separated- #9 the flash distillation colum
(containing a catalyst, 15 etc.) was returned to the reaction vessel

Further, a low boiling conponent separated b the flash distil]at]
col um was supiessrized By Hhe COMRAL 3P hP Qﬁdrﬁafz &Pnbﬁ???ﬁg onent

separated by the purlflcatlon col u (cont ai nmet hy el c.) was
Joturned to t (SAPRIYARE. GARD AR SOROK MR (F a@m%ﬁ%mi&rﬁﬁm Fntrol
in order to maintain the pressure of the second feed line to

appr oxi mat el y % SFESHWC e 0fs A K3 AN [URRL B BEHRANSL &9 b‘gtﬁermnom de
flow fromthe first feed lipe at a constant 25 flowra 1.8, NnB , the
pressure fluct§@Gtdenoresfel whidbautlopsats atiht Pégc{]i‘%%?;%? emm}%
detected by e RUESURS BUSoReald ATl RN RUA dE NI enEL I A3 Of -
R P R R R A I A AT
conbusted with .5 dischatding HLeme A 35 demME o ¥ U S to

4.9% by weight, a methyl acetate concentration of 1.5 to

1.7% by weight, and a water concentration of 7.8 to 8.0%

10 by weight in the liquid phase. Moreover, part of the
resulting reaction product was supplied to a flash
distillation column with continuously taking out from the
reaction vessel, and a high boiling component separated
by the flash distillation column {(containing a catalyst,

15 etc.) was returned to the reaction vessel. Further, a low
boiling component separated by the flash distillation
column was supplied to a purification column, and a low
boiling component separated by the purification column
{containing methyl iodide, etc.) was returned to the

20 reaction vessel.

With respect to the flow rate control, in order
to maintain the pressure of the second feed line to be
approximately constant pressure (3236 kPa) by supplying
a carbon monoxide flow from the first feed line at a constant

25 flow rate (21.8 Nm3/H), the pressure fluctuation of the
gaseous phase in the reaction system was detected by the

pressure gauge 9, and the flow rate control valve 13 of



In the process flow shown in Fig. 3, the reaction was conducted in the
sane manner as in the Conparative Exanple except that the anount or rate
of carbon nonoxi de 10 corresponding to the pressure fluctuation of the
gaseous phase in the reaction vessel was supplenented by the follow ng
procedures. The pressure fluctuation of the gaseous phase in the reaction
system was detected with the pressure-gédge 11, the first flowrate
controlling unit 15 12 was driven in response to the detection signal for
controlling th (ﬂéculationfjcwv#fte in.the cifculation ljne to a flow

rate (Fr=F1-A 15hargeskine 41 MR AF b0 of B (FRSPArEE E9 dERSf the
conpressor 8 s detected wt the pressure sensor, 7. mpunt ed .on e buffer
Cank 6 and 20TSHA AR A by LI TSNS 07 A 10 S PGy TR T
response to the detection signal to contrqgl the feed flo rate of_ carbon
ronox! de. 1 romkake A 28 NEal] 5eRed $Th & FaAn A FEOTFEle LR LT Hor
reducing the |lo luctuation to, the ¢ ressor, .the pressur f _carbon
ronox! de. | of ndg FhSSHHEEE ARk P FAEEN BRRCEAEe AL PoRRHg PRt Bhe cet
up to an_approxi tehy const ant Lressure of 294 kPa. Mreover, in the
case wher @ aniiﬁﬁﬁ%ﬁﬂ Tt [kﬂ réi%éhﬂ%ﬁ 1€ 427 - detected by the
pressure gauge g installed to the second feed |line, the flowrate control
val ve 13 attach&d®™®-fhe discharge line 25 was driven for conbusting the

exoess, AUt of o a0 JRIGKL RN Hlatl RN AR o8 . el o
was conducted in the same manner as in the Comparative
Example except that the amount or rate of carbon monoxide

10 corresponding to the pressure fluctuation of the gaseous
phase in the reaction vessel was supplemented by the
following procedures. The pressure fluctuation of the
gaseous phase in the reaction system was detected with the
pressure gauge 11, the first flow rate controlling unit

15 12 was driven in response to the detection signal for
controlling the circulation flow rate in the circulation
line to a flow rate (Fr=Fl1-AFcv), the pressure fluctuation
of the inlet side of the compressor B was detected with
the pressure sensor 7 mounted on the buffer tank 6, and

20 the second flow rate controlling unit 3 was driven in
response to the detection signal to control the feed flow
rate of carbon monoxide from the first feed line to a flow
rate (Fsu=Fcs+AFcv). For reducing the load fluctuation to
the compressor, the pressure of carbon monoxide joined in

25 the circulation line and the first feed line was set up
to an approximately constant pressure of 294 kPa. Moreover,

in the case where an abnormal or unusual pressure was



flow rate of carbon nonoxide, the flow rate of carbon nonoxide in each
line is represented by assumng that the flow rate of carbon nonoxi de
supplied fromthe first feed 10 |ine of the carbon nonoxi de-produci ng pl ant
is "100". Table 1 Conparative Exanple Exanple Flow ratel0098.6 to 101.4
Vaporization line (1)Pressure294294 (kPa) Flow ratel05.5105.5 First feed
line (2)Pressure294294 (kPa) Fl ow ratet0825305.5 Second feed |ine

(3) Pressure32363236 (kPa) Flow rate97.2 to 10098.6 to 101.4 Second feed
line (4)Pressure31383138 (kPa) Flowrate5. 5 to0 8.34.1 to 6.9 Circulation
line (5)Pressfiedsried iy theaPressireagsydeo? 2ingtaliedatgethe ipcond

(6) Pressure (szQ Flowrateb5.54.1 to 6.9
feed line, the flow rate control valve 13 attached to the

discharge line 25 was driven for combusting the excess
amount of carbon monoxide with discharging from the
5 discharge line 25.

The results are shown in Table 1. Concerning the
flow rate of carbon monoxide, the flow rate of carbon
monoxide in each line is represented by assuming that the
flow rate of carbon monoxide supplied from the first feed

10 line of the carbon monoxide-producing plant is "100".

Table 1
Comparative
Example Example
Flow rate 100 98.6 to 101.4
Vaporization line (1) Pressure 294 294
{kPa)
Flow rate 105.5% 105.5
First feed line (2) Pressure 294 294
(kPa)
Flow rate 105.5 105.5
Second feed line (3) Pressure 1236 3236
(kPa)
Flow rate 97.2 to 100 98.6 to 101.4
Second feed line (4) Pressure 3138 3138
{kPa)
Flow rate 5.5 to 8.3 4.1 to 6.9
Circulation line (5) Pressure 3236 1236
{kPa)
Flow rate 0 to 2.8 0
Discharge line (6) Pressure _ _
(kPa)
Flow rate 5.5 4.1 to 6.9
Circulation line (7) Pressure 204 204
(kPa)

Compared with the above-mentioned Comparative

15 Example, the method of Example positively reduces the



Circulation line (7)Pressure294294 (kPa) Conpared wth the above-nentioned
Conparative 15 Exanple, the nethod of Exanple positively reduces the - 43
carbon nonoxi de di scharge to substantially zero by controlling the flow
rate of the first feed line and that of the circulation line in response
to the pressure fluctuation of the reaction systemto permt effective 5
utilization of carbon nonoxide for the-cd&3benylation reaction. - 44
CLAIMS 1. A control nethod which conprises continuously supplying a
gaseous reactant froma 5 gas feed systemto a pressurized reagction system
tapbhatl

through a fectRTRoR moppride (isghabagntaxgeksta ¥f 28R B¥seous
reactant in the reactjon systemfromthe feed |jne tgﬁ%ﬁi reac%iﬁg ystem
via a circul at¢trehbing thh Slovrage of  the Aot A e 8p agaseous
reactant in the_circulation line and the feed flowrate of the gaseous
reactant from®hethpscitelalionplinge 1R oReFBPREE b2sEReoRreA&YSFessure
fluctuation of _a gaseous phase in the reaction system and the %aseous

reactant is 15EXRGHIREHOR °F HENG ER2FHHOREYERPY; Lot RETPLEJCFFRESIEL a

predeterm ned reference flowrate. 2. A control nefhod according to claim
1, wher ei ] utilization of carbon monoxide for the carbonylation

reaction.



t he gaseous reactant converged in the feed line and the circulation line
I's continuously supplied to the reaction 20 systemwith a reference fl ow
rate F which is defined as the total flowrate of a reference consunption
flowrate Fcs in the reaction systemand an excess flowrate F1 in an
excess anount over a fluctuation consunption flowrate AFcv in the
reaction system 25 3. A control nethod aacerding to claiml1l, wherein the
gas feed source of the gas feed systemis in aliquid form and the
consunption rate fluctuation of the gaseous - 45 reactant in the reaction
systemis conpensated or absorbed by SLAEME rate of the gaseous reactant
fromthe gas feed system 4. A control nmethod according to claim1,
wherein 5 the circulation flow rate of the gaseous reactant in the
circulation line is controlled based on the pressure fluctuation of the
gaseous phase in the rleachi eengyelemethedd whiieh compPmiSRS ate of the
gaseous reactant fromthe gas feed systemis controlled based on the
pressure 10 fl uctuati ewndfinumsias sapplae a gaspeugasepctgniysremat o
supply the gaseous reactant to the reaction systemvia the feed |ine with
a predet eSnm nahs fewde sys tiemolor at pressunigedt FeachkieRosyateBr HhFRRI® claim
1, which conprises 15 continuously supplying an al cohol to a liquid- phase
pressuri zed rendigash sy emidnt ai ning a carbonyl ation catal ytic system

circulating an excess amount of the gaseous
reactant in the reaction system from the feed line to the
reaction system via a circulation line,

10 wherein the circulation flow rate of the gaseous
reactant in the circulation line and the feed flow rate
of the gaseous reactant from the gas feed system are
controlled based on the pressure fluctuation of a gaseocus
phase in the reaction system, and the gaseous reactant is

15 supplied to the reaction system via the feed line with a

predetermined reference flow rate.

2. A control method according to claim 1, wherein
the gaseous reactant converged in the feed line and the
circulation line is continuocusly supplied to the reaction

20 system with a reference flow rate F which is defined as
the total flow rate of a reference consumption flow rate
Fcs in the reaction system and an excess flow rate Fl in
an excess amount over a fluctuation consumption flow rate
AFcv in the reaction system.

25 3. A control method according to claim 1, wherein
the gas feed source of the gas feed system is in a liquid

form, and the consumption rate fluctuation of the gaseous



suppl yi ng carbon nonoxi de to a conpressor via a first feed line, 20

conti nuously suppl yi ng carbon nonoxi de pressurized by the conpressor to
the reaction systemvia a second feed |line with a reference flowrate F,
and convergi ng excess carbon nonoxide in the reaction systemin the first
feed line via a circulation line 25 branched fromthe second feed line for
continuously producing a carboxylic aci #3by a carbonyl ation reaction in
the reaction system - 46 wherein carbon nonoxide joined with the first
feed line and the circulation line is cqontinuously suppljed t the
reaction syst SifdFARHISEREFPACEPT PHE St"'r?énalerrésf%%e‘#n?g ?ﬁ%ﬂf?%?e F
which is defined as the tatal %%% 5 of a referenc gonsu tion f%om&rate
Fcs in the red&Yi%r‘fe%‘iﬁaé:rﬁ d {ie IBRELYS FPBR AR TEY™ h &n98Rce88%anount

over a fluctuation consunption flow rate AFcv in the reaction system the
flow rate of S¥PMnonoxide of the circulation line is controlled to a
total circulation rate Fr which 10 is dq%ined th? tq%g! rate of the

ing tg hain

excess flowrate FI dhd & FPBLFP ethy 8§ﬁ6’f‘f§i IlucYBﬁf?bﬂ
P I e D IR LN i
fromthe gas feed system 15 to the fiyst_fe line is ntrolled to the
total supply $Hofrtaticksting +%e°?%¥£?bi%§de%ﬁ§§nﬁPiﬁﬁefPBﬁFFSFE Fcs and
the flowrate ffﬁé€§g¥qggrg%téhélg%;géﬁg:%%%g%nin the reaction system,
and the feed flow rate of the gaseous reactant from the
gas feed system is controlled based on the pressure
10 fluctuation of the gaseous phase in the gas feed system
to supply the gaseous reactant to the reaction system via
the feed line with a predetermined reference flow rate.
5. A control method according to claim 1, which
comprises
15 continuously supplying an alcohol to a liquid-
phase pressurized reaction system containing a
carbonylation catalytic system,
supplying carbon monoxide to a compressor via a
first feed line,
20 continuously supplying carbon monoxide
pressurized by the compressor to the reaction system via
a second feed line with a reference flow rate F, and
converging excess carbon monoxide in the reaction
system in the first feed line via a circulation line
25 branched from the second feed line for continuously

producing a carboxylic acid by a carbonylation reaction

in the reaction system,



consunption flow rate AFcv, in response to the pressure fluctuation of the
gaseous phase of the gas feed system 20 to adjust an excess or deficient
amount of carbon nonoxide relative to the reference flowrate F in the
second feed 1line by carbon nonoxide fromthe first feed line. 6. A control
met hod according to claim1l, wherein the reaction systemconprises a
pressuri zed reaction 25 systemin whieh4& carboxylic acid or a derivative
t hereof is produced by a reaction of carbon nonoxide with a Cl- 4 al cohol

or a derivative thereof. - 47 7. A control nethod according.to claiml,
wherein the reaction viexeih E‘GFBPPSIB%"%"*‘FﬁJiO&-“&@aEétBrQ%%%rjirzg@dfe?g]act i on
system for producing acetic acid or a derivative thereqf by allo

met hanol to r ke @nd,ther 6bRCHbAbLPAL E1¢ sy copddry S%RP}HEQLpgsence

of a carbonylation catalytic system 8. A control apparatus
conprises a f e ITRCHINT IHHISM gl E%%e%%%O?%aﬁ?%ﬁtl?Be Higgeggﬁrized

reaction system 10 a feed unit for supplying the gaseous reactant to the
feed |ine, a prefexenes dglaesinte & ?}B’Jscg’diét fdnpdeds Fﬁ@, tofg'ﬁi rat

pressuri zing the gaseous reactant fromthe feed unit, .a cjrculatjon |ine
for circuldati Rf &h referencesomsumptdon, flov: gate, ESet it %i’ﬁ F‘ﬁ@c#gﬁ& i on

systemto the reaction _system and_a contral_ unit for controlling the fl ow
rate of system and the excess flow rate F1 in an excess amount over

a fluctuation consumption flow rate AFcv in the reaction
system, the flow rate of carbon monoxide of the circulation
line is controlled to a total circulation rate Fr which
10 is defined as the total rate of the excess flow rate Fl
and a flow rate corresponding to the fluctuation
consumption flow rate AFcv, in response to the pressure
fluctuation of the gaseous phase of the reaction system,
the flow rate of carbon monoxide from the gas feed system
15 to the first feed line is controlled to the total supply
flow rate Fsu of the reference consumption flow rate Fcs
and the flow rate corresponding to the fluctuation
consumption flow rate AFcv, in response to the pressure
fluctuation of the gaseous phase of the gas feed system,
20 to adjust an excess or deficient amount of carbon monoxide
relative to the reference flow rate F in the second feed
line by carbon monoxide from the first feed line.
6. A control method according to claim 1, wherein
the reaction system comprises a pressurized reaction
25 system in which a carboxylic acid or a derivative thereof
is produced by a reaction of carbon monoxide with a C;.

4 alcohol or a derivative thereof.



t he gaseous reactant in the circulation line and controlling the feed rate
of the gaseous reactant fromthe 20 feed unit to the feed |ine based on a
pressure fluctuation of a gaseous phase in the reaction systemto supply
the gaseous reactant to the reaction systemvia the feed line wth a
predeterm ned reference flowrate. 9. A control apparatus according to
claim8 which 25 conprises a first pres4dre sensor for detecting the
pressure of the gaseous phase in the reaction system - 48 a first flow
rate controlling unit f or controlli he flqoqw rate af th seoqu
reactant in the ci rculr"'a‘tit%‘n""“"ﬁ“ﬁf?—ii ine Bﬁ§8r(f)i ng tcgﬁji"bﬁ'gﬁ%ﬁﬁ?f?rom
the first pressure sensor, 5 a second, pressu sensor f or detec{in t he
pressure fludiitafiedstdon FIsEle600PEASES Gpi{e'g'éi%gflﬁﬁer%ﬁ?%ﬁ‘% z?‘g t he

pressuri zing nmeans, and a secaond f | ow rate conilrol | i uni
od 348

f.or. .
control ling (HRAGHRP Sysded FPRLHAIUGHRI SRR AT ﬁ'eaf‘i%ﬁlY?'ﬁ?eV?n 10
response to a detection signal from.the second essyre gensor. 1£ A
control appar dil'{f'sr%ﬂz'%m’d‘?‘%go‘t’%n%I“%ﬁﬁhaé‘%it(?hreﬁg{ﬁﬁ]i@bgaﬁ PR EONPELGR | i ne
for suppl )Sq ng carbon nonoxide 15 to a conpressor, a second %ﬁﬁggl i ne for

continuoud y stib i BURFE nidhoXhe PTHTRRREE | 952 hFAT RN ¥ Bsor to

the catalytic system.
8. A control apparatus which comprises
a feed line for supplying a gaseous reactant to
a pressurized reaction system,
10 a feed unit for supplying the gaseous reactant to
the feed line,
a pressurizing means, disposed at the feed line,
for pressurizing the gaseous reactant from the feed unit,
acirculation line for circulating an excess amount
15 of a gaseous reactant in the reaction system to the reaction
system, and
a control unit for controlling the flow rate of
the gaseous reactant in the circulation line and
controlling the feed rate of the gaseous reactant from the
20 feed unit to the feed line based on a pressure fluctuation
of a gaseous phase in the reaction system to supply the
gaseous reactant to the reaction system via the feed line
with a predetermined reference flow rate.
9. A control apparatus according to claim 8 which
25 comprises
a first pressure sensor for detecting the pressure

of the gaseocus phase in the reaction system,



pressurized reaction system a circulation line branched fromthe second
feed 20 line for convergi ng excess carbon nonoxide in the reaction system
in the first feed |line, whereby carbon nonoxide joined with the first feed
line and the circulation line via the second feed |line is continuously
supplied to the reaction systemwth a reference flowrate F defined as 25
the total rate of the reference consunptédén-flow rate Fcs in the reaction
system and an excess flow1rate F1 in an excess anpunt over a fluctuation
consunption f low rate AFcv - in the reaction m  which_ further
conprises a first pre%ﬁ?E%e?%‘lW rade gertEPth n?ﬁ'léylﬁ' EEELFF%“UB‘P]'}#’%
gaseous phase in the reaction system 5 a first flo e contr + ng unit
for controllirdde thew rate fet EQ?BBHsnﬁﬁBEFGBt xht ec?*%ﬁ?g? %ﬂ l'i ne,
a second pressure sensor for detecti t he égessure #n the fi eed

line, a second”f‘?%vi‘?’a‘f%gl?,‘?ﬂﬁ?o'?‘?ﬁgd% Feetien Therab FTem the ﬁE low rate

of carbon npbnoxide in the first feed line, and a control unit for
control ling tRFEFDWE LT car bon nonoxi de in the circulation line to a

total <circulation rate Fr defined as a total %% of i xcess 15 fl ow
rate FI amd a flow r atkeSEEPRESFSRAYRS 'f‘%“?ﬂﬁfc’frl teatton t ’El‘?\'i‘ﬁ"l"c")‘r’i fl ow

rate AFcv by driving the first flowrate controlllqg unif_in_r pnse to a
det ecti on S|gﬂﬁﬂu°t ation of the gaseous phase upstream side re a ive

to the pressurizing means, and

a second flowrate controllingunit for controlling

the flow rate of the gaseous reactant in the feed line in
10 response to a detection signal from the second pressure
sensor.

10. A control apparatus according to claim 8 which
comprises

a first feed line for supplying carbon monoxide

15 to a compressor,

a second feed line for continuously supplying
carbon monoxide pressurized by the compressor to the
pressurized reaction system,

a circulation line branched from the second feed

20 line for converging excess carbon monoxide in the reaction
system in the first feed line, whereby carbon monoxide
joined with the first feed line and the circulation line
via the second feed line is continucusly supplied to the
reaction system with a reference flow rate F defined as

25 the total rate of the reference consumption flow rate Fcs
in the reaction system and an excess flow rate Fl in an

excess amount over a fluctuation consumption flow rate AFcv



fromthe first pressure sensor, and controlling the flow rate of carbon
nonoxi de fromthe gas feed systemto the 20 first feed line to a total
supply flow rate Fsu defined as the total rate of the reference
consunption flow rate Fcs and the flow rate corresponding to the
fluctuation consunption flow rate AFCV by driving the second flow rate
controlling unit in response to a deteet#8n-signal from 25 the second
pressure sensor, to adjust an excess or deficient anmount of carbon
monoxi de relative to the reference flow rate F in the second feed |ine
with carbon noHbxilfe FeasihlomBYSHRMS st feed line. 11. A control
apparatus according to claim8, wherein the feed unit for supplying carbon
nonoxi de to téhigh Erhery GonREIRHrises 5 a purifying unit for reserving

1 carbon | ToNOK g, 8 SeSerd b Fo LI IBH e L Bhure
From {he | | quiSE CEhRSRARBKRARE (1P SR GRPPStEoR CORTPE ed by the flow
broduced B the gasi 11 B4ZaRLow AR tpscanEERERInG RuBs P RO TR ¢
e g o e, e SR Sh Al o R Pt shese
a second pressure sensor for detecting the pressure
in the first feed line,
a second flow rate controllingunit for controlling
10 the flow rate of carbon monoxide in the first feed line,
and
a control unit for controlling the flow rate of
carbon monoxide in the circulation line to a total
circulation rate Fr defined as a total rate of the excess
15 flow rate F1 and a flow rate corresponding to the
fluctuation consumption flow rate AFcv by driving the first

flow rate controlling unit in response to a detection signal

from the first pressure sensor, and controlling the flow
rate of carbon monoxide from the gas feed system to the
20 first feed line to a total supply flow rate Fsu defined
as the total rate of the reference consumption flow rate
Fcs and the flow rate corresponding to the fluctuation
consumption flow rate AFcv by driving the second flow rate
controlling unit in response to a detection signal from
25 the second pressure sensor, to adjust an excess or deficient
amount of carbon monoxide relative to the reference flow

rate F in the second feed line with carbon monoxide from



the second pressure sensor, said controlling unit controls a flow rate of
the Iiquid carbon nonoxide by the second 20 flow rate controlling unit for
adj usting an excess or deficient anount of carbon nonoxide relative to the
reference flowrate F in the second feed line. 12. A control apparatus
according to claim10 or 11, which is for supplying carbon nonoxide
produced in a 25 carbon nonoxi de- producidfg-pl ant to a pressurized
carbonyl ati on reaction system of a carbonyl ation plant, wherein the

control apparatus controls e feed rate of - 51 carbon nonoxide fromthe
car bon nDnoxicEﬁﬁnﬁiﬁﬁﬁréf?é N€phased on the pressure fluctuation of the

reaction system int carbon i )
y q%. A co%%%%&og a&%yfus according to claim 8,

wherein the feed unit for supplying carbon monoxide to the
first feed line comprises
5 a purifying unit for reserving a liquid carbon
monoxide,
a second flow rate controllingunit for controlling
a flow rate of the liquid carbon monoxide supplied from
the purifying unit,

10 a gasifying unit for producing gaseous carbon
monoxide from the ligquid carbon monoxide with a flow rate
controlled by the flow rate-controlling unit,

a buffer tank for reserving gaseous carbon monoxide
produced in the gasifying unit, and

15 a second pressure sensor for detecting a pressure
fluctuation of the buffer tank or the first feed line, and

whereby, in response to a detection signal from
the second pressure sensor, said controlling unit controls
a flow rate of the liquid carbon monoxide by the second

20 flow rate controlling unit for adjusting an excess or
deficient amount of carbon monoxide relative to the
reference flow rate F in the second feed line.

12. A control apparatus according to claim 10 or
11, which is for supplying carbon monoxide produced in a

25 carbon monoxide-producing plant to a pressurized

carbonylation reaction system of a carbonylation plant,

wherein the control apparatus controls the feed rate of
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carbon monoxide from the carbon monoxide-producing plant
based on the pressure fluctuation of the reaction system

in the carbonylation plant.




