;e3e<@H6~T L I nprovenent to the nethods for the continuous production of
acetic acid and/:or nethxl acetate The invention relates to an inprovenent
to.the continuous nmethods of 5 preparation of acetic acid WM|Mwmmmm
acetate. More precisely, this inprovenent ains to inprove

and control of a process for the preparation of acetic acid andfes net hyI
acetate, with the viewto inprove the production of acetic acid and/or

met hyl acetate. OF the acetic acid nanufacturing processes in conmon use,
one of the mRsbvekfentitdehe/metheds ifdt the @usinuous pradueticd b aseticadcid randformet hanol
or, nore genera é[ a carbonyl atabl e derivative of methanol wi th carbon

nnnoxide. TREhY] on is carried out in the lIiquid phase under carbon
nonoxi de pressure, carbon nonoxi de bei ng one of the reactants, in t he

presence of a h eneo catal yst_s d e yl ation
process is a kngmeg ?V§8§§% r%ﬁlééhtgl S ﬁbr%% el tedﬁl% &O%Egg&%rgm ?l)gs f or med
t he subJSectpmparaumeoﬁmstltamidah@mmndlybmms e.g. Anmerican patents us
3,769,329 and U P, 184, d
an ?@E _Jyg%c%%g theld" 9%%9{7’35{5- tefS {6 n@&révé%?e aifhit6Rng Wad an

_ European pat ent and 022, descrl e a process for the
car bonyl at | emiiel ofatHesess forrthe peeparasion o acesic agid prd/ar methyA seciateayithy st

system whi Cﬂherwaw&h&q)rgﬁerﬂuapfbd%@udsm@mceﬁ& acﬁd@ﬁd/bﬂﬂxﬂh@rl hatatfir ocess based on
iridium and ruthégl um curr ntI I0|ted in.in us”és iS dﬁ cri bed in

European patent EPH§Ase @%ﬁm 198 PIORGRS ith EOTRRRL ¥5¢nang 9f §je mos

car bonyi(at | widepy assis geindostsy o thmcztrbagéattdmeoﬁ)rrmmmbi or, tmoef ganemllyahal yst s
and reduce th i 2 S “liow wat er
content™ pr%acgg%@gaz%e{gtcﬁgﬂv&@gﬁm ?ﬁ aéf)ichﬁtgl B&ﬁ@nf)%@rgeagfe&ﬁjﬁ&cg%&l c acid
product i on, cartied etyin therligindgphabreundsy shrbon monpsiderprpssuree qubpr cnannBideover i ng
the operati €8§é§ftﬂ¥ rdaCOHG! Mnt s EHREI09Y hbfY bcdtls Eétal?ﬁ&%téﬁae the acetic

acid fromt arious constrtuent he reac |on m xt ur e, [3 cularly
i

wat er. 30 ConvenThQ)rﬂh‘P‘il?thé%ce CabpRYAEoR PERCSSSe s 8 KIogn PW@e%aW yBation of
met Pamis i ne;t;hﬁtdd:j lﬂqh§hsﬂlyaem a8 dorimiedt the Slﬁlfj@ét&ﬂ@ﬁnﬁf‘ouﬁ dmisTegaiiepaentsat al yst

systemare carried ou i 0 ng three separate zones, as

descri bed i fr8t AECHFHY m@%ygﬁvﬁ[% M%?@é 428 Catal ysi s Today, 18 (1993)

325-354. The r eaEtfopaarz Qraeencso BH 61851 83f aadsEPﬁfl&dS«é:,onand nErropeane patents

operating u - .

(150- 2500) . ﬂ9%5§§%’%¥elgrret %n(é%% ﬁ gsgd118 g&g%%e@é g%ﬁ%&ggaﬁ t?ttgallrircgl are

i ntroduced i thehprdsenceond @h Eﬁwm@amdoﬁatﬂvﬁesﬁéﬂf%dﬁhlﬁhﬂﬁﬂ d’ésol §oMpi8per sed

in the seachgiugdne iquid reaction medi um produced |s then sent to the
second zone, ca ed t he vapori zationp zgne or, flash in which the

liquid is partiaf Fapopganobdpaeesy Basgd eQR uiridiusm | trH et PR Yessur e.
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 separate 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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- carried out with

This creates a flash, or adiabatic expansion, in which the mgjority of the
|.ight constituents (nethyl iodide, nethyl acetate and water) are vapori zed
together with the acid produced. The flash zone nmakes it possible to
separate the gas fromthe liquid; the 10 vaporized streamthen passes into
the third zone, called the separation éone, while the liquid stream
(essentially acetic acid containing thé catalyst) is recycled into the
first zone. The purification zone can conprise one or nore distillation

col ums; it nakephd fneRESl RLE ah® aSRRMR0E rédyRleatRhing 8¢ irfirodneddost thet hy|
acetate fromthe?f'%}her 15 nstht uents . nd ‘{o regycl ertF?rL\FS streans into the

reaction zdmtton EEﬁaﬂO(Sn &y %nmoae’& SIS HPRETEE T eact or nmkes it
possible to noanlwhqdi&rdaeu@i nﬁﬂluﬁapdodmadnmﬂmndmtpatha sebomp zme raflednd to

renove the gaseous eactl on r odu t es
bresent 1 n PRYERATiHAR ZhOR faricly W RukREe g bbby viRBbA BP0 1
processés fprpssureequ\eplmmaqtmmttssmetl c 20 acid is to maxim ze the acetic
act d_product | on s AdFAY ngifl, o 'AGEG LRGN, FOwARN L SnajbrG sroREL | ON 15

e concentrations var| ous consti tue
reacti on neldghieppyiterptyapathytiogideduetbyhacstate and wasrsse X%qugefi &%’ét}&ﬂvant age
of the nostwARRLCRId foBudedneti c conditions. It then becorres essential to

noni tor the reactor and the recycle streans
articles and patt}i‘ﬂg wes@slﬁ%ap%ss'ﬂsémwwéﬁ%@ 10+ glepl é‘f tﬁ%l i vered

by D. Z.10TOBiaporiadd $thean fhEd paiseé aite ecthird zady, adaﬁaﬂtlﬁrsepﬁatsorf:mﬁcr ohile
VANCOUVER,

pcet 0. Ao dopdabiogTean s e &y o4 Bletfs SHARGTR sORe el 1y e

mat eri al bafighzanei ndependent of the calorific balance, since wthout th| S

30 exchanger it g, :p{]}?ﬁéeﬁfolﬂl Fonk Ta atonnﬂrﬂg Jr8 3G RbrePHisAAti Tt Sfumfls;Of der 1o

mai ntain the reacto erature, . he reactor out rate is in effect

di ct at ed bymgkgs lﬁﬁ@&sﬁblwo Senasie ghe qqézec &@§| qnééprdﬁ*fthﬂtw&q fromgthe o5 | ze t he
react orys enpsaiuehite ahd tdfedRile iR stib@hems@tHei€acfibAdusd.i on of the unit; the

installation of nonitorin st em.t hus sible.to reduce
t he standard devﬁaﬁ%&ﬁ’%? g?%léle?‘g%ﬁ? 1P ff he; 568%95"”%9?86 posg%?? (fnor}lﬁ?

cont i nuous ihpdewd |o®nsrbontrnormxmeqiamairpjeSSuresamnpbyembee ther dasepusoeastiode on
demand unde n t t The obj ect
of | Eur opoar 5Bt aHe Sgsfler Sisnsh bR s P83t hing Subelfmbfifalbiefeed 12, 1) B0
system whi ch ai nFhe teskieof optimizing Hsrcumsnopiogessed fow theaprepratiowohacetircul at ed
maxi minyal yeq R ﬁﬁﬁ%w&e%ee& SERARRABR K] hedh| AR ihg Buiphlaf. g of

Eur opean pat ent cat|on Is to maintain the conposition of
the reacti of® niBis LI feaFitanc iy £arripd; AR Jathe the, f@NFROLIGYPNS, O the g Various
concentr at i gdtRtitventstdfahe agdecioy Ingddian betrgCkept abyprederymined ovatues isofasaoet i ¢

and FR 2. 7opxeavauEE e R ol SpREp R Rk BB OO conurpti on by
i ntroduci ng a sebsheh teapinengdsentiabm meniterche (cattor sird thy redytlsstipamst ween the 1
L Lo L SR AR EIE ol g BRG WA Lt ), P et
processes in whi &he paper debivared byt Diza I QRIAS ¢ 1theER ﬁ@nﬁeﬁ%%‘)‘i&ﬁ’é‘af&ﬁé t he
wat er concepidcads €8ntdl, MENCORMERN29BJI ARIAIOTRRALIAT €Adaptive Process
Control of an Acetic Acid Reactor”, shows the use of an external exchanger for
making the material balance independent of the calorific balance, since without 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 temperature from 3.6 to



Patent US 5 831 120 provides a technical solution for avoiding the
accunul ation of water in the reaction nediumto give a target water
concentration in the carbonylation reactor. 20 These vari ous docunents
teach that, in the conventional process devel oped 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 nonitor the reactor
tenperature, there was a fixed relationship between the flow rate of

met hanol enggétng the reactor and the flash rate. This led to a small
variability |n 25 the |level of quid in the reactO{I%an t he internedi ate

process streans. INgonHNEGHS qpﬁ{aFIBB%éEHSGHStSPaTYoRR/ sBp¥ the eay %‘hF‘OB?’SQ‘egEes) this
syst em becogggandiRder e cotdd b BRAURE pichdiré indb rasaer i zation rate increases

der ably due f that th tit d
arai | er and t hat THHEYIERL95 H5oBan, ARG IGr FRIoS o Bel HLARAL fes. of
organi c ﬂoroﬂunitmn@tm&nﬂl atlfmftt aimmto kéep3thevaapmmi mahoxide iflovl catebeloman t hat of
e T 2o\l plaR e Vet Tk AL of QL AGIC SHERANSSy [AE, aDSOF DY NG

part of theﬁlu reac rnincrease evarlablllty of
the liquid | eveI '§h¢ aime fo§ Fusepaaprpatend application P 9 998 198ds \%elnlal%fémttlbé l'i quid

flow rates. cotﬁwsuﬂfneat tﬁeaféaéﬁétpmédmdﬂ ﬁ&h&xtﬁﬂl@\fh& ataaa'i ankd"mPeNy1 ia6athtar , | eads
to deficiencies 35 i al{r%cess because. it cessar%ers decr ease

pr oduct i on ?9906?‘69&0“% olnt ¢ carbppyjafion ’Eeﬁ%t"%?)’é @ﬂc FPe 298 SHF B at i on
zone. R t hegriag €ront theseid puriticadérd goiR. cause variations in the water

concentration in.the r d ctlo net e n the
wat er concentr at P‘btﬁ tfrﬁltﬁﬁggégzg ag?qﬁ%%\ﬁ&g?gé? S%Cr’it %’e olp&ce%agg)g &dﬁ’?s again
i ncreases t@O comnslunptibn bpsnadducingya eécobd tchdaosylatletmeaftm (Ginishiog gbtecont

appl i cat | Onbé‘:r egn 91%21 ééctb?%éagugﬁk&eﬁ'aﬂd tl%%;ﬁ?gzgﬁfé Qﬁé&ﬁzaatlsn Qgﬁgbsent ration in

the reactor at’ a pre qeTEF Ry rati o met hanol to
car bon nmonoxi de, Pathits S 2352 4t &and H§5f Aacteécrdte aeetithagidmanpfachigingeact or .

10 I ntefqat {)R)@@ésespﬁi ‘%ﬂﬁct?ﬁﬂ:l 1e58ls] &ﬂth\é\QeQ&bﬁw@Feh@mMi 468 and®hd @thiaf

noni toring the process rreasurlcg‘gmt e concentrations of the various
conponent s wn%wetweaethedﬁaetﬂnm B9 mea¥edt an infrared anal yzer and,
in response therpatent a0§ 6881 rlgOth@vﬁﬁmcenteclanca}nsoloﬁomtfot eastidinpetheat al yst

SpECl es, t he H]él?%lé)naog (%%'IJBC‘E fea8tr1|(bl¥T§8 1vggqﬁggeth@1t g({ncb I'é-t)irogﬁre to

optimze t h&4 er “th& case nay
probl em of imhe carbomyatidrereactet.i ¢ aci d react or and mai ntaining particularly

the watgy and ”Etrnyéte \%ﬁ%ﬁ@g fsetgﬁéhaﬁlhpﬂ?tﬂa%rtpﬁﬁl%nﬁl BEdsy d8Rfibrad, but a

means of achi evin ves aut ofmat I cal ver been suggested
Furt her nor eby M)OH AINEQ: th alﬁafc‘éfn@%t@dwﬂﬁt extractag ‘flh eRpRISENOY| BREesstAsent ed

20 by the | ga@ef, R fl8HRbéeek ltwtdaatolr QAg the ftabte Z6Ré. bqfhuﬁnfwiﬁodﬁoﬁﬂfeeam
entering the reactor, or s 9 etyercoin% g}‘ g[a%advat %le t}

resul t ther BIRFOR PRPEEMHE gﬁ"et Pf‘@sa‘é FEIHPB Y FBh eTAe Yo 8c‘t of the
present i nvemttianol émenirgethevedcyort andahie flasineate. h&bis led scadvmallafgssblbw or ovi di ng
a moni t%' n qg\';etf%fl ﬁ{ﬂfiqgtﬁc\t{e ctGHnd TR n‘feq exlateoprataa %ﬂr in particularly

t he wat €r an e concen I'ons "an makes it possible
to maxinize the él%leh th§ inwpdncpion @b daw o\ratwcenteﬂherowsqt%élvs FYHEN BpeRiNeSoes

fluctuation fe! BeehpBRLAN rhie insr Eéés@b@ﬁd&aﬁl fdue 86 tRf all
that: The ﬁtagﬁ%\g\‘%anbg@ﬁlggﬁﬁbﬁf%l at ngn renctl oln N B‘H‘;ﬂ?} ol | gvm n uati on:

30 CO + CHOGt Bt dhe GERYIFR O MU SBPRIELT gre s Zhey Bayg to-hber gas

reaction, ataﬂa&alwﬁi Iﬂmma&g%t@ran@ea Shbfganiaepmuua@)wh@e latehP@eat~ofC02 + H2
Thi s re?@tl on cau& ﬂ % p_ﬁ‘g botn nmonoxi de with the sinmultaneous 35
product Pon SFPHIANYY 0‘3ﬁrdt 8 W% de.

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.

This great variation in liquid flow rates, in particular, leads to deficiencies

35 in the process because it may be necessary to decrease production in order to



51t is inportant to evaluate this secondary reaction quantitatively
relative to the*main reaction. To use a criterion i ndependent of the
production | evel, one tal ks of hydrogen or C02 selectivity, the selectivity
bei ng expressed as the ratio of the nunber of noles of carbon nonoxide
taking part in the secondary reaction to the 5 total nunmber of noles of
carbon nonoxi de taking part in the naiﬁ reaction and the secondary
reactions. The propionic acid formation reaction with the foll ow ng

overal | equagicithe Sra@8tkrigh puirifiition 2088 + CH3CH2COCH Hydr ogen and
carbon nonoxi de are thus gons

ﬁrred. .10 1t m?# geggpmtgt ed out here .that part

of the hydrogen P 5SS THEUANS Sauss: waragans e W Geacdiilthed by

t he reacti on thoregttoe apd, @pitlenieactmi kindlics depohdain thd mager comeentrhtien patbe st r eam

at the reactor I IS | t Vi :

el cotivi ty 8y af Kb s 3Rl 68 asn M REhSPEEHACY bl isPBgRF

r epr eserdt attheeystdmt he wat er gas reaction) but, for 15 practical reasons

associated with S ShShlichtiord B¥ & 4se e & rogen

selectivity for @Elz'ﬁtarggl?f?ﬁ_gél%ihhe@hrcl%%dt ﬁpgﬁ)@(l) nst alkgfjg‘?il%énh.l, The acegch acid

and met hanoicet eqncentaiondn thestaetpbat @ Bregetormingd Nyiue by adistner e HEQ hy |

acet at e f orgedethindl b TabBA HhdrRRideaWhicht e dleks (W febd ke of afe@iaabl anhef t he

| i quid stream condensed at the top of the first purification colum if its

20 concent r'%f§'8h i ncreases without control in the reactor. Depending on the

car gon Ionoxi de mttardattdniabrpamnocamd;icathBT rwaﬂw374mﬁepag%d§ls§ aaagiethodeatt or , tBe

car bon nonoxi r . v s can be

danped by iﬁg&g?rﬁgqtggg} %Eg% ‘%ﬁ&lﬁ%ﬁgkg H%‘lboﬁlf 6fgngfr&ﬁbfggsqéfrt\l/]oi_r lu‘f)ss"?’rrrﬁ atlr#@ t he

acetic aci dofrthaceastion selktipn by tmeans of i énfrased anhlizer amd in sespansedhercin 25

car bon nonoyj;de;.t! fes! thBBndtRabdite e t he
%é?ﬁlg% tl{?%’]"gél?g?%ﬁ%smﬂ%gﬁ ﬂﬂ@%‘a@.@fs} ;@é% es Rl e.a%e

pressure |ev on nonox| sour greater thap the pressure

| evel at whingWy] acetate ansh{Be WaEeT il OXdgE IO NUIBYAS thaacelit JUhPiodHCiofhe result of
l'arger fq uct uati wiatdver ihata® Mmay D thopeotida &t idatbidyg che asnicoacidef i ned
as excess CO cannﬁé be used in.the rgt?cti on aﬁriad tt&«,eln hg%to be E‘lqm

di schar ged TCAT'8T ARG MAINACHIEPaticwprly, fhe yater and methyl gcgtafe goncgptrations

conbust i on kasstieemcldatlly deiatd, rhaic avaeans of lachievipg chespmbiectivesoautdomaficalyt he

i nvention CRE{}%{C%%ISbeie Se(gg['e#egg the reactor tenperature and the nethanol feed
rate in the reactor for e purpose of adjusting the acetic acid production
to the quantity Birtheampren nerdnesmeis has/@mca:mrsé,xtsqﬂgwnb the problemsdresgpigdt i ne

mai nt al ngbftﬂeowrga%& QefalleCflul#icsif Ghd ¥irb¥n MonoR{ddi dle@MSentdtinthe 6 make
it possible to optimze the CO consunptjon, especjally by neans of. a

pr epr ogr ammiSacter e¥t SOy RRtctogRNFreaEss terdisad vantagast ‘18\}‘5" ir%‘f}%/@sﬁ% mqr%tﬁqrgrmw th
predictive gemt bPlhe addtiesacid prodedifonast to the previous nodes of operation,

where the reactor, 5 tenperature renmni.ned. fixed_at. iLve e | ong

periods, the r eaip%r‘)bf'%‘rpirpgfraa#%rpéeﬁeﬁptlﬂ‘éen&? Oct sg?eg%:sglcﬁéfy n%be}(%dn#hetﬂé%%venti on

vari es so t@asdvahtageshbyapavidaty e maniveringrorethadd swhichn a¢te awseraatically gecane

appare t hat . : h 8 S I i 2l €Richn t he
PP n?S ﬂltalntﬁxg{brt%{%}gﬂggtﬁe &Fatdf aﬂ%I‘ ‘?l'iet?%ﬁ V\ﬁ:gta?eS coftRHratidRk | /Rl ®fich

controlTer were n _ nme, according tc t her the proces? was one 10
whi ch is opmakesely possiblerioimadmiap the @rets e erodushen whep the &) feed dateor equal
to 14%in t hgddr&R6 uefhali®el MRvilPbe ddielibIbeldwwas a so-called "l ow wat er
content" process, .it wa pogsi bhel i,n all cases to optim ze the acetic acid
and/ or net hyl acgt‘%lP%mf?gé’Hﬁ tst 8halbiakeans of a controller acting on the
react or tenper at The maidmethanstetitonglatibre edctiat kas(tbaifoblowingequatibes or acti on
vari abllg(?) as a function of t%gﬁ%‘?ﬂ—lgd@ jige feed rate and at | east

one additional paraneter chosen as a set varrabl e (i nput val ues or
obj ect i ve val ueshe main secondary reactions are: :

e The water gas reaction, also called WGSR (Water Gas Shift Reaction):
CO+H,0— CO; + H,
This reaction causes a loss of carbon monoxide with the simultaneous

35 production of hydrogen and carbon dioxide.



Thus, according to its essential characteristic, the invention relates to a
met hod for the continuous preparation of acetic acid and/or nethyl acetate
by.the carbonyl ati on of methanol or a carbonyl at abl e derivative of nethanol
wi th carbon 20 nonoxide in the liquid phase, in the presence of water and a
honbgeneous catal yst system said prepgrative process being carried out in
an industrial installation conprising:~ a zone |, called a reaction zone,
conprising a reactor in which said nmethanol carbonylation reaction is

carried out in tyng inigtat RNARRIaR this $ROMBIrPIdACEoP fuakbitatRRlyl R1afFOG under a
pressure of 5.105 to0,200Q,105 Pa,and wi.th the venting of gar of étlpg gaseous
M r, a

canopy abovhe M3l Teagtiand TQyssla giterionsindependeny,pf theprofngtiondey :

zone |1, cajfliBdroped ap @2 sdléctivity othe selectivigsbeiag aepressed \akitishratibeofl theui d
originating fromthe.reaction nediumin.zone | j ti parized . at
a 30 pr ess%l’“é"ll?é © \W({l??a‘%c%?fb%wgn??a% :%aéurrg Rt #hr%asigzﬁng %%Jollrelxal}lo?i‘a[tgi thé from

t hi s paiSti abtal apmbérzaftmalas bi¢arpon moyetidel takingoparhia the awiroreactomdandghe one 111,
called a puﬁreb&t JeQ%imene, in which the vaporized fraction originating
fromsaid fl'ash zone tl is distilled on one or nore distillation colums,
at the out %t The prapiertic agie ferematipn repetion with/thy folleming oveeall equatigiie 35

recovered, the other copstbb¥erLE,¥fcoabd,rPoH,zedcOOIEt i on being at | east
partially recycled into said reactor ein, with the view of inproving

wher
the monitoring ofy4rAge ongRongKide e s EAWmEdy/ or of et hyl acet at e,
the reagtor tenpenalyWesoited bixcheretdt pat of B Hybmgsr phwnatd by tieadosay| at abl e

derivati ' id t. ht _under. th | b
monoxi de. 1 cRHer Bsereaiipns cpRreagRb AgredtiER o lYE FBMbRR gery B pffiet 2 PO
conposi t i orTlafs, tvhen theaas stocamretthe maatod butlettihanalyned sthe Tijidrogeressdgetivityivent i on

therefore pdélﬂvcig(gg&leactigﬁﬁx%rna%ﬁ%b?eﬂﬁivﬂi@ﬂé.tOri ng acetic acid and/ or nethyl
ucti us

acetate pro nin a contin process_ for the carbonyl ati on of
met hanol or a caFlsoaQk selegsivity demoieaiepresenspti veeal b WateHBasTeacio oPHt 19T nonoxi de

in t he {5 q%ﬁct%ﬁ%&so%s”aésb@iaﬂéﬂﬂ?iﬂg% hs Wl @is, anek flo@&tlmﬂﬁﬂ_ te@:JLl%etCt@é al yst
system said process being carried ouf jn an.industrial installation
conpri si ng Bydregen #eﬁtl‘styrﬁgcwtrqlﬁmgaﬁa 11}4‘115‘%@#15}?@8“%0\/& " Car bonyl at abl e
derivative of Tietabairalcid sl medaid esterdfieaioneattiog t@give adethylacetetehanol
derivativesnconventional Ly _used .i.n i tri e

preparati O?\le)ef m @gk ?Ccetag% if%maeﬁdﬂ cgirllS rrréeg[%ﬂ;gﬁ Cé‘i‘:e t%‘?éergg‘?ﬁigr%ggﬁ%?%% %f#?ef or
exanpl e di niquig | stesatme rcondemised) | athttlei thgs ofr theefirgy | pertficatioe. C%@nnﬁniﬂﬁori ng
perforg%bd '&n%%&éra?i%ﬁ?ﬁ&éaé@sc%ﬂﬁ&%t%nﬁa ihlige JeRMENLI On can be carried out by

neans any electronic device tor assuring the desired servo-control so as
to mninze the Pepasdingnemdhe gerbppIBeOXifee AOdREILPIRERSSRtRAM L B8d 20

ulnder goes fiddaE u@lairga&&r, {he caafohirﬁcsﬂoatdedshfam rﬁzﬁ{fnmbembnpborﬁmntcsmh bf an

el ectronic control devjce preprogra or this purpgse. re precisely,

t he servo- ctRt3HENS £a0i % dg&pggo tt {emﬁg%c‘? &bePBnBﬁ’Pa?@F gb‘bt%uég %ﬁgrtvﬂlé

met hanol f eggbtreameofithe tabaicr aat tdaotor,sroakisg titopassibleniozredudeethe avabiattonsdnoxi de
25  carbon monoxide flow 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 to be

30  discharged into the atmosphere, either via a flare stack or via a combustion system
with heat recovery.

The improvement according to the invention consists 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; selectivity or conditions which




25 | osses by continuously nonitoring the carbon nonoxide feed rate in the
reactor and at I-east one of the parameters defining the conposition of the
reaction nmedi um and/or the vents. Those skilled in the art will easily
understand that the parameter chosen as the input for the device for
effecting the servo-control depends on,he node of 30 operation of the
acetic acid and/or nethyl acetate nanupacturing process, and that, in
particul ar, these paraneters nay be different according to whether the

process is Bal&OiCabdshile GOVHRMIEOMNNE U Qofsifingtion, RepddRIFaBy andanBeofos a
so-called "l ow water caontent" r,ocesE, as L@IIJ |, BF aogﬁaﬁent.ﬁrom t.he
fol | owi ng d¥eRIPERmMme elegironicdavics sugh gs 8 suylityprighlegopfralierwith predictive

noni t ori ng-gaibr.ol systemif it possesses 35 the requisite functions, or a
mul tivariable predictive controller,.or any other .8 el.ectroni stem
navi ng the T of | obitiso apaRt 4f T Bleyict Aescb Phssech HRFIROIGHRES *an
interfade ftempeiiagire alemainedefisedratod given avaleodor png pedadpuths; reanr a

cal cul ati NGeRHOGERS A the BrddVeYBbrdih Bhd INBRAAN EichSoHF bl Mo AANASIE! | er was
chosen for 1 exanpl es,” on the on and to escape the specific

" char act er i searbaen mererddegandersed nonitoring-control systems, and on the

other hand to bey; abtsnd £HpaRaBiil, Q6 tHotigh ffe fabsndtERISEIEs mpRVdraBlewi th the
mul ti vari abl e controf | er” Such.a device i basgﬂ}eg{ler'\t; e use of

a
mat hemat i calft ©&rforBPlsrowere B fhe GaRfaRFeRE e K9 © PEHETOIAMIPER, by
r fel yihngloon_ Wwhich imdbﬂﬁambmhtimaﬂlglwit}pa odte eer_ltantlrgramﬁt_hsﬁ or equalito 14% f uL :JI’ e
of the vari.ahle to.be monitored. r Girah ke ri abl e
predictive 183h? Far1 rsneglé‘l n& roél“i%fth}ggov(r&%%'ée:aughl %/Qb“?élg{f k g?‘lltﬁ%mg%%&?c al
control rnodélwas Bessthie in tallc easehdo aptichize tha laceitmaadiétand/qzjrmd’!hylt pgatate
controll er n@%ﬁu&tﬁnb% }xﬁ:aﬁg QYT ALRA LML G b tHE '?@a[c?drl téripefabir€ hn@Uhe i N the

n mat node he ab

fol |l ow ng ner: emati ca I's chosen fromt ove- nenti oned
library as methaneltfpeshratst (output yesiablesror agtéen waiipblenbaschiiwriéen ofBacbeR whi ch
it is desir@gndQdd el Ghl® anliit JeLNOAE BddifortaY Phiatleter MBS ANDidtivaahbly by
means of prelim nar% teifts, whi ch consist in testing all the mathemati cal
model s on t GRPYKalEE S oiectiveivalvesn 20 question and observing the control
responses obt ai NEhus, avedrdiag tof its esseatidlechasectdristic,vihe i inbémonarethtesotar espondi ng
val ues of sg-gall bj [ i.abl e j

control | er _%@dafgﬁhgnéoggﬁoéxglp‘é%faéarﬁgmt ea%\%tgcr %ggﬁgy%ééﬁqggéa%rﬁ btge act ed
upon so t hatarbénylationenftmetbanpdor atsiagwnglatableednrivativel obmsthenolgwith caibpon et

val ues. o 1 iBReRBERFRk 1O lin HRGrBEhbOBE Wik AR £R0BRSIesls Gfalgh Lhe
reactor tenperature an e nethanol flow rate and the o Gti vgl Vari abl es
consi st of $Y§EMb asaifb PIGRIFASE JRIOFESE Peing Earkigd) Qqﬁéna%bmuﬁﬁdﬁi iR anet er
defini ng thgompigagsi tion of the reaction mediumand/or the vents. This
second phase anounts tr) the creation, in.t.he controll eé., of.da %ﬁt agase
representiny BAPIEd} Salled s FRRARLOLAQRe EAMPHRING 2 PRGN 1B, WiiEh Said pefhips()

obj ective 30 \varboaplatien reaci@l uwaaiddngt pur thgrlagmd phasehi ® emperdiutehd 150
controljer, t i r@b : LA and the
a0, wrron wi I oe FYE0E el 81518 (QA6GIT B S PHE R ERerklE oIR8 Cpu
signal's i n or dfrthe gasseny eiopy ey she( iquid deyel wf vhe teastiommedivgn  stide action
vari abl es. 35 Ifgorval ues of the action variables and objective variables
whi ch are

e a zone II, called a vaporization zone or flash zone, in which the liquid

originating from the reaction medium in zone I is partially vaporized.at a

30 pressure below that of zone I, the liquid fraction originating from this partial
vaporization being recycled into the reactor; and

e a zone IIl, called a purification zone, in which the vaporized fraction

originating from said flash zone I 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



9 supplied to the controller are obtained during a prelimnary experinental
phase, w thout control, which consists in carrying out the chem cal
reaction, rapidly increasing the value of one of the variables by
increnents so as to cause the systemto change, and observing the change in
the different variables by nmeasuring tgeir 5 val ue continuously. Once the
controller has been programmed, it is i'ntegrated into the control station
and progressively | ooped into the process. Wen the process is carried out,

t he controll ebm&ﬁgyk@g@@dﬁmg s@iljrectdrye vari abl es around set val ues by
acting on thg actiqn vari.abl efs. vi a .t he abovelO rreg&i oneg c{evi&es. In a
first vari aprerein, ith,the iew Pt pprovias fhe monttpring OF the Brogpetion Klefietib nal
processes faid tahd/oc af hnethylaidecate, othe meddtam@mperatiare ednidcthacfieed aate| afr theret hyl
acetate with r t reat er. . ° (| | known
that, in su@ﬁt\ﬁgﬁ@é) ﬁ\%gﬁﬁtolggitﬁ%f)%pc?eg%’gé\éet Qgs:&lcfﬁgaggr eé’#j‘f%‘? id%cri\érltgé g?ﬁl{ﬁgt hanol
to acetiSc aefi the zathoormemxidd fegd aatatandiah leaseond glithe paemetersdefisingztdg by
rhodi um WiMﬁ;#&ﬁftféﬁ&gﬂgﬁgétﬁn%&ﬁﬁﬁrwﬁm%ﬂenﬁgum to 14% the carbon
roduced under t

nonoxi de i s | ( the control of the total pressure. in the
reactor; the nethamaresprt inventipn éhegefgre providesp bsiter msaRy ¢k MPNoFaE; 1 ed

ac ﬁ] i g aci fkiace_figouéﬁi iaﬁ&/to?l}m@e?ﬁ! é&@'at? ]gﬁsawtiofleiﬁp@ {@hﬂﬁ@cl;usztpro&ﬁs_swfrotm'tet ?L i ng
met hod works | e catalyst is sufficie act.ive iS.iS no e
Case) the. rerPemALoRGE el fha choniiple Seatiud Ptmethend! Pih FalbRh

acet at el0 Thmohsxideasthe liquidgitayd, imdet meésencoofwakr atd ®homogdneeus atalysdr causes
poor perfor e jin.t 1fi.cat] one. Il he t of the
Frrot "purt VRRT sk pupsPblibp il ol £0ACndBAA FHARIN Blnpldfig e
concent r at | mainfdones I, ¥sanddfalefigedahdvehen i nhibits the separation of the

condensed |1 qui d“d:d}B&gﬁléﬁ'leQidfef-i%t%tof* heHhsbIPRAERSerdiBod b Hicami@g Ry HfPhase,
part of which serves as.colum refl ux ichis rgc c %d into
I

.CO| ?nd pgr.t of wh
the react ortheamgthanele dotivaiivgs ioavetioaally Jiwed dp industHal Processes| g Mht o t he
car bonyjsat i prepire@ed @F Jacetidcir GGt methyl avete tHyebarbasylittonh&or edampld i n
order to co&.re t tglg Sitﬁ)gtfﬁi ﬁn 30 a{ltler whi ch nore catal yst is added or
t he reactor ‘PF@B@F frretd hafides ot meihyl goefpign o al'| ow operation at a
hi gher producti ofihé moaitoring pérésmiedém tHeoprocess laedording to decinvemionananibe bet t er
control |l ed . L tOr | t CkJ ' duces
hydr ogen an%éﬁr)%nb%’{n g%sggsnigl%%%ﬁ%ﬁ%%% E)g 3953@3 Ia &égﬁg? %/%Kg te((%)'Pd:(?he
pl ant's pur $peasyss ayningee theeerripn maBxidedosses the carpentmergxidq fgdr at e of

the pl agy' smy&p%&sﬂg@gﬁgt@or{st possible to 10 determ ne the hydrogen and
carbon di oxi de T| ow rat esél%ener ated by the secondary reaction

; | n. the
carbonyl ation r efcPaticulay ghis servg-coptrokhdevice can; hean elegiomc coutr Slcfietvf?g t ot al
flow rate opreprighmmed fuexhid puspober i ng the reactor provi des access to the

lectivities. 5.t . i nted t t
select It Les: Sy BBtRG. PELILR-REN IR 403 BEtbeRf iR ger
gi ve propi ooi theamethabyigeedi e in o rehasionysdr asgermigéhizetthe carpor mpnogile
sel ectiyy ty; QL& b?f oheﬁ\%"slg%ﬂ&m@ing'aﬁe catbén @%ﬁ&é Rieh ir Mtk Y tHe SeAW61and
(0] the wat éer u

representative gas ré&action, t on certaln occasions, for
practical raalsasisongsefotie nasameipns defininggtie compoyision oftthe reastiny dpeshiem

sel ectivityadiyrdheverggd to control the industrial installation. Thus, in
the first variang, of i.nvention the reacti is,monitored, well by
varying the fl owl;rp‘é%eeS edﬂﬁt‘ﬁ%%IVYIH(YPSIEya‘r“l%ﬁ{%";{}Q%tI the RAtAMPLST CHOSeRr S ot hanol
used, at t heherinpot for theldevice dodefférringethe servotoenpelr ddpends ob ahgimageanthydr ogen

or Q02 | ect | Vi . . te
concent ?gt i gé]ér%{{ﬁ&%/#et%rg Z‘%‘%{Lga{r&%?n@%gg gp?ﬁ%glgég@c?%g&v@% ﬁf&&%éf g?(gr aply of

| ess than 2o patiowinghese paringigry maypbe diffarentpecarding te whediebhesewsnt 1t i on at
the top of {RE hilEdtoMiehiibhad PrdR8s 6PIHMonsHhf B8 ic? PR -EMeARhWvddte
inventor of the present invention haye cgegﬂé}y, enonstrated that by acting
via the confPmifiite Progass %W%lb%mﬂarqné}[fﬁ@rt ¢ {QLlowing desqEPERY - eed rate, it is

Fﬁssi ble to |imtThe bgntfé_ﬁ)dwi%_sesn bheiﬂtxdrfaa?@zﬁtolbmg-dm?gob@ymnf ﬁé(q?(ﬁfbsse&t gli n
e reagl or .varl es I NPOSI Ng a V ue S a e . on
the CooSbr 5 Lo ﬁ’i“f&%ﬁnaﬂrg? ‘B‘?‘%H%ri‘%r‘eaipﬁ?‘ﬁ‘g“vteh8°'ﬁ§ﬁ?§f| 8 day a‘?légr

concentration at a value of less than 5% by weight, preferably of |ess than
2% in the reaction medium 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 C02 or H2 selectivity and the flow rate of
COto be consuned, and the controller acts both on the reactor tenperature
and on the flow rate of nethanol (or carbonyl atable




derivative) entering the reactor. Using the control device in this first
variant of the i'nvention nmade it 30 possible to maintain the C02 (or

hydr ogen) selectivity within narrow limts of variation by acting on the
reactor tenperature and on the feed rate of nmethanol (or carbonyl atabl e
derivative) in the reactor, and nade it, possible to optim ze the carbon
nonoxi de consunption, even in the presence of relatively |arge fluctuations
in the carbon nonoxide feed rate in the reactor. 35 In a second vari ant,

t he 'nVent'&&ttoﬁl@dﬁ@nﬂmﬁﬂgctﬁbk@ldv@n?@hzﬁ@dtét@éﬂic&' ow water 11 content"”
processes for the nuf é}éﬂég pof acetic acid and/or nethyl acetate in the
|i qui d phas®, af PRUQUIDHE Vi5f> a honpgeneous catalyst, i.e. to the case
where the wat an ierfgefor digltairconvertiog of eRCinalog infds/outpits; delss t han 14% by
weight. It is we lllgn vvpctshat in contrast to the conventi onal processes
where the 5 wAt8r*EoheBMTE I on i s greater than or equal to 14% wei ght
of the rSeacti on Hewevan a heultizarable opredistivert ¢amtroller swiash chpssw Wit etﬁe content"
processes ig iyl %ﬁtt\k}\ﬁ%@fﬁ%ﬁ@ fio @bcal EEM g;sb%sﬁccéhaeictérﬁﬁcégﬁsbbfateacwh

production react] on er eas eca nylation reaciion is relatlv?
i nsensi t i veMERItQrHE-Eomirok gysteans, opd gn thegpthenfhaad e he ghle to mpke dinertuse@fi n t he

art will ea{%blpyo e s phbd withahe mutivatighle do@adsiRr. contrary 10 to the
previ ous case, e water. concentoration in the reaction d| u at her than

the C02 selecti v §oh a deyice B basedsAh thestisy Yot Mthetnatigalogonito B4t ve
vari abl® Ofertab&s corpredittiwr cofiher efhiohe, byt helyingt en thmnmthenamlcain modhi,ch wi | |

be {1 xed at QR CASLERILIC oSy AN HOSWHUSI Tl Sopforcdr bon monoxi de

enteri ng th%ro van eousl osen as Ob ective
vari abl es of t heTm)nommercmtll)f availahle mubwamlererttV@rﬂontrﬁﬁw@fmmﬂy ng

processes. jhtoReLAE ferﬁéthf: Qﬁoalbdihtf&"nﬁ)d@ﬁse too, it was possible to

act via a preprogramed ‘controller, particularl a via a rmlt|var|a | e
predictive cont rBefoes it gan theeusedadt multivarialle spradistivg gontrellet| By 108 of

net hanojs enﬁ@gtaﬁmémwm&ﬁ@tg@ﬁerm &hAal oldGn tR tﬁﬂb\ﬂh@lﬂ?atinbﬁ wat er

o ar bon monox 18 WHLRMALCA FRGHET inGURRB AT FECEIE pioned, NBref B 4P O
advant ageoufunvider @ﬁtthapaddt@rabded il Het bhenhiealerebattinnevbich of ist desireditent i on
descri bed a A Hotm, ! h1§ %ﬂ%g @78 c'aﬁg ln’?ardlleyaﬁﬁﬁéqﬁ'lbr @hﬁgarfs%ftqrélﬂgmhﬂﬁﬁgtls ow rate

of liquid SS1 Ng romreac e flow
rates of 25Wh@by®helsﬂ ingiebtingpalb tienmathemationd meedels omihe chemifalireactier iReact or

under tie @.ﬂ%ﬁ@ﬁ arf oﬁsQﬁlﬁg ﬁile”c@nthﬁ\f@épohibsfohﬁ‘an{eﬁaﬁOr so that the |evel
remai ns fix at a pre etermned val ue.  Thi redetglﬂmnedv Iue

advant ageous! y f? Yalea ol pcaliedracion ¥aripblesgod Gprrespanding JRlYES Ok gorcal eécal e of
the levels bb]eéthe Vagia6le® are tﬁémsuptpned aothe rc@hﬂraterusthel aef@ovatiablys tace thhe

i nvention can. he used 0, requl at.e. t.he .l.i qui eact or
by addi ng tgar{aﬁLe tHf% 8t té’rbe aded,pp %‘r?t I Qb ﬁqweq'ah%/lg 4 8‘3?/% g’thgteéf i quid
fromthe reaound desited sehealfi¢sasin the peesamdnvmmOua;m actionreriables coruistraft es i nt o
the reagd oy %5& b;f ﬁn%éféiuﬁeh&dh u&umgmfah& 5@%%& (Rt sngeémeour&u@t ing

from zones anot her parti c vant ageous vari ant of the
i nvention, @%lSSé}fvtbSEaéhﬂli‘t menoxide feed l&@@dﬂfléc r%hof‘f@'me@tlf)ﬂ%i PAREKES oN,

particul arlaeﬂrhﬁ%{mélcbm\pagmabbﬁthe réa?atlsﬁﬂfydﬁﬁwm/@mweﬁther can be used to

nonitor and regulate t ter content. in the reacti

particular, it cafiSH&C 3G amgHRts &9 therde t@é‘u%&'@ Cgﬂ{}?lﬁf‘é Bﬁ% dﬁtﬁﬁ?fet he

equi prent f sprasusting Hig rélati@shipsubawean tf avdérevariablehand ethet otgjectivedi um 5
parti cu%&rlx Lnlthe case of a distillation colum for extracting water from
t he protCess ?rbalb‘?he preparation of acetic acid. Wth the sane objective of
nmoni toring the wat eslcdating progsdmy bepplied cwitlo thereentroter.sticn apsiizes dan al so

be used to ERAJ OpardiersC Bithdks&ns @!uq afnhQH\é [a3! @hRh Willoive 36 88 aﬁf)hd&iﬁtbhw
acetate, dinethyl” ether or acetic anégl dri.de”i ntroduce ésg, 10 é)gﬁ‘failﬂe part
in

of the met hElfoFontedlar's redectiiond QpYougnaly in fyréest fon §oRt 168

valves) acting on the action variables.
35 The values of the action variables and objective variables which are



the reactor. In another particularly advantageous variant of the invention,
i.n order to reli'‘eve the purification train, it is possible to add
exchangers for absorbing part of the heat of the acetic acid production
reaction. Monitoring of the reactor 15 tenperature is then based on

nmoni toring of the heat exchanged in thbs way, and it has been possible to
show that the system according to the i'nvention does indeed enable all the
avai |l abl e carbon nonoxi de to be used effectively with a good control of the

conposi ti orsupplidd & ﬂ@%ﬂblléﬁ%%ﬂtaxﬁé‘@ﬁﬁﬁ@é ﬂrmaﬁﬁbhﬁpetmsn@altph@ie t he

i nventi on, t of th g ﬁ h of the. aceti.c am& hg ag ?n reacllon can
be renpved ql’éc‘iﬁ\?gf) qwhich; consisis i, catrying Qub Hae chemical teacppn, fapiily s o o
the react Ormmhshﬁg theihvalir dfeat of deharigbles py mmincms so hsopabserthe systergul at i ng
reactlonll uibd into,s

<t roams. ent Ot ok af SPhetep BT Phenglin The bRRRERghRcL Oy FoaflBub L' 0

vari at i dns vaiud dvationoustyn nonoxi de 25 feed rate can be danped via a buffer
reser VOI r pl aCedog&s%%%mrglflersl?a's%eéﬁgf‘&g?aﬁmnla@ IE |f§ fnté%ﬁtb@'fﬁto t@e §&¥trdla| ue Of
t he carbon nonoxi ow rate I's nmad depend on the pressure inside said
buf f er resestatinrand|piogrpssivedy lopaed iR théﬁ’“?cﬁés i nvention, the fluctuations in

the flow rate ofwighhae ﬁ@é‘é@,&(hgebaﬁwdebhmghé Q@nﬁr@l&ﬁ't&gul@&@ the agfmed by
di schar gi ng ataBg east rt of t he excess, into

di schar ge n¥A/1aBEs ATPRRYG St ES?JP?? O Sting ?%%%%r?\?ré?ﬂ |V8H§tl’1 Vﬁ%i‘?" ag?‘feher via a

fl are stoackmeiitionied davibeat recovery system Finally, it becane appar ent that

it was particula ﬁql%ﬁ‘?‘s‘l"v%%ﬁtg e ﬁw‘éx?ti&lo h%sttg(?hec%%n{t@méjsy g, ﬂe lal

according to the vention w
i nfrared repfoogssesf for theasnbpnyigtlcnrh ef wﬁ@@nk tcaaqe@n scist amb{@remeﬁwh agRiptRy| 13

acetate in %Rﬁv&a?é%%h@ﬂtsﬁéytéf%an-r&% qRas 1ype of coupli ng may be al so
performed for neasuri nﬂmp e concentrations of water k%(g\ fcet ate
Wa thata it push mvem%abﬁr%iﬁ@r thegireRnyiliofised as a

and/ or met hyl i oHilgaveil
co- cat aj sy st oPmetafibing atc@u@amacmm& mw&caa@rmqm [tqmﬂ‘d pifasd, leatapyzed &ys

according tqQ the invention. This couplin rocess anal yzer
based on an‘gﬁ"%’i‘% With YRieT ﬁ%‘g?m? BFeRLer @H’ Ogé’%ﬂ tﬂég%f gl'fncgﬁf BARIGG e ul ar | y
val uabl e i nintidgucddomdentier canmiol efithe pradoeeses, invthe readtdr; it methenolast t o

control not, nrﬁdﬁcegh§ g‘?}géf lrat%c t K/g thd ﬁgﬁﬁtﬁrﬁ{g i %cﬁ"éro%*x&ﬂhegtea%ﬁr

content, V\,h’l ence on Inetic acetic 10 acid
and/ or net h;dactacmmeeatwleoductl on reaction. In general, the inprovenent

accordigg to theThi@‘fﬁ&ﬁioﬁﬂg'n%tmb&@WtﬁeEﬁal@@)ﬁs §@ﬂﬁkient19u@nw ocesses for
the manufacture of acetic acid an /Oéqrgbi%lo acet i d phase,

in
in the presence Hithis iBpigheRauticnst GROVERy tIotacf“‘%C ?7%&?“5’3#?% Qularly
appl i cabl e pfethyRattt@e!t Th igerpdse 4L asetlsyl iavetudsi cohcdnlratidib irc tieabacsor capsasem

conpri ses a%ocl)reges ormance i the \{)lulrlhcﬁe (;[nalzmeo aﬂa}flc%ll'zlrﬁlr by tl{eh%y Ytnd THegli um or

pl ati num
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 which is
recycled into the carbonylation reactor).

The production level then has to be reduced in order to correct the situation,

30 after which more catalyst is added or the reactor temperature is increased in order
to allow operation at a higher production level.

It has been found that the reaction can be better controlled by monitoring

the secondary water gas reaction which produces hydrogen and carbon dioxide.
Continuous or sequential analysis of the plant’s purge gases, coupled with
35 measurement of the total flow rate of the plant’s vents, makes it possible to



It is also applicable, particularly advantageously, to carbonyl ation
processes i'n whi'ch the catal yst systemal 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: - Figu(f 1 shows the diagram of the
installation according to the prior ar{ for the manufacture of acetic acid
by carbonylation. This Figure is given with reference to Exanple 1. 25 -

Figure 2 shpygmiherndiiefoaeh ahd @&bbﬂﬂi&wﬂﬂwsh@& baddratd @9@1@& sHcbaddre t he
i nvention. This Fig t,LII‘lge IS@%I ven with reference to Exanple 2. EXAMPLES

Exanpl e 1 (rééfr%’&?&’f &srbgpylption iAoy anpl e, acetic acid is prepared by the

carbonyl ati on of Thgetdtwnef thésehpatalbdownenexidlehd notahdlow aatedotbbaben in the
presence of a ho (Eroﬁ1 eneou cata ' i.nst IIation shown

a
di agr ammat i BYRHCS %r?cmf'ﬁ&ovéi%l%?f{% 5{ &8 RQF%%? on is carried out at
a tenpesat ure oflt ia&&(bemmmed aut litra thap pass ofi the hyddrazen [generatied by uhewa®s The

vat er Conﬁg%grx%%t%é'WG@w %r apﬁgnéﬂt b?‘ 4@ tllgfx &)4g§v@y r&@bﬂilat a01d -of the

reaction concén Ions are as ssed i ght of
t he react i cproduati sorthe hydrpgan sejeqtiyity andee Ry Felﬁ@dﬂtéléfe llfl)lﬂﬁg%ﬁwa e&& et at e:

1.75% Acetic a nis
o/ e D SRS, Mo RSP uTonag e ot
%’5@@ 81y a

essent i al | yCesiRiNg OgeRsioBac @)y PHAC %alflrea%q?sz%ﬁ%%cw c\ﬁ%rthgl

flash dgyi Cl?d?egeﬁ@éle@tl\ﬂtyr thhy B@ﬁSeﬁmo ¢onisol kid indgsnpaliigdtaltationr ee distill ation
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t he Figur e)vdrying lthel fdvaw wate of mgthanolh ot ¢agonylatable derivative of methanol used at
the reactor inlet, and the reactor temperature, to give a hydrogen or CO; selectivity
less than or equal to 0.01 and/or a methyl acetate concentration in the reactor of
15 less than 5% by weight, preferably of less than 2% by weight, making it possible to
assure a good decantation at the top of the first purification column.
The tests performed by the inventor of the present invention have clearly
demonstrated that by acting via the controller on the reactor temperature and the
CO feed rate, it is possible to limit the CO losses when the carbon monoxide feed
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.
Thus, in this first variant, where the water concentration in the reaction
25 medium is greater than or equal to 14% by weight, the control involves the CO; or
H, selectivity and the flow rate of CO to be consumed, and the controller acts both
on the reactor temperature and on the flow rate of methanol (or carbonylatable
derivative) entering the reactor.
Using the control device in this first variant of the invention made it
30 possible to maintain the CO, (or hydrogen) selectivity 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 fluctuations
in the carbon monoxide feed rate in the reactor.
35 In a second variant, the invention is also applicable to so-called “low water



15 methane. Its purity varies from98 to 99% (t hese percentages being
expressed by vol'une/vol une), depending on the efficiency of the
purification equi pnent. The carbon nonoxide is then introduced into the
bottom of the reactor 1 via a line 7 equipped with a flow neter 9 and an
inlet valve 11. A carbon nonoxi de 20 buffer reservoir 12, |ocated upstream
of the inlet valve 11, nmakes it possib to danpen any variations in the CO
feed rate in the reactor 1. The methanol is also introduced into the bottom

of the reachffent prodesses! fob eheOmemraeBRoMcktic acilil woridthyl Geand ianheé nl et
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medi um 25 liihphaser indhgapesencerqfd homegepequsap &nlP ByFASOMOERES i n
Egrti cul ar ,wagé&dﬁeéhntﬁlh@wlijh ihe réd&ﬁoﬁlg&@_hﬁmgléssﬁlhgutﬁby vkliglfte_ssur e c_oglt rol | er
, connected taq, the carbon noxi i n] e, val ve makes it ible to
noni tor the tot Flspwglggiﬁ‘f’gnit ah Hbc?rgg?é{]h’rhlfc Hglt{ogﬁlp%rpggsacf,sewp%%ftﬁ% react or
1 i s nedsurnedebyorrentnaionoivegreater deani aeequbl 30 1l byaweigbt wbdhd ireadtiby
circulatin Jragti £aGH | Lihgui, d.d 001 .passi ng
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" The streampafamaseic of dhe rnesic 0f thruacetie msidk @redustion Heactieac f&iereaafic t hen
cool ed and da@60hGlaBln ERHRD Ist rePARRIYOLReARIVE D Re TOUeldGig! fonenibeat of
the 35 acetic acCid fo tl,o&react :l]on., &»215 Thg vents | eave the tog part of
the react oreasopn thasgskilediip theygt wilf gasily gipderstand fhat i Suph p £ase. SOPHAY ¢ op of
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part to theheeanttadler.1] and sends the gaseous part to a washing colum 19, in
whi ch the gas i d . wi [ j.d f ] assed
through a flar esgqggifgﬁléﬂg a%g[eg?ﬁclﬁféi%@ F%Cg{?ﬂg@;?%%d;%hﬁﬁgdaﬁﬁﬂ?ﬁg
i nstal | ati ovalaghoerd i the F¥lgwr gate, obr earber omopaxide| enfetingh nthemractosr Wilhe 10

i nt er calsat | PRantafedull§ BeEBhosed ARUSHjE@IVe Cvdriablel .of Pthe WontrolleH fghBE gtov nt o the
atnosphere, of a flow nmeter 20, an analyzer 21 for analyzing the gases
I

enmitted, anVatgr cONnG] BANYECHBRGPOCOSEES connected to the flow neter 20, the

anal yzer 21 and It hecihevippiiesr i, ibhehiaicadey ey, i2 vas aposkibleatty adeviace f or
conti nuous or sequentj al asur £ t i y .k he

hydr ogen arfiFePe HORInLS oL Bﬁgﬁféhiglap%?g%&ég%@g .I?reﬂ??@ea‘%gtrgfsléré ,Oﬁcoupl ed
wi t h measurthenecrctosftemperatict aid the dlow steobmethanolpintaringsthe eeactor inakdss i t
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generat'ed by the secondary reactions In the carbonylation reactor 1.
Cal cul at i orconsgmptien efprahan manoxids whetkits feed BndsrwentdlctabipRs-al flow rates to

the 20 tot alh fl 01.1’1 b sd%ta‘geéaoaarmnlcapbm@bwwtcﬁFbmgtheranuscemel?xs of thbus gi ves
access to the selectivities. Lt is SQ. PRSSI ans..of . a priate
anal yees. (dveREdesHbl i weranpraiaReD befhaR ¢ RARR R IGL RIS,
medi um pardfi Gadidrpaysihg dronatrencticozoeni imodflashezone II, and the flow rates of

25  recycle liquid passing from zones II and Il 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.
Thus the controller used according to the invention can also be used to
30 regulate the liquid level in the reactor by adding to the controller, as an action
variable, the flow rate of liquid from the reactor 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 IIL
In another particularly advantageous variant of the invention, the servo-
35 control device used according to the invention, particularly the multivariable
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met hyl acetate content. 25 Provision can also be nade for nonitoring the
liquid.level in'the reactor. This can be effected by any neans
conventionally used for nonitoring the level of a liquid in a reactor,
particularly via a differential pressure neasurenent in a reference |eg
systemin the reactor, shown at 37. A fraction of the liquid constituting
the reaction nediumis transferred 30 ntinuously via a line 31 fromthe
reactor 1 into the flash device 2, in which the pressure is maintained at a
val ue bel ot RativePESRIILE, R8n bB ubdtftd BBRHGT antl BEuIAS the wRfePdBRRnAinRAEL i al
vapori zation of the reaction liquid. The stream F6 of |iquid introduced
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fraction not vapmrpaeehla it & bd asd twonenitorr @iduegslatecor the orealedndrthd via a
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this first distli i . i S,:Lef.yrned to the flash zone, as shown by
8§e§5|,f&ahée§%3§r%%¥pf%c?u§E'Eelaaqueous i quid phase at the top of
this first col unWitk the sameuohiedtive ofthenitasingt be water eamenigh the seqsdpat or 23
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whi ch can be neasured by neans o;igg?tl‘lﬂow et er I emnai ncijer of the

24, the .
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car bon nmonopdfexéHafper hedi dh R1dbpadl retironlalih® reattiorcligEia iato. saltheadios,
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by the fl owcdrbbemonbxideenteling O reatel danitbe damped be disohargingen ldayt gateoff | ow
et er third in the methanol feed rate in the reactor 1 as

9,~- at a ut E3
measur et by&{eﬁéc‘?sisé’%oﬁléet%fm%pﬁ’e%d 5- at a fourth input E4) the tenperature
i nsi de the react Fhisldischargeasay bl effgctechpartinadanky irecoriventienal omnber, either

via a flare stack or via a heat recovery system.
Finally, it became apparent that it was particularly advantageous to couple
the control device used according to the invention with an analyzer, operating in
35 the near infrared region, for measuring the concentrations of water and methyl



For reasons of clarity, the connections between the controller and the rest
of the.installation have not been shown in Figure 2. At a given nonent, the
controller 40 conpares the objective variables (CO 10 flow rate and
selectivity) with set values CCO and CS and outputs control signals S 1 and
S2 whi ch depend on: - the difference bgfween each of the objective

vari ables and its set value, - the nettranol feed rate neasurenent and the
tenperature neasurenent in the reactor 1, and 15 - the relationships

bet ween theaca@{dlﬁmhé/@gmmllﬁ@dlaﬁd t he objecti ve variables recorded in the
controll er when was pr ogrs gl The cgn nals.S 1 and Szhare used
respectively to $318¢ t¥Rfe O HOYRUNH WA, O¢ rB‘FrIf di 05 MEISHERBIMF eed rate
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EXAMPLES
Example 1 (comparative)

30 In this Example, acetic 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 diagrammatically in Figure 1.

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



20 paraneters. were followed (a duration of about two hours). The
t.enperature was ‘then |owered twice by 0.5C with the paraneters being

foll owed. The same operations were perforned the next day by |owering the
nmet hanol flow rate twice by 0.5 T/h and then increasing it tw ce by an
increnent of 0.5 T/h. 25 Fol |l ow ng the1 araneters consisted nore
particularly in continuously neasuring the values of the action vari abl es
(tenperature in the reactor 1 and flow rate of nethanol entering said
reactor) argfthdRadMainugsdioim. t he objective variables (flow rate of carbon
nonoxi de entering the_reactor 1. and COZ ectivity)., Final. adj ustpents
were nmade to the conﬁ:tlfl CRRCCRUALANS: FfE 3 %%Wsscﬁ“ﬂ}%%eél gﬁ %‘§€ chﬁl‘%y t he
manuf act ur aeactibhengdd@sur ed val ues of the different paraneters were supplied
to the controlle;.ﬁgt}e,ﬁ tware then optim zed the gain and | ag paraneters
to be applied to t A g t signals S 1 and S2. After the controller had
been pr&gramred,e i Metld ipdide:il@00 operation as shown in Figure 2 and the
process was carrj e r same conditions as in 35 Example 1
descri bed above.J %wltag%g%' }22% found, surprisingly and unexpectedly,
that by virtue of #seticasid ead rasalysts tptl0Q%s possible to maintain the

variation in QO2rieelehé hofd brodietidd B SaarTAw | imts while at the sane tine
varying the terrp_Fratur qof "the reaction m'xturel and.the net hanol feed rate
'}?é@iaHP‘ié’ X

so as to be abl elf%! OPREISESa R HEHISM 1 EANS Hgnsé%wgu?‘?ﬁ?'}t@ﬂya(?fda hence
maxi m 2@ t headee!, cflahi 2ne Nodugirisarg. esbersialy hdlasio deviée 2 hendcopirifidatien made it
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producti vi tkigareer a representative 5-nmonth period. This corresponded to an

i ncrease in acetq kel opr . OF ; e Qe this
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accor di ng tspanakng pystamy Grptoshowvnmin ¢ the aFighs) dnpelaiigc Maging oWith oiqud i n a
process|ssuchefand hat described in Conparative Exanple 1 nade it possible to

satisfy the varipus constraints, soms f ich are co fJictin.d fact, in
the prior art, iﬁs REEYS YRN8 ek ?I??e(t Shprantiess ggmgo‘ﬂ?f%ﬁ? g%

possi bl e i nvaumieivoluined Mdepemding ba ehetdificiondyssf thapwifetatos equipmenthe car bon
nonoxi de flow r L bl . L - | l1e,;20ai n
refers to the i ?Elﬁesfél% h})ﬁ@tlé% ﬁgt‘#@#@ﬁ%ﬁ? %%Egév?%gbxggf @ﬁpg?%%&eﬁl% Exanpl e
2. However ,a tihe 7cgnippod mdth a8owsmetes® and ed inlat Y&iY%lbaéeC&rbOImeﬁQX@ﬁe.

recycl gstr Bt 19, 1ddiell SRSEQM bf W Rilet! ViveC P! fafkes it pbSigbIL itgui d

level in said reactor. The main.liquid streans entering the reactor 1 are:
t he met hanoflampeaciny yegations in thy CQ fieediraigye the 168¢t@als passing from zones ||
and 111 to the rerci@handlabelsy introdubéd in€s thelboRgmadf théfeatiof| Wivik 4 liae6i on from

the flash zone t ethhe{;_l V\ntl} ttber@ci oium flro the bottom of the first

di stillati o"rﬂ“&?ﬂeagw-a W ML AN 2SF "part of the aqueous liquid

phase from the t®he afeabhef fritrasiicidg shé boihat icompomdntsrnf theF@agpn- mediany,ecycl i ng

of the £y gag] g ak'tl?eu{vgtteﬁhﬁes%tglpﬁrg‘ﬁgtgﬁ atngrﬁngfsgltvFﬁs fid Bﬁ?ieﬁi’aﬁta}é h@lsh@Rpcol um -
of 'part of the condense

F4 - the recycling . ﬁ I qui romthe top of the
second di stinthadiagraneef Kigwre-1.FS The main |iquid stream | eaving the reactor

consists of the hlQusBRSHNBIIES! T, comedcha tbeRcéRbort Mohbkidé inehval@nEl,- F6.
makes it possible to monitor the total pressure in the reactor 1.
The temperature in the reactor 1 is measured by a thermometric device 14
30 and can be modified by circulating a fraction of the reaction liquid in a cooling
loop passing through a heat exchanger 15 supplied with a cooling fluid via a valve
30.
The stream of reaction material thus removed from the reactor, and then
cooled and recycled, makes it possible to remove about 20% of the heat of the

35 acetic acid formation reaction.



21 Wth the streamF 1 already incorporated in the nultivariable
controller, it suffices to add the streams F2, F3, F4, FS and F6, neasured
respectively by the flow nmeters 22b, 24, 25, 26 and 22a, as the action
variables, and the liquid level in the reactor 1, neasured by the device
37, as the objective variable. 5 Therﬁggre t herefore three objective

vari ables: - the quantity of CO consuned - the COZ selectivity - the liquid
| evel in the reactor and seven action variables: 10 - the nethanol flow

rate F1 - the repgtwatstieaReh@iopartoftierehdtom ﬂﬁb@gh #hne F®, F4, FS and F6
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1, F2, F4, E %gfa't:%)b}pt‘ﬁg ec%n?gl'g rga%}’lo i carB«E&g'lz{t o%"i’eé F3 havi ng been

given a set ué i'ndirec rop or 1 on met han eed rate. The
increments of eaChlcplatiomegn dhe med@e@ﬂo%ﬁlear@a@pﬁm?ge partighflow ipes e 5 of

the perjgir bt gy BROSE @5.[‘891’1 %E)xitdg%n@rﬁgtth@&a&om%ﬁs gilByiscdeletopmsi tive or
negative i ncrlegslrélteg were 0. h for F1, "2 T/h for
selec

It is also possible, by means of appropriate analyses, to check the content of

different elements in the reaction medium, particularly the water content and the
methyl 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
reference leg system in the reactor, shown at 37.
A fraction of the liquid constituting the reaction medium is transferred
30 continuously 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 liquid
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.



0.5 T/h for F4 and FS and 15 T/h for F6. The HI ECON software was then used
to optim ze the control paraneters. The controller was then put into
operation in the installation. 10 Exanple 4 In this Exanple the

carbonyl ation of nmethanol is carried out in a continuous pilot installation
whi ch reproduces the operating pr|n0|pi§ of the industrial plant with a
stirred reactor, a flash zone and the rtecycling of the |iquid phase
(containing 15 t he catal yst species) fromthe flash separator into the

reactor. Di stl I |'Fﬁd ﬁﬁbtio’ﬁ Vipbripey anﬁhB‘&Iiislﬁlldévﬁ:@Q 1& 86dtabi the figdt didiglageme |11
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catal yst | Q&ﬂurbly issmeturaedtoethe flash zdme asaqhownrﬂyaheraférenctae?aéf vaekeas ppaioit or i s

o eal | .
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Met hyl |50d|tl1mugh0%epm¢1y23 fwedesantatiars of U8 twa lignidrphasessobtpiped withedi ¢ aci d:
to 100% Thegdptak éﬂ@f GhRA & 'b% meastd BRI ERG Metd I Fhdteiafndes 190C.

~ The carbon npnoxi pressure I's 23 bar. The car bonyl atlon rate is
15.5 nol / (Hefithe aﬂleréwusmg%@ bonEraDed tosmt%@f%ﬂ@éﬂ%% pon golpng. 01 t he

hyflr oge]p 3 g tHetbiey tmalgni@hqﬁdoﬁha@e Q@ﬁltl@@cirirmleﬁlm?éﬂw@maﬁ ali@itlativh E) y htas a
val ue o (0] 1 NS all O e.mal n,o ecti ve
e Ot o b rhis AlsS RIS ey rBicted il B tabed P R BE b ¢ o
achi eve(r eantasaredcipnohetnsosfsa oo mpter 25 rihedoactpt iremaininigi iohthacelusuf 3i ci ent | y

stable to v ' : S I um

23 The par a%el@e g%é ﬁggghgﬁ{)é gl}l (f&tw}?ﬁ%auﬁﬁgél %elrrﬁE goa%)gﬁcwgdﬁﬁf&@a%lf%(% can no
| onger be ubweid:aling ¥act, the variation in C02 selectivity is relatively
smal | over the CPQ@SPth@HRj{h?& b&ﬁleﬁs%ﬁ%‘the% i Jf tHi@%écdﬁﬁtcoﬁlﬂu?%myél@dl ng of

the methyl acetate conte Furt her nore e z}

contents i sWifk@ylove Faie fﬁ»‘é‘ottae feastay Wa ac‘HWt%ﬁ*ntTh?Aﬂ‘PWHaéso éh)&,fpaé;gpn
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The fraction collected at the bottom of the second distillation column 4,

consisting essentially of acetic acid, undergoes a final purification step in the
column 5, where the acetic acid is separated from the heavy by-products collected

20  at the bottom of the column and from the lighter products collected at the top of the

column and partially recycled into the column 4.

During the operation of the installation, 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 monoxide flow rate in a

quasi-stoichiometric manner.

The CO; selectivity is adjusted to a value less than or equal to 0.01:

e by adjusting the rhodium concentration in the reaction medium to give a
sufficient catalytic activity;

30 e by adjusting the concentration of iodine-containing promoter, i.e. methyl
iodide, there being a buffer stock of methyl iodide in the decanter at the top of
the first distillation column; increasing or decreasing this buffer volume makes
it possible to adjust the methyl iodide content in the reactor and hence the
activity of the catalyst system;

35 e by adjusting the reactor temperature within a given range: 175°C to 190°C.



or by calculation, allowing for the water concentrations in the various
recycle streans entering the reactor. A near infrared spectronetric

anal yzer afforded in situ determ nations of the contents of water, nethyl
acetate, methyl iodide and acetic acid in the reaction 15 mediumw th
response tinmes of |ess than one m nute,, The anal yzer enpl oyed was the 5000
nodel from NI RSystens. It was calibratgé as follows: the analyzer is
switched to automatic acquisition (saving of the spectra) a sanple is

taken at each diTé eeesvayopsrhahe tnsoiy1$taidd whidhegenafiind €ndositroRéeperioded by gas

chr omat ogr a refrerence nethod) he .spect.rum correspondi ng to the
Sanpl i ng t | SroneeOn; B SAEE opHme 1 seudh PRI TRKS fasso AR rasataaRthEn | ched
A mat henat | @akentratiehs iof thhevarinue adomdtitients edtefixed ealues) inethk tehcter ahbe

concentratign t 1 hree i j ctedq. [, yl
acetate an rﬂﬁerﬁéttohrgﬁmliogdﬁ%lree%Egg%ﬁé%ﬁkt%#?%%h%égf%&é {ov\'/&eicr%é%h@rsl’ tggt%}e_[?m ned:
wat er:  @. 2%sftherefore tnpeintdin Ghd sactor 2mparatnrst $oyas Wwomaximize theswetioacid r ange
of 0.5%to t i 9dj de. 9 . 9 Y The
controller ll%ég/%cggg a?%&? iﬁ@gb g%aﬂrr%r gé{%gf%arﬁ%l{gﬁpgﬁeﬂ% \e/\rgé(i)l?péj)tg%??@\?gg\/ari abl es:
the flow rate of TiIlewraigrafdeaqtion ligyidenterng tetflash zope is thar pdigsfedsali um by

acting on txQoa&hbRthY ¥rhakin@heat Ifh€actigAPer ature of the reaction mediumin
t he carbonyl ati op, reactor ow rate

35  the f of nmet hanol fee 24 The
instal | ation of R cosHelme te Wé@hati‘?nsp@sQ?rb‘ieétl‘é‘l??dﬂﬁ‘ﬂe&aﬁﬁeylots% i ntain
t he f oll0ow ¢gagbgaman®Xiés, or akceps Edetvas R¥isdvalainedmsed dthettotali@@rfeed.
intervention: t I r e er whol e
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each action vari abl D] ect1ve vari abl e paiTing and observing the influence
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5-second interval s, werf filtered t.hrouﬁgh an ant I";Fﬂll i Ia_ﬁl filter and were
saved at 2-SANGERtEAtORS BF the varipys SPEIEsIn tHE feapiop s St of tware t hen

enabl ed the controller to be adapted to the 15 problem
Example 2
This Example illustrates how the process according to the invention 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 objective variables around set
values by acting on action variables.

In this Example 2 the objective variables which it is sought to regulate are
the carbon monoxide 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
measured 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



25 WHAT 1S CLAIMED 1S: 1. A nethod for the continuous preparation of acetic
acid and/or net hyI acetate by the carbonylation of nethanol or a

carbonyl atabl e derivative of nethanol 5 with carbon rmonoxide in the liquid
phase, in the presence of water and a honpbgeneous catal yst system said

preparative process being carried out in an industrial installation
conprising: a zone |, called a reacti zone) conprising a reactor in
whi ch sai d net hanol carbonylation reaction is carried out in the liquid
phase at a er 21,uhée fky fdvdlle h&a&ﬁ@@byuﬁ@ﬁbw&n@t@ﬁgﬁ uhe ted CB 8 to
t he gaseous canopy above the

200. 105 Pa and with the ven art o
liquid | evedtsoPeqSHEEme: gg’t"f’% yﬂ%o‘i? “tfrdai d reactor: a zone |1, called a
vapori zation zoneatmrthfrﬂamﬂutﬁnme methaviul déedtlate ihitbgiredctor il gis matasurgd byom t he
reaction t‘ﬂ%}ﬂW {3@ anlg 1S partially vaporized at a 15 pressure bel ow

t hat of zone t Ui'd fraction originating fromthis parti al
vaporization bei &@@ytblléwtlﬁﬂ dhe teanpesatatednsidethy reactolohas measuredpyed a

purificati Oﬂﬁe;l%ﬁonieﬁld/ﬁyvf& fyhe vaporized fraction originating from said
flash zone Il Is_distil tc:i on one or nore distillation %g mhe at _the
ap@ thede

outlet of which Fq’fé’e%ts@éﬁp clagdtygthg canerctipgs PRFveen e spRirgl $0red) the

ot her constuhbmﬁu@ﬁ hawd cht\ba@pghoagﬁnfﬁigﬁé pon being at |east partially
recycled into sa gﬁreactor

th
o Loring of & bt pESRTcRT B oRe aearelEr 4D chias e iedBBRHEI e ¢ he
r eact or1(t enfiew ahterand aakdctiviey) fvatdset ahlpeo CAChend€S rad @iutpmts carttodsighals abl e

derivative ¢ C brought under the control 25 of the carbon
nonoxi de fesegaroa?g“glg%&e?&f(gérgt one of the paranmeters defining the

conmposi tion of thiediffarencsrberasneacinalthe obiepidve /asiables and itheet yalges s

according to clal {ije Indh&lofitdediaR rﬁ@c{sﬁfénﬁﬁf‘hﬁ@{he' temPérafeé AkaMirément in
mul tivariabl e predictive controller. 3. The process according to claim1l or

2, wherein e ards Gy out, mai nt ai n| ng 30 the water concentration in the

reacti oy medi um aﬂle&el‘dﬁbﬁbhlggrlﬁ&*/&fn thbaotien vaiubids dnd thel objectine veelables. . 4.
erein the reactor tenperature and the

The process acr%ordlgrglg 0 @k 'H t d
met hanol  f eBGOTSS I tF SORrQish Sthep A4S RIRErammid: 5| of the carbon nonoxi de
feed rate and t h®hdRomrol @gﬁalsélemﬂlSQWusvmtespectiselwﬂb eortrolabie salva 10al ue

o on 1o OforSibn i fefino flofa (N ERIGY] BPoHR! upgabeRr &t 1 on.

whi ch is maintal ne
pref er abl y edntiodling lthnéEﬁOIZ% Byidepd Fate Hbﬁ@e*tfabﬁthﬁégﬁﬁéﬁgq‘?tth@ffth? ﬁérbpéact i on

medi uma®p. HBRCAIOABFTaREEASH 00, tedivit répﬁroﬁéh Reirbe/afied GA0 asd €8! i ed
out, maintaining._the water égncen atl&bﬁfﬁ 5; e reacti on nedj at a val ue
e

bel ow 14% by wei GAt ;56 Vglie gfoy % STIECHVAR 15 Bl B 6. The
process accplredétagmhed fiked valbe pietorably chdsen rebeless thaeopequat tr@0Bnd the flow

rate of methanol o%ﬂ gf)gyt@(ﬂt%r&m ewhyc%t th\éec%%rf qlowe?%t%or are

br ought under th e carbon nonoxi a e and e water
concent r at i mgulated: vasies saca fumatiome of thg availabilicy o€ @hltbpatm@wxm ingthaef @t ai ned

at a pr%et ?ersé?vaﬁqﬁfﬂstré&n\é?ltlﬁ@reagtor Thefh?sr DEEIBBIlIRF KOfsEdriindd0difiely ®y Cl ai s

1to 6 erein t ow r at romthereactor |ntoflash zone |1
and the floRepuriag be pressyrg & 1 q*eﬁ &Uf PORFSERIONS 171 byamReans (of | Pgessifeq

reactor arecelteMePBRUTHE sdiRvaRE CA® icqdulNed BY tHelt@nirolrsidd dsa\fﬁhctidil dfai d
(oot o 50 biskeSaih | ool i SRR 4o gl FEHORE AT R S ©
concentr at i Bigure2.t he reacti on mediumis nonitored and regul at ed.
30 Bringing the temperature in the reactor 1 and the methanol feed rate in said
reactor under the control of the carbon monoxide flow rate and the CO; selectivity,
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, selectivity at a predetermined value and hence to maintain the
35 methyl acetate concentration.



9. The process according to one of clainse 1 to 8 wherein the variations in
t he carbon nonoxide feed rate are danped via a buffer reservoir placed
upstream of said reactor. 20 10. The process according to claim9 wherein a
set value of the carbon nonoxide flowrate is nade to depend on the
pressure inside said buffer reservoir. &1. The process according to one of
clainms '1 to 10 wherein the fluctuationé in the flow rate of carbon nonoxide
entering the reactor are danped by discharging at |east part of the excess
into the at nosphehde mdw ¥ellowda @EsefipEcn dE wdititg ptdenaccrdifif abMhel to 11
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were 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.



gH 1010% & ()-~!"S10%"& ()-@S10%"& ()-@10% & ()-&@ 0% & ()-y 10 10
B?K) z[ 9H
10 X 31'109%2" 2" & ()- 3'10%&k ()-!S3!110%"-"& ()-10% & ()-! LI'10%"& ()--!1L!I'1
09" #" & ()--.ac wxe6H
IN6!'10%"& ()-z@BL0W & ()-!y 31109%6"S"& ()-!'p 3110%W"J"& ()-'@3!10%&' ()-!1
"3M10% & ()- d7xY7 11110% & ()-,10%& ()- 10% & ()-ff10% & ()-ys1l0% & () -
10"" 10"" 10""7~gz}"?xY7 !l 10% & ()-10% & ()-z
Y10% & () - 10% & (as! (A Qanc’ kprsl Al ikl yifn by i OF G0 () &2
130 & f‘o() $c%)g42) er AO it was0 ﬁosfgéltglg o )r%alr]ltmneg‘thg)varlaﬁon in ddz sele}cav1§4 withi / s& ()-
10: : !, 6! 10%ar@w )mn@@hﬂ%a&'tbé -sh@ltﬁl% Narying Thel Erfigératule) of thebfedcadd! \ ~ S 10%
& ()-)!s sl (i) ¢ S ( %
@l 10%4.& ()’;‘?‘é% }"2 t(h)e )éﬂl{éﬁ fe}a @4*019{ fﬁ%’ Q’l 0, REHiFR, dhegrarhoy
s Sl 1098 ()m@goxtldeswpga@pt(nqn gnd@egcqmm&zq )he)acetlc ac1d production.
S110% & () -) " (théthllaton(dDthEEnteo1EO Wade it possible to reduce the excess CO flow
rate to 0.5%, based on the total flow rate of CO feed, thereby affording a 1.5%
increase in acetic acid productivity over a representative S-month period. This
corresponded to an increase in acetic acid production of more than 2000 tonnes
10 over this 5-month period, based on the same quantity of available CO.
The use according to the invention of a multivariable predictive controller
in a process such as that described in Comparative Example 1 made it possible to
satisfy the various constraints, some of which are conflicting. In fact, in the prior
art, it was sought to keep the temperature as constant as possible in order to
15  stabilize the other parameters, but the carbon monoxide flow rate exhibited
fluctuations.

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.
The main liquid streams entering the reactor 1 are:
e the methanol feed rate - F1
25 e the recycle streams passing from zones II and III 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 liquid phase from the top of the first
distillation column - F3
30 - the recycling of the organic liquid phase from the top of the first distillation
column - F4
- the recycling 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.
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the reactor 1, measured by the device 37, as the objective variable.
5 There are therefore three objective variables:
- the quantity of CO consumed
- the CO, selectivity
- the liquid level in the reactor
and seven action variables:
10 - the methanol flow rate F1
- the reactor temperature
- the flow rates F2, F3, F4, F5 and F6

However, the new control objective, relating to the liquid level in the
reactor, can be achieved in different 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 controller a fixed relationship between the flow rates F4 and
F3 as a secondary objective.

To reduce the number of action variables further, 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 programming of the controller 40
were performed as follows:

The relationships between the different variables were constructed by
creating several variations in the action variable for each action variable/objective
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 objective variable while keeping
the other parameters constant.

The signals collected on the industrial site at S5-second intervals were
filtered through an anti-aliasing filter and saved at 2-minute intervals for

35  identification.
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/h for F4 and F5 and 15 T/h for F6.
The HIECON software was then used to optimize the control parameters.
The controller was then put into operation in the installation.
10
Example 4

In this Example the carbonylation of methanol is carried out in a continuous
pilot installation which reproduces the operating principle of the industrial plant
with a stirred 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 performed 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 periodically reintroduced into the reactor in the

20  form of fresh catalyst.

The composition of the reaction medium is as follows:

e Water: 7%

e Methyl iodide: 10%

e Methyl acetate: 15%

25 e Iridium: 1250 ppm

e 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.

The carbonylation rate is 15.5 mol/(h.1l) 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.
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10%¢, #, & () - 10%Thi& therefore makes it necessary to follow this water content continuously
in the reactor:
10 e either by direct measurement
e or by calculation, allowing for the water concentrations in the various recycle
streams entering the reactor.
A near infrared spectrometric analyzer afforded in situ determinations of
the contents of water, methyl acetate, methyl iodide and acetic acid in the reaction
15  medium with response times of less than one minute.
The analyzer employed was the 5000 model from NIRSystems.
It was calibrated as follows:
e 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)
e the spectrum corresponding to the sampling time is selected
e the spectra-concentrations database is enriched
A mathematical model is then created to determine, 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%
¢ methyl acetate: 0.4% for a range of 0.5% to 24%
e methyl iodide: 0.7% for a range of 2% to 14%
30 The controller is used in this Example 4 to regulate two objective variables:
e the flow rate of CO consumed
e the water content of the reaction medium
by acting on two action variables:
o the temperature of the reaction medium in the carbonylation reactor
35 e the flow rate of methanol feed
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10  on the objective variable while keeping the other parameters constant.
The signals collected on the industrial site at S-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.
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5 with carbon 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:
e a zone |, 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
10 to 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;
e a zone II, called a vaporization zone or flash zone, in which the liquid
originating from the reaction medium in zone I is partially 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 III, called 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
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 via a
multivariable predictive controller.
3. The process according to claim 1 or 2, wherein it is carried out, maintaining
30 the water concentration in the reaction medium at a value greater than or equal to
14 % by weight..
4. The process according 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 value less than or equal to
35 0.01, and/or of the methyl acetate concentration, which is maintained at a value of
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"10%\& ()-@ | The process according to claim 5 wherein the reactor temperature and the

flow rate of methanol or carbonylatable derivative entering said reactor are brought

under the control of the carbon monoxide feed rate and the water concentration in

the reaction medium, said concentration being maintained at a predetermined set

10 value.

7. The process according to one of claims 1 to 6 wherein the flow rate of
liquid from the reactor into flash zone II and the flow rates of recycle liquid from
zones II and III into said reactor are also brought under the control of the liquid
level in said reactor so that said level remains fixed at a predetermined value.

15 8. The process according to one of claims 1 to 7 wherein the water
concentration in the reaction medium is monitored and regulated.

9. The process according to one of claims 1 to 8 wherein the variations in the
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.

13. The process according to one of claims 1 to 12 wherein the concentrations
of water and methyl acetate are measured by means of an analyzer operating in the
near infrared region.

30 14.  The process according to one of claims 1 to 13 wherein the catalyst system
used in the process for the preparation of acetic acid and/or methyl acetate
comprises at least one group VIII metal, particularly rhodium, iridium or platinum.
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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