28 JULY 2006 WD 03/ 064364 PCT/US03/00503 1 5 Process Control 28JWHo20t i on
of Acetic Acid Via Use of Heavy Phase Density Measurenent BACKGROUND OF THE
| NVENTI G\IWI)(I)sI(:)kﬁkP O The Invention This invention relat e.st’f'l‘?usi‘) hod of

i nproving process control in the manufacture of acetic acid, and a nethod
of manufacturing acetic acid utilizing inmproved process control. The

Rel ated Art 15 Anobng currently enpl oyed processes for synthesizing acetic
aci d, one of the nost usef k i gﬂ?q L.al d carbonyl ati on of
met hansgl wi th carbon m)noxIIII gesgs |£02I“g§e‘ydd+%m _é’%Bg{%ﬁ No. 3,769, 329.

Thi s patent discl oses theVisUsobf HeavyPhaseIbasitg Meisheemwédt i on  cat al yst,

ei ther dissolved or otherwi se dispersed in a liquid reaction nediumor else
supported on an inert solid, along with a hal ogen-contai ni ng cat al yst
promoter as exenplified by nghpyl Ig@m'mi' FErHEPNSERITION 1S understood that
various catal yst systens, parI&l cu('Iar y tI?ose I ncor porgINI ng Goup VIII
‘metals, may be used for the production of acetic acid through the

car bonyl algj IO-‘E ?5 gt hanol . Generally, the carbonylation reaction is

cond e V. st being dissolved in a liquid reaction nedium

t hrough which & naxi ' j ; ]

3, 769, 329 di sc?gfégfs?%i‘ﬁgI%\IE%I&QW’E@%QQS%Q@W’M%%@omnIIIﬁq% HrIégI“?é;I’%xert
a benef i caedtic 2bidgnids metipdrofniemufaeteingaoeticdotd utitdngiiyiovabproesss caitiadNs

bet ween about 14-15 wt.% are typically used. This is the so-called "high
wat er” carbonyl ati on process. An alternative to the "high water"

car bonyl aiF' QEegéchC%S is the "l ow water" carbonyl ation process, as

descri bed O, tent Nos. 5,001, 259, 5,026,908, and 5, 144, 068. Water
concelf r at i ons Ansdngweuiréntly effphrydd proeesskefon syrithesizing/acetic abid, orseaf theymiobteuséfubw

or ol i 11 cSOmBRHEIsG e s s aipongation of Methep el B bo OBoREF & dighpsed n
gl aci al f?ﬂ@Pa’tén@RIoPQ}?S@BZbIOThﬁg)}feﬂt &a_@ao%?%ﬁé BR5F atriodiumHasd IR Blkion

concentrations, there is a synergistic fect between the nethyl "acetate
concent r atatalyst, eithdraissalvied oy btheivise dispersedrin adduidreactimmediomatr elsa sgfportediode

I d il e r.hodi I ) I h
Cinexpect o Dt AOH WUBa ARt CPHa e S SO B &5 BERpRASL Y HeBST s o
r educag oniqdigd iRowd iR T8l @idelood T4 arisH el AR S s, RARIMAHS 1hdsB uRRESdri"

propionic acid is reduced by an order of negnitud Car bon”di oxi de "an

hydr ogen, Gublipc Wik metdlsmayibdnsed ier theiproduction offvcétic ackd tirough, the earbomgflation of

reduced. %?eﬂijalﬁ%{ égr(l)efrsally, the carbonylation reaction is conducted with the catalyst being dissolved
in a liquid reaction medium through which carbon monoxide gas is continuously bubbled. U.S.

Patent 3,769,329 discloses that water may be added to the reaction mixture to exert a beneficial

25  effect upon the reaction rate, and water concentrations between about 14-15 wt.% are typically
used. This is the so-called “high water” carbonylation process.

An alternative to the “high water” carbonylation process is the “low water” carbonylation
process, as described in U.S. Patent Nos. 5,001,259, 5,026,908, and 5,144,068. Water
concentrations below 14 wt.% and even below 10 wt.% can be used in the “low water”

30 carbonylation process. Employing a low water concentration simplifies downstream processing
of the desired carboxylic acid to its glacial form.

U.S. Patent No. 5,144,068 discloses that, at low water concentrations, there is a
synergistic effect between the methyl acetate concentration in the carbonylation reactor and the
concentration of iodide salt used to stabilize the rhodium catalyst. It also teaches that an

35 unexpected advantage of operating the reactor at high methyl acetate is a reduction in the
formation of undesirable reaction products. In particular, propionic acid is reduced by an order
of magnitude. Carbon dioxide and hydrogen, which are formed by the water gas shift reaction,

are also reduced.



7213-PCT 2 5 Various neans have been proposed for controlling 2Bdupy@066ses
for the production of acetic acid. For exanple, U S. Patent No. 5,474,774
di scl oses a systemfor controlling: the liquid levels in a reactor-flasher
conmbi nati on used for the carbonyl ation of methanol to acetic acid. Liquid

| evel contrg# ig ,gchi eved by proportional controllers or other controllers,
whi ch prop PR Iy change the liquid flowrates fromthe respective
reactor and flasher. An 10 adjustnent can,be nmade to the |evel controllers
to change the liquid flow rates by a functzl on generat or, which adjusts the

flow raw, accordjng to an enpjricall r|ve ction, h correlates
Changea § n' ot halOeHF Siea R o7 FPTRTHR1ST 1250 Ft Be ProP e L oF xRt
flasher. Eujsepeadid.PRérekamplepUiSCcRittm NoER4 14092 distfosdd a sgias:erfmtwﬁuahﬂg fHeQiypid O
the productjon of acetjc acid in.whi Ca&]t F}fﬁtgy émaéoncentratlon in
the Iiquid lexels in Wa"éﬁrﬁ%g?rt"l"&l?"ﬁagmﬁ‘?e Q %H"“é’ B\e fReasriRaeidy al ue
by noni tori Dﬂuidh@ve'l éritfd] RfachieldadyPropRRibnaldontrAIRES dr\bher SURErbNEE, iWHish t her eof to

car bon nonoxi de bei ng converted to acetic acid and adj usti ng ‘the net hanol ,

and/or r ea@@ﬂ@ﬂ@bf&ﬂ%é@ liqpyis oy ratgsdeomp ﬁhaf“épqcﬂ"?’é%ﬁ% flashes Apat ent No.

6, 103, 9t dé:ﬁ@txﬁ&ﬁ%axﬂﬁb AR th CheAGVell caRULS td HangerBERRR fév Futd by A uh@on
process whi nmeasur esé&;an ous reactor co onent concentr ati ons,

speci fi cal | BeneRErawhich adjussythe Hpw rateaccqrdiag taan empingp|ly desyed Smctigs, avhichan g

et hyl acet grRlatdstcharies inthétBafead aite/mrqmdefm rafe§ fro e Y@adtd} ah@ BRGNS ©
t hereto, the concentrations of th Q#?St speci es, nethy) iodide, and

wat er to controlEurpsag® é‘F’l‘td\BP(’:‘F‘EP"Péagclt 002,785 A1 flescribesa progessior ths prodyction of

di scl oses af.acadid fu WStHIhR N hictie Sonsdratiod ihRhedigiRi R0l BSmpdRidhig! | i ng
t he carbon nonoxide flow to a reactor by neasuring carbon nmonoxi de flow ng

25 t hr olfgh maigtined 8t a pratdetermised velpebywgoritosiag e reinrd ne,eawéehaadfpmamear rive at

a time- aver agrahives aebddf 10 QAOA riiéhokide Bein @ tshiverttAt6 kBB héld a fhecarbon
di oxide flow rate; and controlling _the carbon nonoxide flowrate so that it
does not exoethenol, wed/eareemvatdéavwwhﬁﬁvfs fesdhrateingesponsdi t i onal backgr ound
information is fi9unehacid NOCs, Ao )PAERose iR sl LR Eucibrbtss Witk R éomdp. Al |

patents and publications referred to herein am hereby |ncoraﬁwr ated by

reference BIBcEsHWhiSHmeagites YappysTactas componerd copgentraitont, Npesifiqatik theastive esent

i nvent iz r@ktakjseSpeties, ndthyd f6Hide, Water, AR ink @yl d&&aﬁﬂﬂthcaﬁﬂiﬂ'dﬂéddn gl or
condi tions during, the roduct |&2 of acetic acid y the catal zzed

car bony| at i 8¥HsERE ] H’é‘ﬁ?&ﬁ%ﬁ thergiqethe gonceptratigus.of the @W@W@@%f“ﬂ‘ﬁ iodidp sqd water

conpri ses %%Sﬁﬁdlmicb&ﬂﬂiﬁhﬁtﬁénﬁ t he heavy phase of the |ight ends
distillation colum in thgg%rlflc tion é%’nsite of .the carbonyl ati Qn process.

The density nedsSrRaRRhP-2P& ekRY distosss py, Prodertion sysismnwith p methed dor ¢ o
regul at e t h@nir6IRE fRicHBN iMbnbXiGe bR aCi teeaomnﬁeagmrwbm. #Bn6: 8 ing

condi t I20 ns: thr-lt_)r\]xgh g g@fn‘é ¥aJU§ %2 trnanr?gn ; b nEZmunds c%lc?xﬁngr§ t% amve at a time-averaged

carbon monoxide flow rate; determining a maximum carbon dioxide flow rate; and controlling

9

the carbon monoxide flow rate so that it does not exceed the calculated maximum flow rate.
Additional background information is found in WO-A-0204394, EP-A-0768215, and EP-
A-0677505. All patents and publications referred to herein are hereby incorporated by reference
30 in their entireties.

SUMMARY OF THE INVENTION
The present invention relates to a process for monitoring and controlling reactor
conditions during the production of acetic acid by the catalyzed carbonylation of methanol, The
35  process of the present invention comprises measuring the dansity of the heavy phase of the light
ends distillation column in the purification system of the carbonylation process. The density
measurement is psed to adjust the feed of methano| and/or to regulate the temperature in the

reaction zone to optimize reactor conditions. The density measurement may also be used to

9 AMENDED SHEET



AVENDED SHEET 28 JULY 2006 7213-PCT 3 5 adjust other paraneteng JuLylli96
reactor system The invention is also directed to the systemfor

manuf acturing acetic acid based an the process control procedure described
Monitoring the heavy phase density in accordance with the present invention
may be perforqﬁg,near intine to renoval of a sanple or alternatively, the
noni tori ng conducted online. Online nonitoring refers to the

anal ysis of heavy phase in real tine either by 10 direct insertion of a
densitonmeter probe into the heavy phase process vessel or by rapidly

circul ating hea% phase %ocess sol uti on_t hy ough gsogsenm tonet er and
subsequeént [3YPEYRFRAFRPLHT & hwpeies oo ﬁ@"ﬁg’ﬁﬁ o digepteq fothe mesmm fos e nt

refers to thgwflchaMpasetd aeidamsa\salthdirodksd\@nuyl fitted@e désdfigée from the process
and subsequent analysj s bel ng perforned on | aboratory instrunmentation.

Further, adj ust REpRitosre hshserahesedsndi i F‘&Pﬂﬁﬁ?“&ﬁdh‘?%"&ﬁf’é‘ﬁe‘ﬁ’éﬁnm‘?m a3
15 requi re%eﬂ@ﬁhﬂﬁ&ﬁﬁ&fmdmﬂhﬁl@%aﬁﬁkb@ﬂ!mnﬁﬂﬁ MBS iBhitciginddy wf t he

sanpl e, Thi's adjustnment may be perf orned aut omat | caII in response to the
heavy phaseoadyctadiopling QulinsRapitoring refery 19 eqnelywsofareemhaéwntrmlthmmth%hm| i ng

be perfqy MeghetfihRidnbal &hﬂﬁoﬁl@tek‘ﬁ‘éﬁéiﬂfﬁﬁé Eeady ?lfdse {ubeégs QRE1B BY rdpRdigt | ON

efficiency. These and ot her objects and advantages of the present 1nvention

shal | becorrircwiating heayy phase proptss Fqlbvﬁnttht@“%lb%'éﬁwmmeﬁ godirubadverslynstiming this
descri pti onofulieh &Pthe BRIcEs. DESHRIdehhirbinéar refetE1d WMAWNESiblel retdbfal bf h Resry phase

schematic di agram of "a typical continuous ‘c;@?cess for the producti on of

acetic aci ¢ampls fromytheproressangd sulisequent;pngysiy n lahoripyenent used in

accor dance jwitfuthegfati o@nmmefrﬁﬂ]hst&fenttdﬁ {ﬁiﬁ%udeﬂh‘ﬁ%hb Qfﬁreﬂﬁxﬂ\b@etetsas
DESCRI PTI ON OF THE | NVENT] ON The esent _invention relates to_ a continuous
car bonyl3at irequissd shauld ogeyr immrdiately flloping phapacteriggtion-ofthe.sampley Thisjadipstment
particul ar ﬂﬂ&ﬂ@ﬂﬁﬁﬁé‘c&uﬂ&ﬁaﬁ&ﬂ% iREQPEE totBe Rdavpifké endit) Medlirelldfit. Finally,

car bonyl ati on of net hanol a reactive derivative thereof in theé

presence ofit i prefererdythat the sampling frr Repformeag ofien fsniniraize priesigblefsifbfrom opfipum v
metallic elrﬁgggaﬁeﬁﬁh@cularly Rh lr, Co, Ni, Ra, I'd or Pt, and nost
often Rh or a hal ggen pr.onoter ~ m)st often a hydrogen halide or organic

hal i de, part i cJ?‘&%eIBFd3H‘°%1?‘?Q§FF9 and afypatagercaf thepreseatiidyentionyhall become more

st abi | izer /apPRER TRnLihe alddindplnyiisy daimp ardldesorifod@tdbs. Of Group I A or |1 A of
the Periodic Table, or a quatenary ammoni um or phosphosium salt,
particularly an iodide or acetate salt and nost often lithiumiodide, or

lithium acetate. The conti BRIEEDESCRIFTIONIOPTHEDRAWINGBY be t hought of as
comprising threg, baS{ 15 & schematic diagram of a typxcal continuous process for the production of
acetic acid.
25 Figure 2 is a diagram of the equipment arrangement used in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to a continuous carbonylation process for the production of
30 acetic acid and in particular to a process for the production of acetic acid by the carbonylation of
methanol and/or a reactive derivative thereof in the presence of a caralyst system which may
comprise, for example, a Group VIII metallic element, particularly Rh, Ir, Co, Ni, Ru, Pd or Pt
and most often Rh or Ir, a halogen promoter, most often a hydrogen halide or organic halide,
particularly an alkyl iodide such as methyl iodide, a stabilizer/copromoter, which is a salt of a
35 metal of Group IA or lIA of the Periodic Table, or a quatenary ammonium or phosphosium salt,
particularly an iodide or acetate salt and most often lithium iodide, or lithium acetate.
The continuous carbonylation process may be thought of as comprising three basic
sections: the reaction, purification, and off-gas treatment sections. This process is represented

5. AMENDED SHEET



sections: the reaction, purification, and off-gas treatnment secg8gusy 2006S
process is represented AMENDED SHEET 28 JULY 2006 7213-PCT 4 5

schematically in Figure | - The reactor 4, which nay be a stirred tank
reactor, is operated at adjustable elevated tenperatures and pressures. As
the reacti omprpceeds in the reactor 4, the liquid reaction mxture is

w thdrawn fromthe reactor and passed to a flash tank 7 where the mjority
of the lighter conponents of the liquid r@action mxture (methyl iodide,
nmet hyl acetate, unreacted nethanol, and water) together with product acetic

aci d ar es vaghema@dily IEiga0The r&cfoi aGiHie miysheld ¥ifred tﬁxﬁ@éae%r,t@o%éiﬂed at
purification section and the liquid fraction (corrprlsmgthe no cat al yst

di ssol ved .mamleee%?& maﬁam‘éFﬁ?ﬂ%fﬁﬁ?‘ﬁF QS YoF ERRERRIGPRSRETindhS magterd, dhead t o

the reactory LRorMixhir fsalitIRawiPRdrh @18 réaéft &Rl Ja¥se8 WP hsheSnid7 fvhérs khe
distillati on cofeurm 13 (the light ends, columm),, a second distillation

col utm (t hemaioftyRf thlighter comppnensfithe Liguid reaction ’Flﬂ"“HF &methyliedide, metlayl apgtate he
heavy ends gALALEY mORinoE BRYGhter Itagéﬂewth ?Hﬁu& RELSic G AT VapSrizedB tRY bﬂs&d' de,

met hyl 15 acetate, and unreact ed met hanol, are renoved overhead, al ong with

some wai@®r fediondstherdigcted tp the nupifigation secgion apdhe lighed fractiop denmptising tb‘h@ble
al lowed to sgnoh faiseowéat il ab&MR defaf EfiBanlyRerRaiSiRE AgHt BSmponents ROekycRiAAs B RERor

usual Iy returned to the reactor. One’phase of t hi s condensate, the upper

layer, is #h&hs pugificavionyiestion typcallymmpriess a first digtillation splugpa 13 (thedightends i ¢ aci d
in which | t.
e | Cedhaf PAOMLBLS m@&um{aﬁwmlmgﬁeag&.gcctgo@[mgg&tpg&w%ggﬁmﬁmn hesen

The |ight phase Tay be returned to ase recycle

line 22. Theolmehe peray @ndsiqelumn, it shpam)e o the Yghtgrds rejumn b'—haseéh)'lwdl%mﬁrh)fbed
primari} byd me&téaqn@mopﬁs Move&s'«;eaieed mengﬂrw;tbrh B@a&:

wat er , net%ano , and acetic acid resent he heav ase may
returned t ostme 6o &P FRPIF AF ?q»éensme p ta spRapRCinto woméwzm g decpater b

density of wuamﬁemh&tam&ew&emageaba%s%mm&@ m&ﬂﬁk{ﬁ&éz‘ 139
t he reactor CO OSItlon in accordance wth resent |nvent|o

parti cul ar, thedg w%%wnm@meﬂypﬁwmsamhwémwglcbmsqaemmwoﬁf this
heavy phase;tnh mgtae%tz':ﬂijodﬁe%w r3BR" @ﬁugmg@saamwd&&&h&{m%ekgﬁor

| evel of ne acetate 1n’t reacti on zone upoh this de
measur e?ent in lbﬁ’eglﬁ phase meyels linaPBohya aher phasprtbrdewer layes. ipthedieawi phase P pr event

undesi rabl e.gf %@nﬂgymﬁh@ﬁm ﬁumbamxhagymaﬂuﬁ,tmeh RbscAribiufts G¥Gl-Her, Vet

acetic acid i S a side stream 14 fromthe |1 ght ends colum and is

fed to a 3oedryalrgdeestigraid manbegmestrt) Thmbaaxy phesemay be reamrpeila tpsepdierda thend a
dry acetic poldopist R ﬁneéﬁnievsqﬂe éaasamfms Msﬁpmxwﬁhwaéskehbm dagne.

The overhead water streamfromthe dryi'ng. colunn is recycled to the
reaction sefs'rmwollmawremteﬁﬁommyhgﬁ Bogeardangs with @mvéwtmvmwénaa@eulaef a
heavy epd ﬁ%&ﬂﬁ%&%ﬁ&&h&gﬂeu&s fftﬁisi\@dW:ﬁﬁ Srititus! €am
In sone chem processes it I's necessary to nonitor the progress of the
cheni cal reactor operation as an indicator of the level of methyl acetate in the reacnon zonc Based upon

this density measuremenpt, the continuous carbonylation process can be altered to prevent
undesirable process excursions during the production of acetic acid.
Wet acetic acid is removed as a side stream 14 from the light ends column and is fed to a
30  drying column (not shown) where water is removed overhead and a dry acetic acid stream is
removed from the base of the distillation zone. The overhead water stream from the drying
column is recycled to the reaction section. Heavy liquid by-products are removed from the base
of a heavy ends column with product acetic acid being removed as a side stream.
In some chemical pracesses, it is necessary to monitor the progress of the chemical
35  reaction and to adjust the supply of the reactants to ensure that the reaction proceeds as desired.
The production of acetic acid is one such chemical process. One method of manufacturing
acetic acid, by carbonylation of methanol or its derivatives, such as methyl acetate or methyl

iodide, involves a chemical reaction initiated by a catalyst system as described previously.
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35 reaction and to adjust the supply of the reactants to ensure AgWiLVIRe6
reaction proceeds as desired. The production of acetic acid is one such
chem cal process. One nmethod of nmanufacturing arctic acid, by carbonylation
of nmethanol or its derivatives, such as nethyl acetate or nethyl i odide,

i nvol ves a %mﬁﬁz reaction initiated by a catal yst system as descri bed
previ ously. D SHEET 28 JULY 2006 7213-PCT 5 5 Carbonyl ation has
becone a preferred route to make acetic acg' d. Nevertheless, there are
countervailing considerations which affect”inplenentation of this process.
First the underlying B reaction chem st is,intrica i | vi a_nunber of
i nterrel at e@#@é&@?‘%@?%ﬁ?ﬁ%%ﬁﬁiﬁr@ ﬁ’ﬁifym 'leeé? ?%éfgﬁevgﬂ.]\{gaﬁs, '%%e@ﬁe nust be
properly bal.gitahilit\eonsaiatisds wich dfebeimplem@nEidCofithis picess £ First, theua@ériysad! e
and nmaxi m ze efficiency of raw paterial utilization.. Al so, %he cat al yst
systens, suéHcien Mr’ﬂl“ﬁﬁafeowvel&ﬁdd’ﬁﬂ‘i‘ﬂd’f Wﬂﬁgﬂt’fﬁﬁea‘ft‘ﬂ‘ﬂi b A |ike,
required fokqGRbMARY bR bf Which ifist GRGKEY bilatedvne dgaiitthe vpen o wake Mo ppsesy |
car bonyl ati on catal yst syste are extraordinari It?/ nsitive to changes in
any nuitber wa@a&aﬂémw%ﬁg&@}egc T maperal yilization (lsos e ratabyptowptems cugh v st

stabi | i t)yy aRdcqrdihmicdh)eomyBiids bf thotRmpiridign bhiethé RIS tequiref fof e:@bsnybitidn are
performng a separate_| aboratory analysis of 15 cor;Ponent concentrations
‘gt'?ﬁ re

usi ng var i ogsnerallyFomplipng sxprRsike cdoreaver SEhon Ao falalyst Sy glemy Araextap

i s labor inteRsiv e @RdedsifBnyMBerbiteadies phrunBers wWhidh0RGuihl afelseBs@RcDet ween
sanpling and the characterization of the sample. This nethod of sanple
char ect er i z&atlypt sabgity pad3giYY | inits the nunber of data points per day for
a_given reactor , Mauithtalohlingho Wactr étudh i pelBrmingd ik TBbbnitorP Rl oY

i nportantly, because of the de|ay betw%gn sanp| |_§?eaan eneratjon of 20

dat a, ~t H s&ADHPYCEHRADSEOTSHPDSHSING Yarqus jabqratory, IecRIGHES L SPBRImES YtHed. o Hais o
system t hat phaegurd it inéddfread timl coisainiip, REudpan $opiHone 1)ses Botoed] safPUS -
Vari ous neans_ have been proposed for r_err%%q‘]&g such_ prob| ens. ,FQEng‘ﬁanp e
Fouri er Trad8d Befharafterization <fjae tamplet Bixm SBmpls chargerAuR SBSIFAY t or

t he conponemnngits@e munitRA6H dat pdiitd 6@ LSy fof ighveh YeabloR to wsilly Mol @toabsiEID. | S
disclosed in U.S. Patent Nqg. 6,103,934. Additionally, nonitoring systens

based upon dwiditionally, peshmprdmaptantly.iermse eighe ef¥RSR SURRIRS apd BERAEFUOOSt [ of

It hesle t %anes dQctL, BY SnfHR HAY.LterShtiA fréedddan d&&tﬁdu@aﬂ @gﬁs;tbflstyﬁ@ﬁrmatqégswat&inbi gh
evel of nmmintenance and, expense necessar Q nmaintain the equi nt in an

accurat e futReacwgal %ﬁ“%?fgb"e?ﬁﬁﬂhlm %ﬁ@ﬁww-y v Fr'é"‘!jM%WFrHﬁ?g“F‘é!%’ﬁ?‘P %y st ens

may require rendd9ingistel problemp.eForasiample ! FolHer Dad fodn)dfared SpetitbRetefsaperbded g i N

a lag between the results and the actual ,status Q’&Bt he gé{gcess. system as

ment i oned al§eRADuOuy mpnitar the compopcnts f alractipn progess. i YRR OLMAIRHNE SYRIR &y st em

that faciliWatlesedides. Pagat/Nol6, 1009341 additonally, hiibtofiigsyisteals basdaipb@gas N t he

product IZg " (c):{u*oxéllxgtei\:'tgIra(1:3h§21 galcgno?ggythg% becexq %Qe%.e ?—Ic;lwr;vér,mec:th of these types of systems have

significant disadvantages in terms of the high level of maintenance and expense necessary to
maintain the equipment in an accurate functioning state. Additionally, the gas chromatography
systems may require a considerable period of time to analyzc a sample, resulting in a lag
between the results and the actual status of the process system as mentioned above.

30 It is therefore desirable to provide a monitoring system that facilitates more frequent
monitoring of the chemical reaction in the production of acetic acid so that changes in the
reaction zone can be detccted early and to generate appropriate feedback to change the reaction
conditions. The present invention provides this early detection capability by relying upon
analytical samples taken from outside of the reaction zone. In accordance with the present

35 invention, the heavy phase density is measured. The heavy phase density is a function of the
concentration of methyl iodide and methyl acetate in the heavy phase. In turn, the concentration
of methy! iodide and methy! acetate in the heavy phase is indicative of the concentration of

methy! acetate in the reaction zone. In particular, as the methy) acetate level increases in the
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reaction zone can be detected early and to generate appropri at 28 &edbh20¢6 t o
change the reaction conditi-ons. The present invention provides this early
detection cap-ability by relying upon analytical sanples Wﬁ ()ffo&gfgkout si de
of the rea¥Q®#064¥de. In accordance with the present 35 inve %3, e heavy
phase density is nmeasured. The heavy phase density is a function of the
concentration of nethyl iodide and nethyl acetate in the heavy phase. In

/ T Lh : e . _
phase Po FoEREAbhE i bensll of Bibhersy Pl aBpCoslPlc bl dicih Bl Rooel i0ERYY .,
zone. | n forwardus tire lighs endsadistitlatiph celominaind thea\vtehcénmatesgredominatelyein AhdRE AL

SHEET 28 JULY 2006 V\nglg 064364 PCTf USO3/ 00503 6 .. 5 reaction _zone, the
density ofP Beeanse methybacstats isdess depsedhansmethyl iodidg the density of thechepxy phase

forward t i L5 d Welel Nakit ?ﬂﬁﬁ l :
predom na?% %}glsér? atgﬁlme‘3 xﬁggxgbgde?a%gin%%ﬁté%lgggé%%{}hy aggféa;t el ggﬁagélgsﬁcpér%ee

t han net hypreseatingentidnprodidasi tonvehieht) safo cadytelativel g inesipersbeInchedtot doatifmdusly
acetate concentratjon increases. Mking use of this relationship, the
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concentration. In this situation, there is an increased potential for the reactor methyl acetate
concentration to increase rapidly. This increase will cause significant disturbances in
downstream equipment and the plant may trip which is undesirable because it interrupts
production and creates a potentially dangerous situation. Unsteady reactor methyl acetate
30 concentration also leads to instability in reactor carbon monoxide uptake. This may lead to the
necessity to vent carbon monoxide for control purposes, resulting in a loss of carbon monoxide
conversion efficiency. Control of reactor methyl acetate concentrations at high methyl acetate
concentrations is therefore a significant problem.
Although it may be more difficult to control reactor conditions at higher concentrations
35 of methyl acetate, it is nonetheless desirable to operate at high methyl acetate concentrations
because certain beneficial effects are seen at higher concentration levels. Notable beneficial
effects are the ability to operate with lower catalyst concentrations, reduced propionic acid

production, and a reduction in the water gas shift reaction resulting in improved CO efficiency.
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Generally, this data demonstrates that the density of the heavy phase will increase or
decrease in the range from about 0.05 to about 0.1 with each 1 wt.% decrease or increase in
methyl acetate wt.% concentration in the reaction zone. However, the specific corresponding
density range will vary from reaction system to reaction system. Accordingly, it will generally

15  be necessary to calibrate the relationship between methyl acetate concentration and the heavy
phase density for each reaction system in which the present invention is practiced.

Once the relationship between reactor methyl acetate concentration and the heavy phase
density for a given reaction system is known, the present invention provides a means for
accurately and continuously monitoring the reaction zone methyl acetate concentration and

20 providing feedback to change or maintain reaction parameters in response to this feedback.

The reaction parameters may be changed in a variety of ways. One such way is to
change the methanol feed rate to the reactor. Another way is to change the reaction temperature.
This is often accomplished by adjusting the temperature of a recycle stream flowing back to the
reactor through one or more heat exchangers. Additionally, the temperature of the reaction

25  system may be regulated, in whole or in part, by adjusting the temperature of other streams
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methyl acetate in the reactor. In another embodiment, the system of the present invention may

)

be programmed to respond (or an operator will manually respond) by lowering the temperature
in the reaction zone to decrease the rate at which methyl acetate is converted to acetic acid. In
30 another embodiment, the system of the present invention is programmed to respond (or an
operator will manually respond) by a combination of increasing the methanol feed rate and
lowering the temperature in the reaction zone.
Figure 2 depicts an embodiment of the present invention demonstrating the placement of
the components of the monitoring and feedback system. Any suitable density measuring device,
35 such as a nuclear or optical densitometer 20 is provided in the heavy phase heavy phase recycle
line 21. The densitometer 20 may be any of various commercially available densitometers.such
as the commercial nuclear densitometers manufactured by Berthold. A suitable model is the
Berthold LB 386-1C. The densitometer allows for the continuous monitoring of the heavy phase
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t he concentration.

25 In another embodiment of the present invention, the system is equipped with an
automatic feedback control process. In this embodiment, the densitometer 20 may be wired, or
otherwise in communication with, a control loop with a feedback control means 23 providing
feedback to the control valve of the heat exchanger 10 and/or the control valve 2 for the
methanol feed. In this embodiment the system maybe programmed to automatically control

30 operation of the heat exchanger or the methanol feed or a combination of the two in response to
deviations of the methyl acetate concentration from desired levels as indicated by the heavy
phase density.

The foregoing disclosure and description of the invention are illustrative and explanatory
thereof, and variations of the invention will be apparent to those skilled in the art, and are

35 considered to be within the spirit and scope of the claimed invention.
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W claim 1. A method for effecting preggggscontrol in a reaction for the
production of acetic acid through the reaction of nmethanol and carbon
nonoxide in a reaction mxture conprising methyl acetate, conprising the
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acetate in the 2reacThometivkéflTleim B whéreimtit cofditionsof 2 redction mixtiikardTet hod of
oncentrati on of the nethyl acetate in the reaction

% >6<“t lTI’ g }M;%r i ép’gﬁﬁm 1} W perature pf ATEACHON BIXWP-2i m 6 wherein the
concentration of. t hernemiod aEAint BEwheéreinhite condidiadsiof thelreaction mixterefags m 4.0 to
from 1.5 tsoaae bgauHine i fisfolReksmal S RHEPE AR, el cotron o o gnal
indicative of the nefkemettiod ofMaint J whéreilig: doaditiynsplf éReedclios mbttute@rer cont r ol
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5. The method of Claim 1 wherein the concentration of methyl acetate in the
reaction mixture is from 2.0 to 10.0 wt.%.

6.  The method of Claim 5 wherein the concentration of the methyl acetate in the
reaction mixture is greater than 5 wt.%. .

7. The method of Claim 6 wherein the concentration of the methyl acetate in the
reaction mixture is form 4.0 to 7 wt.%.

8. The method of Claim 7 wherein the density of the heavy phase is from 1.5 to 1.8.

9. The method of Claim 5 wherein an electronic signal indicative of the measured
density of the heavy phase is sent to a control system which operates in 8 manner to control the
reaction conditions in the reactor in response to the density of the heavy phase.

10. A reaction system for the carbonylation of methanol to acetic acid comprising:

(a) reactor containing a liquid reaction medium comprising methanol, a catalyst, a solvent, and
watcr to form a reactor product comprising acetic acid, methyl acctate, and methyl iodide;

(v) a flasher for receiving the reactor product form the reactor and capable of flashing off a
portion of the reactor product to form an overhead stream comprising acetic acid, methyl acetate,
and methyl iodide;

(c) means for directing the reactor product to the flasher;

4 AMENDED SHEET



(a) reactor containing a liquid reaction nmediurn conprising net2doly 2606
catalyst, a solvent, and water to forma reactor product conprising acctic
acid, nmethyl acctate, and nethyl iodide; (b) a flasher for receiving the
reactor product formthe reactor and capable of flashing off a portion of

t he react 0k .péyct to forman overhead stream conprising acetic acid,

nmet hyl acetate,  and nethyl iodide; (c) neans for directing the reactor
product to the flasher, AMENDED SHEET 2§,JULY 2006 7213-PCT 12 (d) a
light ends distillation colum for receiving the overhead stream and capabl e
of distilling., v e £.ar i ayy. bhase;
(&) moans (9o i nd @E1RER AR kol Thels il ot B o B, 0
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react or i n@ge’gfﬂﬁ’ﬁ S‘é" cﬁ?cﬁ@tdﬁﬁ‘ﬂ Rogegyot ﬁﬁ@"“ﬁ@ﬁ’l\ﬁgﬂﬁ §°§‘§? i‘ﬁ'ﬂ&"@ﬁé} A" f or
gener ati ngcoldm@} ectroni c signal indicative of the measured density of the
heavy phase and fransnjtting the signal to.a copntrol system which operates
in a rranne@t%g?,”éfﬁ?‘i‘%‘ier %E‘C"S’é‘%ﬁe(ﬁlﬁgs HGXS‘FihSEH’gP #1309 reactor in response
to the dengg)t yneais fob odtadiing rpdttisg contlilionsTinehe re@edriipfesponsé thodensitpoNthd 0
wherein the conditions of the reaction mxture amcontrolled by adjusting
the flow oPe‘Wé‘ft #HFof™% o the reaction mxture. 12. There action system of

A aim 10 W giednd foe peserdlingiad BRctednid Sighal indicitivenf thexiedsived duibigostithohdaey DY
adjusting the tenperature of the reaction m xture and by adjusting the flow

of  met hanphasg and fansmiging thevignallp g centro] system, which aperatesina e tg cottrol the, 10

wher ei n t hgaeRuic@nEfahs Mhofeactsl i YdspaBeioahedémsity 61iRe hadgphada M xture is from
2.0to 10.0 w, % 14. The reaction 8 ,stfmof Cl.aim 13 wherein the
oS gf dieae

concentration oll-t heThRreRRHODIXRM P & wheryia thercp CHOR MIXE; ¢ han
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reacti on systerddf Clbs BreH9nGRG®RP mlmbmivégeéhgéiﬁ&s?wéM%M@f rom
1.5 t0 1. 9grerlRrbENER bHRfubting the temperature of the reaction mixture and by adjusting the flow of
methanol to the reaction mixture.
13.  The reaction system of Claim 10 wherein the concentration of methyl acetate in
the reaction mixture is from 2.0 to 10.0 w.%.
14.  The reaction system of Claim 13 wherein the concentration of the methy} acetate

in the reaction mixture is greater than 5 wt.%.

15.  The reaction system of Claim 14 wherein the concentration of the methyl acetate
in the reaction mixture is form 4.0 to 7 wt.%.

16.  The reaction system of Claim 15 wherein the density of the heavy phase is from
1.5t0 1.8,
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