'3 January 2006 | Inprovenent to nethods for the continuous production of
acetic acid and/or. nighyl acetate The invention relates to an inprovenent
to the continuous nethods of preparation of acetic acid agq%qfa,yng@dyl _
acetate. More precisely, this inprovenent ains to inprove the nonitoring
and control of a process for the preparati.on of acetic acid and/or nethyl
acetate, with .the view to inprove the production of acetic acid and/or

met hyl - acetate. OF the acetic acid manulacturing processes in comobn use,
one of the.nost 10 . widely used in industry is the carbonyl ati on of

~ et hanol Or,In_i(@'v%rr&ﬁf‘l%rrﬁ‘étha(dsf@rthé%rﬁﬁﬂ&dﬁ(r@&hﬁoﬁ@féd&éiaéi@aﬁﬂ/orrmt-ha”0| whh

- car bon nonoxi de. IS reaction Is carried out in the Tiquid phase under
car bon nonoxmetbylmcetagur e, carbon nonoxi de being one of the reactants, in
t he presence of a honpbgeneous catal yst system The rhodi um based

carbonyl ation process is _a known process which is 15 exploited in industry
and has formed thehesiypation sflatey fe o uimpgevemshietp hed coiingnus methods of Amer i can

patents §S ?ﬂéﬁ&t%%fgeghcl&im, 1 aldtigepean patents EP 618 183 and EP
618 184, an urQpean patents . EP 785.919 and EP.759 022, describe a )

process for the daPHoPRFFEelYohisAMBEVARAR) aims ton anproxe dh anmtogRg and

Iri gi un“lr b??&dn@ﬂt&l a/pﬁogsssngemdliﬁrbﬁdggﬁmyofadga@c tﬁﬁﬂh@ﬂl@r &mﬁ&déttlhtﬁ,\ with oi t ed
car bonyl at i rogcess based on,iridi ym and .rut henium ,currently exploite
“n i ndust r y 6 GeH I8 APpROYE The Prediesion oh s ari spsopmethyb et ol m of |
i nprovi ng these Mftthaadticaeidommufaturing proses e somamntuse, dneof drarosthe
product ik ity . t . S. .1 h cati i f uring 25
oot s o Sy 8 SR iNKY s BRE chBOARid'Se RERIAGL B Mo BgelRlNS

consi der abl earbprydateblseddrivative of anctlyingl pribdeasboo monpkisiee b¥his i mdctiongst he
evel of | nyasbaei inrngqiqg)lﬁij%ltl%@tqﬂ%&%rbbﬂQnéd?;ﬁic%p@ééﬁiengarﬁ@éhl%nQ:YidEEduc' ng

the energy required._to separat acetic aci rom t he vari ous
~ const it uent §eiBg oppef thezeaciasts, i the presencs f a hemogenepugpatalyst sygem.

Conventional I'y tiThé ¢hedihirebR8d RIRAAGERS pfdREsst [tea daioh@nylodédsORhieh iget hanol
in - th r ce of. a honogeneous cat al yst
|

system'gq‘e L’lﬁpg?l'lllf r}g ‘?Stﬂ%’nr?q[ﬁdlr*g’tstgge ?s]gu Bihof DL msEPUs essand »zones,

~~ as descri beelgi Amitiean paedts TISe3,769,389knd OB 428.al ., Catal ysis Today, 18 |
bperati ng under PUgekEE eliPl 8 EISERAZHSA JRbLg 18] haf daBikm cpdeis . ° 7'

(150- 250C) -EP- 785919 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 homogencous 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).



.3 January 2006 2 The nethanol feed and a nunber of recycle streans are
introduced at- the bottomof the reactor. The carbon nonoxide is di spersed

.in the reactor. The liquid reaction nmedium produced is thgn,s ob@s t he
second zone, called the vaporization zone or flash zone, in which the
liquid is partially vaporized at a 5 pressure below the reaction pressure.
This creates a flash, or adiabatic expansion, in which the ngjority of the
l.ight constituents (methyl iodide, netByl acetate and water) are wvaporized
together .with.the acid produced. The flash zone nmakes it possible to

separate the ga romst.h Lguid; th 10 vaporized stream.then passes into
the third zone, Sl(;lgﬁ &lgjélaflﬁle%eg%%%cggt@nh%e%?ﬁé?cy S0 e 'In?raﬁ'il S BAm
(essent i al |bpttgoref the saictr.cBhe edrbomyondrade Btdidpessed in theneyrl ed into the

first zone. The k£ ' Zone SRAR s e ar r [ St] tion
columms; it! na’ﬁgsﬁ_‘{dtl&gégggﬂlﬁlg&?%ﬁgg%ar. at eih?' '_ﬁ%é_}gg"e?'?é%&ﬂ 5(3%% c%%@net hyl
- acetate frdhe varorBatien zonesorcash zppedn tvdhieh thetlinuid isypartdallyneapoticedasa i nt o t he.

reacti o§ zQiéssudebeffthelr@dbtion piasurdl €ed at the top of the reactor makes it
possi ble to nonifor the lev of .carbon nonoxi de partial pressure and to
. renove the gasedu¥s p@g@ﬁiaoﬁasﬁbgr_ AiBRAtte: xpanyer.HErwhiFk the mRIqHE of hemses
~ present i n lighecastihentsnimehyl dwlides atbthyl heetar daldtwér) @i vaporzaDideb@ec ur r ent
. processes f ﬁlﬁlggciﬁr?&ﬁfogﬁi on of acetic 20 acid is to -maxim ze the acetic
acid productron in d'rea y existing equipnent. To do this, the reaction is
carried out wi t Theritasbmooemeakes itoprssibie tohsepuad thesgas dons tthe liqoids taf t he

reacti ?ﬁ&? A& [ - ne a5 to  tak _
advant ggerrg "t he %Dhgi&ngg%{%%%ﬁsg{'@qﬁ%% %ﬁ%b%@#epﬁtﬁ)%s QE@% Elgg%’svgllﬁ%ont rol,
VANCOUVER, thediqyad ageam (cpspptiall pagetic peid copiining the catalistds recpdad b thef  an
Acetic Aci girdreaad.or”, shows the use of ‘an. external exchanger for making
the material balance jndependent of the calorific balance, since without
this exchanger ‘ff Rl ‘icﬁ‘b‘g’bé‘?‘l?l Aty EOMHPIISE e OF Bt Shstdlation columns; iith or der
: t']?f mai nt ai makewit b;foeﬁblcctb separpe |rt&f hkfe@ich dcﬂiﬁaﬁd]& et @@et@@_mml- tHePdtfler S iE

- effect,dicfat t material |t then becomes essential to nonitor the
r eact 0}§ané3qsﬁglepéca§@ﬁ%r%?y{;alg%tremﬂsyﬁ the1eaclionz0pet articles and patents
have ‘started t ol addifien, atgas bleedat. thd tup gfcthereadiol inakesid pysiblcZmoilight! AS at
the | EEE Coiesdt ' @afton MYARIR Darti ProRGR: and 1EndF8 e BhsORlsSehGR 'S 1O

stabilize. the reactor tenperature i'n or ]
by-products together with the inert gases present in the carbon monoxide feed.

The result of optimizing 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 _ah.ex'tcrnal exchanger for
making the material balance independent of the calorific balance, Since‘with_out this
30  exchanger it is impossible 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




I ncrease the production of the unit; the installation of a new nonitoring
systemthus 35 nade it possible to reduce t he standard devi ation of the
terrperature from3.6 to 3 January 2006 0.8C. In continuous opeBaltheEs 2004
is customary to supply the carbon nonoxi de on demand under the control of
the. total pressure in the reactor. The object of European patent ,
application EP 0 983 752 is to install a 5 nonitoring systemwhich ains to
keep the carbon nonoxi de flow rate bel dv a cal cul ated maxi num val ue
representing an acceptabl e maxi mum flow rate. The ai m of European patent
appl i cation0 ‘999 198 is to maintain the conposition of the reaction
medi um particu ‘arly the water and methyl acetate concentrations, in the
carbonyl ati on r edscontinypus epsyationsgt & qustomagyc et supply¢helcasboremanoxide emni ng

from the acignihd ide: Ble QhurpOithe BRIGHESER feddfy74 and FR 2 750 984

descri be the optim zation o CO consunpt1 on 0%/ i nt roduci ng a second

carbonyl ati on redd€opbigatiqfi gl‘ﬁoﬁﬁ‘ﬂe?ﬂ@@t ?PPllﬁéttl%egﬁ KRS 7h3tisrteaws@H ¢ reaction

zone) ang t nitoABY 708 NP QI & kedp ER"@YborPRbRHi8e HOWOragbBelékba and US 5
374 774 descr, b’@ @cetlc aci d manuf a tur| (g:ﬁ m['; processes in which the
level s of t FECHAGLIFITHR rf’?%%el‘? Do 2%l ]ﬁén%é‘f‘ﬂ'f“ otlentration in

t he reaction nedﬂllnmaa?meofnﬁmrbpmnephted?aipphtaudﬁ P 8999 198 iptoomatiesin ahe echni cal '
SOV utlon T OboBliti 4r e rcAGGH Tlaoh OParluly He bk M BAGH BT L0
give a targe I N

er concen on Ia I on reac The
vari ous docmﬂ@aﬂ@a{:m @n&mbonﬂammr%nvmeWMg prich @9@%@@5@@@@ by

MONSANTE) -t Bémit@at oﬁihcra%ﬁp,%drmamzﬁfétract ed via expansion of the reactor
output, or flash, between and the flash zone. K Thus, to nonitor

the, reactor tenbaFREUFRO 846574 and FR2 750 88 descaibe dhe RPEMiFRHOR S thhe 1 ow
rat’e of necma@ﬂsuﬂﬂpheﬁ bpgn&mcf@a@ h@bn@@ﬁrbbﬁﬁaﬁélﬁfdactbﬁtmﬁﬁg sfft@yl to a

smal | vari ilit | evel n the reactor and the
i nt ermedi a’?ﬁ 8%3?9%??@3%&6&%? ﬁ°‘{°§éﬂ¢ ﬂlerfgiﬁfﬁﬁ?rfecfﬁawz%wm cont ent
processes, t h| s ByshsUDHEESIHES and P privdri7didesdribe avaie atchhmhhufad:tunng

Wanor T CfpBh I S5ARAR. 696318 et Gid, td B, 708Cknd B8 whide
repl aced wtwcmmanwmnw@mmmmc products whose | atent heat.

-of 30 vapori zat pgBnd 4 %@I 130 85kob1dad é)fte&ﬁﬁ&‘ﬂ soliitich 'f&d aﬂzeld‘irige the
instal lation of f oI|n exchangers_ for absorbing Fa?rt of heat of

reaction, b¥fcumyfationef yater ip tae wactiar @ﬁ‘@“’{f‘atpl%fﬁ ? getd’&fatetrwgnq:qnggp@m evel s
in the reagtthe cabonflitonie&sdr. zone, as well as the liquid flow rates.

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.




This great variation in liquid flowrates, .in particular, leads to
deficiencies 35 in the process because it may be necessary to decrease
production in order to 3 January 2006 .4 reduce the streampAtgyi20get he
purification zone. Furthernore, these fluctuations cause variations in the
wat er concentration in the reactor and, as the reaction kinetics depend on °
the water concentration in the case of |ow water content processes, this
again increases the risks of instabilityof 5 the system The aim of patent
application- EP. 1002 785 is to maintain the nethyl acetate concentration in

t he reactor m%%ﬁ%@%wﬁeggf%fﬂggﬁ%@f%g%““i ng the ratio of nethanol

to carbon nonoXi de, _ ] rate of methanol in the
reactor. 10 | nt eFuttheromose, these dhictuatiphs cantd variathinOid/ 187 #@%rmooeantieiiora et hod

Comonent s 5} USReRIGARTas M REESUH gt EpRAL KAl Aol S *hna

conponents . the reaction solution ANS ] ( al
i n response. AP, Watgrgganiant Hﬁ’c?ﬂﬁég'»é%\ﬁém inpreasessthe risss of ingtabilithef

cat al yst spegie@gsteinne nethyl iodide, the nethyl acetate and the water in

order to optim zeﬁlhe.ac‘e{.'i c. acid prqdu iom,é% What ever t hg1 case may be,

the probl em of nonft AMngt PREIG ARglication By 1 ofS Uh dPaiRipiy enmﬁ§ﬂ

Sa][ t iAcgl a[) | yadelte mMcem%rm inshddaciae at apedeensiaed vﬁhé_ﬁjﬂ&djuh&ﬁgl fheeitir]ml early
ef i ned, but achi evj t bi.ect |,V utonatical |y as never
been suggest AP ERARR & caliol loAfhc MR RUEES It Hie it PR imsfifnopl 8 o
probl ems prexesipkd 20 by the larger or smaller fluctuations in the carbon
nmonoxi d tream b O 0 0, o, .

di sadvaﬁltozges mh?%%&ﬁn%tgl&r eg_tﬁ1 Ite‘trlE ?ﬁ@?}e % mIWQ%@PT% %@Vﬁ%g %‘ggf:tlﬂgd a%fl d
product i on. MARIIHEIhE PEISEsSHHY measuping dsrfoneantrationsef thesvasious icgmponents -

over come t hesrahe fapA6lY SSLASLEY Bibaid OV irflinfdred NBRYLLCIINE ARHGIRE dpsh act s
autonahcallé@f’{to %@h mai nt aj n p?rt cularly the water and/or_msthﬁll.

acet at e concHHSHAE U¥HEONSRBIIHenE BT Ahleay the cHiplystispeeies, dhemethyl jedidentheacet i ¢
aci d pr oductmethyvdeentd e thOwheeth élﬂéﬁoopﬂﬂﬂeﬁtlﬁfﬁccﬁiblaﬁiﬁ dufign. as W || be

“al |l .that.; e

car bony 18t o, b5 EceER o e En BoblsAL of GHORion e g G
CH3COOH . THhictoraaml peodadimgypartiaddriyothe water and methyl acetate concentrations -
has been clearly defined, but a means of achieving these objectives automatically
has never been suggested.
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
makes it possible to maximize the acetic acid production when the CO feed rate
" undergoes fluctuations, as will be described below. | SR
h . It is pointed out first of all that: ' . .
7 ~ The main methanol carbonylation reaction has the folldwing'équéﬁon:- o
30 - - ~ CO + CH;0H — CHsCOOH g
' : .The main secondary reactions are: o _ |
e The water gas reaction, also called WGSR (Water Gas Shift Reaction): - _
, CO +H;0 5'CO + Hy
| This reaction causes a loss of carbon monoxide with the simultaneous
35 - production of hydrogen and carbon dioxide. '



The water gas reaction, also called WESR (Water Gas Shift Reaction): CO +
HO- ' C2 + H2 This reaction causes a | oss of carbon nonoxide with the

si nul taneous 35 production of hydrogen and carbon di oxi de jaduagr006y 2006
51t is inportant to evaluate this secondary reaction quantitatively
relative to the main reaction. To use a criterion independent of the
production |l evel, one talks of hydrogen or CO2 selectivity, the

sel ectivity bei ng expressed as the rati o5of the number of moles of carbon
monoxi de taking part in the secondary reaction to the 5 total nunber of

nmol es of carbon ntaﬁx[kﬂ' terd tlen and e
secondary reacti gggm;ﬂ% proglq%r%ilﬁg{ea%dlsge% %ﬁﬁﬁe‘gn g tl‘%?i Wfﬁim‘ﬁ’
fol | owi ng ovdhamaiiewaetione OUWHE%EH¢HWMPWmﬂmm

Hydr ogen and dt'iif yARRCHR OO LRI, 14558 gXhphis R 5 &d out
the Bve V\ﬂter gas reaction is

here that part genera
consumed by t“t‘fgL 58 FP c’P%a?O\‘i‘ gé’éﬂdﬂ Hie scordasy reactignute thahen t he
gas streaf atothlmmﬁ@fﬁ{ol@ﬁﬂoﬁfboh&n@i&ﬁidé&ﬂdn gﬁ&?lﬂ‘ﬂl@r&ﬂﬁi’eﬁiﬁ‘er@&{d ety and
C2 sel ectivi %nﬁ&s RO J onger equivalent. The selectivity Is nore :
represent ative R gas reaction, but, for 15 practical reasons
associ ated wet hThd'woglamcamai@ﬂnst;oumaotmnnuthmﬁmﬁﬁﬂgbﬁcme%dah@n hydr ogen

sel ectivity for control lHflgddig 4 StAi_al e acetic acid
and net hanol essterlflcatfggn reacjti.tjou"n(E ogngI &iﬁ*@*@bﬁate The met hyl
acetate formed i nHydfogen aededrben manoxide ae thuseonsunted: he separation of the

l'i qui d sig eam congigngesk ﬁ&“‘teh%“m&egf)aﬁPM&Mﬁ?ﬁ‘%%ﬁg&? w%@%ﬁ&gg its

20 concentration i ncreases W t hout e’re ndi ng on

t he carbon nBAGk BALIGFHILIIGoamGd R the rev@méemvefprommcea@a bscpmdud
reactor, theTingay bdon HRRX sdears hf B8 FatRY ot iPmalyaka) thy h?&ﬁ%%ﬂ?ﬁecugﬁ’?l I
e reservolr

varlatlons ca b talling a carbon ‘nonoxide b r

upst r eam of gﬁgﬁ?ncgieggpéqog@gg%cq %ﬁlﬂ‘%g it possible to reduce the

vari ?t i ons in ca'IlmﬁOQrseiwuuﬂgli o mpﬁo@eﬂﬂ&em\b%&h@@lrmho@\tﬁt foi me

i nsof ar e carbon nonoxi de sourc ater
than t he pr eas}gu%?%é[ﬁ a;tsgy\/\ﬁ‘!eg%ﬂﬂ} Bf sg?’?o o 1§ 1 PHfeS ﬁ’rdﬁgr’i

‘reactor. Th Yﬂ@!ﬁ?ﬂtsemﬁ\flafrfgecorfﬁdlmgmunmsmbmsﬂaﬂamm car bon m)nOX| de stTeam
which can ld eTHEhidiR beRFan@thGRoPEGHRehn b cliSER éiOe mcﬁﬁrl 5@6&%-’ on and

t hen has to Qe
e methyl acetate formed in this reaction can interfere with the separation 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 flow rate and smooth thcm out over time insofar as the pressure
level of the carbon monoxide source is greaxcr 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 to 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 prOd!lCthIl to the quantity of carbon monoxide available, while at
35  the same time maintaining a low hydrogen or CO, selecuvxty or conditions which



30 discharged into the atnosphere, either via' a flare stack or via a

. conbustion. system with heat recovery . The inprovenent may consi'st in
varying the reactor tenperature and the nethanol feed ratg safudrpeoseact or
fof the purpose of adjusting the acetic acid production to the quantity of
car hon nonoxi de avail able, while at 35 the sane tinme nmaintaining a low
hydrogen or CO2 selectivity or conditions which 3 January 2006 6 make it
possible to optimze the CO. consunpti o, especially by neans of a- -
preprogranmed el ectronic device such as a nultivariable controller wit h
predictive control. Thu I n, cont as to the Lgpvew ous nodes of operation,

Where the reHtKS it Dosvible ta oRtianize - QOPSEBPUAD. SSRECIALY Riaeen & 4 ong
periods, ' t téfogammédemeamaémeesmnaghmmﬁmmc@a@omwtmmmbave all the
avai | abl e car bq{? nonoxi de can be used. It becane apparent that, even though
t he pararrete éed as input variables in the controller were not the
sane, accordl ng- t'di'hudﬁénhentradneoph@@méoumo@&xeoflﬁpemﬁmhwmr&)ﬂmrmadr

‘conventl Hg %éﬂ-a \éﬁﬁh ent g h 4 t he -
reaction madl u or \?\}16 er I;I(\i/va:?{sl %1 Io c:i"lralllIe il(S}I 8(51\/1 er éon% ré]f‘&tgr

' process, |*F"Wﬁ@“ﬂ@ﬁ’s‘ihﬁlp@cﬁﬁﬁ%ﬂva%%@@talﬁhepwlhbbe the acetic acid and/or
met hyl acet atBhoPmealdGld &h Bus®ans of a control ler acting on the reactor

tenperature and the nethanol feed rate (oytput variables or act.i

variabl es) as a fﬁm"ﬁh@%ﬁ% oygh ﬁ’&d’éﬁ“&fé""?@%“d‘qsé{‘%“td’ﬁﬂa £5 | east

one addi ti ongal thearon&en@rws:laq&ﬁrth@$a1ae,saicomg eblvethér ARUProcadsUeSs Ot
aracteri.sti

bj ect I di it t |
aspoct P ¢ nEtiEE ksenetHEq cRRER Y st bte® SHi afbor R B e
pr.epar at i on iafth@ratticn medidma prlvbetharit lwas asoatalHed“lbw witer contant’bprogesat i on of

rehianol . or i iRr RSN Sollel o BhleeOl BRARNRl Ml SR kBN 01 de

in the Iiqui resenc s catal yst
system sai cprpcﬁ)@pandm wsagy ot e seontrellergactingr ore theorsacton t@nmmi@%@nd &he

installati
o A O ot R e (b les of HlhaRabIBgek 0TnckAE (OGRS N 2

rretﬂmﬁu car aféatIOI‘l reaction 1's carried_out in
the Ii qdPd pﬁ%@% fapgad at giongbparagmetsnehosgp @sa sgt paEdiyr e of

5.105 to 20Q u;bgﬁvﬂaem®b¥gcﬁhe¢ﬂ§esyentl ng of part.of the gaseous canopy

above the I ui d Ig: %act on,.medi um i,n

hus, according lo its esserﬁlaf aracteristic, an aspect of th pgesenteﬁvén%on provides a

method 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 llqu1d level of the reaction medium in said
reactor; ‘ '
~ 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 bemg rccyclcd into the reactor; and o
s a zone HI, called a punﬁcation zone, in whlch the vaponzcd fraction
originating from said flash zone II is dlStlﬂCd 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




a zone I T, called a vaporization zone or flash zone, in which the liquid
originating fromthe reaction nediumin - zone .1 is partially vaporized .
at .a 30 pressure below that of zone L the liquid fractiog Jahigy2e06 ng from
this partial vaporization being recycled into the reactor, and a zone Ili,
called a purification zone, in which the vaporized fraction originating
fromsaid flash zone Il is distilled on one or nore distillation colums,
at the outlet of which the acetic acid ahd/ or nmet hyl acetate are 35
recovered, the other constituents of said vaporized fraction being at |east
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vi ew of inproving t nitoring e production _of acetic acid and/or
of methyl acd&hsrean, vith thesxiewoe! ieprpuingithe eoaifaring of thecprodugtionodf dontic

met hanol or @sidbaidydrasfoibaiyH abdimal thkerebdios RinthefARAE! zﬁfdt fhe Sreéd P4481Yr Horder the
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control of the carbon nonoxide feed rate . and at |ea f_the
par anmet er s dé‘fq%f*ﬁ“ﬁ or gogbony, fergHve iR ﬁal‘fgreﬂ%tﬁ’é?ﬁcgﬂo‘ﬂﬂ’élp&‘ilﬁfm%ﬁq he
vents. Thereof dw @ebar monokdde fecdaticamdrmanst ole oDthc riders GRfihingahd d

and/ or met hyl Lat e nroduction i.na continuous process for the |
car bonyl at i oﬁo%ﬁgstﬁ%%%fﬁé?%%&% IE%‘#%W%?EI‘@D_ erivative of nethanol with
carbon 10 nonoxi gREecAN b arovidge pdelariaeansigh mopioripgesence of water and a
honogeneous Al _ SRl heing Y out. .1 .
ndustrial i Al ?’%%i%ﬁ%%ﬁ%?%ég{eﬁ%@hﬁgi’% az‘oq’?n’é{s‘hﬁslﬁ’%ﬁéﬁg B8y | ned
above. " Car b&ahomationeof qasthingl oy a carbopatshisgierivative plimethara] gvithscarbemi ng any
of the 1t havabxiden thaliguRISpHASY) Vi€ tHe! fRBRhée/ofUSREr And 4 MSIGIehbdlls cBfaRRESSes

for the .15 preparation of acetic acid, and/é)r [git.hell gcetat e hy

car Pon’yl at | oSty said,prossss beipg ﬁ%’f‘ﬁgp%‘tﬂﬁér’? ystiah yastallafion samprising thich

acét at e. Themnairrohey ki, Hgnp N fdefingichbioRe.t he process according to the invention
can be carried o s .of an | ecironjc device for _assurin he ,
desired servo-conwgnygﬁggd?%v M i(ﬁiﬁe@ﬁ‘ﬂ? Ea‘P@SFF%?PHnWW% egE when

t he carbon nibeoxedendledetivaifes wdaveyptiosalfyl usddudn i industridinppeedses dbaithe t hi s
servo-cqatr bee e, am t |.C I i - pLens. mred
for t hig%pu_r fgﬁgﬁcﬁ}o?ggﬁt@c?ﬁlﬁ!}&f r% S Ir %/c%?ac?éo% rcoagl?oélgvfa?igrex, gd(’:rtésyagﬁﬁetahe
react or teni%@l@hﬁmmeﬂ%hﬂmsmm&%Med rate in the reaction so as to
m ni mi ze ‘the car bpf MBRRHESerfoPmbLRSHE &’?%e%%’% &Jﬂ&e%h#i&g ﬁélﬂbée he

car bon nonoxi de. d ratei’n the reactor and a st one o

par anet er s &éﬁ%c{ﬁg %Y FRe2RD Al elechionist devics forassuring thawasitpe servo-control
T 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.
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 casily understand that the parameter chosen as
the ifiput for the device for effecting the ser-vo-cmitrol depends on the mode of
. 30 - opcraﬁqn of the acetic acid and/or methyl acetate manufacturing process, and thé;t, :
" in particular, 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
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and/ or the vents. Those skilled in the art will easily understand. that the

“paraneter chosen as the input for the device for effecting the
servo-control .depends on the node of. 30 operation of ghg aC|d
and/ or et hyl acetate manuf act uri ng process and that,. in pa

t hese paraneters may be different according to mhether t he process |s a
so-cal |l ed conventional process of the Monsanto type or a so-called "l ow
wat er content" process, as .will be agparent fromthe follow ng :
description. The control device can be either a monitoring-control system

ifoit posse%rséga_omgé S%%Hg %eg%uglﬁjgﬁgl‘f%ggé or a multivariable predictive

controller, ¥ oni ¢ system havi ng the
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processor. I varl ro’I er was chosen for
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‘associ ated with HERRI&Or nauﬁalaﬁml: PRLCHYS . catttéuan wdie cabRar thangk to be
abl e to nmake direct use of prograps supplied with the nultivariable
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mat hemat i ca oth t the future of the variable
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control | ers genebudh g deviae as basedt@n thel user afr 3/ nmthenmtibal nerniroh imodehand| '

nodel s.qBef cl\%ﬁd a ti 9 t er has to

_be 15 lpdraog%glﬁrrk'g a | gﬁVéJ%Sgueonle erEth %/:Eéi?iﬂg %[ﬁttﬁg ﬁl%if‘tl\é&'f"ﬁ?#ol\r?\nglrltégl manner :
yat hemat i araﬂuwaam@tbesewmﬂmfsm oicthe Mariableterbeimoniigréd. brary as a

funct ion of the TRAGSHRMeHFAR é‘ﬂﬁiaﬁl@emﬁiﬁ%&‘x&?é pfe@Reivk QBnibliGH leﬁeré.lﬁr desired

to perform This chgj ce is cally made errplrlcally by neans

pr el i mi nar ylbfYpP@e ‘;r]\ﬁ!?réf??fdﬂ%qg atfcﬁl ¢ pgdels| ¢ he mat hemati cal m)del s on

the chenical reaBéfbfbl’lxtl tan B0 weeshi mnltﬁzﬁﬂalﬂ@%ﬂédid:tm thRratieNtHad tor s ponses

obtai ned. - Val 0;cal |l ed action va bf and correspondr ng val ues of
F‘g%ﬁ‘i‘ |‘?

2™ CPH%Sf’é"éal @ e‘?’r1 lP%ntaﬁﬁ controller. The
action var i abI es® Arlaathhaatmarmcabl ésschulsere froar the tabobemantienkduitrarysss ¢ hat t he

obj ective v@ghig ‘3? t!‘i”er CedcRFUisBh Sfhd &ﬁﬂn&??{sﬁcﬁg S@fu[ %ailt ﬁgzigslm {che

pr esent invention he action var.i abl'es consi
t enper at ur ePeai9EMY H]eﬂfrrﬁﬁé‘?t%tﬂ typically made caapirically by isheaas of proliminagy 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 relatlonsmps between the action vanables 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 apphed o
- ‘the controller’s eiectnca! output signals in order to control devices (typlcally
' -valves) acting on the action variables.
35 ' The values of the action variables and objective variables -‘which are




in the reactor; the nethanol i ntrod uce at. a fixed rate

consi st of the carbon nonoxide feed rate and the above-nenti oned paraneter
defining .the conposition of the reaction nedium and/or the vents. This
second phase anounts to the creation, in the controller, af; ﬁnggﬁggase
representing the relationships betmeen the action varlables an

objective variables. A calculating program supplied with the controller,
t hen optimzes the control paraneters, such as the gain and the |lag, which
will have to be applied to the controll®r's electrical output signals in
order to control devices (typically valves) acting on the action
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concentration
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



25 inmpairs and then inhibits the separation of the condensed |iquid into-
two different I|iquid phases (a |ight aqueous phase, part of which serves
as colum reflux and part of which is recycled into the mepalgy208sd a
heavy organi c phase, all of -which is recycled into the carbonyl ation
reactor). The production |evel then has-to be reduced in order to correct
the situation, 30 ' after which nore catalyst is added or the reactor
tenperature is increased in order to allbow operation at a higher
production level. It has been found that the reaction can be better

controlled by nonjto t he secaondary water gas reaction which produces
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20 rate in the reactor varies, by imposing 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
) medium. .
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 methanoi (or
carbonylatable derivative) in the reactor, and made it possxble to optnmze the |
- carbon monoxide consumption, even in.the presence of relatively large ﬂuctuanons
in the carbon monoxide feed rate in the teactor.
.35 ~ A second variant can also be applicable to so-called “low water-



Thus, in this first variant, where the water concentration in the reaction
25 nediumis greater than or equal to 14% by wei ght, the control involves
the CO2 or = H2 selectivity and the flow rate of COto be goasisngdoosnd the
controller acts both on the reactor tenperature and on the flow rate of
met Ranol (or- carbonyl atable derivative) entering the reactor. Using the
control, device in this first variant nade it 30, possible to naintain the
C2 (or hydrogen) selectivity within natkow |imts of wvariation by acting
on the reactor tenperature and on the feed rate of methanol (or

car bonyl at abl e lvative) in the reactar, and.pade it possible.tq optim ze
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f 1 uct uat i onsliquid phase, inathb presemne®fiadeoniagedeaus catalyst, i.nctorthachserwhe3btha second
variant can g CQEF&%I‘%@&! _ = "'klﬁéﬁ/ . January 2006 . 11
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rel atively imsensithdseekilled iththe @GB8Pwikbdasity inderstandf that, ihsweh o @as,aontradyose

Ki |l ed] L easi] iR%he rdaBii o
ki |1 ed 100 (e plovit a2 Hd Yol USISHANG N Me rdflidt GRS A HOAL T 27V
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rat her than the GO:edgctielyewill b chosenias la parametrs vsed asamoljeetiveevagsiablesdd as an
objective vasd @pluenef the controller. Therefore, the water concentration,
which w Il be fi )ﬁg at a_predetermned value, and the flow rate_of carbon

monoxi de ent er i nd BETEOTE.IE ter gopgentration, yhich wilbbe fixgd pea @
obj ective vaulueplad @e tHey CaIRd 6l |@bohOindnbRide! SMteringt fle GORt@Nwill

f i . |t becane. that, in th tgo, it
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mul ti vari abwetaycontent’ invaufoniringlpredesseon - the reactor tenperature and the

flow rate of net nterin e.r tor in arder 20 intain_the
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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 HI 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 absolute total scale of the levels in the reactor.
i ;Thus‘the controller used can also be used to
30 regulate the liqi;id level ;i-n ‘the reactor by adding to the controiler, as an action
~ variable, the f_Iow rate of li-qﬁid from the feaCtof into the flash zone and the various
return flow rates. into the reactor, particularly the liquid flow rates and streams -
originating from zones II and . . _ |
In another particularly advantageous variant, thé servo-

control device used, particularly the multivariable
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I nvention described above, it seened particularly useful also to bring the
flowrate of liquid passing fromreaction zone | into flash zone Il, and

t he flow rates of 25 recycle liquid passing from zones H. SaJ"éﬁuérWZOb@to t he
reactor, under the control of the liquid level in the reactor so that the
level remains fixed at a predeterm ned value. This predetermned value is
advant ageously fixed at between 50 and 100% of the absolute total scale of
the levels in the reactor. - Thus the ¢@ntroller used can al so be used to.
30 regulate.' the liquid level in the reactor by adding .to the controller,
as an action v .1.abl e, Bﬁ‘g‘ flow rate of d fromthe reactor |nto t he
flash zone arf T‘Ha e\ FRnfr canbe psgd e BWmt?‘a‘Flé’sfeg'Flﬁ‘Pdh? Feater €qpienf in the
particul ar |y redveioh ingpdivahn.f | ow rat es and streans- origi nat| ng from zones || :
and I1L 1n anot her rfi adv a ) a servo nt r ol
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td_rielieve tﬁﬂermon‘lcatlon train, it may be possi bl e to add exchangers for
absorbing part of lnfah&h&qﬁmc@farlyﬁévﬁﬁé’gtebﬁs@&bﬂhﬁr oducti on reaction,

Monitoring of the reactor 15 tenperature Is then based_on m)nltorln of
the heat excbliavgde pusification gy it "ﬁx&euwss'b’ﬁé%a%%hﬂ&eﬁ far sbssbing Bart ehat t he
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car bon m%nom de to be used effec cont

conposi thon ERPEREIE isthey PWWPHI&E@@& ¢ heat exehanged in/this way, anddé ¢t of
the heat of Havdeas pbisibl@td shovl thab w&hpﬁbcbﬂﬁié {oPthe GAvenABn [dBEPMABL P!

recover ed. Th| r val regovery C be effected either at the react or
outl et via te'afl The avalla{)ie on mgnoxﬁi?a to%e used e ecgvcly v&t}ﬁ]agood control

of the composition in the reactor (methyl acetate).

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. | |
LA 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




heat exchanger placed on a loop for recirculating reaction liquid into said
reactor, or at the reactor inlet on recycle streans entering said reactor.
I'n another variant, the fluctuations or variations in the3cantay 20060xi de
25 feed rate can be danped via a buffer reservoir placed -upstream of said
reactor. In this variant, a set value of the carbon nonoxide flowrate is
made to depend on the pressure inside_ said buffer reservoir. |In another
variant, the fluctuations in the flow ddte of carbon nonoxi de entering the
reactor can be danped by discharging at |east part of .30 . the excess

into the at @g@@gﬁﬁwg@@n%@iﬁnﬁrge may be effected partlcul arly in
conventi onal - r, either via a flare stack or via a heat recovery

system . Fi naI I ej §amse OpfechppiplBgmh e lso pegfommad; farumeasiuing dbeint ageous

to couple tchacenttiora! otdﬁﬂﬂcﬁﬁndl&%dny@%&ﬁtéldﬁﬂ!dr%étﬁﬂ ioﬂid@rlh'tﬁ’é‘ré’éfcﬁo‘n an

‘anal yzer, O%?ed?&l Q’&E (ﬁg near.infrared re for neasuring the

concentrati ons o f &pethyl Jodids i Hsedasa forsptalystc o oM A0Nanecopy

r eact i onS nedinbodinkneobthepracgpacodrdinguptherigventipnbe al so perfornmed for

neasuring the e . h cet. at and/ aor et hyl
.iodide in the rg{ggstélyghﬁﬁérgggﬁér%hj \g\ﬁ@rﬁ&e?ﬂgqﬁﬁ%aﬁasga HWE near ot al yst

according t #ifswed e wgedound tg t@nmml!i@bft V&iﬂahldnel ﬂleodewswalucmnmmg to the

i nventi on. mcsssepuﬂiet@ﬁlﬁh rtﬁﬁ%c&ﬂtﬁﬁne( S e {éﬂ onal ysi s
|on f ound e par I C e in the

in the near
| ow wat er BB&?? gg@&‘e Wédﬂpctl@ﬂi‘f?ﬂ%@éhﬁhﬂ@mé@ﬁmecﬂce%t only
the nethyl m&hnﬂermeﬂgbﬁﬁeta%ép@ﬂuctbﬂ&ca%hﬁﬁ) the water cont ent whi ch has a

di rect |nfluenceo netics of the,aceti.c. 10 aci.d a nmet hyl
acet at e product i Bn rggg’t[F nprloﬁerﬂgﬁé‘%ﬂrdmgﬁ%ﬂ}eﬁﬁ?’mﬁéﬁp ’86 ?mﬁ'@’to t he

i nvent i on i eondippbuscpisbessesofaarthe maoufattoteooiSagetio ceRisarl/drafethjleacerintiict ur e of

acetic act bRl Bl W Ine A ELAS dahopldiendoh Ol \GREm, | " Lhe presence of

a honmogeneous yst sys pplicable to .
manuf act uri ng pr¥deysesparfculpiy: ppplisable 16 mm&cymngsgtgmmsaommmbehc at | east

one gropsup Mdlystrs@in chBphided WiAkhsl dnBObvIn filefli U | S
al so appli c&%lejé?? t.i cul grl y advant z;lgeouhifn toeg%rgarﬁ IBJIflon processes
in which th& g §]§ n‘s‘?stem al so conprises at |east. one co-catalyst,
particularly mekiydlso asplideble Fartidaarlyidefith@dully! do RARRATRISPPRCE:EA! | Y
appar ent | Frif WAl he b Qi tngystem also comprises at least one co-catalyst, particularly

methyl iodide.

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
i the manufacture of acetic acid by carbonylation. This Figure is given with
. - 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 Examplo 2.

: '---'.EXAMPLES
L “Example 1 (comparative) . ,
- 30 - . _.In this Example, acetm acid is prepared by the carbonylation of methanol
B -'}W1th carbon monoxide in the liquid phase, in the presence of a homogeneous
_catalyst System, in an installation shown diagrammatically in Figure 1.
The carbonylation reaction is carried out at a temperaturc of 185°C under a
' total pressure of 29 bar absolute.

35 _ The water concentration is maintained at a value of 14% by weight -
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Exanpl es described with reference to the attached Fi gures, in which: Figure

1 shows the diagramof the installation according to the prior art for the

manuf acture of acetic acid by carbonylation. This Figure |3sjagua1—9rzomth
reference to Exanple 1. 25 - Figure 2 shows the diagramof an inproved

installation according to the invention. This Figure is given with

reference to Exanple 2. EXAWMPLES Exanpl e 1(conparative) In this Exanpl e,
acetic acid is prepared by the carbonylidti on of methanol wi.th carbon
nonoxide in the liquid phase, in the presence of a honbgeneous catal yst
system in g mdebaidndhifipshown diagrammatically in Figure 1. The

carbonyl ation reaction_1s carried out at a tenperature of 185C under a
total pressure of 29 bdie snsentrations 35 s efollawer exppessethby aweight iof thai nt ai ned
at a val ue Gaclibfodigl ght 3 January 2006 14 of the reaction nmedium The
concentrat.ions are W fol |l ows, expressed by weight of the reaction nedium
Water: 14%5 Met*hy gl 4fe: 10% Met hyl acetate: 1.75% Acetic acid and

catalyst§: to- 1OG%M'Et1@1aﬁmeb comci d productlon is 54.1 T/h. The

reactor 1, a flash $ing essentially a flash device 2, and a
purification zone IAtctiDmcpiamllcla@Iyshr eel0ddstil 1 ati on colums 3, 4 and 5 in

the case shown | libac ibealiS, &1 D TonoxI de > supplied af ter

purification in cryog ng System (not shown in the Figure)
i nvol vi ng washi n&hwmﬁal ipni @mm‘lsnwhmetmm tenepliconsisting résesntinlpfo8 t o 99%

a‘lﬁ%{ﬂiﬂ?ﬂn the

efficiency of e’éﬁ}e?fgnuf i cation ment . %’Dnom en
i introduced FoR M%%Wr%rdlftr%@tlp%eh'&ﬂ@ é.aad S+in|theneasy shefun fiplds with a

flow neter Pigard an inlet valve 11. A carbon nonoxi de
The carbon monoxide is supplied after purification in a cryogenic

installation comyri act.i zone | consisting essentially of -a 10,
Yistho pocais 1o

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. |



20 buffer reservoir 12, |ocated upstreamof the inlet valve 11, makes it
possi bl e to danpen any variations in the CO feed rate in the reactor 1. The
met hanol is also introduced into the bottomof the reactor3jan\45%2@06| ne 6
equi pped with a flow neter 8 and an inlet valve 10. The neans o

i ntroduci ng the other conponents of the reaction medium such as the

wat er, the catal yst system and any solvents in particular, are not shown in .
the di agram of Figure 1. A pressure cohfroller 13, connected to the carbon
nonoxi de inlet valve 11, nmkes it possible. to nonitor the total pressure
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‘the. reaction |idiedlownrate ebgisimgeed adke mglflthtgrelaﬁbtpoﬂugha@uktetatso a&txhanger 15
supplied w V,
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material thus renoved fromthe reactor an
makes it poégqcmre to renmove about 20% of the heat of ‘the 35 acetic aC| d

f or mat.i 051 react | The ventd aRUMEY iR Bcdbinid @ gakel :ﬁdh £ 17 vitidh Rafhs of the

react or h.a lin ow, T te of ur at the.  top of the
r eact or qﬁ‘?“%?%t% rﬁaft(frg a‘?ﬂ;aﬁeﬂ‘i]sa ﬁgﬁsee PRSI %6&?%"?3‘&5“%

pressure of ml@vhwr thengashfs waghed usitic anajry ackd drhﬁethmmicﬁ)"re bEhez pm:;ls are
‘then introd g99$8 gﬁ(g&lls%h %t%ttﬂéatgnz)s;%h‘gfgo(:h returns the liquid

part to the re ct or and a €0 a washing colum 19,
in which the gas @Cm&@ﬂwsh'ﬁwaaleﬁgureablImomlomhamdn@bwme!mdeefdu@hmg passed

through@ firdrealslicic kn e RACevibSaIba @esht | Pt&&l ﬁ%&%tmc#%h& e

instal lation shgwn in Figure 1, provi si on has a en na the 10

i'nt'er cal ati Bh2 ﬁﬂwt Pstel oth 2 2Balxrer ol dor é@ﬁlymngmtheo,gage@ nitefard 4 nto t he
at mospher e cal@ﬂat&:gf momulaezue bonr&@ted&ﬁ tBé FowZ@kter 20f Mie aaa@lzaxznngnd e gas es
emtted, H cal §ul I n ll%p connecte to the flow neter t he
anal yzer 21 ¥ R W‘%"&Z@F cap %ﬂ?’a‘fl"syﬁr 05 £ORUpPAYE Oarff'/q'éf'é?\'}‘ﬁlce for
.cont i nuous mcassleqnmﬁtof tie ccrmaswmmﬂarlpihctﬂyéwganhmﬂb: Cparcontent, af lthe t he

hydrogqr5 an%u 9 &g? content, of the 15 purge gases. This anal ysis, coupled
W th measur F the total f lowrate of the plant's vents, makes it
possi bl e to det eFi aralysis conpled withaneastrempalraf gatotad dlowanatscof thé plaide

generated byentd)smak€CR PORIDIe FPARGERASHE Plob'1atet BF RRRY SR And RaftBR Gididel
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




Cal cul ation, in.the nodule 21', of. the ratio of these partlal flowrates to
the 20 total flow rate of carbon monoxide entering the reactor 1 thus
gi-ves access to the selectivities. It is also possible,- kaﬁ@gggd@
appropriate anal yses, to check the content of different elenments in the
reacti on medium particularly the water content and the nethyl acetate
content. 25 Provision can also be nade for nonitoring the liquid level in
the reactor. This can-be effected by dfy neans conventionally used for: -
monitoring -the level of a liquidin a reactor, particularly via a
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recycled wth a fWddaiR Jﬁﬁgét&l Gt Eﬂéebdgﬁgt‘fto?’ihé se)ébé’d gislillfor3Gotudie, f | oW

e neasure y

rate of this fraction 15 can nmeans o ow net er 26. The
remai nder of GOREStngesseplEallyopf agedic acih ynslergees @oﬁ%ﬁhim!‘ CAEONs HSArNphet he

. references 39;0111?1%@ 5f fvﬁ@relteéla&ﬁlc la€faLi§ SepabatédI FoRthé AEAVY by 8RS Sdlikcted
. distitl ati 1 (t)hcubottom of the column and from the lighter products collected at the top of the
: colurnn and partially recycled into the column 4.

. During the operaﬁon 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]usted to a value less than or egual to 0 01
¢ by adjusting  the rhodzum concentration in ‘the react.lon medium to g;ve 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.



consi sting essentlally of acetic acid, undergoes a final purification step
in the 20 25 nonoxi de feed rate undergoes fluctuations associated with the
production equi pnent |ocated upstream colum 5, where t Bejangayi2o0omci d is
separated fromthe heavy by-products collected at the bottom of the colunn
and fromthe lighter products collected at the top of the colum and
partially recycled into the colum 4. Dyring the operation of the
installation, it happens that the carbdh The nethanol flow rate is adj ust ed
to the carbon nonoxi de flow rate in a quasi-stoichionmetric nmanner. The CQO2

selectivity is adigigdt@ehal o ﬁh@'tﬂéﬁsﬂd?f §tafe§'%ﬂnclp en@ﬁ%nc%nguu%eggpenoﬁy

adj usting thi rhodi um c%)qqcent rafion t he ction _ne Ive a

suffici ent” GACBFHPR &H20'¢ Fagyme sFoug W(chla&]ﬂhmakﬁg noprdble ¢ mabmieingbe on of
i odi ne- cont abmemg'anmsnbf glic vhridus Efﬁisﬁwlsntslﬂdﬁﬁ&l vhingd n gé rtgacﬁorbﬂlfﬁ er stock

of nmet hyl h canter at the to the fi |l ation -
col um; yl ncg’%ap%?lﬁ ﬂi "5}8’&:&‘85‘@1%5‘&6% eﬁtﬁfl?g}:he\fﬁ?%tor?é’ﬁ’ége t ReG ple to
adj ust the is m&fyﬂe tpcnﬁintajnctheltmtorltafmpdiaure&aﬁ:im maimirerhe atél& acidtivity
G ven r angePtpEBF ARk GRS b Bl S Bt BIRE A M 11 " @
transitory stat eJWﬂ%hrageeefermt@ndm@mmngeﬂnepf@sh aoie isdheroplusied sm, a

stabl e regi HEtd:%nﬁ)%ﬂ{étreﬁYﬂlhﬁgﬂéﬁMfr@%hGn' t possible to maintain the
concentrations of._the vari ous constituents at fixed values in the reactor

and .properly t Fengroliinge the cingtafations eigngonygniignah gnanper, ithedessr of ¢ o
achi evelg hi earbmlnmoaomiué drexdeRECOf 0as 2% by Rilithe basdd th@&fé&lQl‘OT&HPer ature so

asto maxi m ze t eac tic a rdLn he, flow.rate of
carbon nonoxi de enyar 559 t?%é%{u(??utﬁerhég g’W dP BrPeRPRIG Ui d
ent eri ng t hBow| ratchby stapwise vinm:mnanf uhetrembtcsrctempa-anme 5@ A ue miakinize nigd Ni ng '
heat of re ' I i,0ns .in conven

manner, the E‘g?‘:‘éw%? car gnzl‘ﬂr?%g%(& Orwlslg%éfcetssc&&gmo 1 %ﬁ?f& ume,
based on t heeriads #f opsaptiafed. It was then sought to reduce the Iar gest
fiuctuggs ons in TRE BEJEctVRIwaSithish tof 0 ithferirsl BRI tRack 36 kAbIOR o] L he

reactor tenperature so 'ﬁs to maxim ze t aceti c_aci uction and avoid

transitory YRGPHEALIODS of gvgpqu,sge%qs 19%@‘?‘6‘[’ P%HCH 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




periods of operation. 15 The objective was then to fix the tenperature
-value in order to stabilize the concentrations of the various species in
‘the reactor, as wel | as the streans. Exanple 2 This Exanphﬁk"mbhuﬁmeates
how t he process according to the invention is 20 carried out in order to
manuf acture acetic acid under the operating conditions of Exanple I in an
instal |l ati on shown diagrammatically in Figure 2. The installation shown in
Figure 2. represents an inprovenment to’ tlBe installation shown in Figure 1,
incorporating a nultivariable predictive controller 40. 25 values by
acting on a [ | t V@ es which
|t S SOughﬁh?ga?gghpgphﬁgggkwaLeIggﬁgéﬁﬁﬁgﬁﬁg§§%m§gtgﬁahg%he ﬁ%éreactor
‘and t he CapledutasgremppigjvenysheBlowanetenir i abl es are the tenperature inside

the reactor ‘I and a hehifEipanes, theRrthASIFedd rateth the REctEP 1t daGilred By | S

progranmed t fl ul at ob ective variabl es around sef 30 reactor. re
parti cul arIQ‘8 RE 811 er 40 receives: - at a first input El, the carbon

_nmonoxi de5f eed r at-at Iarfoﬁrtlmnlpﬁam ahe kergeratiRasde thel¥adihiel b ewas@éLby 9; at a
second i nl ettth&; mt“ﬂﬁ?“%)éi‘?& g:t ivity of the reaction as cal cul at edy by 35

t he cal cul ating no a function of the analysis results obtained
by the 3 Januaryongﬁsmﬁhbnmﬁt&dohmmmnsM\v&mhecdn&mileshmd\thelrestléfgure 2.

At ‘a given W‘E%ﬂaﬂdﬂ%a@@ﬂétr&b+ﬁ{ow4pln% gﬁes t he objective variables (CO

rate measurenent given ow net e - at a third input E3, the
met hanol feed ra %&ﬂvqnﬁaom@actf@rcomr@lb‘:rﬁ@&gmp@rast:kyobuerc@vewamb@t(élo8 and -

at a fomthﬂbmmtemsetemvﬁﬁrmmt%eg C@Gjﬁxdtdﬁaﬁ@ﬁﬁfﬁ) fs cbn@dl yred by

t he, therm)msi ‘i g \.i)rl'éle 14." For reasons of clarity, e connect ons bet ween
the! control Ra YW 9epetd @1 anal yzer 21, the flow rate val ue measured by
the flow neter ZQMImffér&&:e@:\i/&ﬁ@a&Ooﬁth@mbjéﬁiv% vanabls£hRItd 36t yhe W t h set

val ues CCO and ntr ol S2 whi ch depend on:
“the difference Hi %{}gmetfe?%mggeeﬁ%% Prrsu %B}egg?ﬁ‘@%e?fé?l?e&?@smamf?‘?? t val ue,

the reactor 1, and

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 . : ‘
30 " 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
~.monoxide stream, i.e. 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 nmethanol feed rate nmeasurenent and the tenperature neasurenment in
the reactor 1, and 15 - the rel ationshi ps between the action variabl es and
the objective variables recorded in the controller when it3%agaR2006amed.
The control signals S 1 and S2 are used respectively to -control the valve
10 "for controlling the methanol feed rate in the reactor 1 and the val ve
30 for controlling the cooling fluid feed rate in the heat exchanger 15 so
that the carbon 20 nonoxide flow rate afd the C2 sel ectivity approach
their set values CCO and CS. The set value CS around which the CO2
selectivity is repgdr@atRrl if ré ' [ ' r.ab chosen
to be |l ess than or .equal tgu%kfsqﬁ %?p?g?(\g/fglg?ﬁé %%%’rggégﬂﬁngﬁghétﬁé car bon
monoxi de f 1 oR¥¢RHon 1§ carripd guh i s E¥appled as a function of the availability
of carbon monoxi dEhd ¢oritdtleCEhosdbad @5 ebmtiiler 48 i s IDEVMHIECIN Hsasd or 1.

This availabjlify is ascertained.direc by Measuring the pressure P in
the buffer lr)‘gﬂélgir] ésofllm"il v E’f&@ﬂ‘g@(ﬁ’f‘ ”&0‘1:5'1 égsg% Péeﬁ%ﬁtqogﬁr?lzﬁr.d%@@edﬁ?é set
val ue CCQ i scoptihwaisanauifdepuringpromsdes.olt nas dé@igrddyfADERSAN of the pressure

P, which is appl i'ﬁﬁSE&l[ﬁ)Hg'&lhp%f;@gl&glﬁaﬁeﬁlOa{S f&%’vs@ont roller, as shown in
[

Figure 2. 30 Bringing the tenp he reactor | and the nethanol
feed rate in.sai | medelovastselstted firanha libsarp of knowiogivde f | ow

rate and thenédehs sraheesrubiley with ¥ AEseprbRectaaPRYg, mMakes it possible on the
one hand to reducg the excess carbon *-npnoxide stream i.e. the carbon

monoxi de | osses, ‘HhEFRSHMREAl phaser wasthan cariednouh imfhe form ofqmocsss geasbvity at
a predetl®r mwmmmbuecomndl,h&ﬁﬂﬁobﬁgﬁaéweahﬁoaﬁs& 35 nmethyl acetate o
concentration. 3 nuary 2006 .19 There now. foll ows_a description of how the
protess accor di néd]t%omtg?%s cloﬁ% IOBn&‘Fs‘“@‘gmqle%teoﬁt STSﬁ"‘tﬂﬁi ’é‘t%%i?rﬁ?"éez. The

- control | er diletednthaenghhan antivaligding filtéOarnds weetve sdveCAV Hnti@Nitewvalsefor  Whi ch

is a.mlti V?Jénﬁﬁl:?:icﬁ'. ackbox nodel based predictive controller designed for
5 continuous manufacturing processes. It was devel oped by ADERSA. This -

control l er was pFEplogferrsgodwur grbibivasion periad Hbetempeattursorfithoteastodel  was
sel ect ed5 T 1 Qi ihérbisad Yapadly 9 Afincil kG of 159€) SncBrerhBtabRthErRIk it L 0. L he
n exp p ‘

aid of pr'erecogfdeqv:t ests. erimenta ase was then carried out in the
form of prof@sdiitheds the ¢hangs nsthe, paramagiers cwas fQlowedhiatl ¢ glateay wee over
‘two days. - 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 variables |
B T (flow rate of carbon monoxide entering the reactor 1 and CO, selectivity). |
IR - 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. '




The signals col l ected on the I ndustrial site at 5-second intervals were
filtered through an anti-aliasing filter and were saved at 2-nminute
‘intervals for identification, Firstly, after a two-hour stjahidry2606on
period, the tenperature of the reactor 15 1 was increased rapidly by an
increnment of 0.5C, once tenperature increnentation was finished, the
change in the paranmeters was followed until a plateau was reached in terns
of the C®2 selectivity and the carbon #noxide feed rate (a duration of
about two -hours). The reactor tenperature was again increased rapidly by

0.5C and the 20 t h

The t enper atur e %?ﬁ%ﬂ%ﬁé e %%g%%‘&?%ﬁ%a}ygc g%‘ée?% bel g
fol | oned. TeeutEdieE VRS RORSIb ?@%letﬁﬂbﬂlnﬂdnﬂﬂnmne 2 ityl withini ng t he
met hanol - f haow Airfité ‘%iﬁl% RYthe- sBmé/ t'ﬂn@:\q?jelﬁ%@hé %&rﬁ?agﬂtuggoﬂ fhe! MhGforPY an

increment of 0.5 T/ ol | owm ng the rs co rmre partlcularly
in conti nuoﬁ%’F‘}:‘ e §]eﬁ" F‘?ﬁﬁh Ak %Irﬂ@ss‘bﬁs tipbeaghie 4o maximizs| the qaromper at ur e

i nI t he r?aC%ﬁho%ldaﬁdnsbh@uonw%llﬁtneé maﬁin!ﬁﬁ@ﬂiea@éﬁcearcimO&ﬁﬂudnreaCtor) and the
val ues of the obje abl e ow r at. nmono entering
_the reactor %&“%%P@@FC%'{% grl‘i’fiﬁéﬁi’oﬁﬂﬁlﬁ ?‘%esﬁ?&gﬁfjg t he
‘controller mm tchtSI‘Fe hdis&ICQIN tigofotahvdTosy Meoﬁmﬁplfeeddtﬂeyebylﬁofdmglhanﬁ%r er. The
measured v r te S | j,e t '
controller. és?g %%c%%@%o%@éﬁ&%% atﬁéresé}ﬁ%&aen%%n 8‘f)ao(r%lama €rs to be
~applied to qusmdttowgnmesnlacmda@@ prﬂhlcaon Dﬁalomthamol(lﬂértonmi been

progr anied, gvel tas- Iﬂéﬂmh&fl&i B&%&@Bﬂ%aﬂﬁ gﬁsﬁ{\éyafh‘r,béﬁgg@@ 2 and the process

was carried out ynder t sane condltlons | e | described

~dhove. 3 Januar y'BOB¥ 3gordingfadhe pantionela Hﬁ%ﬁ\ﬁﬂﬂ%lpwtamoaﬁe&qyect edly,
that by vi rihueprotess Rech acdat dd@bﬁ&ﬂ ift Cdnkpat@ive FOQHIPH Enia@e iepdRtiBid ot he -

variation in selectivit rowll ISV\/n at. the same tine
varying thegaF%E? St °8f‘5¥°h‘§” rsgﬁ"ftqfdﬁ“"w(i?rf{hlcgﬁﬁt k‘hgﬁché? HERIIOT ced rat e
SO as 'to |aat, ablmtwughutmkz@ theetenpefaome a5 constaut ake pessitéeldptordsr ond hence
maxi m t r made it
possi blzlg tg re uce the gx‘%’é%g&%%) gﬁtovt\l/w%@gh ’8&%& ﬂﬁ)aséﬁg %{hﬁ{éﬁt ot al _
flow rate dhctmtipaed, t hereby affording a 1. 5% increase in acetic acid
‘productivity over a representative 5-nonth period. This

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
' 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 ' ' L
30 - the rccyclmg of the organic liquid phase from the top of the first dlStlﬂatiOﬂ -
' column - F4 R
 -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.




corresponded to an increase in acetic acid production of nore than 2000
‘tonnes 10 over .this 5-nonth period, based on the same quantity of
avai l able CO The use according to the invention of a nmul t3 )4aAGaRP08s
predictive controller in a process such as that described in Conparative
Exanple 1 nmade it possible to -satisfy the various constraints, some of
which are conflicting. In fact, in the prior art, it was sought to keep
the tenperature as constant as p055|bI8 in order to 15 stabilize the other
parameters, but the carbon nonoxide flom1rate exhibited fluctuations.

device” 20 am nged‘mltﬁ"m%x?n‘ﬂ” A inrpotich M MRl BepRUleB 0o d”

in this casé® %(ﬁ%msﬂ Bhand:F.aneasgred respeetivpby theinder t he

control of tftey inetws 221, 24615, 0B afd@Dh, 128 Al Rfion vﬂhﬁl&g%ﬂ thé ﬂgiuq 1§$1 1 %?g(‘;ycl e

entering the.r 1 are nol feed rate, -

st reans pasglllenlgg‘fgt%”b%\"ﬁ?ﬁ'érgdpy Et&rﬂ?"’ﬁ?B%% the,ebigctiye vasiab ‘?1ame| y: - the
recycling of the Themguirelthkrefint itane dbjectivevariilessh zone together with the |
liquid fromthe botto q{q %9 %Uoséqng nﬁ{#”at'on col um - F2 the recycling

. of part of the aqueous ase he top of the first distillation
~colum - F3 30 - the r zfﬁi@cafﬂt!he organic liquid phase fromthe top of

the first disti |latiope ife@ld¥eVelin Bt rddis recycling of part of the
condensed. |chkll d fromthem];a of the rgecond distillation colum - F5 The

mai n |iqui d®8 ?egﬁﬂ??waﬁgb%e reactor consists of the flow passing 35 .
fromthEOreactor to the fl ame nic@i@iol I6W rad Fanuary 2006 21 Wth the stream
‘ al ready incorporated in &he nmul tivariable controller, it suffices to
add) the streams F2, F3: F4; DEECAGHH OEPerdli®Rs iy ed respectively by the flow
meters 22b, 24, 25, 26 and—tﬂéﬁlpmtetﬁe E8; RS M Feabl-es, and the |iquid

Level 10 b T emsheiol ugTRAT P Yok RIS B B S, 1y o
~ CO consunedrea¢tk carhe achiayed invdifferent ways.
' 15 For example, it is possible to choose only the flow rates F2,F4, F5 and F6
as the flow rate action variables (i.e. to-omit the flow rate F3) and to compensate
this by adding to the controiler 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
o ) 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 -




--the liquid level in the reactor and seven action variables: the nethanol
flowrate FI - the reactor tenperature - the flowrates F2, F3, F4, F5 and
'F6 However, the new control objective, relating to the |I(BUadu@9w£b6In t he
reactor, can be achieved in different ways. .15 For exanple, it is possible
to 'choose only the flowrates F2, F4, F5 and F6 as the flow rate action
variables (i.e. to omt the flom/rate F3) and to conpensate this by adding
to the controller a fixed rel ationshi p28etween the flow rates F4 and F3 as
a secondary objective. To reduce the number of action variables further it

5,2 50,0561 12 i gk 030 T ETSIAAL oG BRS¢

mai nt enance of the va ue o il n vaI ue
of the rati eutpeweof the fow taFﬂgéFbcf?sFﬁllﬁ Eﬁlmama{dlaypcmctmlmﬂm mdthe nain’

Liauid st reampnting tien el Aledn 100 yiiroAltal B ARG Teatelee 21 ¢ e

“Sanme tinme maxim aCEtIC acid ction e best use of

the avail abl e car n‘nﬁ@ﬁ’ﬁﬂﬁs ea%‘Bqu?Pl?tﬁ‘i %’e%ﬁiﬂ“élcsmdt%etottb%?%lpbﬁuﬂ@r to the

progr anmisng cﬁ&h&ﬁt@t@lﬁﬁoﬁ@k&@faté&ibvwﬂﬁpmwﬁ%ﬁeas foll ows: The
rel ationships be the.different variabl es u d_by ~creating
several variati o%l\gﬁllgﬁh‘? ﬂ@l%ftqrdlﬁg#’g |"é“6‘fn@e%?’e'\'§§{:ﬁ'@bfqréﬁrr} G4 tork, '
vari abl e/ obj(bizi'ﬂwferF'@andEﬁland bSaTlhﬁogFQt he pairing i n this case. being

‘particularly betwgg wigp t s and on
the ot her hand the 1 qui cﬁ? gﬁ?egégtﬁg%ﬂ JOI %‘/}ﬁaﬁﬁ ?sn

i nfl uence . of th@g’écﬂ;’aﬁf‘i’%ﬂfl“@ﬁ@e@mﬂtW@Qﬂ?}'@@mlwﬁle\laMioa whil e keeping the
ot her paoamet ers constant. The signals collected on the industrial site at-
5-second | ntErervaI s were filtered through an anti-aliasing filter and saved
at 2-mnut e B¥AMIC4 | s for 35 identification. 3 January 2006 22 10 20 The

tests took pl acelioudy Esaupie file dehonylatibhof metheiot i @lmrisdelitfih aabatinogd only

f the { F2, F4 he fl
Tare F3 nadl B AURo v&hcharegr@ﬁuvaﬁﬁf‘eonﬂ#tm"gﬁx&% R ohE Fiokt Pl ot hanol

feed rate. withastirred reactor, a flash zone and the recycling of the liquid phase (containing

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. '




The increnents of each paranmeter were chosen according to the anplitude of
t he perturbations generated over the plant as a whole. Thus the positive or
negative increments were 0.2 T/h for FI, 2 T/h for F2, 0.%ahubinfmosF4 and
F5 and 15 T/h for F6. The H ECON software was then used to optim ze the :
control paraneters. The controller was then put into operation in the
installation. nmethyl acetate, nethyl iodide and water); the catal yst | ost
by entrainment in the vapor phase of tde flash separator is periodically
reintroduced into the reactor in the sinulated by the introduction of

so-cal l ed fresh rege a&ﬁ llbﬁi?q ] h s ln this -
Exanpl e the carbqnyl gﬁiaglﬁteég?foghet nano %%gqgﬁélﬁe%&g?&%s (ﬁ)ﬁém gen?icﬁﬁgﬁs pi | ot
i nstal | ati onlOR&AT W@%r’@éﬂ@e@ctvﬂ%a@ﬂéﬁQ@rﬁ}leﬁmfmlsp‘ﬁbtlmly smelliovauter i al

plant  with ¢hosér bpediseaiisd) so & dded Sl 2086 ﬁl'aﬁjt&iﬂfﬁ'% Bpmé%leﬂlgl Qheisdae |1quid-

phase (.cont aionHr'x -the catal yst species) fromthe ash separator 1nto the
reactor. Di strffation is not perfornmed and the recycling of the zone II|
streans i5s for m dfurfheemdres dieadhymistry Hidow ovqeStdrtéits @&f vérf Sefistivet doOihe MBI UM

is as follows, tE% - Met hyl i odide: 109 Met.hyl .acetate: 15% 25

Iridium 12\é%atcrp'r%¥ﬁg§%twh§¢ﬁaéglv§: 5}%/6 t fgﬁ% eo’{)fﬁea}‘mﬁf‘@)slgw fectiss agyd,

‘and. t he r eadfefuctigaieaceomre i s 190C.  The carbon nonoxi de partial pressure

is 23 bar. The cardieomékabi ' ditions.
héheRbre QRhke 8l %‘33?%8 1@ IR @Ekl v\?//%t{ag&ﬂlg({snt E&ﬁﬁﬁmﬁﬁg

The CO2 selectivity is 0.01, the en sele a val ue of 0.001
and the et HAME &% ivity has a value of 0.009. In this Exanple of a
pi | ot i 16t alel agitted by Uhvect MiasuredémCct i ve is not to optimze the utilization

of the avai I.agi)rebcar b%.m)n xi de but to achieve reaction conditions and
operating cond?t PoRECHA W, alipwing for the; waten congenirations i (ig vaaaRSresyele opt i ni ze
the 35 acti visiseanss enteaing dieatacsdr. medi um 3 January 2006 23 The paraneters

in fact. the var ¢ apriinadl SR oyt dBBukain 9 Rlermypdoe ot ne
chosen. oper i€ sogtantnefewatsr; methyl eessataomethyl iodidetanit taosticnagichin thieeareidhy | ,
acetatejs medium 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 Example 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 '




content. 5 Furthernore, the chem stry at | ow wat er contents is very
sensitive to the .water content, which is a direct paraneter of the
kinetics of the acetic acid pr’oductl on reaction.. Thi s they gh0h® JvBkes it
necessary to follow this water content conti nuousl y in the reactor: 10
eit’her by direct neasurenent or by calculation, allow ng for the water _
concentrations in the various recycle streans entering the reactor. A near
infrared spectronetric anal yzer affordéd in situ deternmi.nations of the.
contents of water, nethyl acetate, net hyI i odi de and acetl c acid in the

reaction 15 nedi respgnse ti l.ess..than one ute The - o
anal yzer enpl oyed%@ﬁ‘%@amgﬁggu O’fﬁ R PR eeﬂgomatlui %“@%“i“%rat ed as
fol | ows: -t hibe Sollawing parameteisiat predeitetminad valves withcat huthan intaver(tivayi ng of t he

spectra) a.sgml&ﬁage&pé@@o%lu nfedch different operating point 20 the
sanmple is .det er m.ned gas chromat ography (reference nethod) - the
spect rum cor% egﬁo‘f@ﬁf@ﬂﬁe@tthe sanpling tine |s sel ect ed the -
spect r a- goncgef m@mledaif%@aeiﬂ héur® frl €4 Efs %d*ﬁﬁ? “then
created-to det inreal time, the ¢ ncentralons three main
consti t uent & E%“Ect ed: water, methyl acetate and 25 nethyl iodide. net hyl

a](c:et2 0a/t e: 244%Tf orTie tesimgleor(lb p@o@%ﬁrﬁn@éﬁﬂxﬁ fﬁﬁﬁt(ijﬁller bﬂiﬂlﬁ&i irOpehifal tHrm@Z(ryapge
of 2%to ors t hen. det er. ofor-a -
tange of O. @A) Q?ea %@(?ka?hgg%% ?"tsolcf er {f}'@éﬁ ‘faﬁ‘g?i’ OEXSH%H ACHOR - o

regul ate t \Adaub‘iﬂ@/@bjevfeve\ﬂmabblmmng anmd)sbhmg thatmﬂm-ﬁmé:@f dess wagations he water

content 10f Haghe ﬁgg&d@@m “megmﬁ%?’ﬁgth%p %_ et?ﬁtl Onwarl ables: the

..te erature of t reaction medi reactor 35 the
flow rate of netHARoligralse goliectrdnon rthe dodstria site- 2t 5-second intervals were

filtered through an anti-aliasing filter and were saved at 2-minute intervals for
identification.

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




The installation of this controller nade it possible automatically to
mai ntain .the followi ng paraneters at predetermn ned val ues w t hout human . ]
‘intervention: the flowrate of CO consumed the water canja0iry2088€r o
whol e cycl es of several hours for testing catalyst systens W|th a low water
content.. The tests prior to programnmng of the controller consisted in -
general terms in creating several variations of the action variable for - |
-each action variabl e/ obj ective vari abl%® pairi ng and observing the

i nfluence of these variations 10 on the objective variable while keeping

the other papaet & 6L AERRL. The signals collected on the industrial site

at 5-second intervals were filtered through an anti-aliasing filter and

“were saved at 2-minute intervals for identification. The H ECON softvvare ‘
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whi ch sai d et i.n t iquid
~phase at a tnﬁﬁ&"%&ﬂ“? EP2RAGR0h 9Bpd, DN o TeSRG " B sl pbll OV,
200. 105 Pa andcwqwaﬁlﬁéfmpwﬁgcaéﬂe%@ﬂtmdﬁhqueiymeemteumwmyrea)lﬁdﬁ@ t he

pauid lovel o 2S0eC @iet b Yestiion 100 15 20610 AR ith ot Mg b parf @l | € @
vapori zation ﬁ%}ﬁﬁor flash zon i n which t]he l1quid orl |na§| nB romt he

redction medi EFUNES CARPYROVT 49 Jawid Syl ?@@f’a’iea@lonlgleﬁmswaéd bel ow
that of zone Irgadtdre |iquid fraction originating fromthis parti al

‘vapori zatiog heipa recyeled into.the reactor nd zon called a
~ purification gaongl% % (\yﬁf"u]l §ha {HROTZRLER | 208¢ qfrg%;“& Bepe. dFlb'ﬁWgtﬁhﬁgh‘f“l‘%m said
_ flash zone I Qrgmjit!sglﬂrdneciherremﬁmnmnedmmemdzmtel 1 linfphmiaily ooz, atad t he _
outlet p§ whi Gheditd® RIS} | cetate are 20 recovered, the
- ot her constltfﬁi‘ents of salﬂc}iatsdgngflé dglgthgﬁtﬁ%éﬁmg ag't“glli th aRaF '
_ 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 distilled 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 aceordmg 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



partially recycled into said reactor, wherein, with the view of inproving
the monitoring of the production of acetic acid and/or of nethyl acetate,
the reactor tenperature and the feed rate of the net hanol3 Rhuary 2006
carbonyl atabl e derivative in said reactor are brought under the control 25
of ‘the carbon nonoxide -feed rate and at | east one of the paraneters
defining the corrp05|t|on of the reaction nedium and/or the vents. 2. The
process according to claim| wherein tH6 servo-control is effected via a
‘mul tivariable predictive controller. 3. The process according to claim1l or
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carbon monoxide feed rate are damped via a buffer teservoir 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
compnscs 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
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fluctuations in the flowrate of carbon nonoxide entering t eactor are
danped by discharging at- |east part of the excess into the atnosphere. 25
12. The process according to one of claims 1 to 11 wherein part of the heat
of the acetic acid production reaction27s renoved or recovered.. 13. The
process according to one of clainms 1 to 12 wherein the concentrations of
wat er and nethyk. acetate are neasured by neans of an analyzer operating in
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co-catal yst |j hyle .3 January., 2006 27 iodide.. 17. The ppocess according -
to claim16 od elorrlxy ?fﬁge[goaf‘fggﬂ%é{oét"il- aggtaig by the ‘?%h?ﬂymf’%gfmaﬁw% e and/ or

nmet hyl 1 odide are neasured by neans 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 production of acetic acid and/or nethyl acetate by the
car bonyl ati on of nethanol. - ' ' :
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