;e3e[ WWKAXZ6ZT[[cHQ 1 uut. ~pp2  ANHYDROUS CARBONYLATI ON PROCE@? FOR THE
PRODUCTI ON O ACETI C ACID The present invention relates to a pro seUls gpn2
the production of acetic acid by the carbonylation of nethanol and/or

di rethyl ether in the presence of a G oup VIII noble netal carbonylation
catal yst. Acetic acid is a well-known val uable commodity chemi cal, which is
used 5 for exanple as a preservative and as an internediate in the
production of acetate esters. On an industrial scale acetic WIM

produced by the carbonyl ati on of nethanol at el evated tenpe mml II
pressure in the presence of, for exanple, a rhodium catal yst anassgg.

i odi de-containing co-catalyst. In this process the carbonyl ati on of

met hanol to acetic acid is carried out under steady state cjmmm by
continuously feeding nethanol) carbon nonoxi de, catal yst, !Mmm’”ﬁ’ml
co-catalyst and recycled material to a carbonylation reactor whidgh

sane tinme continuously w thdrawi ng an acetic aci d-contai ni ng product

stream Under typical steady state conditions the carbonylation reaction is
carried out in the presence of a standing quantity of 14-15% water to
ensure good reactl on rates (see) for exanple, 15 EP—A— 55618 and Ind. Eng.
Chem Prod. Res, : 7 ¥ s ¥R g€
quantities of =ne imm rement’
wi th associ ated capital and varl abOE Ac@Eﬂ“lﬁeﬂrﬁml es Si nce the i nt roductl on
of the Monsanto pr tar

mmtters) the develgﬁeﬁé[%fsem rReEu&ﬂe a*?ees‘%g Cpn‘?BEe%Ftorr%ggro‘apcno% qnanct(l) oqy 20
al | owi ng i ncrlea@e@anrbpoylamn vfxtlgfthﬁmczbm@/m dumietiy! pthantrtsthancbscme orﬁ@tCemtxp al for
reduced CAPE €ss has been rrade towards this

obj ecti ve. Til(\dsl?%?@rg%é;g%q b%nﬁgggncﬁ{tﬁ?%al s' CATI VA |lor ocess operates
with about 28% w wWAGRHCEHC n‘?ﬁ awidl-keayet wluablagamynads atg@ ,ofhighis uedduced

| oadi ng og exfos ki 1@Ia§ralpl. s@NaQU’e grﬁtpae%tlmetx@edlﬁstm%ermtehan Bradugd i vity.
However, there is

25 signifi.cant i.n ire The presence of
water in the $&[et ﬁmnda & peadnacgtic agig 'Satt)éducgeé BFaTOR ’é‘h?ﬂ%‘cﬂfctl on of
acetic acid bMeﬂﬁhdilQiﬂQlevﬁt@ﬂb@ﬂg&ﬁbl@ﬂd‘;ﬁes@@ﬁéﬂﬁ&ld p’re§e€h@@lﬂlf§r%iaﬂ?1eb§" ng

necessary, or h desirabl e or malntalnin st activity and
stability. NeU® gt‘u g@%@“ W”gddd Jiggrcentaiging r?Prﬁit?i Eﬂ $HRIOGRE B¢ r equi r enent
remains a descsrra@rhﬁéamm Fahdthobtd dcetis akit Wdarfigdosnt under KealyRate §33dAohd 68940,

t hat f d b
car boxyl 305 b S5 Guefay PRI EE ol e an e s cRATe: hae b BB ng: he
formul a ROR waridhreaycled ylatenial fockecasiadnytipn nepctdreviiler anthasdd@neformed in situ

i | X
’5 an fodi o SrFisRbAAE v iBRG,ERPEAPRUE ol AR BAS SRR B pkRET S
i s a nonoval esteadyyirtecandijipny @dlcéléblonxﬂﬂtl%{l reatsEmiis oeradd puhiovhs pissensy af dcar bon
radi cal wheregg &lhg Qﬁntﬁg%h §‘19ﬁt1'v5tgl3(bteds§re' %HtreacTGﬁ ré’t@é’{se@%n‘ Q&nﬁ?ey be

e satisfying t

produced by car
“super at mﬂé%heEPcA 5éé§l§ﬁ@1ndREéﬁdCb@“bétlﬁ@}%ﬁ§ éYlKeaghézlsél(hgiﬂéD\/eA\ and t he

carbonyl ati oncopyabéncgioh 86diag ok ubMBiePLERRRE tn (e r&atiBh Wit is 8 14EouUp VI | |
15 noble netal, 1e iridiu osmium platjnum palladium rhodi untand

rut heni um and@TIps FeshEempn ‘Vﬁt‘@ﬁﬁlc@teds@t’é@taéé VARG epsb RERAEShNCR NGt omi ¢
wei ghts great ﬁttrdch@(‘o@o%e@1&%9&0'ﬁmce@@@ﬂor@ﬂ%eeﬂ\{&\ce\vﬂr@tedTohearﬂﬂgzom e

netals of Groupg VIII and the netal's ? t he Ianf_l ani r] acti ni groups
of the Peri odPEer Pbiess. thsrdaypiopestpfiaw e srapet Bonylpidechales| um
cal cium Z(Dta@lanﬂGhﬁx@iﬁedModu&ﬁmy mbxﬂ&&istlﬁ@plaﬁld a&ﬂﬂtﬁ;ﬁbté&ﬂial forrsdugtdted in
GB- A- 1468940 %Eg ort g‘l §ar bon% @SLEI t| on shoul d be
carried out u Lﬁ% ‘teé‘ht’liaﬁ oaﬁtﬂlﬁﬂr 6Us 46 ORdl 7 ehgowalr Jré%%et ant s
shoul d be essdmik,abl gxahiple, BR Chsmahls‘o’.‘k’ﬁbﬂm (Thl) proctecepastes nuhahdmcﬂ-l de
with or withoyt, the net. roduct i on of et | I 87870
di scl oses a p%({&evzgl ‘?%F' ‘t‘ﬁ‘égﬁ“ﬁ “ddw qddﬁ‘ﬁ?ﬁe %@Q??‘J&;‘H‘ %fzb‘”gé’”ﬁ‘tsft%

wi t hout the ndtsti(tl@tianozdmcmy aninaka@@idit prafictvify diowetdnatere iastd! car bon
nonoxi de serd es 2 t car l atto J st eps
conpri si b ( o sant P STt e RE PEWARL 2B O BB R ASh ©
esterification step to forman esterification product contai ning

predom nantly nethyl acetate) water 30 and optionally unreacted nethanol,
(2) renoving part of the water fromthe esterification product) (3)
reacting the esteritication product still containing water with carbon
nonoxi de in a cap carbonlation step in the presence as catalyst of free or
conbined netal lic carbonylation catal yst and as pronoter of free or

conbi ned hal ogen to 35 forma carbonylation product containing acetic acid
and acetic anhydride, 2



~ 1 JUL 2002 5 10 (4) separating the product by fractional distillatjon
into a lowboiling fraction containing carbonyl ation feed and vopét B 2002
carbonyl ati on pronoter conponents, acetic acid and acetic anhydride
fractions) and a higher-boiling fraction containing carbonyl ation catal yst
conponents, (5) recycling the | ow boili ng fraction containing car bonyl ation
feed and car ati,on. not er c a hi gher-hoilin action
cont ai ni ng c’gf%irﬁfpg't'?t@ﬂ éf%{lcy”s“t ‘Hﬁ@' ?jtcéﬁ% EHB“&%\&%‘B Y 58508 st ep) and
(6) recycling taingd esésapadt lngﬁlytdfeer?&mefcmmﬁiadmﬁg ezfthllyarhctmt)tiﬂﬁi
esterificatlcgr%agtteﬁw QH§ ess oper.ates. W fh’be g{} i cant quantities of
acetic anhydtfdeYi n*THe"r'e PCtbOcS' Shiyg ’ﬁm(oi WA {GWy CTAY 'SR Br oduces

acetic acid desirabefobjrativon wi th acetic anhydride Processes are known for

t he prodyction of tic Cld by car 5 .12 dr ow wat er or
anhydr ou$’ condi ti 8%%??‘6 Oy fO e%gfﬁﬁﬁb%%fe,&"@&z% thf‘g'il ©§9%978; and
EP- A-0 | 73 | mOnodashokylic 28d cable dloslct@blasreactmgmeaboi)datetekter mtx@fymgtthen of
acetic acid I i esence of a
r hodi um cat aﬁ*ym{'ﬁaﬁép% gPﬁrﬁé”}E@r Saw{:%ln%’?l%%?ﬁgmﬁ \99% ?éﬁ] ﬁ al | east about
0.2, nol es pesatIISfyar@thoffomméa:RCm( feahadnn stther it asdparatastage, Omdfﬂbdl de to

i thi um bei NEL Y %ﬂﬁl@f a;ﬂ?%u%colﬂh ﬁ%h&%ﬂmtﬁr@ arPfoch{e%Ptﬁo&%thhé%sq}{aW‘e' ght
and either neth yﬁ or a substance converti

anhydri dés abaitheemeosddiesert nagsaahibés a mpae v Véf%ﬁ@warad@ﬁbore?dded to the

reaction Sysﬁwﬂniuﬁed@oﬁé@ﬂ&tﬁy&@@%&ﬁ FﬁﬁquWh@rfemlthE%rQQCHTRJb@ntBEth%”t)
preferably 2 to per cent P- A- 0,097 di scl gses a process

for the co- prk?EFucThed}?Ydel‘é‘ém%bP?IPIQ?“&%Q‘ B% C%fpot‘ﬂé“qrb‘hﬁﬁ léla igte eptpsbs-thend/ or
R2COCH and C%rhﬁWRX%t%Gpéiﬁtnm‘spﬁé“@ Hr@srsﬁﬂé' R dﬁH@HBQQE'ds @BﬁHe@rheF%zxgﬁam by

reacting one o ounds  of formula R ~Rz %c X re resents a
00 00R O thecarony 'anaybe}eﬂectedts\thep@@@ ascatalyst Bt 060 moi ety

and in vig chnﬁble niRalagdrifRun, em@ﬁeptansmm bﬂfad@xﬁn qhsditim dnarrut&nlemmn and
cycl oal kyl, ar al k

d
ryarogen i - onkop Tedhblon? s AP ALSEF yatihd el SRSl Sor om ae
source, charafGeoumsdad, il tINaL 1VBe ViRBatht inon-noblecaetrised Grutp ¥ildend vhe t ual | y.
?“glé’d;'t C| gg“?ﬁeiél%fth%%}tm &eha‘?\g%rcﬁll?ﬁ@%?oupa%? he@érﬁgg}‘%ﬂpﬁu %R i if"“’
whi ch R4 repseisabie metts zik Ith)moyagl@aumyb)lmarryh)arwra,l dyomipm, xon mickel Jt | L
2002 al ka1 <88 QRS AL Ay il 06 £110665% SLSFIASRILA FR de0 007 976 1
a honvol ogati on car n, on rocess, Insofar as
car bon rmnox|Cd@Oamldtl®nyeh’1©@@n51@tlk§i l@d@érded wtmder mbsqaes@lyeeq\bydmuar
quanti ties, tcee&mtané h@tlm&&an&saéuomd%té@@&manyhegiwo conpounds may vary

W thin vmde l'imt for instance he ran 1t 1l ~1 U preferably
between 1:0.5 and 1‘53115¢*FW%Y’1 tp, preghica ageticran V¢W%W§bl°@§’é§‘°t‘h@er§‘ﬁb‘éﬁxctl on of

anhydr ous acqirb@uc%h@famlc%@ft 'ﬂu@WCHP sd.esmﬂotdmlcss@aﬁtprmssofforw bon
nonoxi de,and net hanol .in the p % ﬁ %t éygtemc nt ai ni n
‘rhodi um 42 t RECGHAISR %Iaceé'cc'@ﬁﬁ{ilﬁ d‘“f %'r\¥5 ”té S Q RIOGFC AN HidGeHS 3 de and
met hyl i odi dejoramtttitandp@ed darlsorphospidy s sbaesoﬁﬁsaarrfcagod icgdbodylafiet aateri sed
in that the react hon is carried out in the presence of nethyl acetate or a

conpound whi HPHTPHAEFHEPHE PRI on conditions can be converted to nethyl
acetate, for (Q)(arrpdeect&tgehemalwhh.ymne@ele athgc mlcmres:sestsnt&daaomsttepltm $&ech by m | d

reaction conditions eature fer nyfrom
50 5o 180G mor e pPRLTSTOST Fofdcan sk Ela ey e b el AR 51 o
bar, preB8érably frmd\ﬂptthalg&ubazrcxedl\ioethmh on is made of hydrogen as a
gaseous conponent d a pho i n essenti al
conponent of @Ee c‘s’a%rhqvm J]l R/@*}ﬁé RS“ ]ﬂhg e@&nﬂ:&gﬂ\dpljoﬁ cg af oresai d

di scl osures t@at opectaty A eund@mmanmwhmugllbmmalnmgn@tglwutrh pabes tile need
for an expensj, r I 1 he fact
that the pro ukér'??\\oﬁﬁé g‘fr1 qu\ég‘rtff);ﬁgﬁgélﬁrg% es%q gscg%&’? gﬁanh 5 ggmggﬁﬁl ead to
the requi r ememetallis gartaelatine e &l stand 4a pau@@tuetoaﬁwwhmbleedalnﬂ*@mmae

separati @B StRke.q C-Elh%lg l ﬁl%%ll &ﬁlc?ﬂﬂﬁ%gmt! het®s Qi®afPhiceRB ahmrnqxed process
for producing

2



acetic acid at the l.owest possible standing water concentration iﬂnlhtJUE 2002
reactor. 25 We have now found that acetic acid can be produced w't

advant age under anhydrous conditions Accordingly the present invention
provi des an anhydrous process for the production of acetic acid by the
reaction of nethanol, and/or dinethyl ether) with a gaseous reactant

conprising cgtbon nonoxi de and hydrogen) .the hydr.ogen, bej ng 3 resent in
o arount 1 428 ¢ nSRG B Bl Pt SR BRI baineadich
conpri si ng adontaaiat caenylatidrefesihad volhtilecatbpnilhiidbn pfomdier ddaipoactts, Tabl e as

tal yst hal.o- . = l.yst d i odi.d L t t al yst
cot eyt RS TRE rTiG Ft AR e S R GEThEL S e
and gaseous easlEmtydmiontoatadyst esbpomenst i on reactol -111 which there is

Cntai ned M . . it " o t at
iRl e )t G0k, RS Al AP RR AR LRRRIRUE BRI | 2ot ot
amount f r om garleatydationifaamotet cotnppentpartdothg higher-bpiligg fragtidnadootmimpund i n an

anount from : 9% i catal yst in an
anmount from %rl%&én%@é.c‘gfoaﬁst %é/‘}‘b%uf]ﬁ%git}e(%{:dr%% |§LO%sa ’%b% provide fromO0.5
to 20% by we{éght FresgiElmg adeast part ol thagesticoacutiractonrtp theestagifichtéon ssemi nder  of
t he conposition. . Yo ATV I o 1 W 8 : e | i ch much
hi gher st andi ng cgr}}c ﬁ%%g??gﬁgteg‘wtl@csginﬁ&gﬂmﬁlggeogﬁgﬁ%%ﬂﬁ# L|rﬂr'1t he

react or 10he ppae@ssemapsitipr (I EXary/ W) hodenlydioduses aerticieddncombinaiedn acet i ¢
aci d can proyit@cbieadQutign ng principal advantages: (i) the need for an
acetic acid-acetic¢ anhydride separation step can be substantially reduced
or elimnated; _10?’(%"?55? RES @QV@HOF ﬁl?a‘?rpé%c@@(ﬂfiaﬁ?f‘ccaéﬁy%écaf gé‘ﬂ“i n size or
el : m nat edi( ﬁhddr)lowaﬁz@@fwaahyd}ﬂui%ﬂgi&@grd@@ fbe@%a@ﬂfUé-AJ(S\,lzgSIin\WBPﬁd t
pol ymer make si gnifi cant].y. reduced or elimnated; (v e nake rate
of non-aci di é‘@@ﬁ%&dﬂ&ﬁj’g rHéxﬂg | e nmesityl oxide, can be reduced; and
15 (vi) 1tehe et hyl ittspes dB agst diselopmkeproadse ferathe peoduetor efhcedsacidbpar ed with
t he Monsanto %Ecessﬂf or thhe g_éoducti on of ,acetic acid aé. hi%hls andi ng

wat er concenfPEHISAE|aR0L W FaIRRYR BIongR| e%%é’(ﬁﬁ&ﬂﬁ%%@@ 18 &a)&t"ocesses at
| ower st andi ngtiwdielide ancldntriadideonenttitecfankeastrabost PRovdespenflitdrioé pr esent
invention is inel pall y: i : ' | | m.nates the
necessi ty of "ACrBuRARALMElERE: Ay o iodlud HEPGGhe bt a1 4 Wl O3 ()
el i mi nat e t heortgnpeidauntlitord. Bh biyywaigls dud eitberrmehyl acetatectrdssubstamceexanpl e

pr opi oni4n aci 0 g . L her, or
met hanolf?n gg%ﬁﬂ%?ﬁm&%hggl %ﬂﬁgﬁll@*ﬁgﬁﬁs i,gk@g§%9%ﬁ}§k'm®ymse&eﬁgbl y be
obt ai ned i n Preferblyrrdded fothearantiph systemn tEmamigsgFrocentration af blopdanoles. ~ 25

The gaseous KLeaGhARtERATR RER GBlhRAPRRFbEG and hydrogen, which may be
added separately Qr_in co POSSI ble to use eous reactant

nbi nation. It is a
contai ni ng fairly Bh-§n0 08{&i8dizglossy apagress for the cqrprodycety CRFPRKYME ol e
% PUt t][“ S t”&?iid‘s%?ﬂietfohﬂnlel RECH LY M)H%W@I&_Kzg(ﬁ)md!aﬁd/ cfrb{)kmihfa@il’ds Glf fhfel :c | ati 8“
col um € purpe remoyvi ng, ne diacetate genera orned as
by procisd | Aol B GBSty OO f e BB e o mhoniuabors® 8
oper at e Wit h tesfdriviutd R' Xdinagech Mgepessitdd e in the gaseous reactant. The
anount of hydrogen in the gaseousoreact ant 'OS sui t abl y, such t}{gat
significant amounts of gthylideneydi acetatejdo not apé)ear inhe pr8duct.
I n addi tion teUOwdrogenCthé® €ar bof -wenbtxi-ge Gray awontai—carbdr d-oxXite
and/ or gaseous hydrocarbon, for exanple nethane. Suitably thegke nmay be used
for 01 JUL 2002 exanple the residual carbon nonoxi de/ hydrogéen m xture
obt ai ned30r omoikey gndddwdidloR’, &F améRAaepksed! siotlhyor dissimilarraikyi, wydsaliyl,

descri bed hergi;nahave... Sui i 0.01
to 2.5 ml o Ay ARayoR PREMFEielh BupasEamgh St FRE RN NE fhether”
typi cal | y abodta thogiunntaalgstaydrogehde Srdftrdromidel sptcesgharastarsediprthatetde at
| east one no t: £ , f : L ad] Elenent s
These are de]E}iLe %Cet ‘alglc%lgl%d uarﬁ%ﬁreiyg!l{d%?y afllg)t% {lﬁﬁcﬁqhaggﬁ %@?h%eﬁ{rﬁ% ?eu Lgrnd
r ut heni um Rhodelermfitke eoppaindry &R netat leasid makes QF@@é@@chmmdrférth@ nafter be
descri bedsf orgobganucRRSA, AfwmER! l-tcplrés%nwahmwyﬁfc?a@mm f91 apadjiem 10 The
rhodi um conponent of the catalyst systemin the liquid réaction conposition
may conprise any rhodi um contai ni ng conpound which is soluble inthe liquid
reaction conposition. The rhodi um may be &dded to the |iquid reaction
conposition in airy suitable formwhich dissolves in the conposition or is
convertible to a sol uble form Exanpl es of suitable rhodi umcontaining 15
conpounds which nmay be added to the liquid reaction conposition include
[Rh(CO2C ]2, [Rh(CO2I]~) [R(Cod)d ]2, rhodium (111) chloride) rhodium
(I'11) chloride trihydrate) rhodium (l111) brom de, rhodium (111) iodide,
hodium (111) acetate, rhodium di carbonyl acetyl acetonate, RhCl; (PPh;); and

1 7~ N o~ N N Y T T o .



conposition The.catal yst systemmy further conprise as pronoter ﬁ}# ast
one of the 30 netals rutheniumosmum cadmum nercury and zinc &008y
conbined form A preferred pronoter is ruthenium which nay be added in any
sui tabl e form which dissolves in the reaction conposition, such as for
exanple a salt or conplex of rutheniumlIl 11l or 1V Typically the nolar

rati o of proglRAT groapaBsyatihlly thbpeicesy dieosee id BPLA® 09grgg ifal | to 10 |
35 The cat al yst sgstemfurt er co r| se i.odi de salt(b(as a cat al yst

stabiliser. BomoloBgtion garjonyaon.idydigsay 88%6%0%%1’%3%&??5 ar 3¥RATA% al i odi de)

gua]g er nglr y) ammlumhdnﬁlyddeuewalaw@deamafoyte Bmmmam qmmes $h?dutgh the
referably

aJP ge IS i netal @ kallne earth
met al i odi de y um or

T odl HeTofs TE b HEr ey E A OMaaN B B TATE MR V5 ditine fop distads

cezi gm 6ve|nm(rjtbeear@,leelf0elr@bﬂ y0, Ipnétbtabl}flbeo.geamet :0.Suintidkd.e quat er nary 5 am*r}eni um
i odi des i ncl ude ridine i.ng or i e for
exanple N) N - d| q §¥ r}%rﬁ?‘d ?Zq In@rﬂ 101; é‘e pé?]ﬁ%éé 8*%‘3&?&%&?@%&}% phoni um
i odi des i ncl auntbamtlayhydrtdelbgatbd rephmpﬁmmbommm@xdie)andertatladmot plthohosphoni um
i odi d t hyl did | t
o e, et g AR RRGSEOR S 09l B0Sh Rl ol 00 o o2

i odi de 10 satheseafnpivigtect Qafrllehleluficmléa ant metbylppdide cendfa specific hosphaass by

nel oht 1l neodSinkya gl ¥REALSBL AlniEh e SUREMOORRK S s 206

l'ithium and possi heni um as reaction
conposi tion SEHPH rag@@te(qr)a caphynd ab@haﬂéer thmr%htlmgor@étcrnémebleu n situ by an

esterifi cati egnfebRalth ARuRl BRUBABPLLAGACKARL ahidFidRCThe prateleds 15 product
Met hyl acetate may .al so be returned to the reactor in one or npre recycle

streams. |t RB3AGENisRySyiH sﬁattelmdﬁevhfpr QEPIR empsrates Bp dul P°Ceact i on
conposi ti on ipPeftaBly rmﬁtsotot@o@rmﬁ@ ﬁetfaam?'froﬁnvosr@ﬁmoed ahA@r&furesup Met hyl
acetate{rss) pregﬁ ny p{;ﬁ&?tt _?, t}% glld react.i on,copposition in an
amount frodm 5° g s y BYMTHE bc]‘in orragiion dhmads idro8sh 283Rs o
conpri ses (i ighseatietbmpaindny ahid aiehcbsrphans@mmtnutgah@nﬁarf’/esumtal wmeiekadl y up
to 5% w w, norf.ﬁ?ep%ﬂgaféerably fromgreater than 0.1 to 3.0% w w. A standing

concentrati off ¥itc anhydride in the liquid reaction conposition
mai nt ai ns the conﬂdhtlitnmmmngmdafcbushe afosdsiid disclogdres tleat wpyratien bmdeced by t he

b | at i f f
cxarpl & by ¢ AL F bRl foted el PRRER P PhipPRARR! Hen e
acet ate.20n agldd téoogmtlon @f)heaml tijatithe progudtiaqpuifdubsansial @mowtjsrpf)metlpon

further comprhffideldahleddab diRIRAHN Alladd thbreF B8 Acblig afl@fbadTetal , and

preferably al'so’an io yst st I ser e remal nder of
t he conposi t iashydradepepaianen §tege. acetic aci d. 30 The process of the invention

may be operat ed aST}?erP?én%‘nsoa[nééH'ﬂlﬂéxEPdPé‘ﬁ)rHﬁﬂ?@%@ed Pfo%é‘srfﬁp ﬁéd@é‘nctlgl de i s

conti nuous process. Acetic acid essent].al acetic anhy
recovered as ACREC pridalihe lovest passhiotarding ‘é(ﬁ@f £PRGeRLrAONH 1BY FRaFORNeouUs

recoveryggf aceti C\\@nﬁyéhb\d%mtmha ARE®E R1id esh BmhedLcRNLitE AdvaRfa88 ARder
i nvention pr %@égs an drous 35 process for the production of acetic

acid which pr [QUE ‘1' s the steps of: 7 Qf .~W. 2002 (1) feeding
met hanol , and/or dps&ir hMblyeh@arebenanﬁtegta@emusldeeactmﬂr@u@rppdsdess fog tigar bon

nonoxi de andhg en_Jn an unt u O/toa Ialon
reactor at el Réé g’ Qa‘J %‘tcaf’tcifplg‘ ta‘ﬁ(ﬂe% Haus F“S haP?t‘e? ﬁW\LFtﬁ Faied in the
reactor a |i cguselotrsea@cttmmtompnpag cirbom nwoopide ahdtgyc(rbgem\etthdr@gmtbatng in an
amount f Kgm 12 : o/

present in an amount less than 9 mole %, in the presence of a catalyst system
comprising at least one noble metal of Group VIII of the Periodic Table as catalyst,
a halo-compound as co-catalyst and an iodide salt as catalyst stabiliser which
process comprises teeding methanol, and/or dimethyl ether, and gaseous reactant
to a carbonylation reactor in which there is maintained a liquid reaction

35  composition comprising (i) methyl acetate in an amount from 1 to 35% w/w, (i1)
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5to0 21 %ww (ii) acetic anhydride in an anmount up to 3% w w, (yf )JUbam
conpound co-catalyst in an anount from9 to 16 %ww, (iv) Goup VIII no
nmetal catalyst in an anount from 500 to 800 ppmand (v) an iodide salt or
salts in an anmount in the range from7 to 14% ww, (vi) ruthenium pronoter
inanolar ratio relative to rhodiumin the range from0.1:1 to 5:1 and

(vii) acetic acid .10 conprising the renainder of the |iquid.reaction
conposi t | BRYC elﬂ)y%pée JU} FTRYPY Ev&gt &rﬁﬁ%{% _Iapl?ﬁ’ &9%(&&% 2T f%ﬁ%l?he i quid
reacti O”c&SEB&}ﬁ ih'aﬁﬁn@ﬁn\"fr&&cyl%"%?@.sw/w, W) BrdpA¢iil Sb1C RITRP Ehthl Qt”igfahom the
reactor and separating acetic acid in the w thdrawn conposition by one or
mor e f | asmoandfran Ifto2000 ppml (Wissfficidnatodate saltak povidedrom B tot208% by erighhent s

of the conposition) and 15 (3) .recycling,the her conponents separ at ed
From ¢ he 1t 1 GE1 6506 ot ReO Bk DR oA B Fea b FOmPRTEor e pr ef of r e
enbodisnent t heyquoRsRARd Willy BRI sE ONPPASSH8 78NN WHIHHhQMPhiBAQGRsRid0r t he

production of acetic acid which process conprises the steps of: 20 (a)
f eedi ng mendeatetiorsrd agetsawmbydnidssare areserd omheirsaangy thapivoessmob tloxpresenand

hyd Ny t to Q.5 .nole %t | at i ol hel d at
of evat ed rinpas BFIbEPafiedohad ape Bt et B BedaMiy B mlelrh Sh8heeSis or o
liquid repcti gRe fRETOSAH dcefic 860RELT Mliydiide Bhiadbn fEFERAL K dubs@BtiarpuUNt from

12 to Zl%W/W)chiQ% acetic anhydride in an anmount up to 3 %ww, (iii)
net hyl i odi de redicogoeeiraingted; i n an amount from9 to | G %ww (iv) rhodium

cat al.yst .0 an a . 8 Y i,0di de salt or salts
in anlxamgiﬁ t Q}rlfz %eéﬂicgﬁé@%ﬁ%&c@%eoggﬂ&@a}l \?vf%gf) éF‘imﬁ%{ enium pronoter in a
mol ar ratiiQ) rehdbhylatibratdsadh benindfedsbd®z range from1:1 to 5:1 and (vii)
acetic acid conmprising J the remajnder, of the |iquid reaction conposition,
30 (b) wi(tvhdr anvagted ipglymer make camhe sighibisantty sAuged greliminatesact or and passi ng
the conpogy ti S 1 pl.eSS han
that of Rhe carpsakfiald SienIERA B-pRMueR or Bharoll iy RAERE e S50l 0" o
heat) vapour aad liquid fractions are formed fromthe liquid reaction
conposition) the vapour fraction conprising acetic acid, nethyl iodide,

smal '’ a ts g r ratgrga UC¢fcet at ) and possibly al so

15 ambtint s th ethidene disrigiermae)ratgsange Auced:

hi gher- and | = hai 4 ' i i : ; iyl d
fraction corrp?\:@gclron gégevplﬂ%{%&Hgl?stag%?tr?%@g%&ﬁ%r&ag?&lp hgg%ertrll%%gtgja4t§1%

r ut heni ustapndimgotaer)conoghtdtossinttsy reactdr pukmibkdquentlysdevelmped prtchyses atdetvat e
and/ or net th i odi de and/ ar h%ghﬁr@, boiling i nftgri ties, ‘écz recycling all or
part of CHEUNEIARF copstapAngtge s dE%HSB’(S‘Pl%P%?' f PreSEARYOPI8D 1) f eedi ng al (
or part o . - . . . . |

G SETT | a e i oo Bllat R LR Mndseh o sl baee
conprldsi sepaaateemi stepadi dgn alsyreduest orelismhatel thiedo-rnduciion offi byipesdusbedrborylic

i mpuriti es%d :;g’uere ipj renoved overhead a vapour fraction conprising nethyl

i odi de, REFHYPT t BIOPHIYH4HG1 and any lower-boiling impurities and there

is renoved 10 Ag¥egdstRutitRére nidybeRRsEmathendN@intediy @thet, MR ntPhdAdNintadiiiRERCt
fraction conprising substantially pure acetic acid, and (e) recycling all

or part ofith dimetwéethep adhich admixbie mep fuitably be elypined i theimannen, friegamplsl umm

to the c nylali L Qr carbonyl ation reactor is suitably Held at
a terrperg)?%?exisﬁ%;sﬂgoélgﬁgjkegfga-?@%m 150 to 210, preferably froml 70 to 195

C, fos exanpl dhergassons eakrnt donyristy Carben mObcxidanst lydps@aswhizhintayt e r ange
fromlO to 100, preferably from20 to 40 bar. In addition to the rhodium
cat al yst adeefl separaaby pgin coBIRAEion o ltdg pagsibple to ysg gaseqphipagipak optiniag faidy

pr ef er abl I | t.al o 0 . I nd a
Cat al yor MREisTrty SRS QOB o TRl @ lesR RS Sbre i BIFHEY fostyd e pERhiGen e

l'i t hi um itedmgyanfirt@aSistilasibe polun fof thelpargpse oLemdvinpuithlylideac tiaostate
conposition IS passed to a flash separatiQn zone at, 6 a total pressure |ess

t han thatgeaﬁfralﬂh%rwﬁ%hwactqushmrt%%erteawce sghrfﬁss?l- tlhis psefewed peweyer the f1 ash
separgt | QRema@NRith 8s fiftRMyBrogeh 9s poBMle indRe ReSRIRadtAR. THE BLAUT HfrReRt | C
anhydride fromacetic aid’in the liquid reaction conposition it’is

pr ef er r edn the gaseons re¢actet isusotatdy spadsthatsignihidant amove df ethplndend diagetatpydo
reaction vv'%th addeg rretdh nil @)(?rre I acetﬁlte.bThe met.hanol is sui tbabl y
added f uot FRRSILT ORI a7 B ‘H?ngmﬁr?ﬁ?&ﬁ $ HEDULRYRIfG PRy ol Gapbon
anhydr i dejidQdéRIdA gadsis Al BrobarbBRNbAE:GBhle MRthaRe. "Suitads therelify bd @&h for
separation 30 zone or to the fractional distillation colum) "preferably the
latter. In this manner acetic anhydridesis effectively separated and
recycled to the carbonylation reactor in tile formof the nore easily
separabl e nethyl acetate. Furthernore, the need for an esterification
section is reduced or elimnated. In step (c) of the process all or part of
the liquid fraction separated in the 35 flash separation zone is recycled

b - e



_.,0Q1 Jut- 2002 fromtinme to tinme to renove a portion of the Ii@fi@ 2002
fraction for the purpose of renoving accunul ated pol yner and/or h |J'
unwant ed by-products therefrom before returning the portion of the liquid
fraction to the carbonyl ation reactor. The pol ymer so-obtai ned nmay be

di sposed of after recovery therefromof any rhodium?5 catal yst and/or netal

pronoter resédufie theFeSARIP cArdn AlonbXiBe/RYRBLESmdtlreWbtdired fréth thdhre vapour
fraction separgted in thggr{ Il/'ash distillation zgne i&;?dged' to an riltermadl ate

point in a fPREVFIRLL BpERIqUAHRSIBH eE OibFuresia desrsiped BEretaRONEa puitRbYr act i on
not fed to tine gabési retchdnt kﬂa@tcb@:rainzmmormytowimbé%}gelrdsg%ayfaresdarhget he

carbonyl atiop re r, 10 The vapour fraction regov ver head fromthe
fracti onal df}g'tni ‘?ﬁgﬁ? b BYf fﬁhy‘ﬁg‘y’e‘k EP{PE%?@VQB%% choﬁ@g%%’gm%r?ﬁﬁf‘t of the
condensatie bei ng Mt gamabst dystethmnipraed atdewt ok sdbilé natal ofiGemlpuWIil astheef | ux

and the remapnder. I.N eturned t he car lation re or,...Fromthe

base of the P?rg%c{lf gﬁgfe%&g@t#\f"f‘gﬁfoﬁhésglaﬁ?rﬁef?ﬁg%%%%m%r%@g@’ Bla?l?%’ti on

conpri tSI ng) apdta@d&uralcrhdditnﬁlni;n_dacmehim_narﬂ’@odhjnd's aaprefehied mdyaliand mkty: frdcess

i mpurities e | et r 0 recover

a(r:rgti c acid rlg}rhgrt% nfléer?‘éea%/ets%rﬂgﬁgﬁ‘%ﬂg?ﬁ}c@;?gf%1&1@\1§£gﬁgg§%r§ﬂ%e Eoop of the

col um t her erlicgliyrenoved a product fraction conprising substantially pure
Cic-acid) whi I D q

embodi gt of "t ho TheatedtimiTRlyRRky 8P ule ol stk W A ig AR EEhY 07 of er ence

to the acconp@mpPPHECTFMGUcemprsectnyirkoduproooting FoMpeHnalgriieh is\sotubleriaf er ence

to the Figuredififid F&Hﬁoxg@tﬁilﬂj}ﬁm@j e Rh &L RMTRS, bel MRed LETR IRERI IRARd B are
heat exchangers the itens desi gnated ébéo are . material transfer lines) Cis

a pre-ni xi ng HBPAFHYN W, suttrbl fosmanhigh Aissolygsdm RSHIOEOF &S a f| asht ank,

ESils a fract comadrtisle $6 hlsbiabledBrne OF ¥diiple6t sditéble shatlibrh @ehdirgst i | | at e tank.
n op

ation nethanal is Led ia t&e. u Al. to the. hol.ding tank C and
t hen vi aﬁrfi n&OBPYHRF SRR 1Y Md%@ P e‘(‘:‘g'}‘ggm“%‘f FYRPSRY IBFIUEE Al so fed to
L het ca][ bonyl ?Rhwoyzqut[ah(cﬁbjzs]z,c{amm)@qgl,cm?c_ﬂama(mn) tmdﬁ@ge}mg;@@ﬂb_eg mic
eat of reactjipn is.remved b ng.yi a_ |l i.ne 5.and. pu ui
reaction con’ﬁhfé))lnldiezrth@Sﬂgﬂg'ﬁ@g@ﬂgt}@ﬁH%%éPo i ( &’Bﬂ@%rr?‘fj’ﬂwm hwit to the
reactor D. Theet3fe, rreridimiicathonplhcd gaceeshasd, RhQl o(PPhg)atnd BhCYEIO)ERN),Ii n t he

or oasur ety predeg BB Rben oS BEFRaTades b Pobpdiin il Shfom, The
liquid r2@cti30A toSapepint based pmtheheeigldad tlor cdpogjsional | y conpri ses: aceti c
anhydride 2% w w Qi 12= 21 O i l.e~2Q9 Wx10 p ~
JUL 2002 nethyl io Ie&%@ﬁ_s?eﬁﬁlﬁﬁg%% ‘év‘,‘ g‘r/}éaled;(g%;ﬁaei 1 %%W%@y@%qﬁum S50
- 750 ppm f dreferadprle-coomappdnsi oideodaduil balideepigfernbly n aliy! halide, which | 2. 506
ww) for exanplehe HiheWasi 4 HGDHE inaRRUSuRable ARYRAlIBE] #B1CY 0 g, F hodi um 5

Fromthe reactor D through line Gliquid reactiohn conpgsitign is fed to the
flash tank E Paefesabbr estate nefre preferally £140 faplkydialidee alt thedidlidepeiadidsst or D

through bgne of REmAles AR prefekd aRY (Aficaale RSrel HKRAreD] PRefBir@P S EcAhlstgas
(HPOG) contai.ning saseuus_inerts acid possib I

R |y al so qne or re of "nethy
i odi de, met hy# idide afliehao-sRueP i ds BEETRRYY ﬁFﬁ'T?'?)tr‘P&*é")l‘%EFF ERCHQD al so” fed
to the flash doatpositonlif ad @uibhi@ tFdra8ho 11819k b vt batddan the Ouight BEthaeen a
liquid fraction con%i sing acetic acid, rhodium catal yst and any netal
pronot ers andPHPEIBi 1§ sers and a vapour fraction conprising acetic acid,
met hyl i odi de) aceThecaahydyida)nayguhlitr @ogirat es prungher @nehst onesf-thei | er s
and per ent_gases,, The liquid fraction is refturned.yi u and line 8
fo the caPporrar Siterad sttt B UL aBs Y PR rét LBl Rl 1 0% e
the fracti onah pdefstred padmatar is ohthemuii, which oirytesadded ovaenysersble &eer whith hr ough
line 10) a ba ke-qtt rough 1. I i - line 13)
and a eboi | oy e ThE s PO bRy e B P S Bl catheer
(i ncl usi ve of rutlednoirh &k, 10wt INotTypuelhdaddonden o€ pjodtehreidtive $0 dwdiwke- of

bei ng situate 0. htion of the nmethanol fed through line 1 is
taken thr oughﬂﬁfh%%ﬁg?i&% Opﬁrlrgg,ﬁ !

et pu and is fed 20 through line 9 to the
fracti on86 distill bt ertalyst wammAuther qoawsises oirHidenalk phe cgalypicstabilisehe
fractional distillation colum with any acetic anhydride in the vapour:
fraction taken fromthe flash tank E to nvert it to nethyl acetate. A
portion of the base take-off from colum is recycled via |line 20 and punp
AS to the Cash tank E as wash therefor. The remaining portion is renoved
25 fromthe plant fur further treatnment if desired. The side take off
conprising product acetic acid is taken fromthe colum F through line 13
and passed to a product Bolding tank. It is an advantage of the process of
the invention that the product acetic acid does not require any treatnent
to bring it within the permanganate time specification. It may however be
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, 11 JUt _ 2UQZ The vapour streamfromthe top of the overheads Cog?er\lliﬁrmﬁf
|s fed to a scrubbi ng systemfor further treatment through line y
recovered material is returned fromthe scrubbing systemthrough line I 1.
The invention will now be illustrated by reference to the following 5
Exanples. In the Exanples the nethod descri bed her ei nabove with reference

o Lhe Fi our e, e BIRENEREKeER!nbiAbal 84 68, b ffnialife g11 ¢ hrouah

line 13 a fraction was I'ne
distillati onqlmennmy fhosghaanph eslide sah :Prefnmbtyoﬁpa'netsblndfﬁesst artlalkerh mbtalse

Exanpl es net {6@ Vﬂéh'ﬂghqrﬁlfﬁte{d? é)‘?ﬁcfe }oré ar%férlatﬂign §c?cm<e gf lgﬁlgh‘ng?od]i@rg,on

distillation co
nmonoxi de feegotlaastuen@reesgunvecn/enn‘noTaIpléerablyIllmlumeo@anﬁuwlcawemaram d was

the majorg prQ&‘PlH%‘iuun%lb%g%@?&ﬂ (ﬁQElélnl||§egqunqn@:@ﬁjiHﬁlteS%ﬁP&ﬁmet&%ldag&E' ¢ acid

are given in_Ta er’rdp I'e accordrng to the

present i nvefrieSAMBEIAUY lbﬂﬂ)’h@lmz@hll@d@‘ﬂlﬁé ﬁgltﬁﬁmﬁ‘éﬁ{ﬁf@@wﬁ‘ﬁmlon in

the liquid r%ﬁés%lm&wm 1¢1§osb§ommﬁhw@9 t&%mt 1%o§édh%n H pose of
conpari son nge fect "of feedin ash tank E is

n
shown in Tabl é“l? hepyl pesphipn|ugy pddsnsnd ﬂ“é%‘ﬂo‘ellgildmoé idesalét i on cone
posi ti onAcet h@b@i@é}y@lfd @ Bedvib M x d &MIEraAeommo‘lewéw)noBms(omadeLl (ppm 2

19 640 53402 0Q 53002 21 480 9 8.20 2600CGas Car noxi de
rate moiTh hes B RS of elﬁmonomr%wéefrp%%éﬁgge/%bwylshql? nesyy1 1891 184
12 A typical catalyst system comprises rhodium and lithium, and possibly also

ruthenium as promoter
The liquid reaction composition comprises (i) methyl acetate, which may be
formed in situ by an esterification reaction of methanol reactant with acetic acid

15  product. Methyl acetate may also be returned to the reactor in one or more recycle
streams. It may be necessary to add methyl acetate to the liquid reaction
composition in the reactor to compensate for any removed therefrom. Methyl
acetate is preferably present in the liquid reaction composition in an amount from 5
to 25 % w/w.

20 The liquid reaction composition also comprises (ii) acetic anhydride in an
amount up to 8 % w/w, preferably up to 5% w/w, more preferably from greater
than 0.1 to 3.0% w/w. A standing concentration of acetic anhydride in the liquid
reaction composition maintains the composition anhydrous. Acetic anhydride may
be formed by the carbonylation of methyl acetate in the composition, or possibly,

25  for example by the reaction of acyl iodide (formed in situ) with methyl acetate.

In addition to (i) and (ii) the liquid reaction composition further comprises
(iii) halo-compound and (iv) Group VI1II noble metal, and preferably also an iodide
salt as a catalyst stabiliser the remainder of the composition comprising (v) acetic
acid.

30 The process of the invention may be operated as a batch or continuous
process, preferably as a continuous process.

Acetic acid essentially free of acetic anhydride is recovered as the product
of the process, and there is no simultaneous recovery of acetic anhydride.
In a preferred embodiment the present invention provides an anhydrous

35  process for the production of acetic acid which process comprises the steps of'-

v



..1~~ JUL 2002 Table 2 Exam 1e123Com . Test l1lGaseous product i; ﬁc{&e 02
di oxide (ninol/1h)0.20.172.03. 1Pol pier to ~:~)0*0*0*70Li uid ~ro n?
il.eQher key acetone derived by- products (ppm Ethylidene diacetate

(ppm 11 S0011 G8021 20098 1125 * Undetectable Table 3 MEthanol feed

t o: NoneFl esh Tank EMet hanol feed (1111111)01000Acetic anhydride (%ww) -
distillation colum Fbase take-off7.41. 3Acetic anhydride (% ww) -

car bonl at i on(Peacfesdimpmethanad andfqridigmetdp etlsiriand Zasenis seackaob comprising e

(kg/h)9.89. 4@&689&1%5@%'&@%%@&(%1 kbt \9;99) LT ED S &%U&{yﬁdtx‘aﬂ (%9-19
10 13 ~ ~ Jill évmégl ms: 571. An anhyd rous process producti on

of acetic acldckyf alt 8 SeITRARALETE aRdiresTe, t ﬁfﬁﬁeﬁ}g ’B?‘ﬁ@t’ﬁalm gleHé%Ctorvm th a

gaseous r eaChiﬁﬁhldcr@ﬁmfdnsdo'i’@o@lﬁbh@ﬂmﬁﬁﬂ%(1Fﬁieﬁ®ﬂadéyéi’é m%mmdumﬁfrbmglrzogen
resence or a

bei ng present | es % p

cat al yst e’iysf%%f f Drgete e Fudidtt e aweavté?w?%{? " @HORPVI 11 of the
Peri odi c Tabbemgsmaé@.bmatyst ia dhah@uﬁpﬂmel@nd 1a%®ﬂwcet/)aGycﬁIp ‘anﬂn@dlel odi de
salt as catal ?tl stabiliser $® g ﬁ i seﬁ rret hanol ,
and/ or di net H‘gyr‘“ IANAGAEL Go8 t@tg tppf%a"gr@g ﬂﬂleé? 8F1 WSt or in
whi ch there ks anmunt mthechngeltnoquvm t £404/MQ (viT anjpendirh pmm@:ternipralrsolmg (i)

nmet hyl acet at n 50/ i dride in an
anount fromé éﬁlvgﬁgﬁh%ﬂimd)x WF\X/"E}B Odng\y movéll(a%'?%ﬁl% bd?lrpound in an
anmount ft@m Botmmﬂi@gothd emafridej oGheliquidiredctinobbmpostial, cat aI yst in an anount
15 from1 to (2)000 rgcpcg’Oem«V)su@%gnt %ltl:)} §u% a%:e?%'aQ% f?%!\ thd l?qfu‘?c[ %\S&tﬂvt from0.5 to

20% by wei ght™ odi e renai nder of
t he conposi t|comp021tloAbpmﬁ@l&swagbmmdumtmrmcwﬁa@squ Ve it rﬁachea@aseous

reactant CO”%@;Bd?ﬁtu( 1265\19'19; il heAvithdTR, .t?cc/mr';]twlro%@][bng ot B%&Cﬁ%?o raccor di ng

to claim2 where OUS react ant tainsfr 0 nole %
hydr ogen. f@CbP@?éé’ﬁl”&%b%t@ﬂﬁﬁ@ omotharwh%ﬁem@pnqnweofpih@é@apwgtm andrs wher ei n
the nobl¢g m?t@j recycling the other components separated from the acetic acid to the

carbonylation reactor.

In a more preferred embodiment the present invention comprises an
anhydrous process for the production of acetic acid which process comprises the
steps of:-

20  (a) feeding methanol and gaseous reactant comprising carbon monoxide and
hydrogen in an amount up to 0.5 mole % to a carbonylation reactor held at
elevated temperature and pressure, there being maintained in the reactor a liquid
reaction composition comprising (i) methyl acetate in an amount from 12 to 21%
w/w, (ii) acetic anhydride in an amount up to 3 % w/w , (iii) methyl iodide co-

25  catalyst in an amount from 9 to 16 % w/w, (iv) rhodium catalyst in an amount from
500 to 800 ppm and (v) an iodide salt or salts in an amount in the range from 7to
14% w/w, (vi) ruthenium promoter in a molar ratio relative to rhodium in the range
from 1:1 to 5:1 and (vii) acetic acid comprising the remainder of the liquid reaction
composition,

30  (b) withdrawing liquid reaction composition from the reactor and passing the
composition to a tlash separation zone at a total pressure less than that of the
carbonylation reactor, wherein with or without the addition of heat, vapour and
liquid fractions are formed trom the liquid reaction composition, the vapour
fraction comprising acetic acid, methyl iodide, small amounts of acetic anhydride,

35  methyl acetate, and possibly also higher- and lower-boiling impurities, and the

8



of Goup VIII of the Periodic Table is rhodium 5. A process accor @itnhgul o)
any one of the preceding clains wherein the co-catalyst is nethyl iodide.
25 6. A process according to claim5 wherein the nethyl iodide is present
inthe liquid reaction conposition in an anount from8 to 18% by wei ght
based on the wei ght of the composition. 7. A process according to any one

of the preceﬁl clai ns_wherein the até/%_@ & 1 JUL épo further
conprises ru &ﬁgl%{gco&%m;&cen%acnéaﬁ?b ydde, shod WG ¢68Y3hy one of the
precedi ng cl aitheniwh@ranotet, liedidasadt(g) shd possiiily alsesoms nethyhbéethte andfoal or
al kal i ne ear b‘té }.lrrg o%lqe a%%%ﬂgf %&o&’% %E?ﬁﬁccor ding to claim8 wherein the

catal yst sta um sodium potassiumor cesium
10. A proces&)aeqolig sigot parcbfheniguidfractiai 1o the whrboaylatietheeastopunt of i odi de

S,al. t emRoyegde'féeﬁm fil G &”I otttﬂe Qlilfb\{nr%elctlcgft'@% lﬁteﬁ'lﬂeagtérfm/ WE%E% ' ne as

ess daccor er ei
met hyl acet aﬂ@tlilamr@:hem frpm \t/lh@h llhetﬁjﬁ dem@e@dtfrmﬂmﬁmgm BCOON i n an am)unt

froms to 25%%?%%”"ac cit, RLORERS Gﬁﬁéjélr{?ﬂar{yqll%g)‘ Rl Hnpliiespr ecedi g

cl ai mrs wherein reaction conposition conprises-ac tlc énhydrlde
in an anount thgse tSdeEWWWerllead apappEsson ceBPHsing Mege Iadidp methvherein tile

l'iquid react h@éiat‘éoﬁi%h%hél'aﬂa' aﬁPWe'r%@ﬁma%bdu%e@%hM@lﬁéré‘% r'efho@éﬁ amount from
greater {ﬁu 0. 3..0% wW w. 14. process agcord to any one of the

precedi nf’ cl wtﬁ%nmw@ﬁ@fea@r@dh%m?fﬁh%e%lwm aJpro wtrffa@%%sora%%w&m ng to
claim | whi chutspimailp peretab&@icsdcePan®f : (1) feeding nmethanol, and/or dinethyl

et her, and gaseous .reactant conprisin ar bon. nonoxi de, a dr.ogen in an
amount up to?% seyRling aber pyt gt 6‘5@86‘5@?‘5??“6}&’“%@‘%%%r%ft“c’@fi %{léﬁlo enper at ur e
and pressur e colui@i 1 thetargofpdtdhakagst |n the reactor a liquid reaction
conmposi ti on conpri acet i.n .an_apmount fro 12 to 21% w w)
(ii) acetic anhydr ﬁ‘&ecgll)%”glﬁpemb%ﬁ?' Gp“’ %i}o&\ﬂl/ ? 'PPe)ratﬁléﬁ '(5' HY8tind
co-catal¥st ifronahS@roil, pfetenbl9 ftom | T 38, °Q, ifor) ex@mplepfravh Igreateiihan et al

cat al yst in 61"}0%“?55% %ﬁdfa:p% QLH%QIQ[']CQ’?@%Q‘F@ % W;?Gloé,( refe?agfﬁbglezost%léfo or

salts in an anount eni‘'um pronot er
in a nolar raafo relatlve to rhod| umin tile range fromO0.1:1 to 5:1 and

(vii) acetic acid Iﬁ%ﬁ@lrtl'oﬁ't@% gdlfuer‘lrgatl ?Ené)ﬂchetrmh 1'19&1th6 £ ﬁ
t e l'iquid

conposition, (2) recovering substantia pure ace ic acid
reaction 30 @@rhswiattp@rﬁantyarmqfﬁablwvsp&gnqalnqmraetale@r@momf ﬁe@msmp gion from

the reacpgr %Uﬁxeﬁﬁiﬁfira h@&a?@testtzﬂﬁllﬁphﬂllé Rorhl16F MeldFIRGWRGATRAS] fok ON by one

or nore flash and/or tional distillation stakes fromthe other
conponents OfeXAR@ e@@““!“p@ﬁﬁ?ﬁ'ﬂd@IAS alld (3) recycling the outer components

separ at ed fromthelnah@@t(lb()?oﬂﬁﬂeq»6&sﬁlﬁltﬁ$ﬁea§t@61{)w¢@ﬁtidﬁﬁs peRedfafiish 0 ~J U
L 2002 16. A process accor ess corrFrl ses the steps

Erbas it SEuR
of: (a) feedlsﬁaarﬁjé?%é‘?ﬂ?l atéﬁﬂ“g%%%‘b% e?se‘g?:‘ﬂ Wf YR FEI T nonoxi de
and hydrogen Suitably taérpte@iunum th@flﬂslﬁ%pmh@ Yoiieds &roand Saoltati on reactor held

at el eva&gd t errperfxt Ehse tﬁle sepana i3 of egetltc rz‘mﬁlﬁfdn & fildt g(:ae'tlréta%fdr}g?h llnqutlcpe
reaction composition it is preferred to convert as much as possible of the acetic
anhydride by reaction with added methanol to methyl acetate. The methanol is
suitably added for this purpose at a point such that the conversion of acetic
anhydride to methyl acetate is maximised, which may be to the flash separation

30  zone or to the fractional distillation column, preferably the latter. In this manner
acetic anhydride is ettectively separated and recycled to the carbonylation reactor
in the form of the more easily separable methyl acetate. Furthermore, the need for
an esterification section is reduced or eliminated.
In step (c) of'the process all or part of the liquid fraction separated in the

35  flash separation zone is recycled to the carbonylation reactor. It may be desirable
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S reactor a liquid reaction conposition conprising (i) nethyl aceiggt gyl nypsn
ampunt from12 to 21 %ww, (ii) acetic anhydride in an anmount up to 3%
ww, (iii) nmethyl iodide co-catalyst in an anount from9 to 16%ww (ivV)
rhodi umcatalyst ill 1111 anpunt from SO0 to 800 ppm and (v) an iodide salt
or salts in an amount in the range from7 to 14%ww) (vi) ruthenium 10

pronoter in mol.ar ratio relative to rhodium.in the range froml:1 to 5:1
P Cvi 1) aclerLtideth sarruphyY PReraIn iR Brctor Rk n P PRLtt i on
conposi ti on, réhyving abimaatag pbliymet dnd/eastheomeangdby-praaact tisrefedre r eact or
and passing the conposition to a (lash.separatjon zone at.a total .pressure
eas’ 15t han PPIRAE TR NG RebGhRabf Dok BRREEH o Re SRR e St Thour e
addi ti on of Ipebmersapbtainaiday bedispoded af tftenecaveey fherefn 6Hf oy rhbdiumi qui d
reaction go ition,, the vapour fractjon conprising acetic acid) nethyl

i odi de, sgralnlggé“hﬁhﬁ‘%dgo'o‘?‘eg}c/B'g)ll%m%rnlﬁ?g?eisde, met hyl acetate, and possibly

al so hi gherand | ovarstdpaid)) ofitheipnpeess tli esparanfithelvepburfuictioh sepatdtedhinagbepr i si ng

e Td . : . - ; tor.
"odi de sal ¢ 5 e ORI 108 of DOAUELEELAN R et RBNSRRL ™D Gl e
and/ or hi ghercobwnn.i Reptipapatithe eapope Jragtemyustifedytoathe flagh dipdiationzondwmay i qui d

fraction to Fshﬁalﬂ?b@?é’t%rlcl%ﬁit@ﬂ§r&?R¥11 latioR Pedcthy. feeding all or part of the

vapour traction to _an internmediate point jn a fractional djstillation

col um f#8m whi ch Theyapopsirpeipssemorebayerhraddze the fracionglalistidlatign i si ng

acetic acid, RUMAGRAYIsGIAMYIERRNARAMpANY] (HeGBRAcRMe!beihg rbdiRIsHIS kigs) there
is renpved overheag a vapour fraction conpri si ngrggeghyl i odi de) net hyl
acetate, net HEFEON rijdﬁtﬁlﬁgoﬂ et 38 e tlur e s Femainder Se82 retemned Jothes r enoved

internediate dgFt?ar@@é@i@P?&Qltérh@réxﬂn{\é)ﬁas@bf?tljfeoifrwgfcbnﬁll d3§tﬂl@.tl§r:i gélﬁﬁﬁftl:lé?é‘is ¢ of
conpri sing substanti ure acetic .aci.d) and (e) recycling all,.or part o
Che over haad TERACE] BUFIHFAm el ofd '?H]Ys?tCFtlg? %@hygﬁgwdi}ﬁah-lwﬂ%

car \%ﬁnyl aAbi Oﬁn'ﬁeﬁdlégnypidﬂly e?wﬂl’?jﬂt‘ﬁﬁﬁce&ﬁaoltd% p@fetrﬁedﬁdotrhecrveﬁhc&jtimaaia fom cl ai m
16 erein ne ol. is,35 a ei t her t he ash, separ at.i on_zone or to
the T ract | onahlarcsiohy MReRss ifnpalgind 'S o R ALREDAGRLS BhARIS, o

react ed with moduitdratibydoingdsesitg sdnmmerlty pee aoette asd, pdsdi biyeort hay satf to

nmet hyl acet at cess according to any one of the preceding clains
wherein the c%r%%%ﬁ étfrﬁ)eﬁ'react_or is held at a tenperature in the range
from 150 to 210C. B mreferrad smbodiswnactibe piresgnt ipveritimniwill @owrherdesaribete

cTper 20|51} Joke RS ORI LORRAATR Bl ORE B Pr occos
reactor is held at Withpiefsseupedoithe Figererthaiems desigrmted & anopyaps, theoters 20 25
30 35 17 designated B are heat exchangers, the items designated 1-20 are material transfer
lines, C is a pre-mixing holding tank, D is a carbonylation reactor, E is a flashtank,
F is a fractional distillation column, and G is a liquid distillate tank.
25 In operation methanol is fed via the pump A1l to the holding tank C and
then via line 3 and the pump A2 to the carbonylation reactor D. Also fed to the
carbonylation reactor D is carbon monoxide and hydrogen. Exothermic heat of
reaction is removed by pumping via line 5 and pump A3 liquid reaction
composition through heat exchanger B before returning it to the reactor D. The
30 reactor is maintained at a temperature typically in the range from about 170 to
200°C for example 180 to 195°C and a total pressure typically of between 25 and
40 barg, for example about 36 bairg
The liquid 1eaction composition in the reactor D typically comprises:-
acetic anhydride 2% wiv
35 methyl acetate: 12-21% w/w, for example 20% w/w
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[ #, . 1l&mpsv+~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca
] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cTa] cTa] cal] ca! +G
;! a#$§#;/s%;f/&/&i°( [ ]( ag(((((/ 2223567] {vqgl gb] X]] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] c
aU] c$a] ca] ca] ca] cal,ca] cal c a ca ajc !
g L e A et
C?]Uggg]P(F:’a] calr_(;_abﬁdiada]lﬁaﬂiﬁ)a-]m]mm] ,da eahpsd 76 mahca] ca) ca] cal] ca] ca] ca] cal ¢
a QMRI o O
Z2Z2777Z[\ "\ <] _ {oﬁb‘é}ll&gid{e\;ar’g%t\hw]]) ]Ocoa?lﬂzcgf’cvé %’affE%)]aghﬁl%g(}ééT/ga] cajcalcalc
a] cal] ca] ca] ca] cajuthimahcajaaPdahelat cddtvalte mal] ca] ca] ca! 8ehennnoqg*gsqq
8sBssssst5t tttttu

From e thrgueh line 6.liquid reacti ition js ft
HVRV" W RRUEED ]84 CRAT'CA1CS A
}/\éa] c”a] c\gi %mmaqu&f dac‘%Jt];aa 1&%!] c(a]whia] mgl;em{a@al D iroujgg alcalca
VWWWBY XY Z / o

a] ca] Za}/ca} E:ﬁi?éc }Lc]})}m LSUF@Q]— ﬁ{\ga }Yij ?H‘aﬁcdg Lfggfggfg?g]e%
Wt | | go2| wr mﬂmp]lwp@aysoeql@a\}ld@pw}lma!swpca] m@q ebnedycia xda,]roet]mla] ca]calc
a] ca] ca] ca] calgbc eﬁelaaa]a‘ﬁi’alhsa;lc%]&fr]&alvﬁ&h\{mlls %?tb%éﬂ?é‘sﬁ r]k]l??alrfa] ca] ca]

ca] ca] ca] ca] ca] cal| ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca]ca]ca cal ca] calca]ca]ca
] ca] ca] & cattsdiash Ganken geparatign Qogrgbgtyeen o ;wd(fwf'#n ¢OUPEinNg acgiic acid
10% & ( ) - Mﬂﬂ%’d@urﬁka@%}sﬁ i %ﬂéﬂ%&i@&r( érrd'/or sYébm)s%sZand a vapour fractlon

7& Y 10988 () - Y 109 o 10%&
108/% 5t 5& () COPROYBEEStIc af»‘ﬁjf‘ei*o)z Ofﬁ‘g %}%ﬁ'&é‘ *%6 kacgsate, jhig 165/1& ()-

wxeb@ L' Z* 10%wc{r)bd‘ll&rshﬁ%§3%nﬁhne'nt Qasw%ﬁ&lcﬁ)ld frhctnorﬁ@%ﬁ&:e(i)«ta! imp AQY%& ()-!°
10%05p5& ()-/ 0UR! 10% & (

)-2,, 109! (?“%[‘Be ?t%“ieo%%%/’f ?‘0“ hision D 1 Bipaaolt Beqnn s e({bﬁ vig}i ﬁ%%%‘ -7 105
}_854-&0(5? 5:LL8%E}& t(ractloné\l didtQRH&N (:c)ltnhh}qgl:&m)ﬁdﬁg@ah o&érhémd&e(oﬁ’tg(ﬁulgh line 10
0 0 0 0 +

Looe (081 LN 0 L LR gsiatoenbOaliss,
10%K ()-e.} ﬁ@‘ecbh@ﬂ.@%&ll( hdSBZOlM)bbl&OHI stages (inclusive of reboxler but not
e R A e e

O%DP& ()- g eheoeghang)fed diroogshg | istakpshomebdpe 2giter prmpogandys fed! 1096& ()

109%& @) - Ot/%ggfﬁ‘?'rné bto the fractional distillation column F; it reacts both in line 9 and in

the fractional distillation column with any acetic anhydride in the vapour fraction

taken from the flash tank E to convert it to methyl acetate.

A portion of the base take-oft from column F is recycled via line 20 and

pump AS to the flash tank E as wash therefor. The remaining portion is removed
25  from the plant for further treatment if desired.

The side take off comprising product acetic acid is taken from the column F
through line 13 and passed to a product holding tank. It is an advantage of the
process of the invention that the product acetic acid does not require any treatment
to bring it within the permanganate time specification. It may however be desirable

30 to further purity it by removal of other impurities, for example ethylidene diacetate.

The vapour take-oft removed through line 10 is condensed in heat
exchanger B3, the condensate comprising methy!l acetate, methyl iodide, methanol
and acetic acid being passed through line 12 to the liquid distillate tank G, from
which part is returned to tank C through line 16, and part is returned as reflux via

35 pump AG and line 17 to column F.
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) ig?ﬁg‘é‘ %%Lﬂb (V&O%Q%_@L(t% fu5:']{Qerireqtnnefb%salqg%?%&l M%B%%%%qéwxG?Sll L
" 10%-HH&e(uynedj fr g W&R(O))mg@y/stqn{m(mhbup 1@ ! %@ 0% () - 10H 10H

10H910%H4& ()T ohiduehBehi¥ill dow B Mi@ratdd vy rbrerend dtBENdnm@E=4>77@ 7] _Q!
10%4&' ()-!! 10%&

Glo@ri& WP*GSI 1o )@é’@wlesthemwwe@mtvém@w@qu WRERRRIRER] @ ! ! W&! Z" 109%& (

) EI.O go%l&l guye WwaDdMHoyed-exce) 19%'5&5&&& &f a side take-off through line l:(%)a L310%& ()- 1 VoS0
0 00 0 - s

s 10%4H§E§4°}‘f" asHiksh ﬁfﬁé‘“f %f’%*éﬁﬁﬁgéi?ﬁﬁé%%bo | 109 () -

109 ( mmmgmmgam%& ()-L7 109%4& ()- , Hgl | J?KKKa?bCl ! I LY

! 10%< k &' ( )I’nZﬂ&e/@xﬁ%FleE Jn%th%%&n&t)ﬁa& & J’r@xe/igth@ 2@

109K () -.f KcMNUPPPPPPz[ PE:!'! 10 10 10l : 109%& ( LY " 10‘V§r§h)%-lv LY
1% dis Kl tion columnFZ

The liquid reaction composition and the carbon monoxide feed rate are
given in Table 1. In the Examples acetic acid was the major product. The gaseous
and liquid products other than acetic acid are given in Table 2. Comparison Test 1
is not an example according to the present invention because of the high acetic
15  anhydride concentration in the liquid reaction composition, It is included only for
the purpose of comparison

Example 4

The effect of feeding methanol to the flash tank E is shown in Table 3.

Table 1
20
Example
1 2 3 Comp. Test 1
Liquid reaction composition
Acetic anhydride (% w/w) 2 2 2 18
Methyl acetate (% w/w) 19 13 21 20
Rh (ppm) 640 700 480 750
Li (ppm) 5340 5300 9000 5600
Gas

Carbon monoxide rate mol/lh 8 8.2 7.5 8

Reactor conditions
Temperature (°C) 179 177 189 184
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£51$110% ; & () - sddddd8ehef nKC 10Y:

10

10f h7j #kk4dmwUBKC 10" f m' 10%& ()t f, ! f ' 10%%5&' ( i'{(mllf\ff m' 10%

& ()-f,1e fnm10983& ()-f,!i fnl 1Pp¥5& O+ Mo —& O nnrrmreep* -\ :
10! " &F109%' ()-! &F10% L& ()-!&F10%& ()& f 0% ()- 305 1Q%omp.Test 1

105s" 910%& &) AsBasey7-\:| 10/ @ @10% ()t v @10%-& ()-'y @
10% - & O~ 1t = -1 &F10% & ()-$ssssssssYi:

) 2L: " y&| Cadog dioxidefgimallioe: () - y! "A89%& | () -0 V&l " 10%&' A9 - " y& " 103K ()" sS
109 ()1sssssssi ?/:

?L: ") ? . - ! &) - V& "10%&. ()-|y& "10%& ()- y& "10%&' ()-°
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)y& ™ (15)‘ & () -Lijdld pro@liclQMge () - Y& "10% ()- y& 110%& ()- Y& "10%& ()|- y& "
109%&' () - tti"t & eF4;

)y&l " 10(@%‘3‘}65/&“(‘5"16‘iféi?’edl‘@’v/&' O &bk " dooe!dy - y&r " 19b& ()" yaP® 100@ ()-"y
& " 109&| pyodudtstppiipt 4t 9t ; t eF4:
) Y& " 10948 % A0%R: ()= VAR " 1098 ()} &y " 10%RL () - T Y& " 100&' (|- Y& "109& () -y
&l " 1008 %y‘“?‘?“ffﬁéécg‘"‘j‘%,@’%i}e ra U1 S " 10%sdo R Orngg
) Y& "10% & "109R () - y& 109’ ()t &y & "U0Y& () - VY& "10%& ()i- v& "10%& ()-'y
& " 109 (Wyyndeteltabid t At _t " tati Co:
5 Table 3
Methanol feed to: None Flash Tank E

Methanol feed (ml/h) 0 1000

Acetic anhydride (% w/w) - distillation column F

base take-off 7.4 1.3

Acetic anhydride (% w/w) - carbonlation reactor D 2.7 2.1

Distillation column F base take-oft rate (kg/h) 9.8 9.4

Carbon monoxide rate (mol/lh) 8.99 9.9

Methanol conversion (%) - 19

10
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) Y& 109 () - y&l "10%: () - y&l"10%& () - y&! " 10%& ()" y& " 109 ()- )l Bl

109 ()- atbt~tttttyZ; 5:

)yy& "109& ()- Oy& "109& ()- y& "109& ()- y& "109& ()- y& "109%& ()- )72L:"tt

tttttti O6:

)y& "10%&' () - y& "10%&' ()- y& "10%&' ()- y& "10%&' ()- y& "10%&' ()- y& " 10%&
)-")?L:"tttttttyZ; 5:

)yy& "109& ()- 0y& "109& ()- y& "109& ()- y& "109& ()- (y& "109%& ()-")?L:"t

tttttttt}pcVs ) L& @O0% & ()-10(10(10(

LY710% & ()-y& "109%& ()- )?L:"Ly& "109& ()- tttttttkQcVs ) L& @0% &

"10% & ()- "10% & ()- "10% & ()- "10% & ()- "10% & ()-

L10% & () -t tQlaimsuzZ: cV5 )  "10% & ()- "10% & ()- "10% & ()- "10% & () -

"10% & ()-)? 8!"uu' u(u)uru+ufJcVs ) "10 "10% & ()- "10% & ()- "10% & ()-

"10% & ()- "10% & ()-)? 8!"+u, uFuJuOUSUWIVVECV5 ) "10% & ()- "10% & () -

"10% & (k- "110% & dnhyddR¥pockds thr'the production of acetic acid by the reaction of

methanol, and/or dimethyl ether, with a gaseous reactant comprising carbon monoxide
and hydrogen, the hydrogen being present in an amount less than 9 mole %, in the
presence of a catalyst system comprising at least one noble metal of Group VIII of the
Periodic Table as catalyst, a halo-compound as co-catalyst and an iodide salt as catalyst

10 stabiliser which process comprises feeding methanol, and/or dimethyl ether, and
gaseous reactant to a carbonylation reactor in which there is maintained a liquid reaction
composition comprising (i) methyl acetate in an amount from 1 to 35% w/w, (ii) acetic
anhydride in an amount from greater than 0.1% w/w up to 8% w/w, (iii) halo-compound
in an amount from 3 to 20% w/w, (iv) Group VIII noble metal catalyst in an amount

15 from 1 to 2000 ppm, (v) sufficient iodide salt to provide from 0.5 to 20% by weight

iodine as I" and (vi) acetic acid comprising the remainder of the composition.

2. A process according to claim 1 wherein the gaseous reactant contains from 0.01
to 2.5 mole % hydrogen..
3. A process according to claim 2 wherein the gaseous reactant contains from 0.01

20  to 1.0 mole % hydrogen.
4. A process according to any one of the preceding claims wherein the noble metal
of Group VIII of the Periodic Table is rhodium.
5. A process according to any one of the preceding claims wherein the co-catalyst
is methyl iodide.

25 6. A process according to claim 5 wherein the methyl iodide is present in the liquid
reaction composition in an amount from 8 to 18% by weight based on the weight of the
composition.

7. A process according to any one of the preceding claims wherein the catalyst
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"10% & ()-)? 8!"uuuuuuuvV:cVs ) "10% & ()- "10% & ()-

T

"10% & ()- "10% & ()-)? 8!"uuuuuuucGeVs ) "10% " 10% & () -

"10% & ()- "10% & ()- "10% & ()- "10% & () - uuuuuuuY>cV5 )
further comprises ruthenium as promoter.

8. A process according to any one of the preceding claims wherein the catalyst
stabiliser is an alkali metal or alkaline earth metal iodide.

9. A process according to claim 8 wherein the catalyst stabiliser is an iodide of
lithium, sodium, potassium or cesium,

10. A process according to claim 8 or claim 9 wherein the amount of iodide salt
employed is sufficient to provide from 0.5 to 20% by weight iodine as I".

11. A process according to any one of the preceding claims wherein methyl

acetate is present in the liquid reaction composition in an amount from 5 to 25%
wiw,

12, A process according to any one of the preceding claims wherein the liquid
reaction composition comprises acetic anhydride in an amount up to 5% w/w.

13. A process according to claim 12 wherein the liquid reaction composition
comprises acetic anhydride in an amount from greater than 0.1 to 3.0% w/w.

14, A process according to any one of the preceding claims when operated
continuously.

1S5. A process according to claim! which comprises the steps of:-

Q)] feeding methanol, and/or dimethyl ether, and gaseous reactant
comprising carbon monoxide and hydrogen in an amount up to 0.5 mole %
to a carbonylation reactor at elevated temperature and pressure, there being
maintained in the reactor a liquid reaction composition comprising (i)
methyl acetate in an amount from 12 to 21% w/w, (ii) acetic anhydride in
an amount up to 3% w/w, (iii) halo-compound co-catalyst in an amount
from 9 to 16% w/w, (iv) Group VIII noble metal catalyst in an amount
from 500 to 800 ppm and (v) an iodide salt or salts in an amount in the
range from 7 to 14% w/w, (vi) ruthenium promoter in a molar ratio relative -
to rhodium in the range from 0.1:1 to 5:1 and (vii) acetic acid comprising
the remainder of the liquid reaction composition,

@) recovering substantially pure acetic acid from the liquid reaction
composition by withdrawing liquid reaction composition from the reactor
and separating acetic acid in the withdrawn composition by one or more
flash and/or fiactional distillation stages from the other components of the
composition, and

(3) tecycling the other components separated from the acetic acid to
the carbonylation reactor.
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(b)  withdrawing liquid reaction composition from the reactor and

passing the composition to a flash separation zone at a total pressure less

15 than that of the carbonylation reactor, wherein with or without the addition
of heat, vapour and liquid fractions are formed from the liquid reaction
composition, the vapour fraction comprising acetic acid, methyl iodide,
small amounts ot acetic anhydride, methyl acetate, and possibly also higher-
and lower-boiling impurities, and the liquid fraction comprising acetic acid,

20 acetic anhydride, rhodium catalyst, ruthenium promoter, iodide salt(s) and
possibly also some methyl acetate and/or methyl iodide and/or higher
boiling impurities
(c) recycling all or part of the liquid fraction to the carbonylation
reactor,

25 (d) feeding all or part of the vapour fraction to an intermediate point in
a fractional distillation column from which there is removed from the base a
fraction comprising acetic acid, any acetic anhydride and any higher-boiling
impurities, there is removed overhead a vapour fraction comprising methyl
iodide, methyl acetate, methanol and any lower-boiling impurities and there

30 is removed intermediate the base and the top of the column a product
fraction comprising substantially pure acetic acid, and
(e) recycling all or part of the overhead fraction from the fractional
distillation column to the carbonylation reactor.

17. A process according to either claim 15 or claim 16 wherein methanol is

35 added either to the flash separation zone or to the fractional distillation column
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20. A process according to any one of the preceding claims wherein the
carbonylation reactor is held at a pressure in the range from 20 to 40 bar.
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