, cde3eda\ x06f T?C1 3 FEB 2003 CARBONYLATI ON PROCESS The present invention
relates in general to a carbonylation process for the production of acetic
acid and in particular to a process for the production of acetic acid by

t he carbonyl ati on of methanol and/or a reactive derivative ther®¢Ep 2003 he

presence of a Goup VIII noble netal as catalyst, a hydrocarbyl halide as
co-catalyst and optionally a S pronoter. Honbgeneous |iquid phase processes
for the production of acetic acid by the Goup VIII noble netal catalysed,

The procass usi ng rhodi m b the nobl e metal catal yot ia descr ANGUMMNAN

exanpl e GB-A-1, 233, |21; EP-A-0384652; and EP-A-0391680. The 10 pr ogggs
using iridiumas the noble netal catalyst is described in, for exanple,
GB- A 1234121, US-A-3772380, DE-A-1767150, EP-A-061997, EP-A-0 \“\\\\“\
EP- A0618183, EP- A-0657386 and WD A-95/31426. Carbonyl ation pro “\\\\“\\“\
the production of acetic acid in the presence of either a rhodi'um folmey-1y
iridiumcarbonylation catalyst are operated on a commercial scale at

several |ocations worldw de. 15 Howard et al in Catalysis Today, 18 (1993)
325- 354 describe rhodium and iridiumcatal ysed carbonyl ation of nethanol to
acetic acid. The continuous rhodi untatal ysed, honogeneous net hanol

carbonyl ation process is sai ¢ARBONYLATION PROREESHGSI C' sections;

reaction, purification and off gas treatnent. The reaction section

conpri ses a stiThepresem inveetar mlatevipaeaerebitoat carbayitiod presesefoaths e and
pressure, and a.flash vessel. 20 Liquid reaction conposition js wthdrawn
From the rRREEGONacRUs ﬁé&@hmtm taafnr%qa?ngt%wéuwnaof#aicawoe nk
where the jrQr.i : I r e J QLH: I
conpositio rgng%l {%)P %%%é]ggjnh%{"ﬁﬁ 8@?23 gﬁbggg&\\%{egF‘%ér?%%g%k[?g?g%ah?ﬂo%ar oduct
1 3 FEB 20G&wpcélll aokle nttta e caalyst; b hedrocdidel haideus cé-caalystoandi sptivhslly gpassed
to the purification section whilst the liquid fraction (conprising the
rhodi um caRf8MP&E. i n acetic acid) is recycled to the reactor (cf Figure 2 of
Howard et al). £ | ect| i i p [ . fil
distillation coﬁgﬁﬁggééﬁég ﬁﬁ%‘ﬁ% ﬂ%ncfgrgg%lgﬁsnf% ?rl%apqg%lg%l%g%Eflgeﬁll%lal%gtq%tﬁgcoI umm
(the dryi nGréupcwillAvhle aitthl @afaliiséd] hetd sickiblyBhidlide c6 DatiljRed tdactihieadariedids
colum) (cf Figure 3 of Howard et al). In the light ends colum nethyl

i odi de andmape¥de argoeslbkrover. eTheprovess using rhedidmais shynakile metebeatalisitier ~ and

phases | desauileRT e SAEEEL 2R AT PR N R e VSRR W acet

acid i® repred usingMidilm dsitBOholRPdfetd Chiast B eserived afl Farvixangdld §B-ad to the
drying 10 col umm ere water is renoved overhead and an essentially dry

acetic aci R32EWDiA37 e3P0 BE-Aoho7R a0, ER-A-86 1A ERi A-0p1§ 84 BR-Aone. From

Figure 3 o rd et ot C e at. t.,he overhead wat.er,streamfrom
thearyi ng AR ER -pBteb b OARTILERT St SR YEh BRSNS e o
by- product ﬁro%ﬁé’cidrﬁé@a‘é@ﬁ'c Adiom @h@?r&%ﬁ& &eithBea RAWMM BPEPirRIAlm Hﬁb&‘hﬁ!&idﬁr oduct
acetic acid being taken as a sidestream | S It is with the react’ion

secti on anchtslpst aopepatiedwntahamanéreiahstale dtaeyaradecationnwertlivale. i s concer ned.
In terns of the_ process outlined above it i ecifically with the reactor
and i t% oper at i BRVRAGE %lhré&aw@éﬁtfq%ﬁ1.;8Qﬁﬁﬁﬁfﬁ-%eﬁe@%@@d%w%g

cont i nuous; i i f.ead r.RQs | on
demand undiiher Shisffed bl RRAMHHEhARRLY poefc oBET B8 oI A o2

li qui d conpmslyéddphomogiiebss mEthansidathonykitian grovgssio said ne enisisabt thaeebasizet hyl
acetate, water) nethyl iodide co-catalyst, Goup VIII noble netal catalyst,
opt i onal | ysesHengreashipa, pibigptier and effrgat Bpaimiens nEhe nsectioarpastitfetonyfiseh
conpositiop.acetic acid. In the re car yl ati CCUrs uce
Goeric act drist GhE r@8ih ot PRRSS iR R kR £1dsh RERE

t her eafd er Lafff feGetfsii €brpositRMAY itRdraddh fish ehdRator endiRpatdedetougngonvert ed
carbon nonoxide is vented fromthe 25 reactor and after recovery of

vol ati| e cOashingeval e toreeflash tank Whergéireemajority off the Hightedcomyponeatstof thedlipicht e
concentrations in the.lLiquid reagction osjtiqn of |less than about 6% w w
Wi oh | eveTeConCompstian (red dice airtGil Aot isena S e (QaRUT HHPHPOY st s
practically' all the methyl acetate is converted by carbonylation to acetic
acid. Under such circunstances little, if any, difficulty is experienced in
controlling the reactor 30 tenperature. However, at nethyl acetate
concentrations of at least 5% ww, typically 8% ww or greater, which

| evel s are generally associated with the use of iridiumcatal ysts, not all

the nethyl acetate in the liquid reaction conposition is converted and 2
1 3 FEB 2p3



the potential therefore exists for uncontrollable exotherns arising froman
ever: increasing demand for carbon nonoxide and the presence of chonverted
nmet hyl ,acetate reactant. Under such circunstances the plant may rFlErB, 20phi ch
i s undesirable because it interrupts production. Unsteady reactor

t enper at urazetit 8¢id lascaiporised. iEheavrpboit fractivnrie dengrassed it oie Furifoagon sketiopt ake.

U posee, FEBHIE 15q Her 500 cBTPESPBAr HEHOR G Brar SHOLRIFOITHG.
React] on | AERELRIULETRONT Bf HBha AN RER G oROTRSTTE: ARl

therefore a significa roblem A's nto the pr emis t provi si on
of a nechafvssdistilation colunirhghahghirhdoéolemn)) arsecmmakistdietiaw adllimbl(ehetdryinge

t t id trol ] abl t . 10 dingly th t
o o e e en i SeRoa TS Phgseny
reactor whgr; .rIH"l‘Hﬁi }ﬁeﬂﬁ% &l n%e‘?ﬂg?@&gié’&f#%%'Jat?%efr@rﬁgb&ﬂo&%e%” .
nmonoxi de thr ug a contro val ve a nme ano a or a reactlve ertvatil ve

t hereof , thefigwitkisoge WRdteandreetid acid NThe egiupis conlbmied dnd SidGLd0R
conposition conprising at |east 5% w w nethyl acetate, a finite
concent r at §epAraEst infgatveq phasepim aldecantgndzoill phases bajng mesurneditaitae reac@ro ety | |

I R S S e N e

steps W  {dimARaRH WaGr ishemeEdeveriRiiRndda dieaviallndQughtid el apahi @l val ve;
(i1) performng a backg{aound calculation to arrive at a tine-averaged

car bon nonériayed floswthe dase oftbe distillaticndrtinag Feors Higsrahof Viowaed eloaltithean be
ti me-averaged,carbon ngxide flowto rive at.a nmaxinu | . owabl e carbon
ronoxi de. {180 PR RS OuRBRE A s el S b e toh el s R R BB oo
maxi mum al §evek! Blesdf IR HPE%U@% dré AU ERHSrdiP 1R HaRObF Bk hEXAT &S BHIuAR
operates in a manner such that the carbon nonoxide flowraté to the reactor

can not exwébgrodust acdticuciattethgtakémasy Sitlesivermt e at 25 any time. In one

enbodi pent the t ho onpri.ses activating the contr val ve through a | ow

ol onal el ect or 85157 VBCUSH sesiot &7q His betativa frcteo e B st agyeahon

control | er;sQbnderféd, bﬁr{eWhgg cfc%?sd%\ftiix?éﬁ 80 [t 94 %f%i’ﬁ Elﬁﬁ\]vftlla B eoabs ol |er
8 fl owabl b oxl| ge f

bei ng governed by the maxi nmum e carbon no ow rate, as
cal cul at edatayiteommbtoan thtt the illeotén B@rimandy caoremgdt Dudiep epntimeua operation

tinme- averagg\d carbon nonoxi de flow rate and add a constant val ue thereto,
the input tHasheengustomary feed 6rrogndanextds ogsiemand ypdegmressarecoatPbrnd al ve

bei th fl ' rate to th
eactor | otethehdiai SHGEEMAAELER MIRL ARG RN REALI o car bon
nonoxi e ftawentadtboradfinéthylaudgiatd hatg| sty @diierbratdlgt, Gloap Wiiknshds bon

nonoxi de feed rate to the reactor is |ower than the, maxi rum al | owabl e
car bon nonBRiaieatrlysinopterally one PRMOre HERIR RSN panErisEIR- the Fmaindes of the not

normal ly i £ rggl&{lt}ﬁ]ﬂ ac%[ictaag. fh{x Fﬂg{ V\rl\g%l[t&ecaqgtgﬁﬁattfrcrﬁ%Cc):gll?rgggﬁfocﬂl@g g%ééﬁ\gscfdat eis

normal |y ber e nmaxi mm a e car oW r

det er m nedwhichtif fentled dh edel IRfuiddte@CkonAdinid3RioR! SRiSthERaROHcERE héd id S
operative through the selector. In the event of a reactor disturbance

i nvol vi ng tacesgred ag hershelopmdsscteed) piaganveried eaberomoneridxisdenter dionotheput
? :ﬁggeZSOln? \F’\e%%t({r %%gaégre xieﬁé\?ezzBég?l%@gtc%%lploggntg {‘Hepelﬁton? Psdgeger:]r?ﬂl; hf:s)g\ellr ! tz&? Il er
methyl acetate concentrations in the liquid reaction composition of less than about 6%
w/w, which levels are generally associated with the use of rhodium catalysts, practically’
all the methy! acetate is converted by carbonylation to acetic acid. Under such
circumstances little, if any, difficulty is experienced in controlling the reactor
30 temperature. However, at methyl acetate concentrations of at least 5% w/w, typically

8% w/w or greater, which levels are generally associated with the use of iridium

catalysts, not all the methyl acetate in the liquid reaction composition is converted and
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There are other ways in which the method of the present invention may be
applied. Thus, for exanple, the flow controller may be in pernmangnte ﬁ@u%eage
of operation of the control valve in which case the cal cul ation bI ocC

a value for the l\ }gnallo ble carb nonoxi de flow such that the, fl ow
t hr ough tﬁée EBWE‘{T%It Yratare Sgsis Somiiconte pratherig ariaing AOMuaR Gysr HifEeasng; he
rocess a rol of
Phe pr oco et T SbddinoREBEE M iR Hrlh Ao ihcbAlne At AL Bl el D

i mprovi ng Phdertsust eikiuistancesntte plant enpsaguekickeis urdksiabid bebafuseThﬁtemptstm
al | owabl e car bon monoxide flow rate suitably conforns to the 20 25 30
fol | owi ng RefwiHion: Unsteady reactor temperpiuraplse éqaﬁls Fcosstablhtmwmwranarmm e

car bon 5D i

car bon mﬁﬁ@“ﬁ&%? ahg§ %ﬁgﬁ %‘J(ﬂ).tﬁ‘re )réchyee?&g{ speéél:?lp ar§§ﬂ "%%gdygparef ecedl ng
time peri agbnirot p@rpPE®; FSUIEIRFINREs 8NEHIBEN MBndXiGe EG@RIdH EtincY. thaE@oriL 0
tons/ hour. The specified i mediately preceding time period may be any

desi red t iteEDerpgiTe ePRiGolas highsmethyl Acetabe eoncemesations éntherefire aignifisattor X i s
for exanpl 9% v i1s,20 t

sui tably o BoleEh o Agrion Rithe cebie S 1S PR Tpkion 8 et B i B pn®
enbodi ment ofQd fdHEm PR REE dvall € TS th@rieadao%ouvblmcbﬁtrsmw Hokierphs L he carbon
nonoxi de flow into the reactor, the flow of high pressure vent gas is used
to conitOrol the Aemrdmglyghepsaserﬁ in&uiibalpkgvides areethod of contedlivigethie ngrbbhi s
conprises actiy 1 3 FED 2003.the, high ssure ven as, contr ol
val ve t hr dUgReH g%h%‘géﬁ’ Ad ey e’F‘ééﬁSﬁﬁ%?‘i}%‘sthoii‘FFﬁatCQmﬁ‘PWé %%erd‘% flow
controller I ntroller
bei ng. gove e B e e R b Bl e L A Lo RE R Al ¢
pressur e cthateoflthere bemgfmeaintethed d cm ﬁ\erreambxeef thad rdaloBon cqnupomtmm doenpsisongadt

sel ect or nd gg: ce ope a[tl on 5 f the control val ve bei nctg o h tg_l
second pr 2 Sewerhylartaisen mﬁ%%cgemorb? NRIGE o | %3 yl
set-p t ol I it IS
cqual Ep oIy CRRHL VLR OBl ARy, oIBR8 BEPETOROR RABER L3 by
neans of aacs@ tomptisitg theghmbindert oftthe tdsnepdmngﬂm whehmwﬂeod/mm;g&es thentapelofier, or

by ot her process control techniques. 10 The set-point of t he second
pressure coht r oMeasiring thg,arbes yrogexide flgw thropsh shescantmy) Valy; exanpl e about
2% | ower t I xample, if
t he set- po{“ﬁ #a&?z{;}rm%g%E?ckf&rré@mguér&gcﬁzagn@ (r%% ﬁg\lre a?é tglﬁa axﬁ?é@}g ggbt?ﬁ t he
set - poi nt @bndkige g6waa@; pressure controller may suitably be set at 27.1
bar. Normally, the flow controller is in charge of the high pressure vent
gas cot rofiiilval edding & CCFhﬁé&ré vakiefte the m@ﬁéem@%cgmbomph@m@ flewidp efrivg at a
reactive derivatiyv lﬁoe a?,’? €90 R%gc;g a?rg derr Jat]ves of net hanol i nclude

nmet hyl acelat'EM Y ey ?‘H}e?n and ?Wyfl % 8 de. There is maintained in

the react ofyp |féélding 1ﬁf%ﬁﬁ£tid?ﬂccﬁﬂfﬁ%9@ tthb@ancm@tréarm@dlrﬂgm%motvwéba@%{mww
typically at least 8% ww, neth acetate, a finite concentration of water,

20 from 1 mon@gids fiow ratstthyal cqncr@?/smtena»\@rcdimewqeﬂ in raomr@emtcmthatabea%]mn
optionally t one not er and acetic conpri si.n msu nder
of the conwgP%lﬁsﬁ.OWAﬁ%@dﬁweamr B afireess e arsh Rl PR R Gr oup
VI | e,k @k catalyst at high nethyl acetate concentrations in the
i qui reacti on conposition of at least 5% typically at |east 8% w w, such
hi gh concent r at lloose ankodimein thenetith anpraed astivating thefconhtrel wabee thfouighiadi um
catal ysts. The nmethod of controll.ing the carbon

low signal selector responsive to inputs from either a reactor pressure controller or a

carbon monoxide feed flow controller, the flow-controller being governed by the

maximum allowable carbon monoxide flow rate, as calculated by a calculation block

30 functioning to determine a time-averaged carbon monoxide flow rate and add a constant
value thereto, the input to the signal selector and hence operation of the control valve

being through the flow controller when the carbon monoxide feed rate to the reactor is

3



nonoxi de flow to the reactor is therefore preferably used in conbination
with an iridiumcatalyst. The concentration of nethyl acetate may 1sUiFEBLIoH
be up to 30% wWw, preferably up to 25% w w. Typically the concentration of
met hyl acetate may be in the range from 10 to 20% w w. 30 Water is present
in the |i chigkerrtbacthe omxirowpadiowaa cathon nfdnpkide flovnmenandathramgh thhptessuse at

| east 0. 1% w/ w. Su'héalflly wat er %bfegfresen in an.appunt, from0.1 to 30%
wow, typi cANEPler Whemthe catbosdagnpie feest ralSofBe LeactQsds pwer thpnitheamaripum

Pref er abl yaél’(‘ﬁ\}a%[e dabon x%og’oﬁtl}:eeﬂ@\gqgte.pﬁﬁgﬁ@éTﬁdhiﬁgnﬁﬂPHB%-éJnQ@Iér s QP % W w.
Water may be fornmed 1n situ 1 n the carbonylation reaction, for exanple by
t he est eriddraatly ancortad of the floet wdenopeatimrisdcassedhe flowaaetis Merntkdlyibektat ve

t her eof reactant and _carboxylic acid, product. Water nay be introduced to
the carbonytMIYRUNEHeVaPble carhen muanoxideflogt ratepsdeseranined byothe calsulationer 1 qui d
5 reactant t. (el i ition

wi ¢ har agn. TSk lheFidesbs RRRANR i porkR dhifieh B dled 82 b AP RREBEE ! | o

t he requi redctopdanrbimeiinolving gleatet aidbonyoabkids upeke theodarbemoadtid®Now

Met hyl iodide co-catalyst may suitably be present in the liquid reaction
conposi t i oPHtPHE Rasomen ifverithan the pressiye contgpher optputend ey eonsrallestakiss y from

1to 10 Zo%n%o‘fvthr%ﬁ%h ﬁ'fé%@%l:t r.from.1 to 10% w w The Goup VIII noble netal
may be preSent I'n e 1'i'qurd reaction conmposition in any formwhich is

solubl® in the Theeass bih@ﬂwa#t infPic @ e dakliest 6Othe Peeskhtdidhtibs atlkyiben
conposition in any formwhich is soluble in the conposition or is
conver ti bl egpligdsdhusifer example, the Yow epntreller maarbglie peinanpntedhergeinfyppestidnas a

Shi oh e sbiEaMPRN A i eals R ABURRAY bR B8 a e Br Bt o
water and/ giovbe &ibPndinoA0NSA ST HRLHRIRAC:AS.H BOLUAKOalVRUR fot

Exanpl es of suitable iridiumcontaining conpounds whi may be added to the
li quid reaetdesthtiiowgosition include Ird3, Irll, IrBr3, [Ir(CO21]2,

[Ir(CO2A]12, [Lr( 2Br]12, [Ir(CO4l2].H+, [Ir(CO) 2Br2]. Ht,

[|r(co§ 12]" H+, A0 (’%ﬂ%&% %f(‘é%}’%j‘;ef‘%f}cc?qdcft&d)"ltge PéeéF‘é "2‘(?“]3@&&}‘1% Br 3. 4H20,

I r3(CO, 2, cdtiskdi I I : : ik I dium
acetate, 1TH BT OTIB S ¢ ey cahte peleieprerih ot bbb 3o

pr ef er abl ythehdbyrimgesvingeplantostiablilex esd,of comsequiance,sebdbilitg. acet at es, oxal at es
and acet oacet at %z‘ Prefer aﬁl\x t he concent r.ati on of the cat %I?yst i%the

i qui d reacti on [BBMESENYT 4HOVaPlF farden poaoxidn fawriatsaugably SoReRMS hiheny

wei ght of ;&g%ﬁ}rmu&r:_eferabl y 100 to 1S00 ppm by wei ght of the netal.
Optional ly one nore pronoters nmay be present in the liquid reaction
conpos2@ion. The choiFtk, of= promier Xl to sone extent @gpend upon the
nature of the catal ytic netal enployed. Using iridiumas catalyst the use
of metal prEsHIers i §@0 pr ef erPEdmumpdonablgicaghon manexidedlpvsiate ol y be one
or nore of osm um rhenium rut ' ium saercury, zinc, gallium
iridiumand tungsten. Prefer abltggp "’g@BPgﬁo esgm)oslm;el ected from ruthenium
and osm um and nore mefer=ably thécirbbhanotide IB® @ tons/hdufyb¥e2903 pronot er
may conprise any pronoter netal-containing conpound which is soluble in the
liquid reaction conposition. THeegfieshwtaedigiply psecedingdne peridde | i qui d

reacti conpositiongn any suitable formmwhich dissolves. in.t l'iquid
reacti conposition“or is;yconvae?rteTC%feémtmoedsa(r)rIoﬁJBIg”?'%lfarﬂge%?g]rr&lg of

sui tabl e pronoter netal -contai nigng gHEMEUNds 5 include carboxyl ate salts,
for exanple acetates and carbonyl conpl exes. Preferably choride-free
conpounds dhe spevificalyiedhedte eraxbling tine periodmagrberamy allesivlntpoeinden praitdst ee of

: e i oh - ey e R
i b 4 € hiS 3 BAEPRGITS. rk HBATF BRI S 97 PR aFafys 60, foF BRI
al kal'i or gl kabhag it Mx fRLAhb9T ﬂoﬁﬁ?[ho{ﬁeérﬁ'FéS?Istfo.s Qoqls/‘%ﬁxlf._er ably the

met al pronof’er “I's present 1n an’effective anount up to the l'imt of its
sol ubi 80ty in thealpréfeirdd embodiment efabip padstrit imventibe ipadaliidreto doatrdlling atd vy
present in the liquid reaction conposition at a nolar ratio of each

pronmot er (AN mewkide)flow into theuradter. thedlevaafizh eressyrs vepioeas)is ussddper abl y
t th I f I i 1. . b{
L 0reat et of PR B i RN hRoh iR KB RE GeRL e

been found to be greatest at the water concentration which gives the

maxi mum car bonyl ati on rate at any defined nethyl acetate and nmet hyl iodide
concentration. A suitable pronoter concentration is from400 to 5000 ppm
Simlar nolar ratios of pronoter:netal may be used in relation to G oup
VIIl noble nmetals other than iridium 20 Using rhodium as the carbonyl ation
catal yst the use of iodide pronoters is preferred. Both inorganic and
organi c i odides may be enpl oyed. Suitable inorganic iodides include alkal

. o, . Y .



25 conditions Alternatively organic iodides, suitably selected from
.duat ernary amoni um pyridi niumand picoliniumiodi des may be e %dmjl'he
carbon nonoxi de feed to the carbonylation process may be essentially pure

or may con aL.n i npurities such (far on di oxi de, nethane, nitrogen, noble
gases, wattéer igh é?p%i“rf'd et $as§8P5§$1stﬁ e ‘E‘Wﬁg@aﬁ‘&i@hiﬁleﬁ?@ CPRQISYA R IMPHLshy dr ogen
in the Carfnﬂﬁei@m%)ﬂd%@cﬁﬁrdll%r Ph s@RAE LA Yre SERIbRR! fre sg&%d @l pressure
of carbon nonoxide 1 n the car Eony%g)tl 8n reaction vesse magﬂswtably be in

the range conwollér beingHdvbared by prsef-poiabivhichriobeldwithe Prebsub@bPthe TREtHrexsefeer abl y
from1l to 15 barg ~ ~ FE8 2003 The total pressure of the carbonylation

-y . [ . (
process i soatipHerpreferred torherqinhedere) thedrput b thsepignal splesterand hendgopesatda bar g.

The t egper i : a ylatio rocess i,Ss operated is suitably
in thegfar?gtém{‘?%’%%l%b%g‘*‘é%@&?“é‘?ﬁ?éﬁ%’oﬂd rFi_??‘”ieh"e"“ ol Gt PI&65% 220G, 5
The met hogressutelfellstiete ie iefpelit afd tHrsugaihe flow @nkdollaPRhéicdlrctér t he use
of iridium carbonylation catal é;ts in the presence of ruthenium and/ or

osm um prié¢ssuighs gqualithenihare thesset-poity Optiondlyothis maypelsabe ecloévedthy hi gh
carbonyl atj on rates achi,evabl i,th.such catal ysts. The method. of the
present i AVENT Pg?‘ls%ﬁolmq%%a]%ﬁfﬁqe”@h S B@'ﬁBWOPEPE?fEH& ?Heh0 t he
acconpanyigigedss SbHtR tédlh_n}/t{ﬂ'hé?h Figures 1 and 2 are schematic representations

of two nmeans for achieving controlled carbon nonoxide flowto a
car bod9l at i on rHecebpomndf tegacws! [Bewnct ebnigoersis hatablyi set frepr ESentSdt Yopns of

hioh pr esdtt S0ttt R BondoerpElanabie STt weEbrgaly. [ua xarale,
wher el N aGefHeGeRdpdifk &ﬁheﬁpﬂgségu&qemraﬁtﬁwﬂex prz.ﬁgggitngkg?eg%'&ﬂ?!affﬂ%ﬂoxi de and

nmet hanol and/or a reactive derivative thereo mai ntai ned in

t he react secend pragsuce coraelleomay suifablyi el sehatc@ipbars i Mgrnadly) tha fiowsSdnwoller
typically . at |east 8%&@:@ met hyl acetate, a finite concentration of water,
[

from1 to igWosharaR ofths: pé‘?fﬁ*éfé?(’eﬁt gﬁscﬁ‘iﬂtr?)l‘fallveﬂobl e netal catalyst,
optional ly at |§ast is%‘@tcp{h%@ﬁc‘;&i r@&gaﬁcﬁ% 4for BeLioQ aGRIRYE et e

remai nder of the conposition, carbon nonoxi de sparger wthin the
react or 1,Rdciige derivatibaofmanbatiollincfude\metioy beahteydimeehyt effetimidcmeihgy t hr ough
line 4 with the sparger 2, 5 is a carbon nonoxide feed |ine comrunicating
with a sodpééeof carbon nonoxide (not 25 shown), 6 is a flow transnitter, 7

[ fl i ndi ; .S 846 | at.i.ony bl: 9 is fl |1 er,
< 2 signal sl Drbls ey LRI TL e s ube M RN nat i ve

schenme i | et 5% WOy, thpiEhlgldt@eadt 8ewAaTBethBfaCEERC 8 fIAMOEsMehtrRid & watdd FEB
2003 enployed. In this schene, however, there is no signal selector 10.

Oper atZlon fEIm e 3R%e woHd nesthyl hedideaebroup vV IR nablewsetabeatalgssc optinadliyat laast
ref erence 9 F&%{e?al éJn%er.dncormal .ncéagdi ti ons C§E bon m)n.?xi de is fed
t hrough |ine PEOMGI, P%g FIeA SRR t & anEha hr?ecomgﬁl PPne 4 to the
sparger 2 wi thi AltRdighl frekehpld, rioBRinf Maybe i R thoGeslgvimaoMenyeal3 bei ng
controlled by the pressure controller 11.

catalyst at high methyl acetate concentrations in the liquid reaction composition of at

least 5%, typically at least 8% w/w, such high concentrations are much more

25  characteristic of the use of iridium catalysts. The method of controlling the carbon
monoxide flow to the reactor is therefore preferably used in combination with an iridium
catalyst. The concentration of methyl acetate may suitably be up to 30% w/w, preferably
up to 25% w/w. Typically the concentration of methyl acetate may be in the range from
10 to 20% w/w.

30 Water is present in the liquid reaction composition in a finite concentration, that
is at least 0.1% w/w. Suitably water may be present in an amount from 0.1 to 30% w/w,

typically from 0.1 to 20% w/w, for example from 0.1 to 10% w/w. Preferably water is

5
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case tlle cAltw/af foorxbhplelrdn $ed 0% wak.ue for the maxi num al | owabl e car bon
nmonoxi de flow such that_the flow through the valve 3 does not exceed this

val ue. 25 Fi gur 8¢ Groypdvil noble sietahmay berpssnent indhe ke senctiomexnpesitiasrin f | ow

control i . t bo xi,de.j nput reactor
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car bonyl atdopoki€iagi®kny d2mivehich BabhbrR immdn@kﬁ)s&mrcgef CEHRVEAINN Aol
through line 23 wth a supply of carbon nonoxide, 24 30 is a first pressure

cont r ol | edormslidium, fsespriplsr s Pseferablyorsed as ¢ ehloridgefies campaunsonichenaxi de

vent li.ne fromthe reactgor 21, 27 1S .an tional methyl..iodide repoval
nssentry. SERREERICRE et haih SRR PR o BpRRor Pl sefli® Ve,
30 is a flewmpoasitsod k ewatanshdddr desti®add, and s3 ndsEbe4HA2d 8é gRallitisetRedier . Wth
reference to Figure 4, the nunerals 21 to 30 are identical to those in

Fi gure 1. Hxsmplesrof spiighle aifliun-caatabingeprapasindsn whichanaycheoadded to therdiguid 31
denot i nput bl ock produgi int- high Jimt, 5 W

fo B gur o TsseoRsgn g Wi lartsf olr P bRGORTD £t obos, WERuERat eq
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controller r the second pressure controller (2 t he seCond pressure
cont r @0l erdth€), AP g evRONbe((8Y) 1 irstym pastals Iry®y, Et041 & (bedcdiC@helr fzcaskur e of t he

first pressyre contraqller 4 output fromtaq .the sj | .sel ector (31)
and hence '8 ’é‘Fh‘HeEﬂﬁe’ﬁ#r@ﬁggéﬁaﬁ@ﬁe[%éé“ébe’fafgéor lg‘dﬁé"ﬂdlrﬁgﬂﬂjt he fl ow
controller, (R I?Y‘@rﬁ&r'c‘iélﬁ & Qb IRkesRIFTIRUMGULIS o EMRted OxAhtegBRYE the
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by neans aiceasehtepoi nt high [imt to the high pressure vent gas control
val ve (28) by the arrangenment as, shown in Figure 4. 15 20 25 30 10 . |
Preferably the concentration of the catalyst in the liquid reaction composition is in
25  the range from 50 to 5000 ppm by weight of the metal, preferably 100 to 1500 ppm by
weight of the metal.

Optionally one or more promoters may be present in the liquid reaction '
composition. The choice of promoter will to some extent depend upon the nature of the
catalytic metal employed. Using iridium as catalyst the use of metal promoters is

30 preferred. The metal promoter may suitably be one or more of osmium, rhenium,
ruthenium, cadmium, mercury, zinc, gallium, iridium and tungsten. Preferably the

promoter is selected from ruthenium and osmium and more preferably is ruthenium. The
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20 Using rhodium as the carbonylation catalyst the use of iodide promoters is
preferred. Both inorganic and organic iodides may be employed. Suitable inorganic
iodides include alkali metal and alkaline earth metal iodides. A preferred metal iodide is
lithium iodide. The iodides may be added as such or in the form of salts, for example
carboxylate salts, such as acetates, which are convertible to iodides under carbonylation
25  conditions Alternatively organic iodides, suitably selected from quaternary ammonium,
pyridinium and picolinium iodides may be employed.
The carbon monoxide feed to the carbonylation process may be essentially pure .
or may contain impurities such as carbon dioxide, methane, nitrogen, noble gases, water
and C, to C, paraffinic hydrocarbons. The presence of hydrogen in the carbon monoxide
30 is not generally desirable. The partial pressure of carbon monoxide in the carbonylation
reaction vessel may suitably be in the range from 1 to 70 barg, preferably from 1 to 35

barg, more preferably from 1 to 15 barg.
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ruthenium, as catalyst promoter, because of the high carbonylation rates achievable with
such catalysts.
The method of the present invention will now be further described by reference to
10 the accompanying Figures in which Figures 1 and 2 are schematic representations of two
means for achieving controlled carbon monoxide flow to a carbonylation reactor and
Figures 3 and 4 are schematic representations of two means for achieving reactor
pressure control by controlling the flow of high pressure vent gas.
With reference to Figure 1:-
15 1is areactor wherein acetic acid is produced continuously by feeding carbon monoxide
and methanol and/or a reactive derivative thereof] there being maintained in the reactor a
liquid reaction composition comprising at least 5% w/w, typically at least 8% w/w,
methyl acetate, a finite concentration of water, from 1 to 30% w/w methyl iodide, a
Group VIII noble metal catalyst, optionally at least one promoter and acetic acid
20  comprising the remainder of the composition,
2 is a carbon monoxide sparger within the reactor 1,
3 is a carbon monoxide flow control valve communicating through line 4 with the
sparger 2,
5 is a carbon monoxide feed line communicating with a source of carbon monoxide (not
25  shown),
6 is a flow transmitter,
7 is a flow indicator, '
8 is a calculation block,
9 is flow controller,
30 10 is a signal selector, and
11 is a pressure controller.

In the alternative scheme illustrated in Figure 2 the same reference numerals are
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control valve 3 and the feed line 4 to the sparger 2 within the reactor 1, the flow rate
5  through the valve 3 being controlled by the pressure controller 11.

The flow rate of carbon monoxide through the valve 3 is measured by the flow
transmitter 6 and is fed to the calculation block 8 where its average value over the
preceding 10 minutes is calculated and to this value is added a constant amount to give a
maximum carbon monoxide flow rate which in turn is fed as a set point to the flow

10  controller 9. Normally, the carbon monoxide flow rate to the reactor through the valve 3
is regulated by the pressure controller 11 because the rate as measured by the flow
transmitter 6 is below the maximum carbon monoxide flow rate and therefore below the
set point in the carbon monoxide flow controller 9. Under these conditions the flow
controller 9 is inoperative.

15 However, in the event of a reactor disturbance involving higher carbon monoxide
uptake in the reactor the flow through valve 3 would increase beyond the maximum flow
rate as calculated were it not for the fact that the selector 10 switches to controlling the
carbon monoxide flow rate through the valve 3 by means of the flow controller 9, the set
point of which prevents the flow exceeding the maximum allowable rate. By this means

20 the flow is regulated and eventually returns through the selector to pressure control.

In the scheme shown in Figure 2 there is no selector 10 and the flow controller 9
is in permanent charge of operation of the valve 3. In this case the calculation block 8
sets a value for the maximum allowable carbon monoxide flow such that the flow
through the valve 3 does not exceed this value.

25 Figures 3 and 4 illustrate schemes for carbon monoxide vent flow control which
may be used to supplement the carbon monoxide input reactor controls as described
hereinbefore.

With reference to Figure 3, 21 is a carbonylation reactor, 22 is a carbon
monoxide sparger communicating through line 23 with a supply of carbon monoxide, 24

30 s afirst pressure controller, 25 is a second pressure controller, 26 is a carbon monoxide
vent line from the reactor 21, 27 is an optional methyl iodide removal assembly, 28 is a

high pressure vent gas control valve, 29 is a gas vent, 30 is a flow controller and 31 is a
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producing a set point high limit.

U&l

5 With reference to Figure 3, the high pressure vent gas control valve (28) is
activated through the signal selector (31) responsive to inputs from either the flow
controller (30) or the second pressure controller (25), the second pressure controller
being governed by a set-point which is below the pressure of the first pressure controller
(24), the output from to the signal selector (31) and hence operation of the control valve

10 (28)is defined by the flow controller (30) when the reactor pressure is equal to or above
the set-point of the second pressure controller (25).
This may also be achieved by means of a set-point high limit to the high pressure

vent gas control valve (28) by the arrangement as shown in Figure 4.
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| "10%" &cfd is [pppduced Pex@uopuslybly feadisg&rbon Mbhoxide through a control valve and
methanol and/or a reactive derivative thereof, there being maintained in the reactor a
liquid reaction composition comprising at least 5% w/w methyl acetate, a finite
concentration of water, from 1 to 30% w/w methyl iodide, a Group VIII noble metal
catalyst and acetic acid comprising the remainder of the
composition which method comprises the steps of:-
0 measuring the carbon monoxide flow through the control valve;
(i) performing a background calculation to arrive at a time-averaged carbon
monoxide flow rate;
(i)  adding a constant value to the time-averaged carbon monoxide flow to arrive at a
maximum allowable carbon monoxide flow rate; and
(iv)  feeding information comprising the calculated maximum allowable carbon
monoxide flow rate to a control system which operates in a manner such that the carbon
monoxide flow rate to the reactor can not exceed the calculated maximum flow rate at
any time.
2. A method as claimed in claim 1 wherein the control valve is activated through a
low signal selector responsive to inputs from either a reactor pressure controller or a
carbon monoxide feed flow controller.
3. A method as claimed in claim 1 or claim 2 wherein the maximum allowable

carbon monoxide flow rate (FCsp) is calculated according to the formula
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wherein Fav is the carbon monoxide flow (in tons/hour) over a specified immediately
preceding time period; and
X is a pre-determined amount in the range of from 0.1 to 1.0 tons/hour.
4. A method as claimed in any one of the preceding claims wherein the Group VIII
noble metal catalyst is rhodium or iridium.
5. A method according to claim 4 wherein the catalyst in the liquid reaction

composition is in the range from 50 to 5000 ppm by weight of the metal.

6. A method as claimed in any one of the preceding claims wherein the liquid

reaction composition further comprises at least one promoter,

7. A method as claimed in claim 6 wherein the promoter is
selected from metal promoters, inorganic iodides and organic iodides.

8. A method as claimed in any one of the preceding claims wherein water is present
in a concentration of from 0.1 to 30% w/w.

9. A method as claimed in any one of the preceding claims carried out under a

pressure of from 10 to 100 barg and a temperature of from 100 to 300°C.



