21 JUN 2006 - 1 DESCRIPTION FEED CONTROLLI NG METHOD OF GASEQUS REACTANT AND
CONTROL APPARATUS 5 TECHNI CAL FI ELD This invention relates to a feed
controlling nethod of a gaseous reactant and a feed apparatus (or c%%bwgﬂmm
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., nethyl
nmet hacryl ate) have been produced industrially by use of carbonyl ation
reactions. For exanple, Japanese Patent Application Laid-Cpen No.

54011/ 1973 (JP-48-54011A) discl oses ppswrIemiod i on nmethod in which an ol ef
in, an al cohol 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 systemcontaining a rhodiumor iridiumconponent and an iodine

or brom ne conponentFEED CONTRPLLIEGS METHOD ©FSIGASROUS REAGTANTIUI d reaction
product is supplied, 25 without heating, to a separation zone which is

substantially low in pressure t ANPARONTROLOAPPARNTIES € at | east a part of
t he above-nenti oned carbonyl ati on product, 21 JUN 2006 - 2
5
TECHNICAL FIELD
This invention relates to a feed controlling method
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.q., 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.
54011/1973 (JP-48-54011A) discloses a carbonylation
method in which an olefin, an alcchol 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 eﬁaporate at

least a part of the above-mentioned carbonylation product,



t he vaporized carbonyl ation product is taken out, and the residual liquid
reaction product is recirculated to the above-nentioned reaction ZO”?1JHH%@E
docunent describes the renoval of unreacted carbon nonoxi de fromthe
reactor. 5 Japanese Patent Application Laid-Qpen No. 321847/1994
(JP-6-321847A) discloses a carbonyl ation product recovering nmethod for

mai ntai ni ng the concentration of water in,the |liquid conponent at |east at
0.5 weight %in which an iridiumcatalyst is used as a carbonylation 10
catal yst, wherein a vapor conponent containing the carbonylation product

and a liquid camoRapbréee@@tarbenyliie ioh groguett akyeikéen ot OHHEEnkY
vapori zation of the reaction product and the vapor conponent |Is separated

from the |iquirdsa@Rananiguidifesoeib®prodbsst i3t pecibeulatdiasebarge of
unreact ed carbon nonoxi de as exhaust gas from the reactor. Japanese Patent

Application LaiahowRemdit:ionl Y 3966n (dbhd 0- SASD A clii RO S@Ss8riBé §od

conprising the steps of producing a carboxylic acid in a first region 20 by

l'iquid phase cahRop¥havrallof Rinire dHeas eaedodl ménbROe Ufkoft 3nd ¥ehetBaltial Iy
vaporizing the reaction mxture in a second region, purifying a vapor

fraction cent aijaipagesee patietl Qash LRt DOXYA | Ca 8§l OpandNbECYRh BAG /LG
non-vaporized |iquid fraction containing the catalyst to the first region,

25 wherein car hom-woaeXigher A )s GHPldRsk t cAELORPLIAEROHT Be8aukitqui d fraction
produced fromthe second region by avoiding the return of carbon nonoxide
to the second re@ioRerihnhodl FUN WPOPtaiding the concentration of
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 liguid component containing
the iridium catalyst are produced by vaporization of the
reaction product and the vapor component is separated from
the liguid 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 vaperizing 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



to prevent the | oss of carbon nonoxi de. Japanese Patent Application
Lai d- Open No. 95723/2000 (JP-2000-95723A) discloses a control nethod for a
process of producing acetic acid by carbonylation, 5 wherein the flogiprszﬁ
car bon nonoxi de passing through a control valve is neasured, the av aée

val ue of the carbon nonoxide flow per a predetermned tine is calcul ated, a
fixed value is added to this average carbon nonoxide flow to calculate the
maxi mum f1 ow rate of carbon nonoxide, and ;10 the operation is perforned so
that the flow rate of carbon nonoxide into the reactor does not exceed the
maxi mum fl ow rate. However, these carbonyl ation nethods are pressurized

reaction systen® ipreMandh tite I@ACtdOcdrsodd Bedxede out by pressuri zi ng
carbon nonoxide with a conpressor. In order to inhibit the occurrence of

surging in such pressuyapaesike@aitiedt AfHilEFat Lot o dOmesh dRol s suppl i ed
to the reaction syst emw th nmaintaini ng a const ant pressure and a const ant

flowrate at tlsg72nl/aboandirhzoootbsy230)afiddiro£edparesserol Meamvd Eer t he
pressurized reaction system in which the reaction is carried out under a
predeterm ned appricedsgr @Fs produrdistaddticd Ui bPrcavbshdl atioff, the
consunption rate of carbon nonoxide with varying reaction tenperatures. In
particul ars i nwhera3nathealf 1m0 DfCidag-tan Msndardel rpags ph@nthibagroasunpt i on

rate of carbon nonoxide is significantly fluctuated even when the reaction
t enperat ure i ncopdrodacaios iy meadutlkd,Udhe0fberade value of the carbon

monoxide 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 syétems in which the reaction is

15 carried ocut 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 system withmaintaining 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



slightly varies. Accordingly, in order to prevent a pressure drop in the
reacti on system carbon nonoxide in an excess anount over the consu th@p 6
rate of carbon nonoxide at a steady state (reference consunption ragg) ?@
supplied to the reaction system as a reference flow rate, fromthe outl et
of the conpressor on the assunption that the consunption rate is |arge.
Therefore, in the case where the consunption rate of carbon nonoxide is

|l ess than the reference consunption rate In the reaction system an 10
excess of carbon nonoxide in the reaction systemis emtted or discharged

and burned at tdiedHIS} dearfed he ARAHAONG1PYSiEdRAGez tbapeeh@nt’ & ai ni ng

the pressure of the reaction systemat a given value, and ensuring a stable

operation. Howfsurd) dai ih THe @@ddtiich isias bldarftod/indidei déardipn 15
nonoxi de effectively, resulting in a great economical |oss. Further, in a

carbon nmonoxi demPrdhd Nkt ovEAT PRE BBASHMPe iGN WA W et ), and
a producing plant (e.g., acetic acid-producing plant) in which the 20

carbonyl ati on nRAfIA I I8t @HRELSF $Mdbe CRLEPErERRRX dR sl Wred-de ) he
car bon nonoxi de- produci ng plant, €ach of the carbon nonoxi de feed system

and the cagbonylatd@ihi kARG Wheé o £t LGk éf@ﬁ&ﬁl?na@’%t @rleREndd 19 ow
separation and purification) is independently controlled. It is 25

therefore i nposgitd e eb@nl 8hke6ht 1EHCOHHNOTEInATE S Sot bl Rre BRARMIPRAA S1YST €M
(such as a pressure fluctuation) when controlling the carbon

nonoxi de- pr oduging: phaMofithitfo kald\Vid0rgd. Therefore, in the case

where the consumption rate of carbon monoxide is less than
the reference consumption rate in the reaction system, an
10 excess of carbon meonoxide in the reaction system is 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 moncxide
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 contreclled. 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



feed system Thus, it is difficult to nore efficiently reduce the em ssion
or di scharge of carbon nonoxide and to effectively utilize carbon npnoxi de
for the carbonylation reaction. 5 It is, therefore, an object of thelpri&Nahih
i nvention to provide a control nethod 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 nmethod and a control apparatus in

whi ch h I-SSi di sgh f LS _.inhibited

Suppr essed andoufl ERoLEM ool BNe £ oft ot SLETRGuLt ned ghekaueeFiatehhtioa

reaction wth_econg 'ﬁal 15 aggangag S. bt | S s%ill sgotger ob'%ct f the

pr esent |nvenFF§ cer% BrSWFag, n°% §}§§ BF9%e8%r &8EP 0N ?9?#& (?H h as a
b | ati ' t .Ln_which t f th

Feact ant over tPnetFePlrEKLE PN R bar o RoBRR RO Rery tBhopl fea

I ndustrially, a Bontiol.nethod gnd a control apparatus for utilizing the
gaseous react SAFPRY QE%PgeFﬁaF °%-reaction even when the consunption rate

f b i d es_in th ti t 5. PLSCLOSURE OF THE
TNVENTI GNP The 1 nvent oFb. 5F - { RRCRPEGERt R GHSPOR fRqbre: REERENGe St udi es to

achieve the abovenePhacts p28dihb"d! b¥nttol "NetBdd Gna a control
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 gasecus 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



found that, in a pressurized reaction system(e.g., a carbonylation
reaction system in which the gaseous reactant supplied with a refe2?2ﬁ®
consunption flow rate (reference reaction consunption rate) Fcs at 3@@
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 nbost zero
while maintaining the pressure at a feed éipe (and a reference flowrate F)
constant even when the consunption rate of the gaseous reactant varies 10
with fluctuation of the reaction tenperature and other factors, by

suppl yi ng the GRASRUSHAACTAN S tPrddiur £76d | PlacEYSh ey EREAUGR g fegd |ine
with the reference flowrate F having an excess of Fl"over the reference

consunption fl QW X | | c N{naf seous 15
reactant (F1- Algca\\% ﬁy%ah%gﬁnegdéﬁﬁn%r% %ﬁ%ﬁ%oﬁwgﬁ hélergglggfggn line for

conpensating O e3SQIY 31174 ¥Bl Eofeg@t:@ﬂ%le?géggﬁlgggi?ﬁcflg& bhee

gaseous reactant in the réaction systemby t Fcs+AFcv) of the

gaseous 1 eact anloreddidiPr gact L 8RLHEURR 1 dh &Qgieﬁg.f% dt"g stelhalerpeesent

i nvention was acconpl i shed sed on the above t 18, e met hod

of e present JywenLi.e SOIGLARRCS WU SHORLN 4107 33°RkS

reactant from "a gas pressurTzed reaction sys Ybugh 25

a feed |ine, angoChhaukangran; XA82eaBRPhe 0haklBngda?EaNtant cBGh2RL 11

the reaction systemfromthe fee to t eaction systemvia a

circulation |ipgquMe ¢bnaRfset 28rdlwiMe2f¥ntafning the pressure at

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 (Fl1-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
findings.
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



(or inrelation to) a pressure fluctuation of a gaseous phase in the
reaction system the feed flowrate (or a feed pressure) of the gaseag%UNzwﬁ
reactant fromthe gas feed system is controlled in connection with t
circulation flowrate 5 (return flowrate) 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.

Moreover, the apparatus of the present invention conprises a feed line for
supplying a 10 gaseous reactant to a pressurized reaction system a feed

unit for suppl Yio2g i a3 ¢ Pedsuddor 1 68uat 16N o2 B’ §aSULLE NT
nmeans, disposed at the feed line, for pressurizing the gaseous reactant

fromthe feed Whase &n Hd Teladitii¥h EiyBeehOr thé L ARG, 2ALEXCES R aBRANt Of
a 15 gaseous reactant in the reactioh systemto the reaction systenm and a

control unit fomreaRiiredl bENthd faddid rakRtadit EPBmIBREQSS e 895tkm the
circulation line and controlling the feed rate of the gaseous reactant from

the feed unit jl0cbherbeedal iNechaeed i0h Wokn! thé & &id Pkt fon 40 A Phessur e
fluctuation of a gaseous phase in the reaction systemto supply the gaseous

reactant t§ thegre@aghl $1ow @) W e JLfkhbdd NBedbthng PheEREEr M ned
reference flowrate. Such a nethod and an apparatus ensure feeding of the

gaseous react @9tcli althen €266, 0911&}‘&3@*%&5@%&&&&5&@9.& %P%P‘Mﬂeﬁ £ @

predeterm ned flow rate by controlling the feed flow rate he gaseous
reactant in rek@eepeget Poh Ny Htesh 3100l reddQ Gid A bOPréhOVE R Reli th

respect to a reference flow21 JUN 2006 - 8
reference 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 contrelling 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



rate in the circulation line. In this nethod, the gaseous reactant converged
in the feed line and the circulation |ine may be continuously suppgéfﬂ @%mﬁ
the reaction systemwith a reference flowrate 5 F which is defined “
total flowrate of a reference consunption flowrate Fcs in the reaction
system and an excess flowrate FI in an excess anount over the fluctuation
consunption flow rate AFcv in the reaction, system Moreover, the gaseous
reactant nmay be fed to the reaction 10 systemwth the reference flow rate
F by conpensating or absorbing the consunption rate fluctuation of the

gaseous react gird i e AGIESYSt eyt h a feed rate of the gaseous
reactant fromthe gas feed system The gas feed source of the gas feed

system may be in a |iqygindth®5MhéLhod 5tite |Jatiediu L ¢eBRI/MIMS coPIeifed) in
Further, according to the nethod or apparatus of the present |nvent|on t he

flowrate of t W9 e0ReBAUSiAE AP Rhe tlréhgate6d 1ime rrl?yy bQ%GRf‘iﬁﬁbh&ﬂyt o the
reference flow rate based on at |east the pressure fluctuation of the 20

gaseous phase istipp8 JE 8610 rPEtaBn EYstRIPPPLR: a It e FURSS ¥1OW LHEEUAL T ON
of the gaseous phase in the reaction systemis propagated to the gaseous

phase or the fegednlicheisOhekifed2a80¥Rel 66823V ELEMN faeet e E'féf'éﬁéhea li ne.
Therefore, the flowrate of the gaseous reactant may be 25 control

through the useq@lsumpt iRMEFAYE e tiedd 1] tifienedatefoh Nsy St éhl Qﬁatant he
pressure variation of the gaseous phase in the reaction system For

instance, the 2kcddy 2906 rat? F1 in an excess amount over the fluctuation
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 £flow 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



circulation flow rate of the gaseous reactant in the circulation |ine my
be controll ed based on the pressure fluctuation of the gaseous phas?1UHNq@$
reaction system and the feed flow rate of the gaseous reactant from t'he
gas feed system nmay be controll ed based on the pressure fluctuation of the
gaseous phase in the gas feed system to supply the gaseous reactant to the
reaction systemvia the feed line with the predeterm ned reference flow
rate. Moreover, the apparatus of the present invention conprises 10 a first
pressure sensor for detecting the pressure of the gaseous phase in the

reacti on systeghreufiahdbonl FQUW ddte I |ddesibs tréQEL AR hAl kihag the
flowrate of the gaseous reactant in the circulation line in response to a

detection signahrihoatibe flinet mBYeBaUEENERBI2ed Ba8BEOBH tRePpPESHLReSENSOr
for detecting the pressure fluctuation of the gaseous phase (of the feed

unit or feed |ign@ktuBtibAaBE @hee?agbahisvshaget D8 PRESPEALELBH 593P&m,and a
second flow rate controlling unit for controlling the flow rate of the

gaseous react aghd Rhkheeb@e¢ low Gt (FISRIS Gdsudlotesti Mt £Pomi gRal from
t he second pressure sensor. The nethod of the present invention may be

utilized #or ﬁaéiQéédrﬁzgkkﬁﬂ&a§$%ﬁgd%d%%ﬁ%%éﬁrﬁﬁﬁéé”%n €hé- préssure
car bonyl ati on reacti on. re specifically, the nethod conprises

continuously sgppk¥uR®idR BCRR gadedutd gHalE dPhase PA&SPEELZ8¢sEERCTT ON
system containing a carbonylation catalytic system supplying carbon

rlrgnoxi de 10 ateOSRPEEFOFne ighdedud HedBttht it tneOPbhrYeRnl ¥ydtedUi 2006 -

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 liguid-phase pressurized reaction system containing a

carbonylation catalytic system; supplying carbon monoxide

to a compressor via a first feed line; continuously



suppl yi ng carbon nonoxi de pressurized by the conpressor to the reaction
systemvia a second feed line with a reference flowrate F;, and conz?r%hq%
excess carbon nonoxide in the reaction systemin the first feed lin v b
a circulation line branched fromthe second feed line for continuously
produci ng a carboxylic acid by a carbonylation reaction in the reaction
system wherein carbon nonoxide joined wgh_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 shpplefifgeaaebonondudRiigen priedd Ui dasy | thd hComppessen
system and the excess flowrate FI in an excess anount over the fluctuation

consunption fl ey theerdketion Bheteanatiaon seddan fdwd fiowe 1Hitate of
carbon nonoxi de of the circulation line is <controlled to a total

circulation raperérenbeClilow daten®d aad dtnvdrging aecdis tdgrpyhess flow
rate FIl and a flow rate corresponding to the fluctuation consunption flow

rate AFcv, in gmespaiae iw tHe reaetivnesibdemush e &firdie rédqgasaeusiphase
of the reaction system and the flowrate of carbon nonoxide fromthe gas

feed systesn t oatdieréalstioh eethé iv¥aarche®Fron teé kecbha Febal 1sHepEyrfl ow
rate Fsu of the reference consunption flow rate Fcs and the flow rate

correspondi ng &enthgubhiytyUplrbanceaas dMlair®oxiy1ow ri@twy Acv, in response
to the pressure fluctuation of the gaseous phase of the gas feed system to

adjl list (or suparBERPLAt@Bnexeastion daf ittieetea W $Hfs €t Pomhate N 2006
- 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 Fc¢s in the reaction system and the
excess flow rate Fl1 in an excess amount over the fluctuation
consumption flow rate AFcv in the reaction system, the flow
15 rate of carbon monoxide of the circulation line is
controlled to a total circulation rate Fr which is defined
as the total rate of the excess flow rate F1 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



nonoxi de relative to the reference flowrate F in the second feed line by
carbon nonoxide fromthe first feed line. In the nethod of the present
invention, the reaction system may conprise a pressurized reaction 3ysilinlf
in which a 5 carboxylic acid or a derivative thereof is produced by

reaction of carbon nonoxide with a Cl_4 alcohol or a derivative thereof,

and for exanple, may conprise a I|qU|d phase pressurized reaction system
for producing acetic acid or a derivative thereof by allow ng nethanol 10
to react with carbon nonoxide in a liquid phase in the presence of a

carbonyl ati on gmahakyleGrsVstere tbhenépp¥edidhicedE1bieradf £Fei thaveatbRa
I ncl udes an apparatus for the above-nentioned carbonylation reaction, for

exanpl e, an appaeat Linefbf kac R heR6xadbi £86mlénd sad-d4 #ReldOLi56RP! YhNg
carbon nonoxide to a conpressor; a second feed |line for continuously

suppl yi ng car bgRe H@FRSAJEE PEIRS it d Z&t DinvdIeL LONPI 86 OFed Ot 1be PFoBEMI | zed
reaction system a circulation lI'ine branched fromthe second feed line for

convergi ng excray €anpeNsBDAOKkreasuriZ@d Redciaicd Wy Ssh eh iwhibe 4irst
feed line, whereby carbon nonoxide joined with the first feed line and the

circulation |cagpvklibeaseaonsd headrlivag ive Qﬂfgﬁeﬂﬂptﬁé y%ﬁé@@éé&db yo the
reaction systemwith a reference flow rate F defined the total rate of

the reference gopsviBhi 8% LheWohah8nédzides WitH he d eaCElQBhéisb%”hand an
excess flowrate FI in an excess amount over a fl d tuation consunption fl ow

;Sgg Aigv in 88L1%888VE0ANEYELEN aWll Ebxf Wiyl e, 0niY Smpr{sssa 21 JUN
liquid-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 1ine 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 c¢irculation line branched from the
second feed line for converging excess carbon monoxide in

20 the reaction system in the £irst feed line, whereby carbon
monoxide joined with the first feed line and the circulation
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 Fos in the reaction system and an excess flow rate F1l in

an excess amount over a fluctuation consumption flow rate

AFcv in the reaction system; which further comprises a first



pressure sensor for detecting the pressure of the gaseous phase in the
reaction system a first flowrate controlling wunit for controllingztmfuNZU%
flow rate of carbon nonoxide in the circulation line; a second pressure
sensor for 5 detecting the pressure in the first feed line; a second flow
rate controlling unit for controlling the flowrate of carbon nonoxide in
the first feed line; a control unit for ggngrolling the flow rate of carbon
nonoxide in the <circulation line to a tofal circulation rate Fr defined 10
as atotal rate of the excess flowrate FI and a flow rate corresponding to

the fluctuati opreeRu@PkbaBol! P¥LT @ Eectity the Yreddird i itheShakkewsr at e
controlling unit in response to a detection signal fromthe first pressure

sensor, and cophadlkl iRGHd1PebhbeWohadPs0dm CA PO ENMN datEScbhePblinengas
feed systemto the first feed line to a total supply flow rate Fsu defi ned

as the total rahetokotrhBontebanenge thansubRt rakef beVchabenFAenardaehenf | ow
rate corresponding to the fluctuation consunption flow  rate AFcv by

driving the seggadchih@y1adli®ncantded! ld Nbdbtd dﬁf\egélufésgeﬂwrt @oz detection
signal fromthe second pressure sensor, to adjust (or supplenent) an excess

or_deficiegt QEQB&Eiﬁb Q%kb%&é@yﬂ¥@‘$h'ﬂﬂéﬂﬂiﬁ%ﬁcfé@@ Ifﬁ@!eﬂcgeébﬁw rate
Fin the second feed line with carbon nmonoxide from the first feed line. In

the apparatus, sib@ taed 8Bhtrb21i3g GHRR! ¥bPJc6AtPEN1ABEOXhEEE ] Bw! PaLEI I st
feed line may conprise a purifying unit (colum) for reserving (or
storing) a |iquifdcaabbArmoReRXigein s FaEf IfRMd 2itella)bbn2268 unis
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 tc 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



controlling unit for controlling the flowrate of the liquid carbon

nonoxi de supplied fromthe purifying unit; a gasifying unit for prOdfiiBﬁ
gaseous carbon nonoxide from the |iquid carbon nonoxide with a flow N 2006
controlled by 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 pressurﬁ- fluctuation of the buffer tank

or the first feed line; and whereby, in é%ﬁbnse to a detection signal from
the second 10 pressure sensor, said controlling unit may control the flow 15

rate of the |i @drft<ArPOy RN dHecBi +Be 13Kk Ehow F&¢ € o £CORE NQlgulig uni t
for supplying an excess or deficient anmount of carbon nonoxide relative to

the reference fdfaWod Mdhdxide tfpFeroadetefdthbNBurPeging a@All;0la apparat us
is used for supplying a gaseous reactant (e.g., carbon nonoxide) produced

in a gaseous IRAGAATPLAGHCEDS Prédict £gJyasdoesFbIPRONAG Y edda NY
plant) to a pressurized reaction system of a conpound-produci ng pl ant

(€. 9., a pressyhezadgddaCanpobul MbheRingasitRNa DI Patle oadrRAMEE@bYON
plant), wherein the control apparatus realizes to control the feed rate of

the gaseous reafleAflowrdte contPoN 1TRYOULIE) 4 bAFFekhEafRIIMEeserving
react ant - produci ng plant (e.g., the carbon nonoxi de-produci ng plant) based

on the pressurgadeddd!deitidiP mdtoditfe BhESSUGEd en T €REL 1881 8Y¥EhgTuhR L he
plant (e.g., the carbonylation reaction systen). That is, in a system
which unifies @haun ldeA¥ndTHIRGYRYE ekoPPESAl d&PedtidNcBB0Bressure
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 controel 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.
15 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) f£rom
the gaseous reactant-producing plant (e.g., the carbon
monoxide-producing plant) based on the pressure
25 fluctuation of the pressurized reaction systemin the plant

(e.g., the carbonylation reaction system). That is, in a

system which unifies or unitizes management over operation



- 14 of both plants, the fluctuation factors (such as a pressure
fluctuation) in the reaction systemmy be reflected to controls of the
produci ng plant (e.g., a carbon nonoxi de-produci ng plant) of the gasébhdUszﬁ
reactant and the 5 feed system of the gaseous reactant (e.g., carbon

nmonoxi de), and the feed rate or anount of the gaseous reactant (e.g. ,
carbon nonoxi de) nmay be controlled integr?IIx or unitarily. In such a

nmet hod, the consunption flow rate Fc of 6 t he gaseous reactant in the
reaction systemnmay be represented by the total rate of the reference

consunption flofwboahelstahittle fiusteadiby fonsored sk A 4 paelisatre and
the fluctuation consunption flow rate AFcv which fluctuates dependi ng on

varying the red&lhicvudtaqey ainirithe redst Déhesy$beh oty (beerefeskedtAbCv) .
To such a reaction system the gaseous reactant is supplied with the

reference flowomirells (FERISHyodwpiwsepl &bt byet e, t at aerbadhe of the
ref erence consunption flowrate Fcs and an excess flow rate FI in an excess

amount over t henonoxdidértprayinitsy Hliant) 28 thewdsdeud\hactldret @fnd eheeven
i f the consunption rate Fc of the gaseous reactant in the reaction system

vari es aceonp@riedsyétémidfetlid dalseaisonesebantyid.an f tarboatmdnddide) | he
gaseous reactant can be supplied to the reaction systemwth the reference
flow rate F haandgthbefexdasstevif Amvunat €f Flhd RprazeokieC eeacammn{ eoyer, t he
fluctuation consunption flow rate AFcv for ensuring a stable reaction. The
circul ati on fl earnbane moneixirde f Intay 1sd gorttrellédeiRtdégd/Nl 2006
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
filow rate Fcs which is 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 F1l in an excess amount over the fluctuation consumption
20 flow rate A¥cv. Therefore, even if the consumption rate
Fc of the gaseods 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 Fl 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



- 15 reactant in the circulation |ine my be represented by the difference
(F1- AFcv) between the excess flowrate FIl and a flow rate correspongin t
the fluctuation consunption flowrate AFcv. In the case where the p és§M#@%
of a gaseous 5 phase in the reaction systemfluctuates with varying the
consunption anount of the gaseous reactant, the feed (supply) flowrate or
suppl enent (repl enishnent)flow rate of _t gaseous reactant fromthe gas
feed systemis controlled to a predetermned flow rate Fsu (=Fcs+AFcv) 10
in connection with the circulation flowrate Fr (=F1-AFcv) of the reactant

in the circul atdedttddnte inf Phe CRBYINE SN ingAREYUBe ISt &én £ €4 tHie theact i on
systemthrough the feed line with the predetermned reference flowrate F.

The neani ng of diFHUMRSRE (Fa -NIRSHUMR thdth] Ui @kcek® F1ok §JIROHA BRAse i
a reaction systent includes a pressure fluctuation not only of a gaseous

phase in a read ifQgdw eatel cobebspbaaialy 88 eheafdactiakdohncvhkaipiphessure
fluctuation of a gaseous phase In a reaction vessel is propagated (for

exanpl e, an ar ¢a /PPREIGRNL] Wint thé kR GagRerE P92 eRlsud@ bha Pﬁ%%hgn
vessel, such as a gas feed line extended to the reaction vessel).

Accordingly, thmdddiGhugheopeattliba sgasemusinbagsate’ Wiehr oaehiiay sustem
may be detected not only by a pressure sensor disposed at the feed line for

suppl yi ng the greswmp iR aturdt dheieasdsasuyepegttatit, 2thal gecdy a
pressure sensor for directly neasuring or detecting the pressure of the

gaseous phase (fsupiay)eaTéwarate ezsehpp Idtent dsléatisiiméti € flfow gapeessur e
fluctuation 21 JUN 2006

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 (=F1-AFcv)
of the reactant in the circulation line, for supplying fhe
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 1line 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



- 16 of a gaseous phase in a gas feed system includes a space for
accommodati ng or reserving the gaseous reactant, or a flow passage faor

suppl ying the gaseous reactant (for exanple, the feed line ext ended 2flr 81t 2006
the gasifying system 5 of a gaseous reactant to a pressurizing neans).

BRI EF DESCRI PTI ON OF DRAW NGS Fig. 1 shows a process flow diagramfor
illustrating a control nethod and control 1%pgarat us of the 10 present
invention. Fig. 2 shows a flow chart for iTlustrating an operation of the
control apparatus of Fig. 1. Fig. 3 shows a process flow diagram for

expl ai ni ng angexanghgedld $RABA fh | & G FEYE sy AP TANlAR dd=sSeRsBALEN OF
THE | NVENTI ON The present invention shall now be described in detail wth

reference if neeesMbMMOdE Y R etk &FPih§0bhe Fhfeoils! PedcRbAEESS Ll | OW
diagramfor illustrating a control 20 nmethod and control apparatus of the

present invent a0kl pastdhe £dr5 suppPyisyathef§ gasbbhsteatitaatt fgogont rol
apparatus of Fig. 1. I'n this enbodi nent, a gaseous reactant (carbon

nonoxi de) is Cexlampi@UskieSHREE! Efhé it éndé @ R¥dM &R gBkif7anlOEyERem
gaseous reactant (for exanple, a carbon nonoxi de-producing plant) to a

carbonyl at s5on plrapf ?ﬁfs@ousewaﬂt%n@r\t@%tﬁﬁe@éﬁﬂiﬁiQQUﬁéaﬂspl.ant)- That is,
the 21 JUN 2006 - 1
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 contrel 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
detailwith 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 contrel
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



enbodi ment illustrates a control process for supplying carbon nonoxide from
a carbon nonoxi de-producing plant to a reaction system (an acetic

aci d-producing plant for a 1liquid phase reaction system not shown) ,f.or
continuously 5 producing a carboxylic acid (e.g., acetic acid) by a 27 JUN 2006
carbonyl ati on reaction of an al cohol (e.g., nmethanol) with carbon nonoxide
(gaseous reactant) in the presence of a carbonylation catalytic system
conprising a rhodium catalyst, lithium.iqdide, 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 fl uct gaibodinent tild wacatdtes ati coptoducpngecpbanfor! supplyipgocess,
an al cohol and a pressurized carbon nonoxi de are continuously supplied to
15 a |iqui d- phaaebonessnbxided feanta @arbai awnosiida-progveimaplamnt ati on
catal ytic system respectively. The process conprises a feed unit (gas feed
systenm) 1 for asujeplctiion &ystead (@h Gydnic D+ sieodgesegouslaneagbank) from
a gas feed source, a first feed line 22 for 20 supplying carbon nonoxi de
fromthe feed Qdiguidophasenpegcsoon $ysteers camtd shesadh )l Foe @8nfinuously

conti nuously supplying carbon nonoxide pressurized by the conpressor 8, as
a pressuri 3i ngprodakeindg @ tdaxrbeadiiconchydt e ¢ nptasebiv) ackdyl aycar cul ati on
i ne 24 branched fromthe second feed Iine and connected 25 to the first
feed line 22 fcarbonydagiing geavthbisodincalbonolnnaxi deeithanid resthi on
systemto the first feed line. The feed unit (gas feed system) 1 conprises
a 21 JUN 2006 cafBon monoxide (gaseous reactant) in the presence of a

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 acirculation
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



purifying unit (purification colum or gas feed source) 2 of aliquid
carbon nonoxi de for reserving or storing the |iquid carbon nonoxide
(l'iquefied carbon nonoxide), a second flowrate controlling unit (s@éhﬂ@%MM
an 5 el ectromagnetic valve) 3 for controlling the flowrate of the

| i quefi ed carbon nonoxi de supplied fromthe purifying wunit, and a gasifying
unit (gas-producing unit) (such as a heat_exchanger) 4 for producing
gaseous carbon nonoxi de by vaporizing th 8Il"quid carbon nonoxi de at a fl ow
rate 10 controlled by the flowrate controlling unit 3. Carbon nonoxide

produced by thﬁuﬁ%’y&)’x'g”ﬁn‘i@' Y puT 1FURRIY &6h (O RumP W €5ad APKe 8, s6QPBEFLEd O

the first feed line 22, for reéeserving or storing gaseous carbon nonoxi de.

I nci dental ly, R4 &@ki degh-f | nit 2
| ncidontal 1Y, 3 YARONIGRAODNL bOR rinGXLRUCRSE Vg L BEKiMEU ¢ 2

3, the gasifyingquill catboRloRokiAUTRUAGdY 1dd WaPBG Ohondxl @k ) debecti ng 2

flow rate of gas produced by the gaS|fy|ng unit, and a second pressure

gauge (or pre5§eesnae@§%) rhthOtoftiRall il ath 20 {SM&hNRs Rressure of the
buffer tank 6 is nmounted on the buffer tdank 6. Carbon nonoxide fromthe

first feedsling1détirdmalBh8tie V&8deh 03¢ PH Q.Qﬁﬁef&‘ﬂﬁ?gg Hﬂ%%iro%z Q)éttehéf

conpressor (gas pressurizing unit Or conpression 8, and

continuously sypgli£gubp;bled:A061 mo%yfdee@u\ﬂpafé@f%ﬁpeﬁe ﬁafﬂf{riﬁg 23
with the reference flfowrate F. Incidentally, " the consunption flow rate Fc
of carbon nonoyhde,i Anbhs fds PHPirR908n1t 1Pgas-producing unit) (such as
a heat exchanger) 4 for producing gaseous carbon monoxide
by vaporizing the liguid 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
buffer 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 unit)} 8, and
25 continuously supplied to the reaction system via the second

feed line 23 with the reference flowrate F. Incidentally,

the consumption flow rate Fc of carbon monoxide in the



reaction systemis defined as the total amount (Fc=Fcs+AFcv) of the
reference consunption flowrate Fcs which is steadily consuned and the
fluctuation consunption flow rate AFcv which is fluctuated dependingﬂoﬂn\'mﬂ6
fluctuation 5 factors (e.g., a tenperature change). To ensure a stable
reaction or operation in the case of varying the fluctuation consunption
flowrate AFcv in the reaction systenl(QCf%ig aci d- producing plant), the
reference flowrate F in the second feed Tine 23 is set as the total flow
rate (F=Fcs+F1) 10 of the reference consunption flowrate Fcs in the

reaction systegnafiofnsgxeemns ikl aufidled As (e ARStal | AaméBnexcess anount
over the fluctuation consunption flowrate AFcv in the reaction system

Further, the cireufFakiARPcl)NE8r2¢nbsrofanehed topEumpeibhersenopdeberds!ine
23 and connected to the first feed line 22. A first pressure gauge (or

pressure sensowhid¢h id gteddiegt éofstRedRirfs sueef Dicthgt Jonasopsihpsonn t he
pressurized |iquid phase reaction systemis nounted on the downstream side

(acetic aci d- peeeWdadi® RFavtwisi 68 s0f 16 ua L SRGRHE P dn! # NecBZat {6 t he
branched site of the circulation line 24. Furthernore, the circulation |ine

24 is proyidedawtbbsa(éigs! d temperisranichiinddld UMt ehsuel aastatile
el ectromagnetic valve) 12 for controlling the flow rate of carbon nonoxide

in the circul atéastlibnor’dpénatbonagpenecdse afdeheli@nhe fNadtdd oo he

first pressure gauge 11. That is, the pressure of the gaseous phase in the

reaction syste8bhSuinPtioMef 6w FORONAFAN inOthBerdhdeti dat 6 Pstm Jade2006 - 20
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 F1 (Fl>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) 11
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 adetection signal from the first pressure gauge

1l1. That is, the pressure of the gaseous phase in the

reaction system is in inverse proportion to the fluctuation



consunption flow rate AFcv; when the fluctuation consunption flow rate AFcv
has a negative value (Fc<Fcs: CO excess), the pressure is increased; and
when the fluctuation consunption flow rate AFcv has a positive val ué 15JUN 2006
(Fc>Fcs: CO deficiency), the pressure is decreased. To conduct the reaction
under a predeterm ned pressure in the reaction system the first flowrate
controlling unit (such as an electronagng Ic valve) 12 nounted on the
circulation line 24 is controlled, inre boﬁse to the detection signal 10
fromthe first pressure gauge 11, for circulating an excess carbon nonoxi de

in the reactiogqﬁ€3ﬁ3g¥aﬁ?§r%%;.é%ﬁjﬁﬁgb:I+ﬁ§52€h§tPchEngtE§%f;i?Eesysten)

through the circ I'ne e circulatfion flow rate

circulation i oG ABYD 1%@?5?%%”%%?:&1&&5“ HE%E@&%C%QEE‘ '?5%%’: 85355

bet ween the excess ow rafe l'ow rat'e corresponding to

fluctuation coppHERedR )| Sl d Pros ARY 1 NEnseEE8a  elal kRBn23HeS Provi ded

with a pressure gauge (pressure sensor) 9 for detecting a pressure of the

20 second f eed dy i ANGrdebh QUIBE Pbn (Pforf LAV ORSORRS10 s + 1 6611100 2

flow rate of carbon nonoxi I SChar ge I'S connected to

t he upstregn1skg%>9ESgh%9.ﬁégyg#%Jéi}Jigﬁ%:%&éég&géVEStgeapgaLgé§ttﬁéow

rate contfolling unit or f measures to an ener gency, 25

di scharge 'in.ecbiare.%gvmﬁq:e%ﬂcﬁpu%@%rrgsrgﬁé%%%%gm?%eg% SXBAIPLLE valve

13 for releasing or discharging a gas in etection signa
fromthe pressyLg 23 och N P08, trelfirst £low rate controlling unit (such

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 mono;éide 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 (F1l-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 liné 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



gauge 9 attached to the second feed line 23. That is, the energency

el ectromagnetic valve 13 is steadily shut, and when the detection signal
fromthe pressure gauge 9 of the second feed |ine 23 reaches an abn@rimdN 2008
| evel corresponding 5 to unusual events (for exanple, remarkably increased
pressure), the electromagnetic valve 13 is opened in response to the
abnormal detection signal to discharge an,.,excess gas fromthe discharge
line 25. In the first feed line 22, the'fF&W'rate of carbon 10 nonoxi de
fromthe feed unit 1 is controlled to maiintain the feed rate of carbon

nonoxi de in the PRzt e8EHERNE. thd dledoh@ Eek@r €968 23 0WHH€ ifs | Rhe
connection with the circulation flowrate in the circulation line 24. That

is, in response%néx%éﬁb%r daleRGhih e VA8 e ifd ke diiagsdhatlSagauge
(pressure sensor) Il for detecting the pressure of gaseous phase in the

reaction systemndihenk! gutéateoftfsiGRAPHLIPRRE Heelbu Qegﬁﬁééui s eRel i Ne
24 is controlled to a total circulation rate Fr™ (=F1- AFcv, F1>OFcv) defined

as the total flQudmii el it 8% cHd PN MifoFtha BN 1280H8%pbAHENg
corresponding to the fluctuation consunption flow rate AFcv by driving the

first flowsrate s QuHdsldl et {(fdr dband1e! MBREPKablyOifekeh@elRi Ntai n
the pressure of the reaction systemat a reference pressure, opening and

cl'osing of the fideaizaly Oftd Nel 2k domagrit b | ed1py 25 1heobbhsh fhow rate

controlling unit 12 in relation to the ~pressure fluctuation relative to the

reference pr es%lérs%oxﬁfe tBetHasSaMSrRAR et bt 16n IPARIA PR o g keMarigel an
controlling 21 JUN 2006 - 22

excess gas from the discharge line 25,

In the first feed line 22, the flow rate of carbon

10 menoxide 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 {=F1-AFcv, Fl>AFcv) defined

as the total flow rate of the excess floﬁr 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



the circulation flow rate of carbon nonoxide to the circulation flowrate
Fr (=Fl1-LFcv, F1>AFcv) on the basis of the reference circulation flﬁq rate
FI in the circulation line 24. 5 Further, the pressure fluctuation Re1008
gaseous phase in the reaction systemis also propagated to the first feed
line 22 and the buffer tank 6 through the second feed I|ine 23 and the
citculation line 24. Thereby, the flow ratg _of the liquefied carbon
nonoxi de 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 signghef E@fttnet3eeord dif assie coPaggehdn MBHBKEAEORJ hehduf fer
tank 6, for supplying carbon nonoxide fromthe first feed |ine 22 wth the

total supply TLow-(ake;dn E?Pw(féye?iécs oy dm»*\@g P 1SA#8¢) L Alnd lpusrat e of

the reference consunption Tlow raft [ow rate "corresponding to

the fluctuati %wa@ﬁékeﬂcéla%éﬁﬁlﬁ%m? bateigsy %m%eg%u%ﬁ%fﬂ ci ent

anount of carbon nonoxide relative to e reference flowrate Fin th
second 20 feedyljne,23 is adjusted (or is made up for) wth carbon nonoxide
fromthe first feed [1ne 22, to permt convergence of the supplenment flow

rate 0 the Tirot fesdkbiprer?, o EEERRREEC) A LG P oug kAR haw Tt
control 1 ng t N Fr ot 5h8 mspe Coubh SxysAei ob ko FEKpEaH kprEid maoh o' 16
the reference @é‘e&l‘ﬂ.rﬁg% an%?’the buffer tank 6 through the second feed
line 23 and the circulation line 24. Thereby, the flowrate
of the liguefied 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 Qh the buffexr tank ¢, for supplying carbon monoxide
from the first feed line 22 with the tbtal supply flow rate
15 Fsu (Fsu=Fcs+A¥Fcv) which is the total flow rate of the
reference consumption flow rate Fcs and a flow rate
corresponding to the fluctuwation consumption flow rate
AFcv. That is, an excess o.r deficient amount of carbon
monoxide relative to the referenée flowrate F in the second
20 feed line 23 is adjusted (or is made up for)} with carbon

monoxide from the first feed line 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=F1l-AFcv), the converged carbon

25 moncexide is supplied to the compressor 8 as the total flow
rate Fsu+Fr(=Fc¢s+F1=F), for controlling the flow rate of

carboen monoxide in the second feed line 23 to the reference



flowrate F. The variation of the consunption rate of carbon nonoxide
(gaseous reactant) in the reaction systemmay be, accordingly, congf?sghﬁ%
or absorbed by the feed rate of 5 carbon nonoxi de (gaseous reactant) H b
the gas feed system and the reaction may be snoothly conducted w th al nost
zero em ssion of carbon nonoxide. Therefore, it is extrenely advantageous
i ndustrially and economcally in the respect that carbon nonoxide is
utilized for the reaction with 10 al nost 280% rate and that acetic acid is
stably and continuously produced. Mreover, the feed rate of carbon
nonoxi de to th S 8 can be mmintained at an al nost constant rate,
and the | oad f?&%&ﬂgkﬁﬁh%?o the conpressor 8 can be reduced to inhibit

effectively the Pccu”%géev%‘}i%f‘ti%y g#”Q:heE%&rfLﬁi éi&eﬁéfes{;kqes}gsﬂ
carbon nonoxide is wuséd as a gas fee sourcelrlw%e eed unit 1, a
trolled ; ' ' ; ' | sel
cont 1ol 1 od by PRESKAn(oRPHGE T EEEARE) T RhL Edp BTGRP S Bl Y b, o
|| ed Labl.e, [ , f ' '
2 12 p8Bbas MBS0 Bonphlated b2 Quintrila BIC chieligblidatar Bon

nonoxi de, the reservoi y can be downsize I on AFcv

Of  Uhe COBSUTHLLS oAl £o 2l a8 AU OXALE ST 5P GBS 000G ol e

slight fluCtuation o I"evel™ {0 taken out)

compar i son i t RARree Freatiar Bivde isorRY ob3REFOR L Kok Rero

conparison wt at1on aseous car

monoxi de, -t he o3RaasatseC 8l B RUASkIAY. APleBEeBbOSE! 55! dutPefdig N

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 carboen
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 liquefied 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 ¢f carbon monoxide can be compensated by
the slight fluctuation of the liguid level (or a small
amount to be taken out) 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



unnecessary to use a large scale equipnent. In such a control nethod or
control apparatus, the detection signal fromthe pressure gauge 11 for
detecting the pressure of the gaseous phase in the reaction systen1@1i£NW@%
to the first control unit. The control unit conprises a nmenory circuit (or
setting circuit) for storing a reference value (threshold) with respect to
the reference pressure of the gaseous thge In the reaction system a
conparison unit (conparison circuit) for nparing the 10 reference val ue
(threshold) of the nmenory circuit with a detection signal |evel fromthe

bressur e gauge yhhecdbsady WUTRIdE 4 Ofafler 8498) etk bmbfiEL thiTetic cirouit)
e

for <calculating a controlled variable Wwth resp o the flow rate of

car bon nonoxi de based gp %le\}md%#oﬂtim ngt%ano{.%&ééf%g,?%%ew\ga,lhgﬁeand

the detection signal |eve e conparison unit that t

detection si gnglbl@telon 31041 2LBA 1HQBLEEAL YTl 14kle: agRdoRaflgi Vi ng

or actuating unit riving circuit) vi ng irst rate
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vari abl e cal cul ated by t arit uni Mor eover, t etection signa
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tank 6 is Ted to the sec control uni e control unit conprises a
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(threshold) with Fespect to th eference pressu
22, a conpari sgn i fedde Y eOPPhiedRo1d) with respect to the reference

pressure of the gaseous phz—ise 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 finds 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



(conparison circuit) for conparing the reference value (threshold) of the
menory circuit with a detection signal |level fromthe second pressu ﬂﬁ
7, an arithmetic (or operation) unit (arithmetic circuit) for calcuﬂétﬁﬂg b
or 5 conmputing a controlled variable with respect to the supplenent flow
rate of carbon nonoxi de based on the deviation between the reference val ue
and the detection signal |evel when the gnparlson unit finds that the
detection signal level is deviated fromt reference value, 10 and a
driving or actuating unit (driving circuit) for driving the second flow

rate control | i Rgoalr 3o (ATRRMA L TN CHAAEIFS! ERE LepErehoBasadugn the

controlled variable calculated by the arithnetic unit. shown in Fig. 2,
when the CO“”Q'th%'sho(l@lr) oSt RO rPRPF A US Iriith &' | a¥€Ec‘t5*.ohe§E8ﬁ§i to a
start signal, in step Si. it i1s discrimnated whether or not the pressure

of the gaseouslak}aieftamt B T SASA@ DUl Il 1720 aRA884 A iR (or

detection signal fromthe first pressure gauge and the reference val ue

(threshol d) Wi bRer-2RBAY mltthqa%qt&ﬁfeec&%ﬁfcqﬂ%@ﬁswfopfcéﬂ@uﬁm gEreuit.
Wien the detection signal level is deviated fromthe reference value

(threshol dj byCth?ﬁ%Eh% &l ‘é‘btn‘t%tdﬂ@ii \ﬁéﬁéﬂf&twiﬁﬂ%é%éct cegt £gk! ing unit

Is driven and controlléd in step S2 based on the controlled variable

cal cul ated by tRgpabhbRTelE1owTatld OF loarditth iModdx e CbaSEaab R0 bt her or
not the driving "rate (or anmount) reaches the controlled variable

(Fr=F1- AFcv) | ae§§.§l€1§§ biRLRRYE theiet it dd "ad1dd WhE thel Bk £OOPion 26

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) foxr
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
i5 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 based
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 S2 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



rate controlling unit is driven in step S2, it is discrimnated in step 4
whet her or not the pressure of the gaseous phase in the buffer tank ghbs
vari ed based on the detection signal fromthe second pressure gauge2 N6
the 5 reference value (threshold) with respect to the reference pressure of
the nmenory circuit. When the detection signal level is deviated fromthe
reference value (threshold) by pressure %kugtuations, the second flow rate
controlling wunit is driven and controlled in step S5 based on the 10
controlled variable calculated by the arithnetic circuit, and it is

di scrim nated whgehebneirolatingheindry i'@iridten {PrseapusL) ieaghes the
controll ed vari able (Fsu=Fcs+AFcv) in step S6. In the case where the

driving rate dagschomiheted idSstéle £ ankrdldredrvnst aile pred sshaRs o83tRed S6,
the driving of the controlling units is further continued. The reach of

the driving raggskeushphasst iRl {19 viaffab | ciePTar$3daBese@ shopset he

operations of the drive control, and, in step 7, it is discrimnated
whet her or notatheceRehatigna2Orsbnuirke ke PG I JawgeMrehhartge not
the flowrate control by the control apparatus should be termnated). In

the case wher ergélerbhew val ge COfHFr&shotd) wioth Be sgeitidatRE, réfeténce
di scri m nated whet her the pressure of the gaseous phase is fluctuated by

returning to sppBsShreSr the MemeeF ¢¥rohithe wrsdithal aebebtibhesidwam rate
control in step S7 may be determ ned on the basis whether or not the flow
rate reaches a)é&eberesGiewidtid oM dhrordfetdNcé0081ue2fthreshold) by
pressure fluctuations, the second flow rate controlling
unit is driven and controlled in step 55 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 56.
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
contrel 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 S1.
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



a tinme base (such as an accunul ated operation tine) or a reference val ue
with respect to a flowrate base (such as an accunul at ed fIOM/ratezﬁcw@zms
flowrate 10) as an index. Incidentally, in the present invention, the

5 1ine may conprise a plurality of feed lines, and the flow rate of a
gaseous reactant may be controlled by at |east one feed |line. For exanple,
the feed line nay conprise a line for §u$?lying a gaseous reactant to a
reaction system wth a reference consunption flowrate, and a line for 10
supplying a gaseous reactant with a fluctuati on consunption flow rate (an

excl usive fEEda|fﬂﬁefﬁ&séhﬁhuéﬁtﬁﬁLﬁﬁié&bﬁﬁﬁiﬁ%@ﬁiéﬁbfééfén_5@&@?V&f,athe
conpressor (pressurizing neans) may al so conprise a plurality o

conpressors di 8epepdnt8 vadeé vt Nedand lk1bn 2RERNISBBN sublrdder
the circulation line nmay also conprise a plurality of lines, and the fl ow

rate my be CcoRtiablmeldedif 1A atN8yCthE W Bdw Yatd 19) HBr&RViaidest he
circulation line may be branched froma feed line (in particular a second

feed line) for supplyi fgcBa8REERES, 20n! EREIPE s& 0t A APACELION, VARS HeednNd i f
necessary may be connected to a reaction vessel through a condenser or

others. The floyhéahsy Mgl sdBY phareandycbedrBadedi R8s, (Rhal fhd & khence
to) a pressure fluctuation of a gaseous 25 phase in a reaction system by

utilizing the sargebata QhsdtAlyOth G £ €5RAY Bd |dbHtd1nda A £ csypti on
rate of a gaseous reactant, and the feed rate of the gaseous 21 JUN 2006 -
28 one feed line. For example, the feed line may comprise 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 bhe
controlled by at least cne circulation 1ine. 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



reactant fromthe gas feed systemmay be controlled in connection with the
circulation flowrate of the gaseous reactant in the circul ation liﬂﬁoh@%mm
realizing the feed of the gaseous reactant to the reaction systemthr h
the 5 feed line with a predeterm ned reference flow rate. Mre

specifically, in order to conpensate or absorb the consunption rate
fluctuation of the gaseous reactant in _tgg 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 advantageadsah® €98kl ehet Basl FRud &l taim s, d9scoyStrbeaelanh in the
circulation line and that of the gaseous reactant fromthe feed unit to the

feed line, respefhb¥ehi¥n withacBeCEBEEQDNa0LoR0RNEW! F2BeVbEhthBeghtasEyation
15 consunption rate of the gaseous reactant by the controlling unit (or

control ling appaaatdfit iArtEentireaushiohUAANg Fbr 3 LENMVAT B8 Ot B8 SEOLS
reactant fromthe feed line and the circulation line to the reaction system

with a referenge tid Qusedd Fedbiahti Sodaie HEaad o3s siie et Abolibavtnat e of
20 the reference consunption flowrate Fcs in the reaction system and an

excess fl oy ratgef! 1ime A t9XGEEFcaBRERNined 2bireeehee REoll HatHAL iMdre
consunption flowrate AFcv in the reaction system The reference flow rate

F has only a spesigscallg9xcefiSorabe kb @waipdia iy awsoewnsyapti on 25
flow rate Fcs as nentioned above, and the reactant of the consunption flow

rate Fc is congenBdmptibnasgL8PENMERGakl ont RE RGfel R TP NBHPELRN {4 oW
rate Fcs and the fluctuation 21 JUN 2006 - 29 ,

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 iine, respectively,
in association or connection with the fluctuation

15 consumption rate of the gaseous reactant by the contrelling
unit (or controlling apparatus) for continucusly 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 F1l 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



consunption flow rate OFcv (Fl >4Fcv). Incidentally, the control flow for the
flowrate is not limted to the specific above enbodi nents, and v 'a
control flows nay be used. For exanple, it is 5 unnecessary to oper:it Hﬁl%ﬁ
parallel the driving or controlling operations of the controlling unit in
step S2 and step S5 with discrimnant operations in step S3 and step S6.
The control flow may conprise, e.g., a control flow for 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 gaugecdleupiianceRbiokatbONFE AUARIYI NG the Tlow rate in the

first feed line by controlling the second flowrate unit 3 based on the

detection signal from ihciheneateyd PhESEhEroAUEEow. £bRIERENEEH) | ¥ad the
detection signal fromthe first pressure gauge 11. These independent

control systenmpgMAytCONhiebdeeeh theoWpediE icOBEVE EhYod Dheh s Paaa4! el .
Mor eover, the second flow rate controlling unit 20 may be controll ed by

controlling theatibgs EbLAMrER 10%8NMaY WeNGised ! PR 3@ I At he
detection signal from the first pressure gauge, and by discrimnating or

conpar ati v defgrbE88subgt BEI opBRaRkeInUpR U IUAIHO N Srik@used or not on
the basis of the detection signal from 25 the second pressure gauge in

[REPOr e TSR RS otatelos x 0 upft sy A sy a e
and step S5 with discriminant operations in step 83 and
step S6. The contrel 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 f£low 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
contreclling unit in response tc the detection signal from
the first pressure gauge, and by discriminating or
comparative detecting whether the pressure fluctuation is
caused or not on the basis 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



phase in the reaction systemis propagated to the buffer tank 6, and there
is a correlation between the detection signal fromthe first pressure gauge
11 (or pressure fluctuation of the reaction system) and the control IZ2HJBN 7008
vari able by the second flow rate controlling unit 3. According to the
present invention, the first flowrate controlling unit 12 and the second
flowrate controlling wunit 3 may be controjled 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) w thout
utilizing the geleet ionthel gealctfiroomdihe aecondhiyessat edgaugehd. bbafet-her
words, the flowrate control may be conducted by the steps of; detecting

the pressure oftahie 6gasedushphases @ thereaanticm tldtwyst erhad dét attieast
the first pressure sensor, and - controlling the flowrate of the feed line

and that of theigglalculyd ahd i ferytt prébeusenigaRidd Na Undt prReEgspense to
the detection signal fromthe first pressure sensor. Mbreover, in the case

where the flowenaleugh ildie Jeathé i REadPiaRdsiBaenOf Afte 1Gid CebRtignikine are
controlled with the use of the first pressure sensor, the control by the

second Tlow roke iRk Oyl ke WidomBYs DEWwCLRYHC e (1o i yd Neh 4 L, a
predeterm ned decay tine constant (predetermned tine delady) fromthe start

for driving theclorlinld QW hale PreSORET PhLERY BRI L thie Gonsddef By, 0papé the
arrival tinme or other factors of the gaseous reactant fromthe circul ation

line to the feednhidg1idl 4HN+2486 anBlhe second flow rate controlling

unit 3 may be controlled in relation to the pressure
fluctuation of the gasecus 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 wcrds,
the fliow 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 contrelling unit in response to
the detection signal from the first pressure sensor.
Moreover, in the case where the.flow rate of the feed 1line
20 and that of the circulation line are controlled with the
use of the first pressure sensoxr, the control by the second
flow rate controlling unit may be conducted by driving with
& predetermined decay time constant (predetermined time
delay) from the start for driving the first flow rate
25 controiling unit in consideration of the arrival time or

other factors of the gaseous reactant from the circulation

line to the feed line.



The preferred method or apparatus of the present invention conprises a
first pressure sensor for detecting the pressure of the gaseous ph%ff 'ﬁ
the reaction system a first flowrate controlling unit for control Hg 106
5 regulating the flowrate of the gaseous reactant in the circulation |ine,
a second pressure sensor for detecting the pressure fluctuation of the
gaseous phase upstreamside relative to Pe_pressurizing nmeans attached to
the feed |ine (a gaseous phase of a space communicated with the 10
circulation line, for exanple a gaseous phase of the feed wunit or the first

feed line), and a secormefprufrénted wOM6@! ot NEppEFrdthOrof HHE Pésh©r
regulating the flow rate of the gaseous reactant in the first feed line in

response to thendeheLdh Bompeeés fd eirshepsessidePseasyrerdd GBS ing
Further, the nethod or apparatus conprises a controlling unit for

control ling thenélpuedsins d¥ thieghkedls Fnaséemn@hélﬁadtaicm At | i ng
units in response to the detection signals fromthe first and second

pressure sensgreirdhertont £ateUBbhtEb1185g0NAG! Y¥fre oM@ diTiig 28 f | ow
rate controlling unit for controlling the flowrate of carbon nonoxi de of

the circulsati ofedbhI@tifgathet flowCratd! aki @Rel gh8eblusWiietlttiant iPtife f 1 ow
rate of the excess flowrate FI and a flow rate corresponding to the

fluctuation consrd®plaeioh! Dihé At Afohd PrEFHUIME SeétsAS B Wiretiligy second
flow rate controlling unit for controlling the flow rate of carbon nonoxide

fromthe gas {ieegrevsin® toutbeatisfilof €8 dddoid phiae @patrednpdad | ow 21
JUN 2006 32
relative to the 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
contrellingunit 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 Fl 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



rate Fsu which corresponds to the total flow rate of the reference
consunption flowrate Fcs and the flow rate corresponding to the
fluctuation consunption flowrate AFcv. Such a control unit insures2 JUN 2006
effective adjustnent or 5 supplenent of an excess or deficient anmount of
carbon nonoxide relative to the reference flowrate F in the second feed
line, with the use of carbon nonoxide fr the first feed line. The
pressure fluctuation of the gaseous phaseTn 10 the gas feed system may be
practically detected in a feed systemfor supplying the gaseous reactant

supplied fromribe Bas ﬁ@%%ﬁ@s% SndbecHr &S Ud FA DO IBANSate No P Cul ar
a passage fromthe buffer tank to the pressurizing neans). For exanple, the

pressure fluctpattpansBYcOEsERbEEADIES oWS raY o2 FMsCSHE G HIA U oW ka 08l ¥
mounted on the buffer tank but also attached to a suitable position of the

first feed |iggrrdffoRasngeed §HHVE§;uEE%)Aa'%9.bnb%oln'sfﬁrﬁ drP £16 | ket i ed
gas, and may be a vaporized gas. Use of the liquid 20 (or |iquefied

reactant) Insukesyt o difdiacesRBskablit eusanl pkLedivaradRhechBpy e and

realizes a precise flow rate cont ecause the source 1sTIn a

form Mrgovesuphleméhflusti 8 £886kaNbrefa¢ieseh® GRRARK o déﬁ%ﬁﬂe VO'“”E
conpared with the gaseous carbon nonoxi de, 25 and to suppl enent for the

fluctuat ed gasm&%b"éi@@tﬂe@&trﬁfeeto% £eRbednby A GWRlalt AN st V-
That is, the fluctuation of the gas consunption rate can be conpensated 21
JUN 2606 - 33 feed line, with the use of carbon monoxide from the first
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
i5 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, and may be a vaporizedgas. 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 gaseocus 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



with a slight fluctuation of the liquid |evel in the carbon

nonoxi de-purifying unit (purifying columm) so that no |arge-scal e equi pnent
is required. Accordingly, by wutilizing the control unit, the flow1rf$ﬁ ﬁf
the liquefied 5 reactant by the second flow rate controlling unit UN' 2006
(furthernore the height of the liquid level in the purifying colum) can be
controlled to the supplenent flowrate Fsu as a vaporized gaseous reactant
with high precision, in response to the getection signal fromthe pressure
sensor, 10 to supply a conpensated anount of carbon nonoxi de for an excess
or deficient amount of carbon nonoxide relative to the reference flowrate

Fin the secomditkredshight Muditvigspes toff @hehbiddDivIGoY ahn, thardaxtisorpr ocess
control nodes or forms such as a feedback control may be 15 used for
control of theméhoxidetpuridndiryannlies (phritieing’ eedumn)ordd AhaEtn®NS

i nclude a proportional control action (P control action), with which the
mani pul ated vBatr@d!ecabecOguipmend is peqparedon Aecbbeidegiygt bgn of the
flowrate fromthe reference flowrate, an integral 20 control action (I

control actiomitiwdzingitehcbherganapit atsite Faowabheei 61 ctré Ndlguret iwa or
upon integrating the flowrate deviation, a differential control action (D

control ad i onpeadtimt by cthé heesdnapilialedatar cohteol1dineoniniad | ed in
accordance with the variation of the flow 25 rate deviation, actions in

whi ch the abovefa@eth@hobé eheQoebgined £(f10e 168 ganal Pevel Rn €6 ipwiti Hyiflg
action, and a PID action). For exanple, in accordance with the | action, a
21 JUN 2006 - &dlumn) can be controlled to the supplement flow rate Fsu
as a vaporized gaseous reactant with high precision, in
response to the detection signal from the pressure sensor,
10 tc 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, variocus 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 £low 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 actien (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). For example, in accordance with the I action, a



deviation of the flowrate with respect to the reference flow rate may be

I ntegrated respectively over a predetermned period of tinme in each%Lﬁﬁgzﬂ
line and a circulation |line, and the flow rate of the gaseous react gﬁ
each line may be controll ed when the integrated anount of the flow rate
devi ation reaches a predetermned flow rate. The fluctuati on consunption
flowrate AFcv in a pressurized reaction,system (in particular a

| i qui d- phase 10 pressurized reaction syste changes significantly

depending on various fluctuation factors (for exanple, the tenperature

fluctuation ingbbeateaal &Lt RYSELHy PRtle WPPrh ABUBECETtE €3¢ AteSérentd
particular, in an industrial manufacturing plant, a slight change of the

reaction 15 teppeyatHt8 mBFULES ink eyradele rEPHUL Bfe BFI SPéPNa(OF
di scharge) of a gaseous reactant (such as carbon nonoXide). Even in such a

reaction systepreliBeePheAtal pbPY 8l b tinRAliZ @uc) fdelusiinél dNa a o
advant ageous reaction systemwth acconplishing a substantial zero em ssion

of the gaseOUSci%Quﬁ.SEEBﬁrﬂine—'—,h%nﬂr?ﬁé@ldvﬁi‘ﬁﬂ&i&@tw?a_ﬁe@ﬁ@lf@éjcf&@
variety of processes which conprise continuously supplying a gaseous

reactant fg om @,088ch Q6the wakCBel BoAtPbeISH WEEH thEAGHEOHraYSh At LUgh a
feed line and circulating a 25 surplus (or excess) gaseous reactant in the

reaction systegr thenrifg £2ed LbVSatdohheehRAGl @ g%éﬁﬁ@frﬂrﬂé@"ffow
circulation line. The reaction of the process Includes, 21 JUN 2006 - 35

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). 1In 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 zero 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

circulation line. The reaction of the process includes,



for exanple, a carbonylation reaction using carbon nonoxide, an oxidative
reaction using a gaseous oxidant (such as oxygen or ozone), a hydrogen
reduction reaction, and various other reactions using a gaseous req;;qpﬁzmﬁ
[e.g., 5 carbon dioxide, a nitrogen oxide, a sulfur oxide (such as ‘sultur

di oxide), a halogen, or a halide]. The reactant may be sel ected dependi ng
on the type of reaction, and is not particularly limted to a specific one.
For instance, exanples of conponents usegsfor the carbonylation reaction 10
i nclude a conbi nati on of carbon nonoxi de and an al cohol (e.g., a Cl-10al kyl
al cohol such as nethanol) or a derivative thereof (e.g.. a carboxylic acid
ester such as foetdwampref ahecaabbhyllaaliboyl readitdeorsusims cextthyh | odi de, a
di C1_6al kyl ether such as nmethyl ether) [for production 15 of a carboxylic
acid (such as mmebéxideci s oxidatévevatheeionhasdak] a @asemiushaixiotarf
carbon nonoxi de, an olefin(e.g., ethylene, propylene, butene, allene), and
hydrogen [for (suchlus oxygen afr akdréydea (sutiogen acsivd tdiedy d@dct ion,

conbi nati on of carbon nonoxide, the olef in, and water (for 20 production of
a carboxylic amdardousndtinet ireacticer isinggasiedas tdectaetile.nd t he
al cohol (for production of a carboxylic acid ester); a conbination of
car bon nomoxi dearbem dGildgyide (@& gitraceny bgide ,mat syl farcadyi@ae)suctndsiat er
[for production of an unsaturated carboxylic acid (such 25 as acrylic acid,
met hacryl i ¢ acd)fur @iosrtidenat adialidgercabosn hali@e Jde, Theer@ddyaet naiyd t he
al cohol (e.g., nmethanol) [for production of an unsaturated carboxylic 21
JUN 2006 - 36 be selected depending on the type of reaction, and is not
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 alcchol
(e.g., a C;_jpalkyl alcohol such as methanol) or a
derivative thereof (e.g., a carboxylic acid ester such as
methyl acetate, a C;_;galkyl 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)]: 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



acid ester (such as nethyl acrylate, nmethyl nethacrylate)]; a conbination
of carbon nonoxi de, the alcohol, and oxygen (for production of a diester
carbonate); and others. 5 The preferred pressurized reaction systems 1 JuN 7006
i ncludes a reaction systemfor obtaining a carboxylic acid or a derlvaPive
thereof (e.g., a carboxylic anhydride) by using carbon nonoxide, and an

al cohol, as a liquid reactant, preferably a Cl-4 alcohol or a derivative
thereof (e.g., 10 nethanol, nethyl acetatg nethyl iodide, and diethyl
ether), in particular, a |iquid-phase pressurized reaction systemfor
produci ng acetic acid or a derivative thereof by allowing to react nethanol
W th carbon noaekd destért heuchr aseineeholl acegnlaary,| aidtdryicatal ytic systemin
a liquid 15 phase reaction system The above-nentioned carbonyl ation

catal yst may heetls®teglate Yiepeadeogbonathient yife cafrbodr hwond:fAideon twacti on.
The carbonyl ation catal yst includes, for exanple, a transition netal-series

cat al yst such @Bcéhdhpdand @Lyeehal ¥6t, paddutitdicnmoFatzpldisdster pl ati num
catal yst, a palladiumcatalyst, a copper catalyst, a nickel catalyst and a

cobal t cat al yséarddea€a)y poayd abtRarsat al yst may be used as a catal yst
system by conbining a co-catalyst or accelerator such as an al kali netal

halide (e.xy., |ithiumbie ipthfiedread Ppydsogenzeal rdacteod. sydwénpgen iodide)
and an alkyl halide (e.g., nethyl iodide). Mreover, for the production of
(nmeth) acrylicipeldids sdpedtebnt s £oh £t 6btadhidd\a EMboxyPllic acid
or a derivative thereof (e.g., a carboxylic anhydride) by
using carbon monoxide, and an alcohol, as a liquid reactant,
preferably a C;_, 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 liguid
15 phase reaction system.
The above-mentioned carbonylation 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 jodide), a hydrogen halide (e.g., hydrogen iodide) and an
alkyl halide (e.g., methyl iodide). Moreover, for the

production of {meth}acrylic acid or an ester thereof, etc.,



an amne (e.g., a chain or cyclic tertiary amne) or an organic sulfonic
acid (e.g., an alkyl sulfonic acid such as nethanesulfonic acid or a salt
thereof) may be used as a co-catalyst or accelerator. 5 The carbon ZbrNilli
may be used as a pure gas or 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 system be selected suitably according
to the type or node of reaction, 10 etc. For exanple, for the production of
a carboxylic acid by a carbonylation reaction of an al cohol, the partial

pressure of caihosmimEoKeds. | Nat BRajRaAGY %?ci‘ﬁ.%t BrtS arPlamMEY M £, afgbout
200 to 3000 kPa, preferably about 400 to 500 kPa, and nore preferably

about 500 to 10QPakfa. sdPrémid hect@r ony! ata®naN18pEtdPESyHE e £ gied Wi th
the pressurized reaction system the reaction pressure and tenperature nay

be sel ected suid 3 dhAFEAILEND ¢ Bl JYREsa %@%egkgrﬁé‘}tﬁé%sé‘&‘%é he
reaction pressure nmay, for exanple, be about 1000 to 5000  kPa (e.g., about

1500 to 20 4009 kPadatdgstherr gectigpatemnerature may, for exanple, be
about 100 to 250C (preferably about 150 to 220C, and nore preferably about

170 to 20QC). Accordi nghd Q:élkl?orprnﬁﬁ%ﬁi&é“&g%‘}}iﬁ’é‘,uém ad |4l | oL Qfr t he

consunption rate of the gaseous reactant In a reaction’system can be

compensat ed oimApss besbdYui R dLLAeI ALY ahNErRteYS (RG! Wlariiay @ gas

feed system to insure effective utilization of the gaseous reactant 21 JUN
2006 - 38 nitrogen, helium, and carbon dioxide). The partial

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 ¢f an alcohol, the partial
pressure of carbon monoxide in the reaction 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 reactiocn system equipped with
the pressurized reaction system, the reacticn 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



(such as carbon nonoxide) for a reaction in a pressurized reaction system
In particular, even in a pressurized reaction systemin which an excess
flowrate of the gaseous reactant is fed, discharge or rel ease of t heé JUN 7006
gaseous 5 reactant can be suppressed to zero em ssion substantially,
resulting in econom cally advant ageous reaction of the gaseous reactant.
Further, in an industrial pressurized reagtion system(e.qg., a

carbonyl ation reaction systenm) in which excess anmount of a gaseous
reactant over a 10 reference flowrate is continuously supplied to a

reaction systefhchhgs IV moRBLAYE) G0 Rer8hEeebhVehYa Yidderizd@r the

reacti on even when the consunption anount of carbon nonoxide fluctuates in

the reaction sysiefohU{BEERD! €1n PAEEHCANat] UeLUAL 1aN of Prledcurikel
car bonyl ati on pl ant ?e.g., 15 an acetic aci d-producing plant), the present

invention inspEgst£ORIdtH 18 FREEN H 8xResd lﬂi‘éﬁ%é eaCtRBlgddbods

produci ng plant of the gaseous reactant and realizes a unitary nanagenent

for the carbonybatton:ptankeandaiBenabladue RQ 1AM & {HE JRSEMNS
reactant. 20 I'NDUSTRI AL APPLI CABILITY The present invention s preferably

applicabl & to ~yRL{ QHE JUPEE Pis b3S 2 HEb W Fs %s&%‘%fﬂlg.f or

I nstance, a process or plant for producing a carboxylic 25 acid or

der i vative thergghy pynlft Lhi 2b0foRs 199" YR B gdoRRE et £ B BA06 - 39

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 bhe effectively utilized
for the reaction even when the consumption amount of carbon
monoxide fluctuates in the reaction system. Furthermore,
hased on fluctuation factors in a carbonylation plant (e.g.,
15 an acetic acid-producing plant), the present invention
insures contrel 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
producing 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.



The follow ng exanples are intended to describe this invention in further
detail and should by no neans be construed as defining the scope of ffpﬁ 095
i nvention. 5 Conparative Exanple In the process flow of Fig. 3 in re%a |%r2|
to Fig. 1, the flowrate and pressure in a systemfor feeding carbon
nonoxi de to an acetic acid production process were neasured wth both of

fl owreters and pressure gauges, respectjvegly., 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 si de of a second feed |line 2ZE&XxepPLBS 15 branched site of the
circulation line 24, (4) a downstream side of the second feed line 23 froma

branched site of the crheufallowihgnexadmples) ade UpHdRIA Stsledeéctilee
circulation line 24 froma junction site with a discharge line 25, 20 (6)

the di scharge thie 2hvefbtiof7inafdevhst’ daPadildard dHvld eyl wé i meahs ne 24
froma junction site wth the discharge |line 25. A carbonylation reaction

in aliquid pheeecorgetrued asydb€invng ethdyicgd WHahea iwfeaieher. parti al
pressure 25 of carbon nonoxide of 700 to 755 kPa, a reference pressure of

2775 kPa, mnd a gempedeacerd epeiglier e of 187.5C by supplying a pressurized
carbon nonoxi de of 3236 kPa 21 JUN 2006 - 40 pressurized by the conpressor
to the reaction vesselImifite process flow of Fig. 3 in relation to Fig.
1, the flow 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 feollowing lines:
(1) a vaporization line 21,
{(2) a downstream side of a first feed line 22 from a
juncture site with a circulation 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 c¢irculation line 24 from a
junction site with the discharge line 25.
A carbonylation reaction in a 1iquid 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



suppl yi ng carbon nonoxide fromthe first feed line with a pressure of 294
kPa, and supplying nethanol to the reaction vessel with a flom/raleiPUUﬁ?mﬁ
kg/H (kg/ hour) . The 5 reaction was conducted in a rhodi umi odi de
concentration of 550 to 600 ppm a nethyl iodide concentration of 12 to
138 by weight, a lithiumiodide concentration of 4.7 to 4.9% by weight, a
met hyl acetate concentration of 1.5 to _1,/% by weight, and a water
concentration of 7.8 to 8.0% 10 by weight in the Iiquid phase. Mreover,
part of the resulting reaction product was supplied to a flash
distillation cplessuiritéd asnttine eviipres¥omgoothel roatthen veasélanm sessel
and a high boiling conponent separated by the flash distillation colum

(containing a sepplysihg dareds. honesifet Birbad the e steFddd N MasSelth
Further, a low boiling conponent separated by the flash distillation

colum was supglpedséerd $Er2éicrRPaONaGE! BiDp1Fiha niethakdl | tHotEOMPONENt
separated by the purification colunmm (contalining nethyl iodide, etc.) was

returned to thee2OticReldstelvasstla flidvhraeepeetad RolRe(ky Mmodaj ¢ ey rol ,
in order to maintain the pressure of the second feed line to be

appr oxi natel y £046t 2o WL EoH ud BB 6k Ra)rnod isiapRlodite cdrcRina tiuioXi de
flowfromthe first feed line at a constant 25 flowrate (21.8 N8/ H), the

pressure fluctemtsism tof ebbeppiasaanetRPBSEodIdé heoneast-adisiséEn 1aso
detected by the pressure gauge 9, and the flow rate control valve 13 of 21
JUN 2006 - 41 13henyliveivtigp 4i netRbumasods d¥eBontentIRANYR oF Y 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 cut 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
beiling 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 1ine 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



detection signal with retaining or maintaining the flowrate at 23 Nn8/ H
based on a signal fromthe floweter 10, and the excess anount of c;gngszﬁ
nonoxi de was conbusted with 5 discharging fromthe discharge |ine .
Exanple in the process flow shown in Fig. 3, the reaction was conducted in
the sane manner as in the Conparative Exanple except that the anmount or
rate of carbon nonoxide 10 correspondi ng 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 deted edi y¢Hdr§delipsessuwasgandeehl in e dpdride oAt €
controlling unit 15 12 was driven in response to the detection signal for

control ling thietéceidmts Dgndl owi £l LetAihifgCohC Hadhit@ niliigie&Hed AL dw oW
rate (Fr=F1-AFcv), the pressure fluctuation of the inlet side of the

conpressor 8 %t@'%t?@ﬁ@nﬁﬂkhhbaééé Bh 68 S n SENEREm A HE Wil e buffer
tank 6, and 20 the second flow rate controlTing unit 3 was driven in

response to théhdlehecéxOdssiaitaint 8£CEEBOh nidifo 8Bl whisovemb@s ee@fwicar bon
nonoxi de fromthe first feed line to a flow rate (Fsu=Fcs+AFcv). For

reduci ng tshe |DesbHdrgindt f66mt fhet 88s6REPHESI8he IBE pressure of carbon
nonoxi de joined in 25 the circulation line and the first feed Iine was set

up to an approxix@paley constant pressure of 294kPa. Mreover, in the case
where an abnormal or unusual pressure was 21 JUN 2006 - 42 detected by the

pressure gauge 9 instay athd proltesec€®BH% shown in Fig. 3, the reaction
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 1ll, the first flow rate controelling 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=F1-AFcv), the pressure fluctuation
of the inlet side of the compressor 8 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



feed line, the flowrate control valve 13 attached to the discharge Iine 25
was driven for conmbusting the excess anount of carbon nonoxi de with

di scharging fromthe 5 discharge line 25. The results are shown in TabyUN 1006
Concerning the flowrate of carbon nonoxide, the flow rate of carbon
nonoxide in each line is represented by assum ng that the flow rate of
carbon nonoxi de supplied fromthe first_fégﬂi 10 I'ine of the carbon
nonoxi de- produci ng plant is "100". Table Conpar ati ve Exanpl e Exanpl e Fl ow
rat e10098.6 to 101.4 Vaporization line (1)Pressure 294294 (kPa) Fl ow

ratel05. 5105. Sa&tdsted o8¢ ﬂﬁ@?ﬁe?s)ah.&.ss#r P A% dHda HPWHAIR R P 105. 5
Second feed line (3)Pressure 32363236 (kPa) Flow rate97.2 to 10098.6 to

101. 4 Second feedy l1inee (4D e39W 2a2e38848800kFalve 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 204 294
{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 3236 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 B.3 4.1 to 6.9
Circulation line (5) Pressure 3236 3236
(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 204 294
{kPa)

Compared with the above-mentioned Comparative

15 Example, the method of Example positively reduces the



Flowrate5.5 to 8.34.1 to 6.9 Crculation line (5)Pressure 32363236 (kPa)
Flow rate0 to 2.80 Discharge line (6)Pressure (kPa) Flowrate5.54.1 to 6.9
Circulation line (7)Pressure 294294 (kPa) Conpared with the above-nzpéhﬁ@?ﬁk
Conparative 15 Exanple, the nethod of Exanple positively reduces th
2006 - 43 carbon nonoxi de discharge to substantially zero by controlling
the flowrate of the first feed line and that of the circulation line in
response to the pressure fluctuation of 44e reaction systemto permt
effective 5 utilization of carbon nonoxide for the carbonylation reaction.
21 JUN 2006 - 44 CLAIMS 1. A control nethod which conprises continuously
suppl yi ng a gosaohen rrerenhde f dbarhabggatof sudsdhpiitdmlily greshyri zed
reaction systemthrough a feed line, and

controlling the flow rate of the first feed line and that

of the circulation line in response to the pressure
fluctuation of the reaction system to permit effective
5 utilization of carbon monoxide for the carbonylation

reaction.



circulating an excess anount of the gaseous reactant in the reaction system
fromthe feed line to the reaction systemvia a circulation |ine, 1?
wherein the circulation flow rate of the gaseous reactant in the JUN 7006
circulation line and the feed flow rate of the gaseous reactant fromthe
gas feed systemare controlled based on the pressure fluctuation of a
gaseous phase in the reaction system awg t he gaseous reactant is 15
supplied to the reaction systemvia the f fd line with a pr edet er mi ned
reference flowrate. 2. A control nethod according to claim1l, wherein the
gaseous reactant converged in the feeddjjam@gpnd the circulation line is
continuously supplied to the reaction 20 systemwth a reference flowrate F
which is defined as the total flow rate of a reference consunption fl ow
rate Fcs in the reaction systemand an excess flowrate Fl in an excess

amount over a fluctuaty onaCceRsi¢PYl W Jitidh AhRNriBekhe reaction
system 25 3. A control nethod according to claim1,”wherein the gas feed

source of the gas feedtushaiBs1y bbb e o (HdHodd bddie 408 1R 0N T al e

fluctuation of the gaseous 21 JU reactant in the reaction system

| s conpensat el ANSPIRRG e A &f ﬁo s'srS Zdd E‘&%@Q@Lﬁp‘é&ﬁ%ﬂ:tﬁ%ﬁg’wm the

gas feed system 4. A control d according to claim’l, wherein t he
circulation f|éW¥ééﬁ(i£Hetf§h@aseous reactant in the circulation I|ne I's
controll ed based on the pressure

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
contreclled based on the pressure fluctuation of a gaseous
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 continuously 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



fluctuation of the gaseous phase in the reaction system and the feed fl ow
rate of the gaseous reactant fromthe gas feed systemis controlled based
on the pressure 10 fluctuation of the gaseous phase in the gas feed fysgﬁqmﬁ
to supply the gaseous reactant to the reaction systemvia the feed i#

with a predeterm ned reference flowrate. 5. A control nmethod according to
claim1, which conprises 15 continuously supplying an alcohol to a |iquid-
phase pressurized reaction system containifig-a carbonylation catalytic
system suppl yi ng carbon nonoxide to a conpressor via a first feed line, 20
conti nuously supplying carbon nonoxi de pressurized by the conpressor to the
reaction systenegchant igedbedréectiibnmysien i® comperoseded ow akgerfedand
conver gi ng excess carbon nonoxide in the reaction systemin the first feed

line via a cirbkylatfesd |rake @b thergdrrbys amadiasiechnenftee ganefded
continuously producing a carboxylic acid by a carbonylation reaction in the
reacti on systesyskem.JUN 2006 - 46 wherein carbon nonoxide joined with the
first feed line and the circulation line is continuously supplied to the
reacti on systemvia t he. sécopdtireddnéthedvacdording rtaf eledmel | IWverade F
which is defined as the total rate 5 of a reference consunption flow rate
Fcs in the reathe orircykaeivantloheraie est fheowasawmis| réactan exirsthanount
ovel circulation line is controlled based on the pressure
fluctuation of the gaseous phase in 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 gasecus 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 liguid-
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 continucusly

producing a carboxylic acid by a carbonylation reaction

in the reaction system,



a fluctuation consunption flow rate AFcv in the reaction system the flow
rate of carbon nonoxide of the circulation line is controlled to aéégtﬁﬁ
circulation rate Fr which 10 is defined as the total rate of the ex é ﬂ@&/
rate F1 and a flow rate corresponding to the fluctuation consunption flow
rate AFcv, in response to the pressure fluctuation of the gaseous phase of
the reaction system the flow rate of cai$on nonoxi de fromthe gas feed

system 15 to the first feed line is controfled to the total supply flow

rate Fsu of the reference consunption flowrate Fcs and the flowrate

corresponding to the fymekeh iArbPRORERE RN b1 NG WA €nh ANEY FikB LI £SHPNSe to
the pressure fluctuation of the gaseous phase of the gas feed system 20 to

adj ust an excepsn@rarifthe eRcaTR¥Alorol i6ar PorcIPPDNhE8s1yes@bpYeeliOrd he
reference flowrate F in the second feed I|ine by carbon nonoxide fromthe

first feed |ingnebredc€OBh! 8YsHBMNOdaaener deldndo felcd Milne WREFIRI thet he
reacti on system conprises a pressurized reaction 25 systemin which a

carboxylic acifeférénderfyehi veté Nenaofch SiPqulicich s aneaedt L&D @frLar bon
nonoxi de with a Cl- 4 alcohol or a derivative thereof. 21 JUN 2006 - 47 7.

A control gret hod fccHddidibd Corl Al tioNeI & TatdFdLant i1k Ded@Ron
conprises a |liquid-phase pressurized reaction systemfor producing acetic

acid or a deriypitdf ad@nB80éxbYs3!d W Rat&eF DaNPlant 8xEBBGt aMblht CRFION
nonoxide 5 in a liquid phase in the presence of a carbonylation catalytic

system 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 tc 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 monoxidge
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.



8. A control apparatus which conprises 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 nmeans, disposed afitmﬁlﬁﬂﬁ
feed line, for pressurizing the gaseous reactant fromthe feed unit’ ~a .
circulation line for circulating an excess anount 15 of a gaseous reactant
In the reaction systemto the reaction system and a control unit for
controlling the flowrate of the gaseausgfeactant in the circulation |ine
and controlling the feed rate of the gaseous reactant fromthe 20 feed unit
to the feed Iine based on a pressure fluctuation of a gaseous phase in the
reacti on systemto suppl y & bentgedaveshodaxtcontding threclednt 1 prwhesestiom vi a
the feed line wth a predeternmined reference flowrate. 9. A control
appar at us accotrhk npactidmisyst anshicompr2is e mliises dx pfhast pressmuriza@nsor
for detecting the pressure of the gaseous phase in the reaction system 21
JUN 2006 - 48 readiict ditsovem foer pootinainiongcenic doidconta deningtive fl ow
rate of the gaseous reactant in the circulation line in response to a
det ection si gndiefeafnbiyhallowshg meEsanod tsemreact ¥iahsesndneh preessuirde sensor
for detecting the pressure fluctuation of the gaseous phase upstream side
relative 5 in a liquid phase in the presence of a carbonylation
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, dispesed 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 gasecus 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 controel apparatus according to claim 8 which
25 comprises

a first pressure sensor for detecting the pressure

of the gaseous phase in the reaction system,



to the pressurizing neans, and a second flow rate controlling unit for
controlling the flowrate of the gaseous reactant in the feed |line iﬂ\ &%
response to a detection signal fromthe second pressure sensor. 10. JUN 7006
control apparatus according to claim8 which conprises a first feed |line
for supplying carbon nonoxide 15 to a conpressor, a second feed line for
conti nuously supplying carbon nnnoxidq;y§5§urized by the conpressor to the
pressuri zed 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 |ine féigstebyonardios copr@oldand ahheds ot idoritiw fiisd f eed
line and the circulation line via the second feed |line is continuously

supplied to thehe rEast it s Wit afelgds eddsLhiaitemt liowthat eirddafdiiach as 25
the total rate of the reference consunption flowrate Fcs in the reaction

system and an extestn ftosponse to andabeceicassigi@unttreverth fiiedtpiati on
consunption flow rate AFcv 21 JUN 2006 - 49 in the reaction system which

further conprimesssufe rsénosessure sensor for detecting the pressure of the
gaseous phase in the reaction system 5 a first flowrate controlling unit

for contrglling the fd gechatipdssardaeneerordrldeitectinCtlié praldsurd i ne,
fluctuation of the gasecus phase upstream side relative
to the pressurizing means, and

a second flowrate controllingunit for contrelling
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 continuously 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 £low rate AFcv



a second pressure sensor for detecting the pressure in the first feed |ine,
a second flowrate controlling unit for controlling 10 the flow rat oj
carbon nonoxide in the first feed line, and a control unit for contrgllllﬂbm05
the flowrate of carbon nonoxide in the circulation line to a total
circulation rate Fr defined as a total rate of the excess 15 flow rate Fl

and a flow rate corresponding to the flugduation consunption flow rate AFcv
by driving the first flowrate controlling unit in response to a detection
signal fromthe first pressure sensor, and controlling the flow rate of
carbon nonoxi denf tB8 +8aceasnf egdtemstemto the 20 first feed line to a
total supply flowrate Fsu defined as the total rate of the reference

consunption flwMiEAt eurtRérasémphesEkow rate corresponding to the
fluctuation consunption flow rate AFcv by driving the second flow rate

controlling unit in regEansh peessdebeséhoor F@nabtbeRindSthoprsasante
pressure sensor, to adjust an excess or deficient anopunt of carbon nonoxi de

relative to therreher §as8ohtophakat enFthe eactaean@ysarsgn,line with carbon
nonoxi de from 21 JUN 2006 - 50 the first feed line. 11. A control apparatus

accordinggo claims8, awWiglsti P1bReardeeeEontrolNanPURRLYE S oMtV TIHXi de
tothe first feed line conprises 5 a purifying unit for reserving a liquid
carbon nonoxigige flow rate of carbon monoxide in the circulation line,
a second pressure sensor for detecting the pressure
in the first feed line,
a second flowrate 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 Fl1 and a flow rate corresponding to the
fluctuation consumption flow rate AFcv by driving the first
flowrate controllingunit in response to a detection signal
from the £irst pressure sensor, and controlling the fiow
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



a second flow rate controlling unit for controlling a flowrate of the

| i qui d carbon nonoxi de supplied from the purifying unit, 10 a gasik%iﬁ%
unit for produci ng gaseous carbon nonoxide fromthe liquid carbon h &t
with a flowrate controlled by the flowrate-controlling unit, a buffer
tank for reserving gaseous carbon nonoxi de produced in the gasifying unit,
and 15 a second pressure sensor for dequﬂ%ng a pressure fluctuation of the
buffer tank or the first feed line, and ereby, in response to a detection
signal fromthe second pressure sensor, said controlling unit controls a

flowrate of tiha |fipst fegdbonim@®noxi de by the second 20 flowrate
controlling unit for adjusting an excess or deficient amount of carbon

monoxi de relative to tine Reteontiea fdppurates Redotdengeeondibhemdsl i ne. 12.
A control apparatus according to claim10 or 11, which is for supplying

carbon nonoxi dheareidiiete Feed urkbt b eRpPIRIHE aRboAURbAOxREAN o ithed
pressuri zed carbonyl ation reaction systemof a carbonylation plant, wherein

the control afiaist FesDMind Scomericed rate of 21 JUN 2006 - 51 carbon
nonoxi de from the carbon nonoxi de-produci ng plant based on the pressure
fluctuatign of the reactpurifpsienanit tbe £85820Yhat RONiPUAK carbon
monoxide,
a second flowrate controllingunit for controlling
a flow rate of the ligquid carbon monoxide supplied from
the purifying unit,

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

abuffer 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 ligquid carbon monoxide by the second

20 flow rate controlling unit for adijusting 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.



