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parti cul ar | BPWA$ 819 and EP 759 022, describe a process for the carbonylation of methanol
in the presence of an iridium-based catalyst system which may also contain
20 rhodium. _
A carbonylation process based on iridium and ruthenium, currently
exploited in industry, is described in European patent EP 643 034.
The aim of improving these methanol carbonylation processes was to
increase the productivity of the catalysts and reduce the acetic acid manufacturing
25 costs. ' .
' The so-called “low water content™ processes actually permit a considerable
increase in acetic acid production, thereby limiting the level of investment required
-and lowering the operating costs by reducing the energy required to_sépmte the
. ‘acetic acid from the various constituents of the reaction mixture, particularly water.
30 Conventionally these different processes for the carbonylation of methanol
~ in the liquid phase and in the presence of a homogeneous catalyst system are
carried out in installations comprising three separate zones, as described in the
 article by M.J. HOWARD et al., Catalysis Today, 18 (1993) 325-354.
| The reaction zone consists of a stirred continuous reactor operating under
35  pressure (5-200 bar) and at elevated temperature (150-250°C).
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- distillati ol t%u‘{{mspm#'}ced makes it possible to separate the acetic acid
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streanms into thé&heelashizone muakes itl possibilti to separate gmsgds|fenn the lijhid; tlep of t he
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pressure and to renpve gaseous reac ’her With the
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t-he cur r enfirfdea&SSes for the preparation of acetic 20 acid is to

-maxi m ze the agetic CI d production in already existin eqw pnent. To do
this, the reactilgh vl @é??rréﬁf‘coﬁﬂ“ GPIRPTISeh RN 8h &se (digtitlaien eplumms: War i ous

- constit uenhmkﬂsf ittpossibRa6 separataRhk thBtleicRDmlt’(E@rt methyPh&eRE @om ArRdotkél ues. so

-asto n of the. .no rlate klnetlc conditions. 25

Procesk ﬁ?@gﬁ‘% %ﬁ%@&ﬁ@ﬁ& %‘Bmﬂg? 8cUOBIONE od " Adaptive Process
Control of an AbeadditidiiagaRblzed atrthe taphafithe tdaeton amked it pmsxtﬂe( teempaitorexchanger
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f st
since without this exchange OSS%% to vary R PeRC out put
rate in orbrepradycisdegeathar wit c mert gases prcsentmthe carbon monox1dc feed.

The result of optumzmg the current processes for the preparation of acetic

20 acid is to maximize the acetic acid production in already existing equipment. To
do this, the reaction is camried out with the concentrations of the various
constituents of the reaction medium being kept at predetermined values. 50 as to

- take advantage of the most appropriate kinetic conditions.
' ) ‘ ' | It then becomes essential to monitor the reactor and the recycle streams.
25 A variety of recent articles and patents have started to tackle this area.
~ The paper delivered by.D.Z. TOBIAS at the IEEE Conference on Advanced
~ Process Control, VANCOUVER, 29-30 April 1999, entitled “Adaptive Process
Control of an Acetic Acid Reactor”, shows the use of an. ex’tcmal exchanger for
making the material balance mdcpcndent of the calorific balance, since without this
30  exchanger it is 1mpossxb1e to vary the reactor output rate in order to maintain the
+ reactor temperature, i.e. the reactor output rate is in effect dictated by the material
- balance. _ : :
The desired objective is to stabilize. the reactor temperature in order to
increase the production of the unit; the installation of a new monitoring system thus
35  made it possible to reduce the standard deviation of the temperatiire from 3.6 to
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15 procggsesomin vﬁad,ﬁlﬂlctg&ﬁ{ﬂ,mgofp;oﬂehe reactor and the flash zone and the
wat er - concentraél on in mare nonjtored, Patent US 5 831

120, provi des a t etﬁﬂﬁsc%ﬁ’o%ﬁé?‘?@ﬁdf%‘waé%% dgscrike the, optimization O the wat er
N1 L he lreaCCmaomdipuanb igirydicigt 2 E@0hd \vafbBhy lﬁ@cﬁtpﬁla&tbﬁtﬁtﬁﬂnng Bfféd‘tﬁ
carbonyl atipn rea ese vari ous nts teach that n the
conventi ona tﬁ'PS‘b@'se(s)l 8@9‘&?5%‘“@? %%%k&}?%t]agﬁﬁ%ﬂer{&ﬂ “&Ft“?lb%f@?} on was
extracted via exBamsuchS HB52 HES ax&hUSdB?mrﬂekqnberacéﬂmm mbmifaetering he

-reactor nd t 0 a r re,
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‘the react orcméﬂmﬂflnd&TWemeﬂmﬂsat@uom@ smal | variability in 25 the

level of liquid Pﬂeﬁtths“?@@I 950 aRdvidbe 4 NLamIBS &Gidy Q&esa%oﬁl‘ir{ge%ﬁ@ Wth
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due to the in the carbonylation reactor.

20 These various documents teach that, in the conventional process developed
by MONSANTO, the heat of reaction was extracted via expansion of the reactor
output, or flash, between the reactor and the flash zone. Thus, to monitor the
reactor temperature, there was a fixed relationship between the flow rate of

) R methanol entering the reactor and the flash rate. This led to a small variability in
- 25 the level of liquid in the reactor and the intermediate process streams.
With the introduction of low water content processes, this system becomes
inappropriate because the flash vaporization rate increases considerably due to the
~ ‘fact that the quantities of water evaporated are smaller and that they have to be |
| replaced with much larger quantities of organic products whose latent heat of
30 " vaporization is lower than that of water.
| ~ This led to the installation of cooling exchangers for absorbing part of the
heat of reaction, but this in turn increased the variability of the liquid levels in the
reactor and the flash zone, as well as the liquid flow rates. '
7  This great variation in liquid flow rates, in particular, leads to deficiencies
35 in the process because it may be neceésary to decrease production in order to.
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the problem of nonitoring e ac react msu ntarni ng
parti cul ar | ympREOmg be Pmswrnyasuaeeﬂwen@mﬁa@nsrcﬁﬂh@moun&gmpmm early

defined, butofahdRaebioR koot sy tﬂwn§ Bﬁﬁ?mﬁ*ﬁfe@%ﬁ&%& Adt AREpSRE kerethas never
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probl ens pr FSBHLBE 3260159“"{%9“? g 6% rthe raiplyst spegies dhemetwd iodide, Hie car bon
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di sadvant.ages whi esul t- therefromi er.ns af the aceti.c acid
product |rl .The e‘ﬁ%ﬁt&"?ﬁeh} Gre Y E?PeébeenP“’Blm#?flfB?PJ r B h ’gl
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aut omat i cal Iy e t Qﬂ% .
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Furthermore, no document has concerned itself with the problems presented
20 by the larger or smaller fluctuations in the carbon monoxide stream entering the
' reactor, or sought to overcome the disadvantages which may result therefrom in
terms of the acetic acid production.

The embodiment of the present invention is precisely to overcome these
disadvantages by providing a monitering method which acts automatically to
25 . maintain particularly the water and/or mctﬁyl acetate concentrations and which
miakes it possible to maximize the acetic acid productlon when the CO fecd rate
- undergoes fluctuations, as will be described below '
h . It is pointed out first of all that: . .
| ~ The main methanol carbpnylation reaction has the follewing'equétion:- o
30 - ' | CO + CH;0H — CH:COOH. g
' : The main secondary reactions are:
‘e The water gas reaction, also called WGSR (W ater Gas Shift Reaction): -
, CO +H;0 5'COz +H,
"This reaction causes a loss of carbon monoxide with the s:multaneous
35 - productlon of hydrogen and carbon dioxide.



undergoes fluctuations, as will be described below It is pointed out first
of all that; The main nmethanol carbonylation. reaction has the follow ng
equation:- 30 CO + CH3OH -~ CH3COOH . The mai n secondary ¥ acGiry@0ssar e:
The water gas reaction, also called WGSR (Water Gas Shift Reaction): CO +
H2O - ' CO2 + H2 This reaction causes a | oss of carbon nonoxide with the

si mul-taneous 35 production of hydrogen and carbon di oxide. 3 January 2006
51t is inmportant to evaluate this seconﬂary reaction quantitatively
relative to- the main reaction. To use a criterion independent of the

production | evel, r . | ectiyvi t he.
selectivity bei ng_lg%ﬁé%gtégt tgggvt _ég[tg%i%gc%%&ﬁﬂr%‘@u%ﬁy%ﬁz@v&ft°car bon
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mol es of car FmytREexX of €0, detdefvig th 'ké'!eétil@ﬁ%' . ' ' h
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here t hat par%cogy;i q‘{%"gﬁdr ogen generated by the above water gas reaction is
consumed by FREN AEFITBRY o gi ve propionic acid by-product. Thus, when the
gas stream a® tHee propionisracil formationsreantion witdrthe félbwingoegsiheqationt i vity and
CO2 selectivity are no QWi al sAat . LVity is nore
representative of the wat g%%%%%é&?@f%%ﬁ%ﬁfﬁ%ctical reasons
associ ated with t Hydipgen apchearbesmonexidesamthuserosuwmteld t o use the hydrogen
selectivigy for cmithi ha1Btel DGt hdpd | | i cetle acid
and net hanol essteri f)?H(,;éa jon reactl g???bf%%%ﬁ%&ggﬁea%ghyl 7
acetat e for m¥af g2 MacionlopeHmedby thet R do giverpropioniseysi bi-poduct t he
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20 concentrati I NGr es_w thout control in thHe reactor.” 25 Dependi ng on
t he car bon nﬁﬁlgg?ﬂﬁe ?‘% 818 IHOPSB c8W¥algRt  eam of the acetic acid

reactor, the car bbie @0psolediviytis mara wpiesetitivedf el whtky g eastionbut, Jop! |
variati s can.Re; JaRRRdal¥cihad Wi hpegga% i ybs?s? itrrlosng&(ti S ftg "use The rvoir
S * hydrogen selectivity for controlling the industrial installation. -
® The acetic acid and methariol esterification reaction to give methyl acetate -
The methyl acetate formed in this reaction can interfere with the scparatioh of the
liquid stream condensed at the top of the first purification column if its
20  concentration increases without control in the reactor.
Depending on the carbon monoxide production process upstream of the
acetic acid reactor, the carbon monoxide stream may not be totally constant. Small
- variations can be damped by installing a carbon monoxide buffer reservoir
) upstream of the acetic acid reactor, making it possible to reduce the variations in
25  carbon monoxide fiow rate and smooth them out over time insofar as the pressure
level of the carbon monoxide source is greater than the pressure level at which it is
consumed in the carbonylation reactor, .
The result of larger fluctuations is that a carbon monoxide stream which
‘can be defined as excess CO cannot be used in the reaction and then has o be
30  discharged into the atmosphere, either via a flare stack or via a combustion systein
. with heat recovery. '

‘ The improvement may consist in varying the reactor
temperature and the methanol feed rate in the reactor for the purpose of adjusting
- the acetic acid production to the quantity of carbon monoxide available, while at
35  the same time maintaining a low hydrogen or CO, seiectivity or conditions which
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aspect of the present 1nvention provides a neth for the continuous

pr epar atiPon meenoxids; feed saip @nd gt Jeast oneradditionabpapiaetgy chasen as aseh¥aAb} i on of
nmet hanol or (ﬁipggvﬂgégyd[@b {iee'dﬁﬁésy_ative of methanol w th carbon 20 nonoxi de

Syst om | safBRBaEAS H}&%ﬁﬂﬁ%ﬁéﬂ%ﬁ%‘?ﬁ%‘@ﬁﬁ%éa&c”?ﬂth%iPﬁé’s%ﬁ ARGHER plfeds e
i nstal | ati onnethod for the continuous preparation of acetic acid and/or methyl acetate by the
carbonylation of methanol or a carbonylatable derivative of methanol with carbon
- 20 monoxide in the liquid phase, in the presence of water and a homogeneous catalyst
system, said preparative process being carried out in an industrial installation
comprising: _
» azone ], called a reaction zone, comprising a reactor in which said methanol
: ) carbonylation reaction is carried out in the liquid phase at a temperature of 150
25  to0 250°C, under a pressure of 5.10° to 200.10° Pa and with the venting of part
of the gaseous canopy above the liquid' level of the reaction medium in said
reactor; ‘ o
~ e a zone II, called a vapoﬁzatioh zone or flash zone, in which the liguid-
" ‘originating from the ‘_réaction ‘medium in ‘zone I is partially vaporizcd;at a
- 30 pressure below that of zone I, the liquid fraction originating from this partial
. vaporization being recycled into the reactor; and . .
s a zone HI, A(_:alle'd. a purification zone, in which the vaporized fraction
originating from said flash zone II is distilled on one or more distillation
columns, at the outlet of which the acetic acid and/or methyl acetate are
35 recovered, the other constituents of said vaporized fraction being at least




conprising: a zone |, called a reaction zone, conprising a reactor in

whi ch said nmethanol carbonylation reaction is carried out inthe liquid
phase at a tenperature of 150 25 to 250C, under a pressuBeafliarp 2006 to
200. 105 Pa and with the venting of part of the gaseous canopy above the
liquid | evel of the reaction mediumin said reactor. a zone IT, called a
vapori zation zone or flash zone, in which the liquid originating fromthe
reaction nediumin - zone .1 1is partialf@ vaporized . at a 30 pressure
bel ow that of zone L the liquid fraction originating fromthis partia
vapori zation bej jLf eactor, and a zone |Il, called a
purificationzg%ggdﬁﬁﬁ%ﬁkgﬁnghe-J%%%Pézed fraction_ originating fromsaid
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el ectroni c et etber, methyl halides bemgdyl acotateer vo- control  so as to mininize
the carbon WHOX'%&Qﬁﬁﬁﬁg%%ﬁQ@irP@l@lﬁ?&eM&cﬂﬁg {PRE inveRao e goes

fluctuations. . - . . . .
carried out by means of any electronic device for assuring the desired servo-control

so as to minimize the carbon monoxide losses when the carbon monoxide feed
20  undergoes fluctuations.
In particular, this servo-control device can be an electronic control device
‘preprogrammed for this purpose.
i More precisely, the servo-control device acts on the reactor temperature and
) on the methanol feed rate in the reaction so as to minimize the carbon monoxide
25  losses by continuously monitoring the carbon monoxide feed rate in the reactor and
at least one of the parameters defining the composition of the reaction medium
- and/or the vents. :
Those skilled in the art will easily understand that the parameter chosen as
the ifiput for the device for effecting the ser-vo-cmitrol depends on the mode of
- 30 - operation of the acetic acid and/or methyl acetate manufacturing process, and thé;t, :
- in patticular, these parameters may be different according to whether the process is
a so-called conventional process of the Monsanto type or a so-called “low water
‘content” process, as will be apparent from the following description;
‘The control device can be ejther a monitoring-control system if it possésscs
'35 the requisite functions, or a multivariable predictive controller, or any other



In particular, this servo-control device can be an el ectronic control
~device -preprogrammed for this purpose. Mre precisely, the servo-control
device acts on the reactor tenperature and on the net hangIJaﬁ@fgzﬁ@ée in

the reaction so as to nmininize the carbon nonoxi-de 25 |osses

continuously nonitoring the carbon nonoxide. feed rate in the reactor and
at ‘| east one of the paraneters defining the conposition of the reaction
medi um and/or the vents. Those skilledin the art will easily understand.
that the paraneter chosen as the input for the device for effecting the
servo-contr , n.th e of. - 30.operation of the acetic acid
and/ or net hglecggrgl?gﬂg&%gﬁvd?%@[ew(ﬁ‘ﬁmﬁFB?&%S‘:‘S%gﬁd that,. in particular,

t hese par amet eansinputjoutpit ¥®f davewt according to whether the process is a
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~description® W@FOQQ&&HT-C? can be either a nonitoring-control system.
i f it pogsesses Hajeldie aeﬁuhﬁzbﬁm&ugfeaicﬁoé,cda&oﬁemgsl VRbdeAP& RRedi ctive
controll er,ﬁ%&%@n% ot her 3 January 2006 8 el ectronic system having the
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to be nonitored. The _comme c;ﬁgﬁlﬂlﬁg@%gal | abl e nultivariable prédictive

cont r ol | er sitgRara 3 librapy ol gp CoNiigf Bogdelss  at hermati cal contr ol
nodel s. Bef or e iBefosnitbearlibedysed, ﬁuinhlﬂvaﬁhtﬂbgﬂecﬂétﬁdﬂ Edritktle dak 1@l beer has to

be 15 jprogra d. which.is generally, catrje ut. in the follow ng manner:
A mat he t.ig%rggg &E%%"é‘l W?'%ctﬂéﬁg?%ﬁaqﬁ’rc ‘%ah(@l%érb%‘\? 9_‘??%?&8%&8% brary as a
function of the tAavpatbemated naid! ishehostre fiomathe rabavd-imentioveddlibraty dssa desi r ed
to performu,dithins of M $Eicl i.cal i L 2 .
prelimnary fests \%e: cﬁct:%nﬁssiggtag@nh%es ﬂﬁ%ﬁg%&&oﬁg‘%n%?ﬁgrfg?%gﬁdoﬁodel S on
t he cheni caleriosgcTif chgice is typically made empirically by means of preliminary tests

which consist in testing all the mathematical models on the chemical reaction in

20  question and observing the control responses obtained.
 Values of so-called action variables and corresponding values of so-called
objective variables are then supplied to the controller. The action variables are the
B variables which are to be acted upon so that the objective variables are regulated
) around desired set values. In the present invention the action variables consist of
25 the reactor temperature and the methanol flow rate and the objective variables.
consist of the carbon monoxide feed rate and the above-mentioned parameter
defining the composition of the reaction medium and/or the vents.
o This second phase amounts to the creation, in the controller, of a database
" representing the relationships between the action variables and the objective
30 - variables, - : |
.. A calculating program, supplied with the controller, then optimizes the
': ) control parameters, such as the gain and the lag, which will have to be applied to
- ‘the controller’s electrical output signals in order to control devices (typically
" .valves) acting on the action variables, '
35 ' The values of the action variables and objective variables -‘which are




20 question and observing the control responses obtained. Values of
so-cal l ed action vari ables and correspondi ng val ues of so-called objective
variables are then supplied to the controller. The actionqvgap u§22pg gare the
vari abl es which are to be acted upon so that the objectlve vari ab are :
regud ated around desired set values. In the present invention the action
vari abl es consist of 25 the reactor tenperature and the nethanol flow rate
and the objective variables consist of 2he carbon nonoxide feed rate and
t he above-nenti oned paraneter defining the conposition of the reaction

nmedi um and/ org ' nmount.s.. t the in the
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to give the aceti c acl
introduced at a fixed rate to give the desired acetic acid production at a fixed

reactor temperature.
20 This monitoring method works if the catalyst is sufficiently active.
If this is not the case, the methanol not converted to acetic acid esterifies to
methyl acetate. The increase in methy! acetate concentration in the reactor causes
o poor performance in the purification zone, partiéuiariy at the top of the first
) purification column, where the increase in methyl acetate concentration first
25  impairs and then inhibits the separation of the condensed liquid into-two different
liquid phases (a light aqueous phase, part of which serves as column reflux and part
of which is recycled into the reactor, and a heavy organic phase, all of- wmch is
recycled into the carbonylation reactor). : _
_ ~ The production level then has to. bc reduced in order to correct the SItuatlon
30  after which more catalyst is added or the reactor temperature is mcrcascd in order o
~ to allow operation at a higher productlon level. : | |
It has been found that the reaction can be better controlled by momtonng
the secondary water gas reaction which produces hydrogen and carbon dioxide.
~ Continuous or sequenitial analysis of the plant’s purge gases, coupled with
35 measurement of the total flow rate of the plant’s vents, makes it pOs_s—ible to



reactor tenperature. 20 This nonitoring nethod works if the catalyst is
sufficiently active. If this' is not the case, the nethanol not converted
to acetic acid esterifies to nethyl acetate. The |ncreas%‘bnuﬁeghmg
acétate concentration in the reactor causes poor performance 1IN the
purification zone, particularly at the top of the first purification
colum, where the increase in nethyl acetate concentration first 25 inpairs
and then inhibits the separation of thelgondensed liquid into- two
different |iquid phases (a | i ght aqueous phase, part of which serves as
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20 rate in the reactor varies, by i unposmg a set value less than or equal to 0.01 on the
CO; or H; selectivity and/or by maintaining the methyl acetate concentration at a
value of less than 5% by weight, preferably of less than 2%, in the reaction
mediam. .
2/ Thus, in this ﬁrst variant, where the water concentration in the reaction
- 25  medium is greater than or equal to 14% by weight, the cdutrol involves the CO; or
H, selectivity and thie flow rate of CO to be consumed, and the controller acts both
‘on the reactor tcinpérature and on the flow rate of methanol {(or carbonylatable
' Usmg the control dewce in this first variant made it
30 possible to maintain the CO, (or hydrogen) seléctivity within narrow limits of
~ variation by acting on the reactor temperature and on the feed rate of methanol (or
carbonylatable derivative) in the reactor, and made it possible to optimize the |
- carbon monoxide consumption, even in.the presence of relatively large ﬂuctuanons
in the carbon monoxide feed rate in the reactor. .
.35 ~ A second variant can also be applicable to so-called “low water-



denonstrated that by acting via the controller on the reactor tenperature

and the COfeed rate, it is possible tolimt the CO|osses when the
carbon nonoxide feed 20 rate in the reactor varies, by ingQghpgygoset val ue
| ess than or equal to 0.01 on the CO2 or H2 selectivity and/ or by

mai nt ai ning the nethyl acetate concentration at a value of |less than 5% by
wei ght, preferably of less than 2% in the reaction medium Thus, in this
first variant, where the water concentrHtion in the reaction 25 nediumis
greater than or equal to 14% by wei ght, the control involves the coz or H2
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processes wher e f concenfratiron. is grea ar egua to 14%
by wei ght ofthe GO:zselgetivignwilibelichosen a5 ngparemetor uaghasean objective vamiablgaf " | ow
waf'er cont efke cdMiron&sses is a direct parameter of the kinetics of the
acetic acid prod;ﬁlﬁl Qn reaction, whereas the car bonyl ation reaction is

rel atively i nsendiiefe{ose. §e prdercopcengiation.iwhiel will be fixpd gt a pesdetsrmined os e
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to the previ us case e,wat er ncentratl t he Teaction nmedi um
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obj ective vwatmbb&temf’manh&cnmgr es. Therefore, the water concentration,

which wll bef| r.m.n val nd the flow rate.of carbon
oo b entor i i Becine SRR W TiA Hhis 8 WS, e B B Sikh °2 P
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manuf act uri pg BARGERHBSrature and the flow rate of methanol entering the reactor in order
20  to maintain the water concentration at said predetermined value and to optimize the
consumption of carbon monoxide when its feed underwent fluctuations.
In one advantageous variant applicable to both the embodiments of the
invention described above, it seemed particularly useful also to bring the flow rate
- 7 of liquid paésing from reaction zone I into flash zone II, and the flow rates of
.25 recycle liquid passing from.zones If and I into the reactor, under the control of the
liquid level in the reactor so that the level remains fixed at a predetermined value.
This predetermined value is advantageously fixed at between 50 and 100%
of the abs'olute total scale of the levels in the reactor.
Thus the controller used can also be used to |
30 regulate “the hqmd level in the reactor by adding to the controller, as an action
~ variable, the flow rate of hqu:d from the reactor into the flash zone and the various
return flow rates. into the reactor, particularly the hqmd flow rates and streams =
originating from zones Mand I. _ |
In another particularly advantageous variant, thé servo-

control device used, particularly the multivariable




It becane apparent that, in this case too, it was possible to act -via a
pr.epr.ogranmmed controller, particularly via a nultivariable predictive
controller, on the r eact or tenperature and the flow rate 0fani&{Pa06!
enterlng the reactor in order 20 to maintain the water concentration at

sai d- predet ermi ned val ue and to optimize the consunption of carbon

monoxi de when its feed underwent fluctuations. In one advantageous vari ant
applicable to both the enbodi nents of the invention described above, it
seened particularly useful also to bring the flowrate of liquid passing
fromreaction z |nt fl as zo e ll,. and the flow rates of 25 recycle
l'i qui d passi i Qe‘ﬁ?tbﬁlci’f} Cr} cany ito menios and regwlatedhe Wakegspniepeindbnt r ol of
the |iquid | evation medhen.r eact or so t hat the | evel remains flxed at a .
pr edet erm ned val redet ernj val ue is vant ggeou xed at.
between 50 and logﬁopg'fﬁ[’jﬁ’é g ?’ﬁ ‘L‘a “’2 ESIP e‘f"’? d

reactor. - Thuigmehe fonavoidinge theu semmulationl eb vkweruaedhet aca'ﬂﬁon elgedlame the

mtheé reac Zzbne and

liquid | ege Euﬁcow y rfamE (falsg aadﬂisﬂﬂatt(;nocélnr%n iTa %tﬁ{g'[ H@ﬁfl anﬁ% on

vari abl e, ate of

the vari ous PFQSP%Fr rthemparaéxowfawac@he r eact or particularly the liquid

flow rates and st Ng@Tehe %&bﬁé&tid&%fﬁh@ﬁﬁ&ﬁ@%c Iwatérngoﬂtédt -of lthe ?&e&&?r

particul arly_advanta a&e&gs varl t he, servo;: control  device used

particularly e fite S"E’ﬁﬁ’é%{jr? pgpior sudyregulat $aj€ oBh o Pr er . can
:)e use? t o miowt mtesaoidmeﬂgmlagéttﬁtct lﬂﬁndﬂj‘!leéthﬁg&t ﬁ(EHtllcl ﬁhﬂyﬁﬁde 'ilﬂﬁﬁhb&i"h tdrgd![ Em

n parti e us | and r a e one han e
equi, pmengyf of g\%Pé&%B} © %ca%ﬁ%gfqr cgqrp%{fgﬁmﬁﬁ% r‘g % ST um
par tii cul ar | ythemeacts. case of a-distillation colum for extracting water from

the process for tman&h@rqfarr@ulaqpae\ffan@é@%wvér%h Wth the same objective of
nonitoring the water content of the reaction nedium said device can al so

be used to melitvedre pufficatiogiray & "Baéflb& ropgitle tapdd @fchaw%wqrai)@g ipg PRt Ehy|
acetate, di ngghidat F‘thﬁ{c QéetﬁCQ&H et o? Qﬁcﬁdﬂ”% \éo}othée[%&&e part

of the hanol feed, for the pur er content in

justin
the reac tempeRRKe fothen B P&qdém lapmgor%\ﬁ&rth%g%@gg!mg%m thisgwpy and\je . t he
purificati orhats bk podsiblerey sk BRS Hiebdys: eﬁpao%éfm%%egﬁfénufaﬂrdo@éoﬁﬁééﬂ ng part

of the heat acetj c, aci.d produciio l.on. Monitoring o
reactor 15 e[n%@hipﬁggﬂ‘a le Ehon Tnnoids:§ ?%cﬁff‘??BVﬂV withea ﬁ%c"@?eianged
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in this way,ofsimdcampasition in the reactor (methyl acctate)

In another variant, part of the heat of the acetic acid
20  production reaction can be removed or recovered.

This removal or recovery can be effected either at the reactor outlet via a
| heat exchanger placed on a loop for recirculating reaction liquid into said reactor,
- or at the reactor inlet on recycle streams entering said reactor. | |
L In an_othpr variant, the fluctuations or variations in the carbon monoxide

25 feed rate can be damped via a buffer reservoir placed upstream of said reactor.
- In this variant, a set value of the carbon monoxide flow rate is made to
depend on the pressure inside said buffer reservoir. | |
In another variant, the fluctuations in the flow rate of
o carbon monoxide entering the reactor can be damped by dlschargmg at least part of
.30 the excess into the atmosphere. -
- . ‘This discharge may be effected particularly in convenuonal manner, either
via a flare stack or via a heat recovery system.
Finally, it became apparent that it was particularly advantageous to oouple
the control device used aocordmg to the invention with an analyzer, operating in '
: 35 the near infrared reglon, for measuring the concentrations of water and methyl




has been possible to show that the system according to the invention does

I ndeed enable all the avail abl e carbon nonoxi de to be used effectively
wi.th a good control of the conposition in the reactor (nétJanbarg@ebate). In
anot her variant, part of the heat of the acetic acid 20 -production
reaction can be renbved or recovered. This renoval or recovery can be
effected either at the reactor outlet via a heat exchanger placed on a
|.oop for recirculating reaction quuidlﬁnto said reactor, ~or at the
reactor inlet on recycle streans entering said reactor. In another variant,
t he fl uct uatageae iR thevreidtdhingasuh N t he carbon nonoxi de 25 feed rate can be
danped via a buffer reservoir_placed upstreamof said reactor. In this
variant, a set valGeSaHe type ehfyplingdrekbaclsq parfpmmed far meastring thelepend on

t'he pressur eondentraorsaoftwinef bed ne€BE a¥QhE - anll/or aidthiodiia ih 3 redcfin
fluctuationg ia fhe flo 'rat(f of carbon rmntgg,i de erﬁineri gjg the reactor can
be ‘danped by Gamy i fodide ispusgd ps a gp-catakyst accpiding io an advaniagsopse

at nosphebe. efbodinting ofthe geocemsyacbardmizfte tiedalvepsiohi cul arly in conventi onal
manner, either i . ko ar_ vi h regovery. system . Finally,
it became appar emh&t_%gyl@ %ggéggr ipcré(}egsr ?f;,ﬂﬁzg\},gﬁeéggoaa M “bﬁ'[‘fptfeé‘r t he
‘cont rol devinfeared sgicecwes Hung to et pasticularbnviluablevin theaflownvedtgrzamtensper at i ng

in 35 the Eﬁ%éssieﬂf\ﬂﬁf@ﬁ id ffoR th 86t A8 ﬂmc%ﬁ&hﬂ%ﬁétﬁ@&%ﬁé#&ﬁﬁoxpf wat er

‘and nethyl -3 January 2006 13 acetate 1n the Teactionh nmedi e sane type
of coupli ng_'r'r‘a‘?s e\éffaé‘?fCBE?FBWE‘%%F@Pdﬁ%ﬂ?@ﬁﬁepﬁ@ebéﬁ@éﬁfﬁf&tﬁcm_ of
wat er at@l nmediyhd/ecaictiybacktik prodieiohYeactibdi de in the reaction medi um when

nmet-hyl iodide isyuse s,a.co-catalyst accordi ng to, an adyantageous 5
enbbdi ment of t h&t %crngc Se IpprgYePey a["‘bor&ﬂg tp ﬁ\?e'ﬁt’%w.n ISAPRICRRE P A of a

real -ti me peantioysusapretesses fdvabe daonfacins yBacetic meidhadisranethyindceauteth r egi on
was found t LU I Lhe I " ter content”
processes, | 'sZir%telmla_lgﬁa’lgésztll'%l ﬁn%ﬁ?séﬁ‘%e@g h%gir? Fo %8%%&3’5?% met hyl acetate .
concentration blits ypsopartienloit epplicable domanyfiictiingaprocessisrisovhichftheience on
the ki ngs i catflystt $y8teAt 8biprises it A (ﬁ‘l@dérgigl)’ e 'Xieta‘?,cﬁérﬁ&lﬁ btk ON
reaction. In enerallé. the i nprovenent according to the rnvention 1S
appli cabl e ’l"gglﬁﬂﬁrp Bﬁ‘_f‘?‘_nuous processes for the manufacture of acetic acid
ﬁnd/ or nethyl ackisdlso applichble, partipulgiyRlaesRagdods] ,fl@ldﬁfl:%ﬁ?l:ﬂﬁ&l I ésses
onogeneous; Cai- t tem It js.very. particular a | cabl et
TAnuf act ur ilﬁg"@%?% éﬁé% g%té@F%SWﬁnb ﬁfs? (fomp Sf% at least one %faPaRyst, partlcular?y
- methyl iodide. J
20 The invention will become more clearly apparent from the following
Examples described with reference to the attached Figures, in which:
- - Figure 1 shows the diagram of the installation according to the prior art for
\ the manufacture of acetic acid by carbonylation. This Figure is given with
w ~- reference to Example 1.
25 - Figure 2 shows the diagram of an improved installation according to the

invention. This Figure is given with reference to Example 2.

-~ EXAMPLES
' ': 'Example 1 (comparative) . ,
.30 o ‘_‘,,In'this Example, ac_etic acid is prepared by the carbonylation of methanol
'with carbon monoxide in the liquid phase, in the presence of a homogeneous
.catalyst System, in an installation shown diagrammaticaily in Figure 1. '
e The carbonylation reaction is carried out at a temperature of 185°C under a
- total pressure of 29 bar absolute. '
35 _ The water concentration is maintained at a value of 14% by weight -




15 catal yst éystem conprises at |east one gro up VIII netal, particularly.

rhodium iridiumor platinum It is also applicable, partlcularly

advant ageously, to carbonyl ation processes in which the gataahéﬁtzog(ystem
al so conprises at | east one co-catalyst, particularly nmethyl iodide. 20

The-invention will becone nore clearly apparent fromthe follow ng

Exanpl es described with reference to the attached Figures, in which: Figure
1 shows the diagramof the installatiod4according to the prior art for the
manuf act ur e of acetlc aC| d by carbonylation.” This Figure is given with
reference tgq edm- Figure 2 shows the diagramof an inproved.
|nstallat|on accor n to the I nvention. This Figure is given with
reference to Exanpl e 2lheEsouventmgomx anplae follpwonpepresséd/ by weighhiof thxanpl e,
acetic aci d rbgtidh ARALKE: by the carbonyl ati on of nethanol wth carbon
monoxi de i.n the liquid phase, in the presence of a honpbgeneous catalyst
system in an i Nt a3 Yeshown di agrammatically in Figure 1. The
carbonyl &t i on'react Methyl fodidef 10%d out at a tenperature of 185C under a -

-total pressure of @I%g 69‘??%%%“}&5% 35 The water concentration i s maintained
at a value of 14%0D tiary 2006 14 of the reaction medium The

concentrations are Aseticolcldais camiyptsers)%y wei ght of the reaction nedium
Water: 14%5 Metfhyl pacet ate: 1.75% Acetic acid and
catal ysts: to 108@ 2 tgcggg@m%%gfgn%bproguctlon is 54.1 .T/h. The

instal | ati on conphy P%W%amme&@naawcwmesi iconpisting erstémally affaa 10,

‘reactorig, ?eaf:ioﬁham&}?zédelf s@zglﬁag? fF:Jsil}i evlcd 2 amA o g(ﬁ%ifﬁgﬂgn and a

purjfication z r|5|n tion colum d5in

the' case sh&Mf ﬁﬁcqwfésmgt (Est fﬁﬂen &ahlmaﬁ Mr?@fiﬁdé thescasg Showe in Hs er

purificati oRigure.a cryogenic
' ' The carbon monoxide is supplied after purification in a cryogenic
separating system (not shown in the Figure) involving washing with liquid
15 methane. _
Its purity varies from 98 to 99% (these percentages being expressed by -
‘volume/volume), depending on the -efﬁciency of the purification equipment.
The carbon monoxide is then introduced into the bottom of the reactor 1 via
a line 7 equipped with a flow meter 9 and an inlet valve 11. A carbon monoxide
20  buffer reservoir 12, located upstream of the inlet valve 11, makes it possible to
dampen any variations in the CO feed rate in the reactor 1.
The methanol is also introduced into the bottom of the reactor 1 via a line 6
equipped with a flow meter 8 and an inlet valve 10.
J The means of introducing the other components of the reaction medium,
25  such as the water, the catalyst system and any solvents in particular, are not shown
1n the diagram of Figure 1.
7 A pressure controller 13, connected to the carbon-monoxide inlet valve 11,
: ..mak'es it possible to monitor the total pressure in the reactor 1.
' The temperature in the reactor 1 is measured by a thermometric chice 14
30 . and can be modified by circulating a fraction of the reaction liquid in a coolmg
' loop passing through a heat exchanger 15 supphed with a cooling fluid via a valvc
30. ‘ ‘
The stream of reaction material thus removed from the fcactor, and then
.cooled and recycled, makes it possible to remove about 20% of the heat of the
35  acetic acid formation reaction. |



separating system (not shown in the Figure) involving washing with liquid

15 nethane. Its purity varies from98 to 99% (t hese percent ages being
expressed by volume/volune), depending on the efficiency Pfankhs 2006
purification equi pnent. The carbon nonoxide is then introduced into the
bottom of the reactor 1 via a line 7 equipped with a flow meter 9 and an
inlet valve 11. A carbon nonoxide 20 buffer reservoir 12, |ocated upstream.
of the inlet valve 11, nakes it possibllé to danpen any variations in the CO
feed rate in the reactor 1. The nethanol is also introduced into the bottom
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valve 10. The means o Intr S"of the reaction
nedi um such as Hgdlogarasg of g%@‘llfgﬁdaatyb@ topyﬁttb‘m"@ctdr dniy adjosted 8o 8s in

particul ar, nigaial caRondkidd ar@il g;eeseﬁfbef 1@&%%@@&@@&@& gontrol ler

13, connected o the carbon nonoxide inlet valve 11 possible. to
noni t or t he r¢a5t0%4 pressure-in the reactor 1. The tenperature in the reactor

| is nmeaSured by Thetvbetk aRESA |1mdaau¢cpmolgg&0h i s&pafat&elmm Rehrky
a fra t f th uid in cool.i Iooaapas& ng

circul ating | n, |1
through a hé&%:!e Rgﬁéoe e %acgcff ad;?‘fn 58 CEW%@ ?Wﬁsfbdf‘g??(ﬁ“%“ fve
The stream af v&rlndntheomsnatwasmd Wiﬂmacmnmdamrfmammhd)efc&adiem, paset t hen

-cool ed and out 20% of the heat of
- & cﬁgar?or glg?S bid &Qg@tré)édqntto

the 35 acetic a Ion re anu 006 15 The vents | eave
the top part of [hthededdlasion shewin du liguee leew&lan hﬁhdsti bew madecfonfhegas

purged gg t ﬁﬁercﬁl@lﬁbrpin tHe&reh€ab@tioh du%mf“aiidéf E@ﬁﬁaﬁrggaeaiﬁtot fle alfRBhakn 2

car, bon m)no ﬂgartlal :ﬁéessure of seous cano y of the
t

r'eact or . W mefer 1 4th A0 analarsnceld fom aralying dhq isgses demitisds apdra 17,
whi ch ret ur m(:ulatmg nbduli cmpabﬁnemdttb&hé oG Metet 2and1e8@a@§ext be af@@gous part

toawashln coI 9515|n V\/m el%fgasm Wa%he with acetic acjd or
net hanol 1P fleyics: Ior iconunuayy ofisegyrnfighd int o
‘the at nnsphmc@urdmmt Iaéthamn&dt,apamwulamotm hydrogery andorl COpreouiest, @fi theas al so

been rTB‘(hge ? .10 intercalation, in the vent evacuation circuit, prior
to dis arg@jg 0 the at nosphere, of a flow neter .20, an analyzer 21 for
anal yzi ng the ga§@§a@4¥if&lﬁ,§ﬁﬂpla¢lﬁlfﬂém@ﬂa‘ﬂremlﬂamfrﬁ@ﬁmﬁllowmwofmmlf%d to the,

flow meter v, blaRedR BbAAE to’detéfifind A8 flow rates of hydrogen and carbon dioxide
generated by the secondary reactions in the carbonylation reactor 1. _
Calculation, in the module 21", of the ratio of these partial flow rates to the
20 . total flow rate of carbon monoxide entering the reactor 1 thus gives access to the
selectivities.
It is also possibie, by means of appropriate analyses, to check the content of
different elements in the reaction medium, particularly the water content and the
- ) | methyi acetate content.
25 Provision can also be made for monitoring the liquid level in the reactor.
This can be effected by any means conventionally used for monitoring the level of
‘a liquid in a reactor, particularly via a differential pressure measurement in a
By feferenc_e leg system in the reactor, shown at 37. :
| - A fraction of the liquid constituting the reaction medium is transferred
_30_ co'ntinﬂously via a line 31 from the reactor 1 into the flash device 2, in which the
- - pressure is maintained at a value below that prevailing in the reactor 1 so as to |
- produce a partial vaporization of the reaction liquid. The stream F6 of hqu:d
- introduced into the flash device 2 is measured by means of a flow meter 22a.  The
fraction not vaporized in the flash zone 2 returns to the reactor 1 via a line 32 and
35  its flow rate F2 can be measured by means of a ﬂow meter 22b




fl-ow neter 9. The anal yzer 21 can be any .device for conti nuous or
sequential ‘neasurenment of the content, particularly the hydrogen and/ or
C2 content, of the 15 purge gases. Thi s anal ysi s, coupl @Jéﬂh&r@rzoos
measurenment of the total f lowrate of the plant's vents, makes it
possible to determne the flow rates of hydrogen and car bon di oxi de.
generated by the secondary reactions in the carbonylation reactor 1.

Calcul ation, in the nodule-21', of the I6atio of these partial flow rates to

the 20 total flow rate of carbon nonoxide entering the reactor 1 thus
gi ves access to t clJ Vvi-lies. al.so S| f
appropri ate anal yrglgs 0% aggﬁﬁdhlg %%Mfie‘t}f 2 ‘?“é?eﬁt t@% Emﬁn t he
reaction’ ned¢lemr3avla |aduica3r3l yThdimqundibdiecmdrmehﬁbmoﬁMS fimst digtillaioat at e_
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the reactor. S can émme ns conventi on
nohi toring t the aqusass lignid phasg fihettop mf shis olumngdeis retamed 9 she veagtog 1 -

different§al HR6GHSY t@pamar'sy:t ?&E&Ecahtﬁu@n of eteeﬁﬁﬁﬁ 1t1 ase¥ Jobiddnwithe

reactor, shoyn fraction of. the ui d tituting the reaction
mediumi s trgﬁwf@n%hwm@%rhwmqu;bqu.artéovsmqr% demaiRdeyr |

'b,nf,O- E.Eetf_l aﬁﬂlectﬁue@s f?ac%xﬁﬂb&iﬂ thuid&@ to ﬂ{eet%ﬁ}[olf@ld Srsi@istillAionadludhn 3. val ue
pel ow al pLe 111N n e.reacl.or SO as 0 uce [
Daport zati onTENBGsRy dhidriid Hafiobhaen Fouttpe ipmaie o8 B e stliBi R ceq

into the fl asbludmyBde absol ecyeled inte dhbyearanwithfa flowl mwe Fét whicB2en Hhe
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line 32 and , I"ow can b€’ neasure net er
22b. 3 Januagfier zowsal of the tpt?@nﬂba@@mcﬁncmos mmawepnrbdﬁu%wnmr@b 2.is
sent to the Hivishnudessillation colum 3 via a I|ne 33." The liquid

collected at the hott 0 di stillati coI iis ret ed to
the flash zone, 3) t?%\rﬂ’f’ {‘59!“1 H@“‘i@?ﬁ@ﬁﬁ%t@@ ﬁ’r"f‘“ﬁf‘ $ TN é"‘?aqueous

| i quid phase with 4 llewt mf BS intbil kadet 1 91l dllife 36! S‘hd& ﬁbwrrawcbfttmtﬂmnomact or 1

th h \ [ oq decant at f ' d :
ot al noq 1oy 8 BeAALRE B olche SFEHRMREE 26! 1hETrbdiBet W BIRRESy,
- nmet er .24, théﬁmmoﬁmolmm4tdsehmmbyjﬂmrﬁfmccow bei ng rteturned to the top
~of the first dist |-j-|.[ a?ﬁ&ft(} ctg,h I t &oﬂ?%ﬁ'&{e §ec55l?d8 ACcdthgtigd phase
e £11 Paf on

comng fromthe to col'um IS -al so recycled into
t he react or \Motlﬁs%ﬂg eeantiallycofracetigimcidy widerases aofinal pimfication, Steﬁelﬁn@eof a

. flow reter 2%oluthe 5f whéeithd adelBRLQ 1§'§edai’atéd1ﬁoﬁx(1hé' REavy Hipredudteeaticatedof the
- top and bt o ragt On S oS anlt ot S 2R oets oatldctal o Mo 13E o the
colurnn and partially recycled into the column 4. |
. During the operation of the instaliation, it happens that the carbon
-monoxide feed rate undergoes fluctuations associated with the production
equipment located upstream. | '
25 The methanol flow rate is adjusted to the carbon monox1de flow rate in a
o | qua51-st01ch10mctnc manner. '
o ‘The CO, selectivity is ad]ustcd to a valuc less than or egual to 0 01
¢ by adjusting  the rhodzum concentration in ‘the react.lon medium to gtve a
sufficient catalytic actmty; '

30 e by adjusting the concentration of - 1odme-contalmng promoter, ie. methyl e
| iodide, there being a buffer stock of methyl 1od1de in the decanter at the top of . .
the first distillation column; i mcreasmg or decreasmg this buffer volume makes' -
it possible to ad_;ust the methyl 1od1de content in the reactor and hence the
- . activity of the catalyst system . ‘
35 e byadjusting the reactor temperature within a given range: 175°C to 190°C.



4-via a line 35. Part of the | i qui d condensed at the top of this second
colum 4 is recycled with a flowrate F5 into the reactor | via a |ine 36.
The flow rate of this fraction 15 can be neasured by nmeans Jahusry008v met er
26. The remmi nder of the top fraction returns to the colum 4, as shown: by
the references 39. The fraction collected at the bottom of the second
distillation colum 4, consisting esseptially of acetic acid, undergoes a
final purification step in the 20 25 mbhoxi de” feed rate undergOes
fluctuations associated with the production equipnent |ocated upstream

colum 5, where tResaGaRhay ¢ ?EHE Vel ucts
col l ected - a t he bottog&y%;zﬂhgdggﬁﬁ%é&%é }a@u[{%ﬁ?ﬁé‘?&gm Sggs
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reaction | l Vi by
adj usting the- dggar)é:gcrﬁ) g%ﬁ/ gﬁhezﬁgvg%%éﬁg&éﬁo(?ﬂﬁo%&“&% téé/magt%'é rret hyl
i odide, there beilhg flowniate ef reactionldiquid ensering thie fHiski @onenistthan aiosiet s at the
top of thea§tdl@hme}bg{elrgﬁﬁmﬂng%ﬁgg&mhncreaS| ng or decreasing this buffer
vol une makes it _possible to adjust the ' nethyl iodide content in the ‘
reactor and hence' f¥econtrolimg the wstallptions sinapqnyentigpal apnners thelossapfist i ng

t he reat or carbop aioabxide, oMekdbs)CO, Fay 2% ByotliEne, baRE dnthd RIRE.CcE fekanuary 2006
17 -To get away f Ot he tra st at s which gener.ate uncontrolled

. IL.tor
peri ods -of operat) 6n; "4 g'f t% i a§ge§5§§?ﬂ‘ dR caftop memexide
possi bl e t oflowi mteabywstbpwise varint sfathe eeRt@fteinperasuds s us to- oRRimizeehd S at
fixed val ue r Nhe 3L th retu reamns.
entering t hicepgaggﬁ}r){(ﬁt&%{og gglgl Rgpjh%g%éﬁ er%n% S OTRer 1 ¢ Ol}cgnfrgli?fgl ntain
the react orPaniads of 8PUIAEOs 0 as t o maX| nize the acetic acid production
accordiggy to therhd blsj@bdv%t@as%en%rfﬁ%e ?c?iﬁe FilieShl orer's StabfiBE Y - The

flowrate of reactjon Hh qui d entering ash zgne 1s t adj usted so
concentrations of the various species m the reactor as well as the streams

| Example 2
This Example- illustrates how the process according to the inveation is
20  carried out in order to manufacture acetic acid under the operating conditions of
Example 1 in an installation shown diagrammatically in Figure 2.
The installation shown in Figure 2 represents an improvement to the
" installation shown in Figure 1, incorporating a multivariable predictive controller
' ) - 40, )
25 The controller 40 is programmed to regulate objectlve vanables around set
values by acting on action variables.
In this Example 2 the Ob]CCtIVC variables which it is sought to regulate are
- the carbon mon'oxide_ feed rate in the reactor 1 and the CO, selectivity. The action
- variables are the temperature inside the reactor 1 and the methanol feed rate in this
30 reactor. :
More particularly, the controller 40 receives: |
_ -at a first input El, the carbon monoxide feed rate in the reactor 1 as
mcasurcd by the flow meter 9;
| - at a second inlet E2, the CO, selectivity of the reaction as calculated by
35  the calculating module 21” as a function of the analysis results ‘obtained by the




as to renove the renai ning heat of reaction. Wen controlling the
-installations in conventional manner, the |oss of 10 carbon nonoxi de, or
‘excess CO was 2% by vol une, based on the total CO feed. |3 Janasrytdnes sought
to reduce the largest fluctuations in carbon nonoxide flow  rate by

stepwi se variation of the reactor tenperature so-as to naximze the acetic
aci d production and avoid transitory regines at the origin of uncontrolled
peri ods of operation. 15 The obj ectivelglas then'to fix the tenperature
value in order to stabilize the concentrations of the various species in

L reactof ol bl B SATias KA i Aol TheP30 T Sy £ 3472 5

how t he process accord he inventio I'n ofder to
manuf act ur e Té'@é?‘?aéufﬁ@ieﬁgjmé?ytbﬁﬂﬂwﬂé?@t%ng condi t | ons of Exanpl el in an

i nstal | ati on shown difda] ARHEE3, 4R nkitlaRol fedia if thel ctbP?%ﬁHe%Edr@@ hown i n
Figure 2 re ents. a&a n(groverrent to the installation shown In gure 1,
i ncor por at'i %e WGP R Gb] e predictive controller 40. 25 val ues hy

‘acting ofi action -\aalalfahﬂemputl B4t the serfpritilcdnddd e refit@Ct by teairédby es which
it is souggéJé éu% 4the carbon nonoxide feed rate in the reactor
| and the IVI %é action variables are the tenperature inside

‘the reactor | and’%tﬁ@sqmwﬁahuw,tiwe@maﬁmns Petwiinsthd bentoadler and therrestOf | S
praogramed % HedithitinGa? ‘ﬂ‘&%b &Mﬂn‘ﬁ ézaround set 30 reactor. Mdre
o]

particularly, the contr receive “at a first input El, the carbon
nonoxi de feed r at¥ 3 givanjaomesie thscontrelier 4%9@#@@”@%%\’6 vauiables €10 9. at a

fﬁcond 101 efflof2satd Hifd s@@%uﬁ%l)%ﬂi Mg toIued Cﬁ@a{fde@ﬁrah@ﬁut?ﬁts ned] ﬁgﬁﬂ%by 35
e _cal cul at,i,n 1 s a function of the analysis result t ai ned
by_t he 3. Jaﬁ&éﬁ?@é@%&i‘%’?@m nstal | ati on have not been shown in Figure 2.
At a gi ven nonent thetdiffercmetbeoidonreadifofibepbjedivetvaalily afl ity vane,abl es (CO
e oerror el FR N EaC g o e B L b
at a fourt hthierpastorl4and he t enperature inside the reactor 1 as measured by
15 - the relationships between the action variables and the objective variables
recorded in the controller when it was programimned., ‘
N : The control signals S1 and S2 are used respectively to.control the valve 10
- for controlling the methanol feed rate in the reactor 1 and the valve 30 for
controlling the cooling fluid feed rate in the heat exchanger 15 so that the carbon
20  monoxide flow rate and the CO, selectivity approach their set vatues CCO and CS.
The set value CS around which the CO, selectivity is regulated is a
predetermined fixed value preferably chosen to be less than or equal to 0.01.
‘The set value CCO around which the carbon monoxide flow rate is
) regulated varies as a function of the availability of carbon monoxide in the CO
25 rescrvon' 12 upstream of the reactor 1. This availability is ascertmned directly by
‘measuring the préssure P in the ‘buffer reservoir 12 by means of a pressure
K controller 38. The set value CCO i is calculated by the controller 40 as a function of
- the pressure P, which is applied to a fifth input ES of the conu'oller, as shown in
' [Flgure 2, o . : ‘
3 -0 Bringing the tcmperaturc in the reactor 1 and thc methanol feed rate in said
E reactor under the control of the carbon monox1de flow rate and the COZ selectlvxty,
7 ~as described above makes- it possible on the one hand to reduce the excess carbon
‘}mononderstream, Le. the carbon monoxide losses, and on the other hand to
- -maintain the CO, sélcctivity at a predét_ennined value and hence to maintain the
35 methyl acetate concentration.




the thernonetric device 14. For reasons of clarity, the connections between
the controller and the rest of analyzer 21, the flow rate val ue nmeasured by
the flow meter 20 and the CO feed 10 flow rate and sel ect i3WjshMary\#0oDb set
val ues CCO and CS and outputs control signals S i and S2 which depend on:
- the difference between each of the objective variables and its set val ue,
- the nethanol feed rate neasurenent and the tenperature neasurenent in
the reactor 1, and 15 - the rel ationshi]ﬁs bet ween the action variabl es and
t he objective variables recorded in the controller when it was programed.
The control signatBer® novA r H.gﬁg r t e val ve
10 for controlling the Qtl{?ﬁsola ges at(gs?ﬁgtthgeﬁrré%ég?gf&?&hggb %‘g val ve
30 for contPEFIHORJS F48 Sﬁﬁﬁmﬂe?eed rate in the heat exchanger 15 so

that the carbon Zﬂld’rmmllélecﬁds@vm @b eomfilet 1@ i GHE IDEICMIHIKCON aPhéLach

their set v set v r ound ch the CO?

sel ecti vi tyaﬁb%%ﬁecg%'ﬁgﬁaq%le bla é’ﬁé?céiFﬂ*’??gﬁ e\F:QPE Ileﬁrdéflg?"é‘ofoy chosen
to be |eds tdeatinepuseupnafactoing fHoceiee. B&tasda\?e]@eﬂwmﬂnsﬂ whi ch the carbon
nmonoxi de fl ow rat ééon oﬁglé%@éétgp%gfahn?edaai f@ wnction of the availability

of carbon rmnOX| Uit pstream of the reactor 1.
This availability? mﬂa@m@awml moﬁddvaswemteﬂl@fmalhbgaryloékmmgme Pin

‘the buffer r@my@me&&d%nemﬁﬁ%@&daf@éﬁééﬂé@ tesgOntroller. 38. The set
val ue COO is cal culated. b controller 40 as a function of the pressure

th

P, which is appl i‘¥eXRerimantaly aﬁenwa&thmcwe@wgt@bme@rmafpr%%ﬁm in

Figure 20 3Qeshy, wigiongednhel, wehigtetosk plage bver t@dé@act or | and the net hanol - .
feed rate in.sai react.or e trol of the car nonoxi de fl ow

rate and the Cozq‘shglseg"?qlﬁlc yecqccggno‘gg &‘ﬁglfla%@v@ gr?ﬁ?@g V‘fe EHBFe on the
- one hand t o filtethdctrough axomsalissdng filter ambwere skved tat cmimite énteitvhle foar bon
‘monoxi de | o&&; gﬁc&qul‘ on the other hand to maintain the CO2 selectivity at -

val u :

a predeterm ne e and hence to maintain the 35 nethyl acetate
concentration.. 3Fiateafigr 20we-hoor stakilization\pefiodl thosempagurerdfghe maclvf how the

pr ocess1SCCalshfcrbReld ?@ﬂw?%ﬂﬁﬁcgéhli% olﬁgrb'b%e&lc@%m :ﬁfugﬂé cd% xgﬁlgl Bl &n 2 Wngﬁ

controll.er chozfe a ﬁ’;@

is a nultivdA dfpshed él?fkﬁ ghodethe ppesapeters oties follawedomntilon |nkteaewiagned f or

: - reached in terms of the CO, selectivity and the carbon monoxide feed rate (a :
duration of about two hours).

The reactor temperature was again increased rapidly by 0.5°C‘ and the
+ 20 parameters were followed (a duration of about two hours).

The temperature was then lowered twice by 0.5°C with the parameters
being followed.

E The same operations were performed the next day by lowering the methanol
; ) flow rate twice by 0.5 T/h and then increasing it twice by an increment of 0.5 T/h.
| 25 , Following the parameters consisted more particularly in continuously -
_ measuring the values of the action variables (temperature in the reactor 1 and flow
rate of methanol entering said reactor) and the values of the objective vanables |
B B o (ﬂow rate of carbon monoxide entering the reactor 1 and CO» selectivity).
- ' Final adjustments were made to the controller using the HIECON software:
_ 30 supplied by the manufacturer. The measured values of the different parametérs B S
'_wcre supplied to the controller. The software then optimized the gain and lag
parameters to be applied to the output signals S1 and S2. -
' After the controller had been programmed, it was put into  operation as
shown in Figure 2 and the process was carried out under the same conditions as in
35 Example 1 described above. '




5-conti nuous nanufacturlng processes. It was devel oped by ADERSA. This
control l er was preprogranmed as follows: A mathematical control nodel was
.selected froma library of known given nodels of the coaneh&gyzmo&h t he
aid of prerecorded tests. An experinental phase was then carried out in the
form of process stress 10 tests, without control, which took place over
two days. The signals .collected on the industrial site at 5-second
intervals were filtered through an an?®-aliasing filter and were saved at
2-mnute i-ntervals for identification. Firstly, after a two- hour

stabi | i zation peri gds tﬁéhe]t&%ﬂp%frﬁﬁﬁ@éyoandt&%x ?e%ﬁ rthgé%n u[e % <Ehreased

rapi dly by an increnment tenpera ncre
fi.ni shed, teeutehiendO it Avasinossible dpranaintainathe mnmmcmtsplbcmm 'e[tthmu vvas

reached in here® @hits RenileR &elsﬁﬁl@am&wa?ﬁg%&ﬁ@t%gs&mermﬂ%'gscé&.ed rate

(a duration.of a%t two hour The redctQr tenperature was a

i ncreased ' r TS apd, the mesthangl ?"ﬁ@ ragosh 3F dpdicettie i meaxigize ohe Fafondur at i on
" of abouts tmohaxiﬂs):onsﬁh@ub@mmwmnﬁae tHeQBetlcutR fielddotore by 0.5C with

the paraneters f ol tion erf d the next
~day by | owering %%ﬂ?%g Co?qol(%f Fﬁgﬁlttﬂﬂgﬂélalf?/@gem%ﬁﬁxg‘ﬁﬁ Cﬁ'ge
i ncreasi ng iate tavD&, U;asedmnrﬂw&[&rﬂomfaté)oﬁc{) IfeedFﬁietetbwaf@rdlhg aphf#@net er s
consi st ed ' Y S ugs. of the-
~action var P%E a@ﬁ Een(f;r‘%igr e&}régéc{ res%ﬁ%ﬁ% ﬂ}]% %qogd of "Het hanol
‘entering safairespeded ity @ridcmﬁﬁé mm agid productin of miore thaar2000! tesnes( f | ow
rate ofjocarfiRp tHi® IR p&NE bhsdd oh BE: dafiR Q{Sugﬁ tith o ﬁ%ﬁ@%&?l ectivity). Final
I ng

adj ustments were_made to thé controller software 30

supplied by th T%H%ﬁaée?@ff@rto %@Vﬁ%t&%%amn&mwgblefpwvmcm@p@n

paranet er s inweprecass Bith editheOddsbiebeddn Ty z@iuve'ﬁi@niiﬂhf 1 waee i ﬁbmbl m zed
atraneters.to be a

t he gain and..l pl,i. 0 e .out als and
S2. After tsﬁ%s%q]ﬁ? ?gﬁl?‘grmﬂ%fﬁ“ﬂ%éﬁmﬁr(gd’f@%@ﬁ icling [’ac?, H’? a’eo?)‘éqrat i on as
shown i n F@l,me vasasmghth o hc&pcﬁmstem@eraune rais egbneiait am;lesmliiéwaa sader wondi tions
as in

surpri SI ngI an(f uneg’g%g'[ a%ﬁﬂe *h 6@" élgﬁiﬁ(ra%gﬁg&% wéﬁhﬁélf%gowdwas

p055|blet UeHIHORS - n t he varlatlon in CO2 selectivity Wi t hi n

Example 3
This Example again refers to the industrial installation and the device
20 employed in Example 2.
However, the controller 40 is also used in this case to bring the recycle
streams entering the reactor 1 under the control of the liquid level in said reactor.
o The main liquid streams entering the reactor 1 are:
) ' ¢ the methanol feed rate - F1
25 ® the recycle streams passing from zones II and I to the reactor, namely:
_ the recycling of the liquid fraction from the flash zone together with the liquid
o from the bottom of the first distillation column - F2
-the recycling of part of the aqueous hqmd phase from the top of the first.
o . distillation column - F3 ' ' I
30 - the rccyclmg of the organic liquid phase from the top of the first dlStlﬂatiOﬂ -
' column - F4 -
 -the recychng of part of the condensed liquid from the top of the second - .
distillation column - F5

The main liquid stream leaving the reactor consists of the flow passing
35  from the reactor to the flash zone - F6.




narrow limts while at the sane tinme varying the tenperature of the

reaction mixture and the nmethanol feed rate so as 'to be able to nmaximnize

the carbon 5 nonoxide consunption and hence maxinize the zapabag 2806 d
production. Installation of the controller nmade it- possible to reduce the
excess COflow rate to 0.5% based on the total flow  rate of CO f eed,

thereby affording a 1.5% increase in acetic acid productivity over a

representative 5-nonth period. Thi s c@i‘responded to an increase in acetic
acid production of nore than 2000 tonnes 10 over this 5-nonth period,

based on the sanewgHand kteantE1 %@édgqm(ﬁp&g}ed-mﬁe%ﬁu@%zﬁ)lg 'c@xgmggcr 1E

I nventi on of mul tivariabl e pred| tive ch-as
t hat descri (FBHIGER ‘i?@ﬁ%él?ea%qe@@s 1F57ﬂ@bF6,tm%wdk¢@¢@Vd$@yltb¢ y the

various condlavainetess 220 0%, 75 2%@2@@@&&%&5& ClriaBis, dnd thei md'l@z)eflﬂ? prior

art, it was Q ke ture s constant as possible in order
to 15 stabi Iﬂi?ez%g%}hléi f)b}’ﬁf?éﬁng tﬁftﬂ‘?ﬂﬁc@&:ﬂ%‘?\aﬁlﬁ)nom de flow rate ~
exhibited - fluct H&brmthe&imﬂree&bﬁdﬁh&v&im e again refers to the ‘

industrial installatio adaqn&tg @g%/%o%gu enpl oyed in Exanple 2. HovveVer
wat

the controller 40 is also use e to bring the recycle streans

“entering the reactor 1th§rféféxseﬂq¢avltbnt rol of the liquid level in said

reactor. The main |Iqmeqlq§{({£%ﬁn%tr§£&&g the reactor 1 are: the methanol
feed rate - F 1 25 the recycle streams passing fromzones Il and Ill to

the reactor? %%P?Cﬁon"aflﬁ@eff ecycling of the liquid fraction fromthe flash

zone t okt her with the Ii themd‘tﬁ@mﬂ@@r{ﬁ@mom of the first distillation
col.umm - F2 the recycling of part of the aqueous | i quid phase fromthe top

of-the first distillation cOPEAGCr (gEPesHUe t he recycling of the organic

| iquid phase fromthe top ohetflow ies F0, EBSM;FSﬁd!Em CO| urm - F4 -the
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consi sts of rea¢fer, Caphe ghisyed in diffsrent ways he react or to the fl ash zone - F6. 3

Januarnis2006 21 Mldake, S PO PGBl BROSROLALERS 1 KB%mg P,

mul tivari abl e troll éer, lces to a
and F6, me a@&hggp Wegag'egqqogaagalblys {ige to-omit the flow rate F3) and to compensate

this by adding to the controller a fixed refationship between the flow rates F4 and
F3 as a secondary objective.
To reduce the number of action variables ﬁlﬁher, it is also possible to set
20 complementary secondary objectives such as maintenance of the value of the ratio
F2/F1 and maintenance of the value of the ratio F6/F1.
It is thus possible automatically to control the main liquid streams of the
acetic acid production installation while at the same time maximizing the acetic

. ) acid production by making the best use of the available carbon monoxide.

25 In this Example 3, the tests prior to the programmng of the controller 40
were performed as follows:
_ The relationships between the different vanables were constructed by -
creating several variations in the action variable for each action vanable/ob;ectlve
- variable pairing (the pairing in this case being particularly between on the one hand
30 the different flow rates and on the other- hand the liquid level in the reactor) and
-+ observing the influence of these variations on the objectlve vanable while keeping
the other parameters constant. :
The signals coliected on the industrial site at 5-second intervals were

| filtered through an anti-aliasing filter and saved at 2-m1nute intervals for -
-35 1dent1ﬁcanon -




flow neters 22b, 24, 25, 26 and 22a, as the action variables, and the ,
'iquid [evel in the reactor 1, neasured by the device 37, as the. objective
variable. There are therefore three objective variables: 3Jdnbgypeaptity of
CO consuned -the CO2 selectivity - the liquid level in the reactor and
seven action variables: the nmethanol flowrate FI - the reactor
tenperature - the flowrates F2, F3, F4, F5 and F6 However, the new control
objective, relating to the liquid |evel22in the reactor, can be achieved in
different ways. .15 For exanple, it is possible to choose only the flow

tes F2, F4, F5 ' ' Le. t it
'[ﬁeefs | ow rate F3)Fpﬁa€1§§téom§% ﬁ%gsofz‘a”tl: Ice)%‘%:%li ?agsg&gggfl%%ﬁ'{cggl ﬁ%)dé%cﬁﬁ?%lofe?ma
fixed rel at | Oh%pRgolide flosnrates dF L. EawFe.diSe E6Faven ndnefday petied, shecliovd zaty

objective. TB§ eh@ﬂeﬂ%@@ﬂal&ﬁnﬁﬁ&t??o %ﬁidbn%B'tﬁémEﬂaaﬁél dafe 1 S @l so
~possible to set .20 compl enentary secon arpy obj ectives such as i ntenance
of the value of tHE ngementsos epeli parametar Weig charea aspordig tothe amplitudee ratio

CF6/F1. |5 i ofttheyerpoissions gereitcr®et telplant i ®ReEr ol the main liquid streams
of the acetic ag§ roduction installation whil he. s i '
e i 2i gt he. actitis B Biyectt saRRME e e At F e A b TR

‘avai | abl e c&xHTh fooFéradES agd 15 T/t foi E6.Exanpl e 3, the tests prior to the.

‘programm ng of t G f.or . ;

relationships bep&\klgen tr@gﬁ‘?%ggﬁ?{h\%rg%ﬁg %?%%‘L@ﬁ%ﬂ%g&gy creating
several vari ati orddieicantroléer avs then prhintaeniesationrin Swdhstalatioon '

vari abl ghobj ective variable pairing (the pairing in this case. being
particul arl %ﬁ{[ﬁesn on the one. hand 30 the different flow rates and on .
the' other h ©*liquid level in the reactor) and observing the

influence .of thé&sthiyvBxample tiscationylago0by] Bethant? iv@iiabbg ibicbiduespi ng the
5 secona + npugt apGRAERE i amRhe T odftets aipeiol ot dBe el pfineng Cave
at 2-ni nut e withtaestirgadgedagor, 2 Sash zhmetand iheatéyoling 8f thafigaid/pl2ee CcoRining '
15  the catalyst species) from the flash separator into the reactor.
Distillation is not berformed and the recycling of the zone III streams is
simulated by the introduction of so-called fresh reactants (a mixture of acetic acid,
methyl acetate, methyl iodide and water); the catalyst lost by entrainment in the
vapor phase of the flash separator is pericdically reintroduced into the reactor in the
20 form of fresh catalyst.
The composition of the reaction medium is as follows:
o Water: 7%
¢ Methyl iodide: 10%
S ¢ Methyl acetate: 15%
25 - o Iridivm: 1250 ppm -
| * Acetic acid: to 100% _
- The total pressure is 35 bar and the reactor temperature is 190°C.
The carbon monoxide partial pressure is 23 bar. |
o ‘ The carbonylation rate is 15.5 mol/(h.1) under these conditions. ‘
30 | ' The CO; selectivity is 0.01, the hydrogen selectivity has a value of 0.001
* - and the methane selectivity has a value of 0.009. |
- In this Example of a pilot installation, the main objective is not to optimize
the utilization of the available carbon monoxide but to achieve reaction conditions
| and operating conditions which are sufficiently stable to validate and optimize the
35  activity of the catalyst medium. '




10 20 The tests took place over several days wth i-ncrenental nodification

of only one of the flowrates (FI, F2, F4, F5, F6) over a one-day period,
the flow rate F3 having been given a set value in direct JJanpertions to the .
met hanol feed rate. The increnents of each paraneter were chosen according -
to the anplitude of the perturbations generated over the plant as a whole.
Thus the positive or negative increnents were 0.2 T/h for FI, 2 T/h for F2,
0.5 T/h for F4 and F5 and 15 T/ h for F&3 The H ECON software was then used
to optimze the control paraneters. The controller was then put into
operation in the ¥Rs | cOR Loy - | d@di nd_wat er) ;
the catalyst lost b ﬁﬁh{nre{glfsﬁfr%{eﬁt n dt‘?’n%g?%l/(g&lg? er:%%ia‘ts}?aé %ﬂ‘%&i}? ?é’gﬂ “Separ at or
i s periodi calPPgerr ‘#F&d&fé@dthp rapationdn ((Qposetsictivity ishrelatively smald @vbythehe

i ntroduct i onchokers operatihge dadet £6 itr&%f;tn%ﬂtaﬂo(vamm&ﬁﬁrgeoptheaﬁl@{ﬁ Fa@&%{g’ |
Example 4-1n tp%l? Exanpl e the carbonyl ati on of nmethanol is carried out in a
conti nuous. ch)p “installation which reproduces the operating principle of
t he ilngju§tr} al plREmthermorehihe @?Msngchtn@aWaen c@téﬂt@ﬁd‘v&?@m_i\@'&)hl?le e
recycling o - nfaining t cat al.yst ecies) fromthe -
f1ash separ avgéotg&e'i({lr)\llt“gﬁﬂf %’élﬁ%}g}gtao&?ecbipgﬁﬁg% ?%ﬁwl g‘“ﬁh%ls Bgiﬁeora arid the
‘recycling ofPredietipp fieaction. streans is formof fresh catal yst. The -
conposi tion of t ey ' | | ; A yl _

i odi de: 10%, Meth |&§géef?‘gtq’ééﬁ€i5t:%%2é§§“??‘? gfﬁjﬁmk‘pﬁ%z‘%w%%“n%l\&@“&‘gggépd: to
100% The t otBfMFadire is 35 bar and the reactor tenperature is 190C. The

carbon Onoxwi deithpaby datetPicasgementi S 23 bar. The carbonylation rate is 15.5
mol /.(h. J) ur;de&ig’h(e: e Ct‘imdiahi ons. Tﬁ)g C2 selectivity iis 0.01, the hydrogen
sel-ectivity "had & GAFHAUG alowg forhg waler cROceRiFAtoRS etbie ¥arioys res¥cle val ue

of 0.009. In titreamBeatephg tixfreartqei | ot installation, the main objective is
nchi eve react i onsany plialed SkalonBlic aFn LR afeied B ghminions of
suf fi ci ent | thestonksings elowatar, imkshyd acataie.opethyl wdidetaad a8&icaarid ini thy refctivhe
cat al ysis ”Eﬁieklfﬁm with response times of less than one minute. _
The analyzer employed was the 5000 model from NIRSystems.
It was calibrated as follows: -
* the analyzer is switched to automatic acquisition (saving of the spectra)

_ ¢ asample is taken at each different operating point
20 e the sample is determined by gas chromatography (reference method)
¢ . the spectrum corresponding to the sampling time is selected
¢ the spectra-concentrations database is enriched
A mathematical model is then created to defermine, in real time, the
concentrations of the three main constituents selected: water, methyl acetate and
25  methyl iodide. _ ,
' . The prediction errors were then determined:
e .water: 0.2% for a range of 0.5% to 21%
o methyl acetate: 0.4% for a range of 0.5% to 24%
. methyl iodide: 0.7% for a range of 2% to 14%
30 . B The controller is used in this Examplc- 4 to regulate two 6bjective variables:
- the flow rate of CO consumed
o the water content of the reaction medium
by acting on two ac;ﬁon variables:
e the temperature of the reaction medium in the carbonylation feac':tof
35 - e the flow rate of methanol feed '




3-January 2006 23 The paraneters for. controlling the rhodiumcatalysis of
Exanpl e 2 can no .longer be used: in fact, the variationin CX® selectivity
is relatively smal | over the chosen 'oper'atl ng range, so i3 44088 2006 al | ow
nonitoring of the nethyl racetate content. 5 Furthernore, the chem stry at
|l ow water contents is very sensitive to the water content, which is a
direct. paraneter of the kinetics of the acetic acid production reaction."
This therefore rrakes it necessary to f @4 ow this water content continuousl y ‘
i'n the reactor: ei ther by di rect msasurerrent or by cal cuI ation,

al | owi ng for t he acen vari ous rec st reans.
entering the. reacrﬁetﬁgtﬁﬁ?&ggr hH ? crs% ?&Bﬂ%ﬁbﬂ?%"tﬁ'ﬂﬁq‘ gﬁogﬁa%rﬁ"?“ﬁed in
situ det er mthafollpvgng parameferso predatermintd waltes withvat hythamingdreéiionnet hyl
iodide and @eftﬁecﬂ&ﬂﬂe%f“béfas dSagtion - 15 mediumwi th response tines of

| ess than one mnute e anal yzer errpl oyed was the 5000 nodel from

NI RSystens. * | the afercontept at ed as fol  ows: the anal yzer .is switched to-
autonat i 6 acsi WHolddycles Afiseeerflf h6di'§ e} @atﬂys@ﬁfﬁ?éﬁg FithSa TRk Gtet each
different oper thg poi nt 20 the sanple |§ det’er m ned by gas

chr omat ogra ef erence nethod). - the spectrum corresponding to the

sanpl |hng ti rre i s Reltestt pdor tbhﬁogmﬁdﬂgaoﬁtgxeféeﬂﬁdfl&t bmﬁstéiﬁ&ﬁéb%éﬁl iéﬁnﬁnri ched
A mat hemat i ga e eated t q, deterni ne r time, the :
‘concentrat i ons o ﬂ@% S%vﬁ’rige@%%tho%o %ﬁeﬁ?t@ﬂse‘fag@fi’lgd f(e’ﬁva%ﬁh qetioRy |

acet at e and vagablpfohjertiveorhiridble panmgwnd abservangethe Anfldénto of thesanggatiohs 0. 5% t 0
24% ‘e I diction errors
.vveroe thtéﬁyolé:'!t[1 ggéaﬁmﬁezmmgw%ég%q’?“ﬁ %‘r%%ﬁ*‘ef o{&%r&%@&“g" 21 % 30 The
‘controller is usddejsignals solisgindppe the tindustiipl| e eatt Swseambil eiatarvals weare abl es:
the f1 ow r affigterid tfﬁ%tfgﬁrh‘iiuﬂﬁﬂahdsﬁx% FRECENE Wb fve® fat DRiURA Heb Qs RA UM

identification.

The HIECON software then enabled the controller to be adapted to the
15 problem.



by acting on two action variabl es: “the tenperature of the reaction nmedium
in the carbonylation reactor 35 the flowrate of methanol feed 3 January.

'2006' 24 The installation of this controller nade it possipuaytopggt i cal l'y

to maintain .the follow ng paraneters at predetermned val ues Wt hout
human intervention: the flow rate of CO consuned the water content 5 -
over whole cycles of several hours for testing catalyst systems with a | ow
water content. The tests prior to progfaming of the controller consisted
in general terms in creating several variations of the action variable for

each action wipdT BPLEAPMIESid-ve variable pairing and observing the
i nfl uence of these variations 10 on the objective variable while keeping

“the other paraneters constant. The signal.s collected on the industrial site

at 5-second j.nt ewahéth&@rfer the |c6@¢hﬁ£u§ pruon i elic el Sl Thddhf! and .
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acetic acid th { at y. the carbon tlon of. t hanol or a
~ carbonyl at abq% el? |°\[/{§tc|a€ SBfSyﬁ%[Phﬁﬂ | PEERAFALY i CHt #ha? | i qui d

‘phase, in th@dtptf@ém@&amummszmd a honpgeneous cat aI yst system said
preparative §pr
_ PEERSI, Qﬁll&ﬂﬁi@{gﬁbﬁ‘%ﬂe’ ohlﬁngg gr}gﬁ&r in’ hicg %‘%HB%%

“conprising: a zone'l, conpr i
“which said met$abrwl atigp FeASHN 4% Gasried ewtdn therliquidl phase ataltempterdturetofid 50 i qw d

phase af0a tenpeIsar;endef a%‘%&sur&%ftsqo?%@%o }ng%raxf'él @ftﬁﬁ?e“&é?mﬁé Egérfm to

200, 105 Pa and th the ventin ar.t aseous canop ve the
liguid I evel i SAPCHE CRRIPY) Veﬁlilq lqwdleyel pE macuorarr@dwel insaidal | ed a
vapori zation zmamaomr flash zone, in which the liquid originating fromthe

hat of zong 14 2pik T Ged'§ BRotsafon 1ol e, I s in vicBfe g
7 ~ originating from the reaction medium in zone I is partiaily vaporized at a
15 pressure below that of zone I, the liquid fraction originating from this partial
vaporization being recycled into the reactor; and |
e a zone HI, called a purification zone, in which the vaporized fraction
originating from said flash zone H is distilied on one or more distillation
columns, at the outlet of which the acetic acid and/or methyl acetate are
20 - recovered, the other constituents of said vaporized fraction being at least
partially recycled into said reactor,
wherein, with the view of improving the monitoring of the production of acetic
acid and/or of methyl acetate, the reactor temperature and the feed rate of the
methanol or carbonylatable derivative in said reactor are brought under the control
25  of the carbon monoxide feed rate and at least one of the parameters defining the
composition of the reaction medium and/or the vents.
2. The process according to claim 1 wherein the servo—control is effected viaa _.
. multivariable predxcﬂve controller. '
3. The process accordmg to claim 1 or 2, wherein it is carried out, maintaining -
30 the water concentratlon in the reaction medium at a value greater than or equal to
- 14 % by weight.. '
-4.  The process accordmg to claim 3 wherein the reactor temperature and the
- methanol feed rate are brought under the control of the carbon monoxide feed rate
and the H or CO; selectivity, which is maintained at a valu_e less than or equal to
35  0.01, and/or of the methyl acetate concentration, which is maintained at a value of




vaporization being recycled into the reactor, and a zone IIl, called a
purification zone, in which the vaporized fraction originating fromsaid
flash zone Il is distilled on one or nore distillation ca Jafnsmy 28bst he
outl et of which the acetic acid and/or nethyl acetate are 20 recovered, the
ot Her constituents of said vaporized fraction being at |east. partlally
recycled into said reactor, wherein, with the view of inproving the

moni tori ng of the productlon of acetic 26acid and/or of nmet hyl acetate, the
‘reactor tenperature and the feed rate of the nethanol or carbonylatable

d t trol f bo)
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conposi tion @Ethg:ﬁ@cﬁ@ramedmm medi um and/or the vents. 2. The process .
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mul tivari abl predlc i ve contro rocess accor

2, wherein i |W@Mraﬁﬁ9mﬁﬁfﬁﬁ%lpﬁlmﬁjil% aﬂﬁeva&mlaqlo‘ﬁdﬁ%ebﬁwamn in the
~‘reaction mc@ggadaﬁﬂ&wagmfgﬁlaaéa@ﬁoﬁﬁamuﬁf equal to 14 % by weight.. 4. The
"~ process accogdi ng,]e.ktlo claim3 ﬁhere P“ E.’e éeact r n%)erature and h

et hanol feell rat e AP OB ATEHTNG RSP ReW ‘c'fﬁ’c“r WrHempeipyE b WExi de
"feed rate affai rite ofihetanGlGR cadlorylbtablic tdyrivathvie@htering Raid Tt aior atk mbughtval ue
~less than or entratlon
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preferably dhe [reagton gadivim, sjd mcgmtrauobd:emg maintdieedgi agpmdetclmmdniaseteact i on
medi um 19. RKhgeprocess according.to claiml or 2, wherein it is carried

out, maintaihing, the water concentration in the reactjon nediumat a val ue
belLow 14% by-wei gHi¢, Prosess Aceerdimg torme pfi gaimsot te & whemincbe Jlowstie wh 6. The

proces fs accﬁfqﬂi?ﬂohﬂhe IrédchorSntet t%bl Ehghet Hend §RCHOw rh@maﬁfe%?dl% fig@adrdhe flow
~rate of methang nyl.at abl e der.ivativ er sa,d_reagtar, are
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at a preggetgrmn S 0 ccor one. of clains
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reactor so that sai te remai ns fixed a eterm ne
carbon monoxide feed rate are damped via a buffer reservoir placed upstream of

said reactor.
20 10. The process according to claim 9 wherein a set value of the carbon
monoxide flow rate is made to depend on the pressure inside said buffer reservoir.
11.  The process according to one of claims 1 to 10 wherein the fluctuations in
_ the flow rate of carbon monoxide entering the reactor are damped by discharging at
- least part of the excess into the atmosphere.
25 12.  The process according to one of claims 1 to 11 wherein part of the heat of
the acetic acid production reaction is removed or recovered o
13.  The process according to one of claims 1 to 12 wherein the 'concentrations o
of water and methyl acetate are measured by means of an analyzer operanng in the
. near infrared region. . ' '
- 30 14, - The process according to one of claims 1 to 13 wherem the catalyst system
' used in the process for the preparation of acetic acid and/or methyl aoetate
compnses at Jeast one group VIII metal, particularly thodium, iridium or platmum. o |
15.  The process according to claim 14 wherein said catalyst system also
comprises at least a co-catalyst.
35 . 16.  The process according to claim 15, wherein said co—catalyst is methyl




‘15 8. The process according to one of clainms 1 to 7 wherein the water
concentration in the reaction mediumis nonitored and regulated. 9. The
process according to one of claims 1 to 8 wherein the vargq%hﬁgg Bg t he
carbon nonoxi de feed rate are danped via a buffer reservoir ed ‘upstream
of said reactor. 20 10.- The process according to claim?9 mhereln a set
val ue of the carbon nonoxide flowrate is made to depend on the pressure
inside said buffer reservoir. 11. The $focess according to one of clains |
to 10 wherein the fluctuations in the flow rate of carbon nonoxide
entering the;yggactor are danped by discharging at [|east part of the excess
into the atnDsphere 25 12. The process according to one of claims 1 to 11
wher ei n part 1df t e pegessgrecording ta climd 6awhegeip tisdeoncénratipesof watar a r enoved
or 1 6C0Ver et ol G505 S e e oifecby Chathdofl gh arkfaer el 1
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the concentrations ﬂ wat er. and net hyl acetate ar ans of an
anal yzer .opePBEPHRE inthe pRar pERFed 1REICRr ed regi on. 30 14. The process
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15. The process according to clai m14 wherein said catal yst systen1a|so
conprises at least a co-catalyst. 35 . 16. The process according to claim
15, wherein said co-catalyst is methyl 3 January 2006 27 iodide. -17. The
process according to claim 16 wherein the concentrations of water and

met hyl acetate and/or nethyl iodide are nmeasured by nmeans of an anal yzer
operating in the near infrared region. 18. The process according to one.of
clains | to 17 which is applied to the productlon of acetlc acid’ and/or
met hyl acetate by the carbonyl ati on of met hanol .




