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METHOD OF CONTROLLI NG ACETI C ACI D PROCESS Field of the

I nvention The present disclosure relates to control of
w@r@emsses for making acetic acid by carbonyl ap€DOSID6/004270

nmet hanol or carbonyl atabl e derivative thereof, and

particularly to process conttol during process upsets

and during recovery therefrom Technical Background

Anmong ¢ r L ZLRg
acet o M EAONY O RORITEOET PRERERTIEACIT PR P2
the catal yzed carbonyl ati on of nmethanol wth carbon
] oxj de as taught in U S Pat. No. 3,769, 329 issued

Field ggt :d&lVFlkt"& al. on Cct. 30, 1973. The carbonyl ation
cqvh@bbe%&mqm@m%%elra’fb@% Hohirofbf ﬁ%ﬁesgéssﬁph gQbetio acid by
ot herw se dispersed in a liquid reaction nedi um or

carbonsiigtpror afeviethanch ar ¢arbortylasahle dernaﬂtwq thewgofrand particularly to process

o SHFAZHSER BT A LRl BRI 0

reaction systemin any of nany forms, and the exact
nature of the rhodi umnoiety within the active
Tec}llﬂﬂﬂ‘zﬁ%ﬁ“ﬁﬁﬁpl ex is uncertain. Likew se, the nature of
| ' . The..pat:
SR a0 ABDEC o Ble 6 LSl S DBEHERS e most vl
commenidllyas theiatdly zdeadogglation oldethensol Mﬁdarli(ylp‘hﬁm‘bdlde z&;rtﬁiught in

US. Hih B 02D BHE Bl s ORF olighy - %%8%‘3?1 B gt

contaili® ‘Eﬂo‘dfﬁﬂl it @Bsol @ of dtikwiat disEelgécf’ﬁoa! IYfid Rlaction medium or
suspended. An inprovement in the prior art process for

suppoﬂh‘é on an beniydodid] dengwitha halogetrodntainingreathlise ptotmmter such as methyl

iodide ﬁ%’&ﬂ ¢ acg}d b‘[}r}g\gélﬁ%g%g}e thg?c?taﬁg al eg%{rng:{rslst nilaéqy fh orms, and the
exact ﬂét&ﬁﬂ STIRSrHoBiv@O Moy Withisthg A H e dalysPed@plex Namcertain. Likewise,
5,001, 259, issued Mar. 19, 1991; 5,026,908, issued

the natpyp of the halidopromeiier isnatszitios The Paigaigesdisclose a ugy fargapember of
sultab%&gfﬁ%% d'@ot L whl taﬁe galﬁg i'odﬁf? Bfost E!aﬂys’ Q&ngslelﬁ!ﬂg’ fhie reaction

acetic ac pro
is conflucded betdminabysipbulibling chdoy hatnakide gdsemrmghj aliquidvesaetddn medium
a re ctlo(gF dlun1cont3 ni ng net hyl acetate, nethyl

mWhJﬁg thefeatalyy ey GsiRgRdsdodi de, and rhodi um present
' F\naln{ti)%\éh-béh’c maht %ﬂn&f Jr?;%béé@ f6HGRE @J}B&%Ilétﬁﬁ of il %R%hol to produce

pat ents di sclose that catalyst stability and t
the caphoagilic adig haying bn¢ tmfbmaatbmnyblatthmhc ebohadrm dimprb@nce of a thodium

catalyﬁtﬁﬁwg]l[og 1@20%8§ﬁérﬁé%§%gpgd Y. § ej;lt ({)OIp%S?~I gﬁﬁed\éﬁay 19, 1991;

5,026 I9@s Sssued Jih e 5! Bt hehs nrwomm(sd&ﬁmﬁ e, 1912; gehEh@bean Patent No.
i ndustri al 1practl ce of maintaining approxi mtely 14-15

EP 0 1! 84, ewblished dial At Hi9Ri dig diselaspd thegaim tacelic 2apdiisuprpduced from
metha%lo Bg? %r%gnsﬁatﬁﬁ% ek %rétﬁz%lthéfe(ﬁf fe { ehé‘[ﬁ)nfqﬁgdf@&l cgﬁtafrﬁl‘?ginlé{ﬂyl

e concentration o
acetats,pﬁﬂhff]l ledide Cdspmﬁllya’nethml ioflide caiddRodiommgpreseat 1na1mitﬂﬁtﬂ:aﬂy effective
ccnceltltlggtmln dILhese patents disclose that catalyst stability and the productivity of the
carbonylation reactor can be maintained at surprisingly high levels, even at very low water
concentrations, i.e. 4 weight percent or less, in the reaction medium (despite the general
industrial practice of maintaining approximately 14-15 wt % water) by maintaining in the
reaction medium, along with a catalytically effective amount of rhodium and at least a finite
concentration of water, a specified concentration of iodide ions over and above the iodide

content which is present as methyl iodide or other organic iodide. The iodide ion is present as a



10

15

20

25

30

content which is present as nethyl iodide or other
organic iodide. The iodide ion is present as asinple
W@ 2006/08687¢ h | it hi umiodi de being preferred. ThECPHSDNG/E04270
teach that the concentration of nmethyl acetate and
i odi de salts are significant?paraneters in affecting
the rate of carbonyl ation of nethanol to produce
simpleassglit with &itliien iedigebiing pljpffatedl dke pewotsdeachdbagthe concentration of
usi

methy CERER bR RE R ettt ttline i Lgpponylation

of metRAf] @PpRURG Rt |e%pélﬁhl@% 18R réaktod Hadr ¥ohcentraidins! BY using
and reactor product|V|ty even when the liquid reaction

relatively diigheansenteations ofithe meithyl eentete and indiderisltaenel abfpinga surprising
fine
degreegnlkf%g{a Qgta gstalmlt ﬁndsfgaclt&\é%ﬁ{):&e]%%w t Ie\g 1 %}?E%n%gi éula%eé%%on me‘cjhum
contaufsuwﬁtblemmhﬁantthhalsfe&ao\i/Ia@ abdte Oi Iuwrt %crpd Ibwetﬂlat parovesadly e defined
Lty of the rhadium ca resi stance to

t
Slmplyc?ét a| e cap@etr ﬁlqrhtqf&@teregﬁgﬁwa}qr? W@ﬁ@r&m ippsERieyed
v,
1mproxre|§gl%l ﬁ%%ltllﬁrgogﬁl?eol?ﬁgﬁlg?%dgérlgﬁies (r)esks?agfg%%%t%&ﬁ ec1p1tat1on, espemally
duringdled plroplu@damvetymhcjs of ﬁlermnwe Irrfhmetsl'&ps,ah'stdlaylsn fdn’rthe pl_lrpose of

car bon NoXi nthe e vi ronme I ntai ned
recovefife TRagr di pELE 0 sof Sy e ssi 5 ggronoatce which
in the &fvir@ameMNmhiRtinddas it Peaddod vebial, €04 1iDIBRI with &Qﬂihgﬁ effect on the

5,026,908 and 5, 144, 068 are |ncorporated herei n by
rhodiupe{ k¥ dinient Nag. 304 1h2%9n§ 026,208 end 21t prefnessperetedthigesin by
referertdBL hanol carbonyl ati on process descri bed above

requires nonitoring and control of a nunmber of process

candithiaonsomplek chsmivel fracst, tanthetandlaarbmpnxba @rdcegdiescribed

rates, reactor tenperature and pressure, flasher
above ¥f‘@iﬁ§6~? mepiteringandsontal pfa nugmber pf prgesss soaditiens sush as mathgnol and

carbontlﬁ&ld &f;ed fhtééafetabt%i"{eﬂ{ erdli QR ?ﬁ:@gﬁg ' ﬂa‘sﬁﬁ%etﬁ%@rature and pressure,

care controlled to ensure at the acetl
distillagion domditions, enxd the filsk.y Irppartiqulam processpanditiond ae caﬂaﬁﬂlyl o:ontrolled to

e SRR £ B oE BRI RSBk e

of wat&oﬂﬁﬂiah@lﬂaﬁld“fﬁ 6188 aSidd dRnbkaqueitsy, itheA Bnd Bﬁ%@%ﬁﬂes@‘ﬁ%&ss
such as a sudden decrease in carbon nonoxi de supply,

conditipgs phngepiudderd s due {osan ygnpectest cviehesuch e a seddden decrease in carbon

o BSPSH5H) S00IEH IOl B L B SR e -

usualln@einwatdl-+ to)ensme (Iha‘t itleeddetitr acid b‘r‘oduﬁt aasihnalb emechqutiver ,
toretrrntog oeratlng[ condi.ti ons as cﬁldl as
specifiggiionsy ftds desiraples ‘b‘?"?i’@é§% refiigta ngyp @perafing gandidens as rapidly as

possibRRFRE ¥ ?%ceMﬁﬁﬁrancet h@ﬁaspdeeﬁ gﬁs%ﬁ\?éanﬁéﬁé\}e‘? rtﬁatgg]&l QY EdHrollers

standard linear control gorit do not
emploging iapdad tinyarcapirl al gmr(thms y‘lo faotoproiae geﬁfnmgtiytm;dé recovery from

rocess._di st urbances ecaus t he troIIer are t.uned
e i e R R R
the nar@PR kdded “ROMEHI bRsinzadoh&itioh$iAther ARinIhOBad #RYE resulting from a
resulting froma significant disturbance.

signifigant distbance. [ patieulan Hoeasicpetrallesy are linkfeddn Itha;ﬁ therrantreligs gain
(i.e., th(r:rea faﬁ?n%l e‘{ %@)eéh {hl mtﬁ&'ef of a%e%&dﬁ%ﬂ%%n? taggettt Wgﬁcﬁtl&ﬁ associated
gnirtu

S eViITRE
with c@&60 corttod Famailé(s); etid memagnﬁud@bf tha bm@éﬁt@é samr(ﬂ radtléma:hleved
magni t ude aof t _c?r r&actl ve control_ action achieved
using mampulate variable 535) ixed rather than changeable. An example of a gain is the
amount of steam flow change required to a heat exchanger to cause a one degree change in

temperature of a process stream. During rate changes, such as upsets, the composition of the
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usi ng mani pul ated variable(s)) is fixed rather than
changeabl e. An exanple of a gain is the anount of
wGa@ansd3row change required to a heat exchangePCT/US2006/004270

cause a one degree change in tenperature of a process
stream During rate changes,3such as upsets, the
conposition of theprocess streamw ||l change resulting

procesk Btréarg AN gRargl rédnétirgin dichae is tieoamdune uf sten taquikd ecffect the
t he one de%ree changB i n tenperature. Pecause of this

otee dagree GhaREH THRPIRNERrBecarte o ithis iitatipn ot Tingar comtrqligts most

multivBFESE gféd‘fcﬁ J@‘Eﬂﬁﬁcﬂ {r€4:8 ndf & E?E of ﬁféﬁﬁ&lﬁm%fcoﬁﬁbl%a'ré’dd%grmg
contr recoveri ng qU| from Tl arge-magnit

quickly fone ksgdmsguitvlapeasss cEsﬂarbamﬂsr Even weredbq:ﬂercohﬂr@lt@s operate based
oper at irical or t r.etical node

of
on an GBI BH BT e RSBy BF P REP OB Ghitpcontel
schemS GO@RRBILY hak! ﬁiéeﬂr«!)dési Bahs GRS tHY R8E50AEBE 8 phdcess’s rdsPéhse to a
magni t ude of the process's response to a control
controh aeticmm presmere s dess gnealeiblﬂ assyaaptionthing oukiohepomervhat pyeliable for

chemuf)% Ip{(i)cessiea,rqa%%mﬁ} W{i‘%@ %{é’lﬁg aat%f)% %1]’0{1? i m[lﬂfr%@tl coH&1‘ﬁ‘8§§1§%ry large or

whereGQfichHer oflﬁ]terﬁlatect peattiong areadiccmimfg&nau]mmbmly oThls is exactly the

interrelated reactions are, occurring sinu eous
situatiop jrsan acelg AR IR WATTE ihpdaon 9 faﬂg%&oéf?f fipn, ot methanol
moleclie®h Qé&ﬁt ﬁ@férﬁbv)‘ wAldintb &8t 4 ABiLaIR fGA! Bemyl @Je‘[a@énand water;
one nmnet ecul e can react (reversibly) Wt
two maﬂnnmlan«aicfmdemmcadt & foomfdomethpietthsrland cestieat andethel nw@mé pcetate can

atso gt PRl S S R ARTFRS 1 SRECHEHSh Bl g ove
at leas! 'sérﬁ& Bf the #’kéd@ssﬁ@dhbﬁﬁr FeReheh GEcaabshy b redetor fagd 1Bt dBB1 ddhlinear but
acid It turns out that at |east sone of the
actuallyr qhaes@mg@ depenlipe on thepiesess cordifipam PuringsvigniBeant procagsaipsets in a
t I
s R BRR LAY, g RS SRR bODo AERE AR e
contrdl igetfedtivea net hanol carbonyl ati on process, gains are

partl cularly unlikely o be const.ant ng.line .
Shiwirstanguls & percesiadtigigies R ity m@erh%sgﬁe?%q or acetic

acid r&%&bﬁ LRGeS 16 gleﬁéi‘ﬁ?f ndTBe&! c&@ﬁl@féd‘h@ﬁfo‘bﬁhﬂe% %mprfy nonlinear

tic acid reaction systens, it has generall
controblemfocﬂmsamlcmbm Aptd moivaitdas germq:blydgzem thouightethat nonhnear

ontro or .this.applicat,on.
contsoGFRaraPFS <BeTed HOUBAERERE I PREas CBHEFar iy Eifyey changed
(e.g. tHCBAngRMRIrONRE giade il th@Blb‘jEcEtI\& WhehRiR{RCRSsarkaidRaimé Between
are eI i"ber at eI y changed to change a product
gradesg r@det)nmlmn@ cebjr@loapph@auogs BarerfoisAe 98 DEVEOROmpITl BeFS Where

there aars geelq?ugrit:@g%% % gx%?i ?é ' *Pﬂes@% lg:c’t%?lgl%s %%BBffocused on rate

relatedMoldrget. NElicke BdmRaihy zﬁﬁl&bﬂnhowmng”eﬁcdn[robsmtbmstthgraﬂ ezpable of
These applications have not focused,on rate rel at ed
managing ﬁ@@énearrnr@F%SS?SewaPW@n%F (ASBEKPeR bancsp s Bhiogpvide rapid
eCOV. &st ens that are capabl e of managi ng nonl i near
processes in response to unexpected di sturbances so as
t ©rprsovi siestenapow avatad»i/aecroynm«ﬁmells ichsystest BomndSPEN Technology that
avai | abl e commer ci

emploiyé WA 5?%?6 lcﬂlgponen?s to manage a pyo%gsesmp];etolm a/éﬁltlon to a dynamic

controller for maintaining control until a disruption has been addressed, ASPEN’s solution
employs a separate gain-scheduling component that is designed to manage the return to normal
operating conditions. In effect, the gain scheduler treats the return from abnormal to normal

conditions as a grade change and imposes upon the return a series of essentially linear
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enpl oys two separate conponents to manage a process
upset. In addition to a dynam c controller for
wOoraioansa3mé ng control until a disruption has beR@I/US2006/004270
addressed, ASPEN s solution enploys a separate
gai n- schedul i ng conponent titht is desi gned to manage
the return to nornmal operating conditions. In effect,
transitione Yaverthststsadhdre remainsa seedifer a esngroh sy stamtteh megratks these

normal. condi t.ions as a .gra .cgan e and i nposes upon
compogy %Iéts'r EP%PW S%{ltgésffoggregflllgg%sg i°ACYVYi neartransitions.

Nevert hel ess, there remains a need for a control

systemthat integrates these cogﬁonents. The present

di scl osure achi MARY QB TIEE INVENJIOMRY OF THE

I I . i d

VTSI, 0 SOEys E BEESSR LA, o v o
produqinng)ahsttbib agldéweﬁfhbnyla'tidn bﬁ/r_nemaﬁxﬂmy la&?ib@lgyl@fabl‘éﬁiehi&ﬁ]@\be t@éreof that

a carbonyl at abl e derivative thereof that conprises . _
comprmqnpg&c?@ f'&‘ﬁ gate ﬁg@ OS\“Ct’&nd’g 191& qestic atid;sducipgthe pregiiction rate in
responsERULEREed 16 PoLAY ebhBRor & EproBess %gﬁgﬂﬁﬁt dRdRion G he

in a process condition or a ‘proces gui pnent
production dite ireduced; emttolingthe tweessahtheaedicied progluotdeuiate; and increasing

trolli th rocess, at the reduced pro i 0 .
the prcfRPAd el A sBRARE S e PSR v} pesdlipg producton
rate ref@iicto tal HFmEINGRERInE dsn d2e RRcr@BCI RIS @l 1ddftidnk oftthel 3 lof tdiicing the

production rate returns to a nornal operating range;
producfiRe rapsroatrplling the proeess et e sedyred productiongatsf andeinorehsing the
. 4CL i . i t..the .
poduc AL QUL LOR 04 RIRNERL b B IE R i e
controllet ey tuntlinkart iheltipadatie tamial basee on @tnisdes of the rovessreihe disclosed
methof B Faifin FTEE GariPab b AL oot drRdanes, e hgaglbugpot limited t
one or e Bf e §6BowihBe(af Elﬁﬁ{aﬁﬁ;ﬁqctﬂﬁ:ﬁﬁﬁéjin%fboﬂﬁﬁ&f&'ﬁ M@éﬂiﬂﬂy; (®)
_during a variety of condition changes, including but
failurepb i chiahist edfeedpamp; (o) losmekhesfing trecdobing ospacdy; ((ajlooding of a

conns BT AR Py S | ek BB RAMRASE SGectpacampnigons none
or moré §hredrRSSss@iatb@ alithip@ifice@eH doMens A6k dnyple, (8uffitieRdi A& or

of a downstream purification colum; (e) significant
excessiygcettq asikinfthe Ayahendafdle kgvsady edlwns, Which pan tgeulhisrless of phase
o i . £ cati l (
separaf)C TR RARAELE Efhelichihefty B AL A1 BOEEL WITbib R tgnecs. The
method i3 dldvecapulde béadim4iningeohtrgWheenthe taatition s arblaetedgasduction rate
iete%glt in | oss of phase separation); (f) a shortage of
or gra ¥Fe capacity for acetic acid product; and similar
ghaneder e\ll\%@@c, R RNt BscdsBR FRARARL 8 (RhciBfR ?}ﬁidﬂhfﬁ% acetic acid by
control ere the transition is a planned production
carbonyktien of mgthadel, ttvhriges the stepob tdrgrollagpadeast 4 heaciioresetion of the

di scl osure. descri hes rocess f.or produci acetic -
proces o rS MRTBERG 0 8T OF Hecrane o FRiRGieRS -Brhel psdictve
controlr B8 6104 honlthedt mbEADF R rE&Res.1 P SdEbilendfloyBe same process

process and/or a purification section of the process

model ¢ ponirod thanrecesa g rormehenerions shsgE eireees pret edition and also
aoring3FBEH A pdtioBOUel BEHpsfBIEbocRladhliSer 0CeSS. The

oys € Sane process

Brief Description Of The Drawings

While the invention is susceptible to various modifications and alternative forms,

specific embodiments have been shown by way of example in the drawings and will be
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nodel to control the process during normal operations,
during a process upset condition and also during a
WO ewoNwsi3ye peri od after the upset has been addrBSEES2006/004270
Brief Description O The Drawi ngs Wi le the invention
i's susceptible to various modli fi cations and
alternative fornms, specific enbodi nents have been
descrilsdulawaletayl hopsin.oft shmﬂd‘bb endanstodd hdwawernthat tha dnwentidon is not intended

bedescrj bed .i tail. herein. It shoul d, be unde st ood,
to be INgEtiEy he TR UIRHGHTH stlorean Ratheibe (e RiRTaa THdsd 10 cover all
modlfﬂcht%rfseéh&@alélﬂ&uﬁfﬂeﬂfek&ﬁkf@sr faflﬁfg%tlgh el s@&f?éjof tReRRAtiord f&efined

invention is i ntended to cover at 1 ons,
by the apgpéndatl Eaimsand al ter nati ves falllng wi thin the scope

. the inv s _def i.ned he appended Cl ai
Aristire! iR Eh R BRm o A reryptnllF e BRREAPE xRl process
sultabmlhlmahﬂmel@@a@yﬁtahmlﬁoﬁrocess suitable for use with
the present invention, gure is a glot of acetic

aighrest @urlet aostia i odiioriraie vEihs mgdpi vperiod including a
r
proces; PELHEMNE o4 0BG FEY o W R iR R M BE R based
controtlerdocotdirey toane aspghichof the pmaent dfsplostredf udede present
sclosure . is used ur.e is a plot, of acetic acid

Sﬁm& Romlstaracgt i bipfisionsie JeRug e OF 3Py period
followﬁﬂé 4 PCEY dBHRHARRS TuthSA YERARER thHEYSsA WIS &ﬁ'ﬁﬁﬁeﬁlon of

t he response with a conbination of operator managed
operatpremanaged rggutasotyraohtroollowedibp standaad tiam niddekbased control. Curve B

represi[,]i'g;él ﬁ{gﬁg@rcgv%{i g%)s%tg%s%ﬂ'}taﬁ%ed usm%na:li? 13?5%%@ %6559 ézantrol?er according
to one GOpYct 6f the hraaematigididrel 0 one aspect of the present

di'scl osure. Description of Illustrative Embodi ments
One or nor e illustrative enbodi nents of the invention
Descripi®ndF Tl PHT QBB dinkdhed- he interest of clarity, not
features ofr —dr act udl npl ement ati on are descri bed

| On¢ bt moﬂqaﬁustfatwatemndmidntmﬂthe mivetmnrge déveribed below. In the
e G RRH e Hr s S Bar i e ST Siscaon
It will /¢ §$ur9@béJ§ﬂﬁe&ﬁe@ﬁﬁ‘t fMfBe Hé\%ld%ﬁYe%'t Qpﬁfyssucﬁ Q@cﬁélfe'n{’oodlment

goal s as conpliance wth systemrel ated and .
numerbusindenenteticit-gutcifordstismion tist whnade tpiachievethy devdnpasiespecific

goals, 50 SRR Rl e Rt AR Bl wgted bornaifts. ich will vary

from oh@ iRbRMeARMioh tBndtRYS WMdrBEver AtivilvBahhravemed tHachris de@elopment
a routine undertaking for those of ordinary skill in

effort pright becomalaxrigd time-grasaming, byt weld neyestheless e ropfige pedertaking
for thobe 4F BlldYﬁa?% ifl %g%nalryha 5’9&&@9 gk th%g& Hs?(x!(@t 1 on
process r

produci ng a e I C acl ined in
LE@ureDﬁﬂmd‘,ts Alesmnidn6@sed ﬁ&thimdl Erbéhly] 208 prmﬂemfmr graglucing acetic

acid. pg gEphBRa PO Sreal VG2 a0 g 0o ) 25§V BIh Hepgeoreted herein
by ref&GRAROtheMRAMK BB on reaction is typlcally carried out by introducing carbon monoxide
and a feed containing methanol, and/or a carbonylatable derivative thereof, into a stirred reactor
with a catalyst, for example a rhodium or iridium catalyst, an organic iodide such as methyl
iodide, and (in the case of a rhodium catalyst) an inorganic iodide such as lithium iodide as
described above. The reactor effluent is flashed to recover catalyst and inorganic iodide. This is
often accomplished in a separate vessel, not shown in Figure 1, from which the residue is

recycled to the reactor and the overhead product is subjected to additional purification. The
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and a feed containing nethanol, and/or a
carbonyl atabl e derivative thereof, into a stirred
WO e@eM8i37eM th a catal yst, for exanple a rhodi uPeDUS2006/004270
i ridiumcatal yst, an organic iodide such as nethyl
i odide, and (in the case of arhodiumcatalyst) an
i norgani c iodide such as lithiumiodi de as descri bed

prod @R Een thEHRish 8aebREte  h 48l o isfil1ARe %o bt?irtifgeniﬁ@é(c%'tic acid product by

catal yst and inorganic iodide. This is © o
remoyingomgireesieling inreactedpathanel, methybhcetate tand vyl iorlids iguar ‘dight ends”

ol fHQM WHich the residue.is recycled.t.a the reactor. ..
or “sgiiFet Revite e b BRI Bl @0 1P neshee) g ing propionic
acid, éier Chrbahyldntalhieg E@ﬁ?@ﬁn_dﬁ M dsReotbhaddhytls, 2atbiget Ryl jodides

to a series of distillations to purify the acetic acid
such g5 Beryd iodide inandrvigendsacolemp e 1 minles o8 Autherrefimemgnisare known; for
. | i.adi ' "1 i ahts ends” .
x4 R85 o, AR O iy o a0 and i
liquidpbhs¢s thahse esmatty] ir &fdeeame” yeopl amd thatagaydbe stepgnaf]ehé processed (e.g.
carb | - cont ai.ni.ng conpounds such as crotonal dehyde,
to rengiyye Hlkefire OF Ay HeTga) DROCCRIg 13RI e T6RAtete I 1t Bgnerally known
o ", 13 t. . i
i RS REL Bl L OB oo
problemd $hat.olf uneprregisidcedn| syenibernils impaif thdipstiormanchefthe mmoakss.

light. ki gqui d,. phases that are separated in a."decanter” .

v L8 R RE PRTE obd B B o BB iR oy requine o
tempbRfPduétidicingbe piodacRinahdnyetel ORI @i tHGrollemal bbi&fed. For

to the reactor. |t is generally known that inability
examplp, gyjenifigant redpefion; ip thesuppky il githereebos appnozidesy npathanol to the
i . _ . | gk .
ot EOLLKE eSS P BRI K, g o
catalyst ptume op laxs f stearhtfonvheating theekitidlatibrecalnmias siap atbotrb@lired temporary

nunber t her. process disruptions. nmay require g .
rate IF@%@PaﬂPO.%Mﬁ l%w%ioﬁﬂ%@? JHRIER Hicaiss & tompgEben ghange in the
reactRfisYsttint fnla%f b6 B BRI SRl 1S BOh € Bk 8 PradhiRll BART LR rte)éﬁlctions may

sighificant reduction in the supply of either carbon
also epresgisdey ib theneistacshottagecofiaailabbeastonage wipatity foedld aeetic acid product.

r ire a reduction in the productign rate. .les . .
o5 P& PR P Bt BRGER 5 d5PS s Bt s of
course @eryh@aiortagt tohginthist e @it SFAhemafSredRYioft! IWPhdr€ ddistdtion is
.a tenporary rate reduction. Flooding of a purification
relatiye]y gaiRor, pyRieal ilneurdaplasariablenrpdisiive enmttoHerrga corregttibautomatically;
' A S . . Con. '
but i AT e Fnfn 2 BB hD4A 8 e EUELM Mo ypically
not roleseamaply ta fortdety ealcsla thhmtizgbcmfecdvaadtohl én phrdicalgs because
ca cit for the acetic acid product. Vhﬁn a pr.oc; s%
such g cBriimiieF giomes dhat BEocsssreaiiers Birar (e sratialit ebucrl change very
lowlR (@8t 8td QRstaRl Bie) bd avodd BferCRbieiSatlRl Yas
° OW]?ﬁ(ni mze t ﬁ%ﬁ%ureg\t [ %‘}r??%f etrhe r ai%@e&c%gﬂ?’%g %kgseveral
hoursdips evaptdays, fosan adetit acidipyoassstorgconet frpmeaievére peaess disturbance even
[ t.i.vari abl e. predi ctive can |l er, can correct it .
ater [ inbrbdies TS b At S0 R S EioFER oPRTF tsriclgre to capacity
becatish depid isipl, @xtpdel ddiy@vh @midy thiFell 68k P ha§laniotnt to millions of
typi cally not robust enough to correctly calculate the
dollapsefhpst ®EOfE® r ect i ve action. In particul ar, because

I e T
apprdaah ématoya ad mnisddanimbieab£Jistinct asto bficaaetleonpipgatantsiers A8 control

. aresult, it t ake several, . )
discrete, ngﬂcharacterlze yoperal’émg regions within the overall operating range of the process.

In effect, this approach addresses nonlinear process gains by subdividing the process into



10

15

20

25

30

hours, or even days, for an acetic acid process to
recover froma severe process disturbance even after
wWo b@etisasrar bance itsel f has been addressed. VWRCT/ES2006/004270
plant is operating at or cloge to capacity because
demand i s high, extended delays in returning to ful
capacity may ampunt to mllions of dollars of |ost
0peraﬁé%ﬁgt0§s Wihen ybt@rthepnooeass Epivripmote emlass lingar. iBte twiotpincipal

challeﬁ%%%%n% ﬁféﬁtlh@‘ thé@%h) n%er Odt'ﬁa Idg\?el(%pgilrehrtt éf gﬁ)lﬁfp(fe (P stinct sets of

contrad tpatahmltére end ageurage jlanthfcatien sf the tRasitib®boidtsHet@ded operating regions.
characteri zed operating regions wthin the
m@éﬁ aisp cyisernely imgontant feensure het nspesseeantrof i rapintagned during a
seriouks Bk@ce%’c%tﬁﬁﬁﬁc@%r%ﬁ%%c r%k%@g iPh ﬁg‘ts‘oe SB1PY: - appropriate, to
bdi vidi ng the process 1 nto ati'ng reqgl svvlt
SUbdl‘Mﬁi the rccmfem pﬁl‘@sntgamdtlpls limpargregions. e'Elmsl gairachedliligg §yatems are

I f a roach are
o PR BRSO B S B D BB B, o
disturfeicaBicanse tAéYard peitiasil PddstRRy kd f26B%At0 PlaRhed tl?ﬁlsmons between two

tranS|t|on p0|nts bet ween operatlng regil ons.
operatif)gshates, mpbigespeditpyseavent frow sonwaxmrectedand plgmﬁmaat change in

e serious .proc ]
orera SRRk, TPABKA e L 00 R B 3aP BEE STy e
separapDss bbpmpess rtuipg papmiertfor teeoseth dior Shtlikely B&aMARYe. By way of
ltiple |inear regions. Thus,

Con“-lf*':‘gtaiil RO Hmo Flgpasod eantio! systent agroutingto the presentiineention would
|
e D SR Ly L0 SRR UM s

dwﬁn&mmﬂmrlly designed to facilitate planned tranS|t|ons
to_expedite recovery

r RS o b PR BP0 P ahbaseh ARG ek propah P has been
thouglﬁ @xﬁuﬂipidp@ﬁfe fot Borﬁﬁl'ék 'cHéih@El' pr&!é@s& Atk SGhadMdi rerbo?ylatflon because

proac woul d effectively require a separate se
of the *L@F&ﬁ:@@% o W corgPgtnganedtions alicbtthe nemplcm’ojthémmmfem:process gains, as

well o EB10% G R0 YR AP Bl Lt B ReorB RO iU 3 benttion of

nonlinear\centrvlo MTheAPplicigtg HaverdiSioh¥red, KowtFbe 1158 hoRineSPEIH®! based on an
araneters fecause the nodel itself accounts for
accurag rResss mpdek Grnpseidde sigmisicatydastaiisoeyeryifrom proease dtsm)rbances than

a gam—%afedﬂﬁﬁg 91f zg:g)l?@a%ﬁ %e&t(ﬂlgé %@fltr&i Q5SBe srli% %1% ic? correc’?ly predict the

been thou ropria or conp 5T &% C
effect tpﬁ@@@gﬁ@g}t&pm Iaha@esmn Heenobcesar Dlain Yds&fr regoveOsaasatedinto increased
urrber of co et| n eactions and the
profita %ﬁ%t’ 8@?%’?35&“‘{1?? QApgEation gt \Rkwtlra@ntcmeamty

hrg8ine Kfed‘)lfecé*@ffhﬁfé'l@geﬁ&e@%'éﬁﬁﬁ@ail

sujtable for i ement ati on of nonl ﬁgar ontro

plot of ggid) nredustion wate @eQHSMVe Addrgehpmdyation rate &1 i andintaiad untll time t1,
acc ate .ocess nodel can v

when a g%él'sg fl};sgﬁﬁiﬁ’%? ﬁgﬁ a sy ¥1P%m ?ﬁr%@elggnomde upplyl) requires a

reductldn of ﬂfel}ﬁﬁdl&ﬁloh e teR Y at hms @@ﬁﬂ I3, RhedlthS bdﬂdhtﬁfn re%umng the rate
because the controller i's better abl

cut is C@E‘}r‘g?t@@t ngmeliagar modelbased conrol generdiog kasthe @t:ﬁtSpmtmventlon a

t over
e B A58 S G e .
Contrasfﬁ,rm@!s_ss arlgiear meltiverigble vordiollyr dyerapesay oo @dartdwboperating range,

nunlca
the procgss recovery 1 usuatllgl managed by a combination of linear automatic control and direct

1ch & generic

operator control. Under these conditions, the process returns more slowly to production Rate

R1. Under nonlinear model-based control according to the present invention, the controller is
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This inproved recovery tine is depicted schematically
in Figure 2, which is a generic plot of acid
WQer@dosron rate versus time. A target product PGHUSHDE004270
R is maintained until time tI, when a process
di sturbance (such as a suddén reductlon in carbon
nmonoxi de supply) requires a reduction of the
better ghlottugediotthe affects of &t@llet dutputtchanges) dllavdng whgstertrbponse. As a

condition requir.i the rate cut is.corrected. Using
result, FiSHPRRSA FerVHA M StEANtate BT o I dt SRmiFtRG I Evtee. mw&z&htusmg

linear fngéfarﬁabgf' corffrol BT oAt o Wit d’@éck r@to‘f Qéﬁtfc@l th@ ?rocess is returned t
re the process to production rate me t 4.
steady btatcalong asve Apewmabing odginahwatr R at 4 timar$. aBIy eomst nsingeronlinear

perat es onl er a .narrow operat
model Bhgitostp LRabert o WlTARR R an Biratrorgt B Eins: Hiragess s
returne@fto |s‘ce€§ﬁ EtafoUl iBthE Ste6RA (1 O fash¥flciiilé BC teaBAb AkiBinal rate R1 at a time
control”. Under these conditions, the process returns
t4. It wiblrtes appessiaged baithe @mﬁmcmrsenmh fastey\ e apraresa digturbance when
e r or di
the cofB R0 BT Sk Sh R pr AR POM DRl RabIBPETI b cai ot e

aﬂcﬁxﬁﬁiesr mﬁdélqmsé’(bédn%l ﬁdd:bﬂhlﬁg ohhsgrsent advle@tlbm gard in various
faster response ? result, the ﬁrocess returns to
embodimpengaplaorherused w%&tro theingogess ¢rameche Hme dhepquditiongeqyiping the rate
cut is Hlétﬁgﬁgbéfé%ieﬁgl d I eRted Ly Qﬂ%@dBQ&msé fle e %pdcﬂt@ﬁbl?ghte, R2,
ect operator control, the process IS returne
may bé ursityeafby esﬂamélvaitmh‘gfpe of pmc@as upsed ehd ngd@d; fjgr défferettoecurrences of

R at a ti cont.r usi n .
the sapr@pess SRl 06 APRETeat HOdH SR RO b Pegt iR Qg lipger model-
based ddhEroPH@$Ehis JOVRBEVOFbriol N ef Me@ﬁ&%&eﬂ&sé@édﬂﬁﬂ%@ﬁ Us€d during this
steady state al ong the steeper (i.e. faster) curve B,
time, dmlacmetﬁgofmongblrmram@p@ vmulégav& te berdevelopedtfongdch chaceivable

procesGRE SRRy 0T} b b RE RS nO TR SRR PG ke o e

presenDifvértichCiat AtvariogNdmhbRime P o B ustd o UrPOLER-process during the
Nonl i near nodel - based cont rol accordi nzq to the present

time thepyediction rate i being qhrlico pstvese dmaidnd 2.al so be used to
C&&Mcﬁh%lghﬁﬁ Ef)}?l?ceaﬁ& HAYE | !ﬁﬂgl e £dy! tH@m'éB] dlodgi%cjn&fﬁ@ion process, the
requiri ate cut iIs elng correc , 1. €.

perceivedtdefierenticsref It(ﬁ‘lhaezd cbﬁtroledamm outvmgkeﬂhﬂ addamaged.u ht paticular, the

e o0 Y e e S e Sl tRE O . proces

gains 19bfthdd %Flstﬁé"ﬁot&{t% B8t saRsal resdlﬂ@g HoRlthdReter FRgalo Q@§&}dstate that
control has benefits over a |inear nodel based control

Suchamﬂdﬁh@lqvm s corrective period. If |inear nodel -based

u 10 ne,,.. di.sti nct,. set s
S RebBicokothart fof Afikhlcund Py 8Bt ASRE! fopfoLinglpdes o
GalaX}CNﬂﬁlﬁieﬁﬁQbﬁtrcﬂfszﬁe&Sfrdm Pas, Il MHe@AYNOVAT Sodeling system or a
cont enpl ated that nonlinear nodel - based contr ol

snnﬂarat@@%&&%@/ bouseddo fevelenn firsirpepeiplss medel ofjthe sygtampyEhis system is
paﬁxcu?&%}?%@:ﬁfg&i tl'oﬁeltlﬁﬁggﬁcpébgg g{:({c?sbsgo%?&a%sg tl1§S g%g;agfe%?%ccdelmg the complex
reacnon sehemdiatthe smactor aewtll bs thediotdstréhne sapdiatigh y)rocbdmes Unlike linear

lLicants have found that for t nmet hano
model SRS G PR ) Y BEdE Gl spatm irkes Adpu Gl RepRass Bomgjneariics so
hat a é?ﬁ)élé kiR ComI ek ﬁlm]{%ﬁ)érﬂﬁ&@fs &H%%h%o&ﬁﬁa@@%%hﬁ&eﬁocess This

articul ar, cost of devel oping a
1ffersp°u£nmta]{1g frmm gie ‘teamt sch@duhyg aaprooachdn faduich separate sets of control

rame grrélarenﬁprlér}n'en ed depenﬁmg RhLEES present process conditions.
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gains is offset by the potential cost savings
resulting fromthe faster return to steady state that
wa@ewh/ogs3model al |l ows. Suitable control soft warBCT/U82006/004270
i mpl ementing nul tivariable nonlinear control includes
a Gal axy Nonlinear Control $ystemfrom PAS, Inc. The
PAS NOVA(r) nodeling systemor a simlar package may
hevill be dedognided BY tpsaof skild i the aridiaping shenfrdefit af thiskiésclosure that
system This systemis particularly appraopriat.e for
for any siesificaseticaad 9@05%831%%3@368% Jles) .8 capig) vatiglles, and
indepenﬂaﬂ‘?}aﬁ%le% R&. qgfm@ﬂglﬁgtea A% QMnd CRRIRI ERdBSICES B AL PR be
wel | e downs Unli'ke

as t ream separ at I on processes.

different.i Wenile theremtipius prosdisdmiplementationpiredikstygnbiave ¢rsta@asveh dependent

. ,system takes .account of process nonlin ities so hat .
and ind g et BRoRHe Ber DO D Al bR AR afOpd e various
implem&&86bris0 STRNAYE ARt eNgdiliseht Witlefof plitiay idtér8tFor process control

fundanmental |y fromthe "gain scheduling” approach_in

will be differemt &usaehnineplemenfatyin elernetbpnal canbprdpliongprecess. While certain

. i | i ; e . .
sins i RFREL ARl B K00 15 ln MR S gy s
expectell feb@sfl infpaviang fohenlhesedih prazbsd itipterkmtations. Ul Ketrlise] thieor
. .. any specific acetic_acid process the dependent
significgige o4 Begain gviy for mednling PULpRRTSBRBATO e iPHRFSHERdent
hid . .
éﬁ@@&i Rtharfl Qarboﬁ@&Ldgﬁ%;é‘%egggl‘é? hhAPASRarR b tr&%gendent

urbances, are i e different. Wi .
variableg assooiagedpritic Bsget conpligorsrand as orgy as &5 td Ueingepeandbrgweriables that

., .certain suc endent and indepepndent variables in
provideGBiral® OHEre oupenorh Lrgroigs BN BT BE ertela A & Bmel fy many
methanélh:ﬁrbbﬁ%ll'aﬁéﬁ pro¥BdseiBokudt tABSn monbkidaklpply V4l®e §€Huf percent open;

gains that will be of primary interest for process

carbon mere¥idé supply flgje; ghgtergoohing velve evipht + pyrentoneRttEantordeved; reactor

| b . . . !
o s L RS 0 BRI 20t o
light enddg@len® diffdrémas presaitié;dight gals tslvanoveehead [decingd hedvibshase

.. of i.npartance for_ anl y_agertai n rocessi
specificgrfinanting sawan difforential pressuges; diygrg $qlemp cantyql temperature;

drying c%ﬂirfﬁl Bbttdm sQtioARRdy &chﬂﬁgﬁ%f; %l?}éir{% EYuAERBGdid Water concentration;

rocesses. A typical net onyl ation process
drying quiynih sieam dowrealye agp@panddrgigdopemdererhasdreeeives devel. It will be

.associ at e it h target.condjtions.and,.as man 15.to0
recogni S R hdiset boty e vise e g B Rt R TRE el S
dependdn® Rhridtles (RRPERARRE IV kAR procdsssnd Mt QIPiEchAUehéhdent

be common to many net hanol carbonyl ati on processes

variablej ney bejeelevantorsertpindxocgesesuppl y val ve out put - percent
X ' S | C '
L R N o O L R i O
carbonyldtalprédeosws iadlivde methmiol feed[fig eedctapanperaatia rgestor to flasher flow;

recycle flow val ve gut put - percent. open; nds

. | i ght
drying OBMpRFRORIH fAPRERTHES I clpneh oV ergeRd teRECT B e derym_g column
flow; d@gﬁr&ﬁﬁ{% Qféérﬁ@ideréc Ii Yé’cg@ﬁ4§ SeaRR Flol; and@AAYAS ¥oludlh ¥y B8ead

um di rential pressures; drying columm control
receivert aperatiuwd] beliregd ggzasidyumsebdtordinaryesksill lavingathe benefit of this

. conc ration. .dryi.ng col.umm residue water .
aisclosifg ALl pEieginataiifi] vaBr ey BaherriSTrVap cereippipgesses and
that add@tthat{dbpehde R vaRmbIe ey RAB VAR € Y& taih floBbssed.t W I 1 be
With the number of dependent variables and independent variables that might be relevant
to any particular process implementation, the number of potential gains that might be considered

for nonlinear multivariable control is potentially considerable. As might be determined from
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recogni zed by those of ordinary skill having the
benefit of this disclosure that all of these dependent
WO 20060843286 nmay not be rel evant to certai n procRPSEES208610D4270
that additional dependent variable may be relevant to
certain processes. |ndependeh? variables that can be
expected to be common to many net hanol carbonyl ation
modeping o€ grquodens |ganhs (mdichied delofremsdnddpendent eaddbde: dependent variable)
ature, reactor to flasher flow, dryi.n

er

that rgighY b e e g R POGRsJplementations
inclufi€d) di¥ink Qo Rkl Mt&?ieﬁiﬁ@raftﬁr@*’\ﬂrrgﬂ’ %bﬁﬁmi:fe%i‘d[{@ wWaMB ehs@fltration; b)

recei ver recycle to reactor flow, and drying col um
drylng@ekuhaa@ntrebt@mperatme@mgezolmmn stednh flow vabomtiputee) dyying column

| nar, ng the benefit .of t

°Verh8F‘§ E‘?CS‘é’ﬁ’F %reﬁ%"t )5/?(1}1% S?IUF’Hedéfé rg‘ﬁtba@ PERUERY d@%?“%%?oé‘émﬂﬁ"erhead
receivi®redy@left6 h€¢aRtfloe dedhd ablimBrove@sstecainer Iehd} e) drying column

addi ti onal i ndependent variabl e may be rel evant to

overheaqd regeivepredles 4 ée/mgwawmtl Hewh drvibes cqslﬂme difendigl pressures; f) drying
colun)rﬁ?{){/eqﬁeatﬁsr?@er@er L SRERS Fﬁjﬁﬁg cdl ﬁﬁh%v@%:%?é%ﬂr?ﬁonﬂgl te{nﬁgrature, g)

evan o any part I process
dryinp woluein oferlpat esdeival refaixns dishiag colugh flolbe deyins caemadtchor flow valve

outpu iR P e g Recohe: LS o ARG B D) dRPpgolumn
differkal RFASEES ) B3 Solinh pfe@éu%i cﬁ’ﬁh?%lﬁﬁm‘ RABREALEN water

vari ab dependent vart abl e m ght be expect ed
concmaben,obdmng ¢aduma pyesmc rdaiwog colintnoroptrat ﬁempemlue,és)slrymg column

nent tions. ol umm, cont r ol
pressPrg ying (Ej)?lémn SIS dvag%rl CSH% n?rgﬁelbg}s crolumn pressure: drying column
steanCROG &akve dlutpar; mpmeﬂhaﬂdlﬁ@e&ﬂﬂvumar&enhdswxl&e@ﬁpﬁwdw &) methanol
drying col um steam fl ow val ve out put;
feed Bevigaabanaprrade supphi xakre %ane@enamﬂnng) g %@w% feed flow: drying
coturfi GFREGIRE] @Jess‘a e%??)"%@tﬁanoq )feeqlr dv@ Ur %ﬁé HM%;%H%@&' receiver level; q)
recerver r cyc e react or f col urm
methmoda fdeddTbw: eltiny eolulmmesidueyater g/omgntfmiloum) nistlednobfedd flow: light

ceiver. reflux to dryi r g colu
ends gl e aial grsadr panell ﬁ%ﬁ% ¢ el oalimdyorhead decanter
heavy FIERL ¥ 1ﬁd3 %y,tt})m@fh){hd'l%&?ﬂldw}eiét&‘%ooﬁﬁgf Vil9e S%Hﬂnpercent open;

contro nperature; g) drying columm overhead
w) methapel feed ﬂnoef reactor devek; W regcioo tamperftimswligitrepdheplumh wnerhead

ow va ut dr.yi c@l um .over hea
decarfigdamps P FEHs SR g e R R WPy RINGT 5 o valve
outpifd Lfﬁeﬁfeﬁn&peal X Ple8aStioeRishdr)flof: YighOerd8 cbithnldi e eHtifl: pressure y)
dryi ng1 col unm bottom section water concentrati on;

reactqfrt9 iflaghes dloweastos dasigh and @) epetgr todlasher favvitreastor to ﬂash %low valve
outputt e I il B MESi£A By R ?%f‘d‘fﬁaﬁ' ﬁMla'{}ngctRé B8R fit of this
resi t 3 é) ry X

ter concentration;
disclqmu&sthanraét oftthgserpgins mhaymot b edenaht tmvmmhzﬂyﬁ aeuamqirocdﬁbes and that

thanol feed flow’ d L .n) L
it BBl o R P AERR PSSt ey gices in g o be

1ncluM AU mModd Sl SRty RRE Procds tIRERRECInd VAR aly @0 ﬂﬁﬂér@& factors,
columm differential pressures; p) nethanol Teed f

mclu@ﬁng,l ng noblimited toy eorriem objeefe‘@smmbbstmtequ amdrmhhapmtlcal

consy S Sl e UM, S B DR v s o

nonliféae SRiHiRiriable JHRErHRMRS hny ﬂﬁ:@lﬁdrﬁéﬂéesi héHille pRBEBly ©BIpIEX and time-
over head decanter
consuming, would be a routine undertaking for those of ordinary skill in the art having the

benefit of this disclosure.
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heavy phase specific gravity; t) nmethanol feed flow
reactor cooling valve output - percent open; u)

woredohaswsle f eed fl ow. reactor |evel; v) react orPCT/US2006/004270
tenperature: |ight ends col u&g over head decant er heavy
phase specific gravity; ctor to flasher flow

catal yst recycle flow vaI ve output - percent open; X)
r &g paticulgrly praferaed embpdimpntgthe neadgbbasst lqmﬁrol system also includes

real-tﬂie aJCtglg(rﬁﬂf o@)ltlFHEaefﬁ)g%E]?abﬂ:f}lc Nbii cf%ﬁ[uiel aglgwe Stem tlo ég%‘}“&[ and
impletnent domtio] Elanpesthhiveptiatzeotht produeti@eite (ﬂ’aﬁﬁtm Adid ydlatlveld® the cost of

nized by those of ordinary skill having the
feeds pphaRlities §¢-2y fisan R ElpQaich® sp R the Jroggss PHEARETR A Atk mopt
econoﬂﬁ&alﬁr%eh@ﬂi&éﬂ%hdﬁl%n@de' s of certain processes and

hat "addi ti onal gains nmay be rel evant to nodel s of
c Y ptfmlhtapﬂ aobﬁ@s usderSpetng oftthe hoisas snventigaiths fdlowhe examples of

vary. from pr.oc pr.ocess
certaiy gt BF sl S ettt SEnT Aovey SHOUE Do PRl BG xamples be
read t6Uiif, bNHMRQ, the scHRUf inPBitRAt | ves, control strategy,
and ot her practi cal considerations, such as signal

reliability. The effort to |dent|fy t he gains that

shoul d be used for nonli ivari able control for

any specific process, Eﬁgﬁggggﬁbly conpl ex and
Exampleveconsum ng, woul d be a routine undertaking for

t hose._ of o%%in skill in the art having the benefit

of* Pfanqjic AR pracess ek prgansrally dspistedip &igure 1, was operated
in lowﬁﬁ@t@phﬁﬁ@ﬁmde& R adPsel <BRAGRCA %ttgrl%glat a@x&&cﬁ% %t%%l Pased on

includes real -tine economc opti Ion capabilTt
methafdlj fow.eat ure al | ows t he systen1to |dent|fy and

e the producti on

t t I hat
AP R e BREES v PORCEd ot P iarasy & Briupisget carin
monoxitié ﬂbWV@é‘s dxPerfencsd. eﬁfﬂnﬁ@‘fb %@eﬁbEés§ '\&Iax})ei%g P%%edtalﬂg reduced
process can operate at the nost econom c

Pdeu%@@éfﬁiecﬁ?a whidhis 3ol th'@)raiQa@Rll t@ﬁthafalm%ttheeprocess was put under

mdltwldﬂgﬁé ?1531%?.{]19108{;1 lgalge?d D o%ta:lrpe\ég#%gn @ﬁ% Line, jﬁ%l l(gi,/e\%ng The

es of certaln aspecr

condltgjn\z mhen Ithte FrOCcasgyvas bp@rb’dng feinheod2] ?I\Ulvfh&d ax @thr QifISreA®Fom the
e invention.

t.o @@@ or deflne the scope o
r eSPeCEYGA n8,pgigp fasthe PJ&Cﬁ%StllP&ﬁcﬂf ag aPpisAYipae pldhe prspediys condition
prior t§ %br@@es' EES%E %Jg%)d%grlecag §8idwy. Figure 1, was operated

I"ow wat e ‘under steady state conditions at a

tﬁmmratpra)ﬂlf&lrmn THY R, based on nethanol flow At
me. tl, the SS was subj ected to an upset whereby

R?a@mfﬂ?séwe ?‘[gaﬁbon nonoxi de fl ow was experi enced.

ACarbbihdndxide MRwRBRGESS Was bei ng operated at a
reduced production rate R2, which was 32 % of the rate

o\t fame 13, Ake earben mppexide flewpyag ¢%S§®edvaét that timagthe process was being
operat?%‘igtrﬁ }%’r@&ﬁc‘?ﬁk?a@ %Ht \WaAE 3 o fl S éa g ?, 1 C‘fﬁet: Ir)%céss%%}lﬁtlons at time t3,

pr|n0|ples
provided as either a difference from the respectlve conditions prior to the process upset or as a

percentage of the respective condition prior to the process upset (100%), were as follows:
Temperature Difference: - 20 °C
Reactor pressure: 100 %
Carbon monoxide flow: 31 %
The process was maintained under multivariable nonlinear model-based control to return

the process to the previous steady state conditions associated with the target production rate R1,
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condi tions when the process was operating at tinme t2,
provided as either a difference fromthe respective
weonwdiosdsons prior to the process upset or as aPCT/US2006/004270
percent age of the respective condition prior to the
process upset (100%, were ak2fol | ows: Tenperature
Difference: - 12 C Reactor pressure: 94.6 % Carbon
whichwyapadhiyed abtime 32 A6 thmne t4, lee tr8¢est hendidortsppronizled s digher a

. tored. At.that. ti t he process was bei ng
s B8 M0kt LRy Al opess vas bolng
respeétivelSonditibh @ripF ORE Broee’dipkdt @IV, wetd R hidowr OVi ded as

either a difference fromthe respective conditions
prieaeragire Riftprepes sl Upset or as a percentage of the

Eﬁg@/g{ﬁr\é&u‘;@ng%on prior to the process upset -

were as follows: Tenperature D fference: -

C(Relmntmongxidesaw:et 00290 % Car bon nonoxi de fl low 31%

T rocess. was maintai ned under nultivariable L

n %E‘F ?‘?‘F@é{?r Yrese ?11@55%@3 CEiueton 1age Reeenording o thisowerwla is indicated
in Fighhe LPpp ol ead Lg conditions associated with
lnFlgt he ?gdr%[bét p(r:lo%gu?t i}ig?}él?at e R, which was achieved at

t iThe bulk coppositine of the redvtiop nedass, indoding,i koot Iphidsd @eghethyl

odidEpaFh R i L6t B T bl SR Gecntanchmanarom those

levelsfpgi b yeoce@ngistd, eifesBhg &) tht AbiliREoMEAES ST BIPSS del-
e &er egb;?sf ol | osws,g Tenpelrlgsf?ﬂe Difference: & 10 based

1009 , OWS
COH‘WO&)@ ﬁflé@pﬂy rehiasthe Acetic poid PreEas todargatprosiatienfratesfollbGAng/an upset.
The recovery fromthe reduced production rate R2
according to this exanple is indicated in Figure 2 and
Compabrstivdlxamplee2 B in Figure 3. The bul k conposition of
the reactio dium including, but not Iimted to,
nethsiPanal g egﬁﬁ%owm‘iﬁﬁ wag epgaied pg descsbechin Exampde {.25xcept that at

time t.’-lf,:ihe ?{%Qests PabGhe & QbinBlnkdort Qf(g%pﬂ(gr?rpérga%?% ée%?lga%frﬁ gontrol and

evels prior to the process ups
multivagiabli lipeasfmodel-based coatodleo naimini the process de thelpsdducaedds Qtate
e .aceti d process to

et U B R S o Ch b s, o
recovep APAT thk ratRicEX pioRh&ioh rAteTel RBRInLB R '88%12%1’3%?6 %ag&?ec‘a f&

. .. Wwas operated_as described in Exanple 1, e _
indicate by ctive A feFigtitscess was put under a conbination of

Thereﬁalﬁzﬁ El‘geﬁﬁ%‘sgg{;{ﬁ?/glgtg)élgig %Qﬁd@ﬁ%@ oo$atértry3)lrultl ﬁ{‘eﬁp@%&%&%ﬁt € ends and

advantafes mergioned s wtladthosd @hieh are inherent therein. While the invention has been

depicted and described by reference to exemplary embodiments of the invention, such a
reference does not imply a limitation on the invention, and no such limitation is to be inferred.
The invention is capable of considerable modification, alternation, and equivalents in form and
function, as will occur to those ordinarily skilled in the pertinent arts and having the benefit of
this disclosure. For example, the present invention is not limited to the use of processes
employing rhodium as a catalyst. The present invention can be applied to systems using other
catalyst systems, including processes using iridium. The depicted and described embodiments
of the invention are exemplary only, and are not exhaustive of the scope of the invention.
Consequently, the invention is intended to be limited only by the spirit and scope of the

appended Claims, giving full cognizance to equivalents in all respects.



condi tions associated with the target production rate
R, which was achieved at tinme t5. The recovery from
W b@sosesaced production rate R2 according to tRCEUS2006/004270
conparative exanple is indicated by curve Ain Figure
3. Therefore, the present inb&ntion is well-adapted to
carry out the objects and attain the ends and
advant ages nentioned as WLAHYSt hose which are
i nherent therein. Waile the invention has been
depi cted and described by reference to exenplary
Whaeklepdinggnd:s of the invention, such a reference does
not inply a limtation on t he i nvention, and no such
| ilmi t ath Bethod af someolling aprasess feheroiivsieg adetin acrd byapetvnglation of

altern
methdilol S0OSLAGHAR e TBAUANE Bk s g8 FReu B
tImnx_smtoﬂngitheaﬁielqf;ﬁdfddch&dofﬂheh&ﬁmra@fd,| nent arts and

the benefit of this disclosure. For exanple,
fPTOdHGENR TalsIn TESPRBTE tP Pifheee 1 8 Prefestesadiion or a process
equlpﬁ{eﬁp&ﬁaﬁﬁmeﬂm oying rhodiumas a catalyst. The present
invention can be applied to systens using other
c aftell the prasipstiemmite ismedused, rgnipolting teqrodess aghé rdddéddproduction
rm@fﬁﬂe depi cted and descri bed enbodi nents of the
vention are exenplary only, and are not exhaustive

Ofindr&ingaBP frodhictidiateRPLHi® Gondgﬁﬁﬁﬂﬁﬂgﬂﬂgyoee gc?cgressed until at

invention is intended to be limted on pir
least the grogluefien wic rehensiopermdedl iegdting rangeyi ng f uI |

Icg\ﬂlg e‘-ﬁ?ﬂnlgrgq%t a lga%yé)ﬁkaéﬁ{f%sst far%r%}ﬁr Yo f]g %%) u(g' (B}rg e\é\gl%}’olling the
procedsait tlmmdmuedrpgocamﬁbm fatd @hd HE){ea@l@g i proahdtion 1Ak urEt ﬂh@?}?&ductlon

or carbgﬁ%latable deri vative thereof, conprising
rate reé‘t‘fé‘ﬁéo BROIF APBHRGINER dhe Broeess s qonbalied brommeatrgultivariable

contro@%ﬁééd(‘onaacrhgdcl ghg&sg he production rate in response
to a change In a rocess condition or a process

edui p rrénmeﬁhodl dedording taClagm 1t aepinoitie ptdcess hedet coBprises a dynamic
L ng rocess at the reduced

t
mwelp%ﬁf?@ftl &%%Ecltwiltﬂec?‘réﬁ?ﬁng the production rate
agler aamehe® ﬁéﬂo&dlﬁ%‘t&@ﬁﬁﬁq hasreRagRo pﬁﬂgérs‘*arﬁ&fe‘# ?ﬁﬂfullées a dynamic

at least the producfion rate returns'to a nor
modelgyf e k@@ﬁﬁﬁg’mﬁk@@en m@o@pﬁthquon@ at | east one of the

syeps Qf on r controllin
el N R I  h  E S o
principlbempdeldifat least o I‘ai(ﬂlohﬁécttiontdf@hd)ﬁ@é’éé@t lon rate returns
r mal peratln range, the process is controlled

an
b§ nonf Heked HRATIVER GIBITS 1owherealthe Brseessonods! puptisco first
pr1ncq%1@§rrﬁﬁ§l%§lea% 3 epﬁrﬂﬁgmpse@ﬁ&r%lg%}ggrrﬁtcgssq aim1, wherein

he process no conprises a
6. A method according to Claim 1, wherein the condition change is selected from

the group consisting of (a) a substantial reduction in carbon monoxide availability; (b) failure of
a catalyst pump; (c) loss of heating or cooling capacity; (d) flooding of a downstream
purification column; (e) significant deviations from expected compositions in one or more
streams associated with a purification column; (f) a shortage of storage capacity for acetic acid
product; and combinations thereof.

7. A method according to Claim 1, further comprising the step of continuously
optimizing process conditions based on the process model when the production rate is within a

normal operating range.



nodel of at |east a reaction section of the process.

3. A nethod according to Claim1l, wherein the process
woreaelsaoapri ses a dynam ¢ nodel of at | east aPCT/US2006/004270

purification section of the process. 4. A nethod

according to Claiml, wher eth t he process nodel

conprises a firstprinciples nodel of at |east a

rleact i »meglectacoordulg to 8aipy Godsssin aid Aphmiziegister balprfien gn

coonor S Pt ek ) SRR PRE AR ctnged coso
raw ma8gd1s U &fer%;h%s@di&@@s@th ke infreAidndeaeseiditeg to Caim
1, wherein the condition chaigig;e is selected fromthe

doup 4 oresess fongrogacipg peeticagidshyaarhonylatien of meBiqnply comprising the

ar xi.de_avail abi |i tw: i . .
step Ofﬁcgp%?@gg%g%ﬁ% a r?%;ﬁ%}m ggcgfogfotfﬁhéa é{r@neag géflh%% gru?tﬁrl]\éa?lable nonlinear
predicp@naatrioMer Hadgd bn o Gekit-peinciblea ntbdeheitthe processy wherei the nontroller
columm; (e) signjficant ﬁg viations from e>ipect ed

employsghp 8aME PoRESSImPEdsh e eontrabihe Pracessging doppal Aperptigns, dugng a

proces%ggée{ &&ﬁﬁtﬁd}ﬁ afr UL a febdvedy gﬂﬁ({f{ AR t}&fuﬁéﬂfﬁg@en addressed.

acity fof aceti ¢ acid pr , and conbinations
tHer e protessfacoetdingdo 48gior Yiwlgreio thE mbensd ppdeticerdétions include one

conpryi sing, t step of continuous opt4.m zi r 0cess
or mor§ R ek a5 SRR P B e PRI [ :RL 58 By
pump;&&)qgﬁcéﬂlﬁé‘tiﬂgaé&obﬁn bdpatity; 3N 0Rlg SRedoristiarh piEAcAion column;
~A'method according to Claimy7, wherein said optimzing |
(e) siguifiepntidgyiatienssfiem expestashaomppsitigas Bneor smoseistiganys associated with a

pricc ] G355 1 555 P BS PEYSEAP TS SO BRI Ay gorbiions

thereofM t h the increased or decreased rate. 9. A process for
produci ng acetic acid hy carbonylation of nethapol,
Mrpr i AiPFRpesascedig 91 CTaighY rBrthgr cgmprising gha step ?Tg‘éﬁé‘%% b
loOY; L Ll \Rrth@Bloted AR el
consof 83410 Aol Cp BB GHS, LRI RN G PhEC PRI GBEn
processizchglerating twithipa aoesd opwlagngiange.he control | er enpl oys

the sa rocess nodel .t.0 ntrol. th .0cess duyi.n

0 e A g oo £ rstan 9 pBEERn e hates an
econor@ltdaflié dsBitidted RAR VR YasBEbl RLraabddeicetib il pRfluctidSraReMAinst a

addressed. 10. A process according to Caim9, wherein

changedresiefoewgsatenide endensaiy 3sspriatpheithdes igpsated oideereesed rate.

( a substantial.re ion | r ' .

(3, 7 BRI ST, e D PPN o oyt
proces9ht the adduogd prodaciivnirag, thapasietsyis cdttjollel ®9donkineai nanltivariable

downst reamcﬁuri fication colum; (e) significant
controfeasedipn 8 Arode} ofthe RERSEISed conpositions in one or nore

S cam® g?&%gs%smqg%tdla@l P,%l%é‘réiﬁ%hﬁ@ aCIgAY HI stegi Jf iflcreasing the
shortage of storage capacity tor acetic acid product;
producgiod rate mhiihtht iposictidreratsofeturdslto afopmelbeesatmgaangti thy pracess is

controﬁ:lec%}gn ngﬁlinfegrr ﬁlﬂﬁfvaﬁgbqg Eéricf}orl] gasteg %nsaltn%)de?gf e iprr](gcetssh €

15. A method of controlling a process for producing acetic acid by carbonylation of
methanol, comprising the steps of:

monitoring the rate of production of the acetic acid,

reducing the production rate in response to a change in a process condition or a process
equipment condition;

after the production rate is reduced, controlling the process by nonlinear multivariable

control based on a model of the process;



controller to continuously optimze process conditions

based on the process nodel when the process is
wo@p®casddng within a normal operating range. 12PCEHUS2006/004270

process according to Clain1i%, wherein said optim zing

step bal ances an econom c vatue associated with

i ncreased or decreased acetic acid production rate

dyereasng the phadugen wisaftes faid sanditioe ehangs hanbees gddigysed; and

associated with the |ngreas r .
S e R N SR SRR

produckiBs r&té eRuek (€ AbiMmel bbagtiidenps.ocess at the reduced
production rate, the process is controlled by

nonl i near mnultivariable control based on a nodel of
the process. 14. A process according to Caim1,
wherein during at |east the step of increasing the
production rate until the production rate returns to a
normal operating range, the process is controlled by
nonl i near nultivariable control based on a nodel of
the process. 15. A nmethod of controlling a process for
produci ng acetic acid by carbonylation of nethanol,
conprising the steps of: nonitoring the rate of
production of the acetic acid; reducing the production
rate in response to a change in a process condition or
a process equi pment condition; after the production
rate is reduced, controlling the process by nonlinear
mul tivari abl e control based on a nodel of the process;
i ncreasing the production rate after said condition
change has been addressed; and mai ntai ni ng nonli near
mul tivariabl e control based on the process nodel at

| east until the production rate returns to a nornal
oper ati ng range.



