el Y " RTMP coPy
27 '”_.; o p‘?ormt er selected. fromruthenium and osm um Batch and 4

cont i nuous experinments are described therein. In the continuous
“experiments the water concentration is as low as 6.8 % by wei ght.
_There remains ‘a need for an inproved iridiumcatal ysed carbonylation 5
process. Thus, according-to the present invention there is
provi ded a process for the production of acetic acid conprising (1)
continuously feeding nethanol and/or a reactive derivative thereof
and carbon nonoxide to a carbonyl ati on reactor which contains a

liquid reaction conposition conprising an iridium carbonylation catal yst,
10 met hyl iodide co-catalyst, a finitelconcentration of water, acetic

aci d, nmethyl acetate and at | east one netal -containing pronoter; (2)
contacting the nethanol and/or reactive derivative thereof with the
carbon nonoxide in the liquid reaction conposition to produce acetic

acid; and (3) recovering acetic acid fromthe liquid reaction
conposi tion characterised in that there is continuously maintained in the
liquid 15 reacti on conposition throughout the course of the reaction (a)

water at a concentration of no greater than 6.5 % by wei ght, (b)

net hyl acetate at a concentration in the range 1 to 35 % by wei ght
and (c) nethyl iodi de at a concentration in the range 4 to 20 % by
wei ght . ROEESS RORTHH RRODUCHON OF AGFTIELACTDRY probl em

defined above by 20 cont| nuously paipsaNVITFON dui d reaction-
conposi tion having defined water, =~ ——— .
The present invention relates to a process for the production of acetic acid

-and in particular, to a process for the production of acetic acid by carbonylation in
the presence of an iridium catalyst and methyl iodide co-catalyst.

Preparation of carboxylic acids by iridium-catalysed carbonylation

5  processes is known and is described, for example in GB-A-1234121, US-A-
3772380, DE-A-1767150, EP-A-0616997, EP-A-0618184, EP-A-0618183 and
EP-A-0657386.

GB-A-1234121, US-A-3772380 and DE-A-1767150 describe mdnum—

catalysed carbonylatlon processes which do not use promoters as in the present
10 invention. '

EP-A-0618184 descnbes a carbonylatlon process for the production of
carboxylic acids and/or their esters in the presence of an iridium catalyst. The
reaction composition is characterised as comprising between 0 exclusive and 10 %
water; between 0 exclusive and 10 % halogenated co-catalyst; between 2 and 40 %

15  ester and carboxylic acid solvent. EP-A-0618184 does not describe the use of a
promoter. '

EP-A-0618183 describes a carbonylation process for the preparation of
carboxylic acids, for example acetic acid, in the presence of iridium and rhodium

~ compounds. -
20 EP-A-0657386 describes a process for the preparation of an iridium
| catalyst solution and its use in a carbonylation reaction for the preparation of acetic
“acid.
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jret hyl* i odi de and nmethyl acetate concentrations. This provides several

L1 echnical - advant ages. — Thus ipn the present invention
the rate of the carbonyl ation reakcTHISNSHEET HAS iBEENdases as the water
concentration in the liquid reactyon c®EPDPACED on i 9 reduced 25 froma
stoncentration of greater than 6.5% 1 ; s t hrough a maxi num

at a water concentration of no greater than 6.5 % by wei ght and then

decl i nes as very | ow water concentrations are approached. Therefore,
the rate of car bgonyl t(ion reaction in the_process of the present

i nvention will amsmgemﬁémtsf? rom ruthegipm-and ospfinh Bafch aad contipypus

concentrati on @kpeéinteatsdre dbsribéd thePéimyInwhé gdritinhohd explriments Ity water anet er s

bei ng equal, exce#)t tthe .variatiogg i,,}1 t he. wat er concentration being

of f-set by a VAPGREAYON 1S AS1qLas 8% BY W& ocent rati on). The water
concentration at There reivaink atmked foaiab inprioxed Bidiunecatalysedacavboriylagioni ncr eases
as the concgntrati.gn of methyl- - acetate in the liquid reaction
conposition is’increased. It_is believed that the water,

concentration at whildmstaeeordingie the preseshinvention therg isprovidedapregesuios theas t he
35 congent I atpr@duiclbn B4Rt ati@ SofBritifg { F)Ecdrtifitibbly Radihg metmama/dgaon i's

i ncreased. . .. . .

A'so, it has b&EAFtVedsyatikathersof and earhon mAnexids toargnylation sEAFU VI or di ng
to the present contaimstilignid reactionasmpositiemcemprisingcandisidim carborylatioatcetalyst,

concentrat i

an in?ethyl iodide co-catalyst, a finite concentration of water, acetic acid, methyl
acetate and at least one promoter; (2) contacting the methanol and/or reactive
derivative thereof _with the carbon monoxide in the liquid reaction composition to
produce acetic acid; and (3) recovering acetic acid from the liquid reaction
‘composition characterised in that there is continuously maintained in the liquid
15 - reaction composition throughout the course of the reaction (a) water at a
concentration of no greater than 6.5 % by weight, (b) methyl acetate at a
concentration in the range 1 to 35 % by weight and (c) methyl iodide at a
concentration in the range 4 to 20 % by weight.
. The present invention solves the technical problem defined above by
20  continuously maintaining a liquid reaction composition having defined water,
methyl iodide and methyl acetate concentrations. This provides several technical
advantages. | _ ' _
Thus in the present invention the rate of the carbonylation reaction
increases as the water concentration in the liquid reaction composition is reduced
25 from a concentration of greater than 6.5% by weight, passes through a maximum
 at a water concentration of no greater than 6.5 % by weight and then declines as
very low water concentrations are approached. Therefore, the rate of
carbonylation reaction in the process of the present invention will be generally
greater than that at a water concentration of greater than 6.5 % by weight (all
30  other parameters being equal, except the variation in the water concentration being
off-set by a variation in the acetic acid concentration). The water concentration at
which the carbonylation rate is a maximum increases as the concentration of methyl
acetate in the liquid reaction composition is increased. It is believed that the water
concentration at which the carbonylation rate is a maximum decreases as the
35  concentration of methyl iodide in the liquid reaction composition is increased.
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t éduced according to the present invention. As noted bel ow, the benefici al

effect of a pronmoter according to the present invention, such as

rut heni um has been 5 found to be greatest at the nBX|nuntcarbonyIat|on
rate in the rel ationship between carbonyl ation rate and wat er
Ttoncentration. That is, the beneficial effect of a pronot er accordi ng
to the present invention, such as rutheni tlm has been found to be
greatest at the water concentration which gives the maxi num carbonyl ati on
rate - at any defined nmethyl acetate and nethyl iodide concentrations.

In the process of 1@\sq, itchagbeercfound thattheinsemotional effeet of 2 proraetar 3cserding i s no
greater than 6 g (féf¥senEind&ition, such as ruthenium, itret5es aditHePatey QWneérftrafibn ihe

oot | Eéﬁ”'é'r%“wi%mﬁéﬁé i sisssioaaion. ds neted Jelrm e bipheis! e

][eaclt i on cgrrpos:lfhlpwmmlet ii?d:b&ﬁﬁg fdthmptdsfentdwdnﬁaxlsath asrutlenitinohas been |
acilitate ause .t mount o ter

from t he ac: i doundtg R ERetsD s ALRMKm BbRIN Gt 13 R RANALET,

acid i s an enercgsponylatiorsiatecandawatenéoncendration. Thatds,dhe beneficisbeffact afial r educed

Vet er concent T gt Gdkdif ik SRUERINEAGE SBEN rutheniunlHal b oknie o

costs. car, wat er

at|on rate .at ot
concentration &e&rentest at the "f?ﬁ@s"@ﬁ?"“ﬁﬁv‘é‘hw{&h givey the ﬁ‘eﬁaétfqnb!ﬁt'ﬁ’ﬁ rate

reduced iridi umtesf d’éﬂﬁé& méﬂ'meéﬁtitéhhd)ﬂ\eﬁﬁl 1odidélcbﬁéent‘fﬁttd§lisallﬂ lttftgprbbess bfit e of
car bonyl at This e&?s benefit.s 0

0
by pr oduct suéhe BI§s Hﬁl B ﬂHEWBIer concentrglon 1s no eé?‘ @?&% F}ﬁfb I n
situ in the liquid rAdsetinthe poegseof the preseritnvention, bysopergsing at byatdre

esterification daachhbosh gﬁmaag.g&emh%@% ISRty 3R aLUR @8] fom the

product. Small anpunts o al’so rogenat1 on of 25
met hanol to pr d&astien sRMRasiion W ‘ttawerfront/\ﬁmarh?ay afien rqqﬁtosbﬁfe@ ated t he

car bonyl atlon %aﬁk@tl%déhﬂﬁhhafw&egh/h%h’é@%@ée@hﬁétédrm%éwenﬁﬁmwemS of
cll1 on 0S|

th b ted f h
conponent s 181 - Tediceds SERGMOR BRSh LD thh AGHTe AGKLANRN PO RS E 2B Bing.
be recycled in reclmerphrbeets and reduaetbwates cénzentritivnaesults ireredeced precessing

concentration q{ %}Igg liquid reaction 30 conposition. The water
qU|

concentration i n reaction _conposition is no
The increased carbonylation rate at the low water concentration of the

present invention may allow operation at a reduced iridium catalyst concentration
20 = whilst maintaining the rate of carbonylation. This has benefits of reduced
production rate of by-products such as propionic acid.

Water may be formed in situ in the liquid reaction composition, for
example, by the esterification reaction between methanol reactant and acetic acid
product. Small amounts of water may also be produced by hydrogenation of

25  methanol to produce methane and water. Water may be introduced to the

| carbonylation reactor together with or separately from other components of the

liquid reaction composition. Water may be separated from other comnonenfs of
reaction composition withdrawn from the reactor and may be recycled in controlled
amounts to maintain the required concentration of water in the liquid reaction

30 coniposition. The water concentration in the liquid reaction composition is no
greater than 6.5 % by weight that is, less than or equal to 6.5% by weight and
preferably no greater than 6 % by weight. The water concentration is preferably at
least 0.1 % by weight, more preferably at least 1 % by weight.

' - In the process of the present invention, suitable reactive derivatives of
35 methanol include methyl acetate, dimethyl ether and methyl iodide. A mixture of



greater than 6.5 % by weight that is, less than or equal to 6.5% by weight

-and preferably no greater than 6 % by wei-ght. The water
concentration is preferably at ) | east 0. 1 % by weight, nore
preferably at |least 1 % by wei ght. In the process of the

present invention, suitable reactive derivatives of 35 met hanol i ncl ude
net hyl acetate, dinethyl ether and nethyl 1 odide. A m xture of _

4 met hanol and reactive derivatives thereof may be used as
reactants in the proces . af the_present invention. Preferabl

net hanol and/ ormﬁtgf'mi pncggeggé\feedegygwggﬁr may be usqd:as reagtants m ePE"&)éfs some
of the net hanol ofthelpresent @pentione Rieferablyt methahdicandior methyll abetate are usedasvert ed
to, and hence I ' QUi ' '
conposi tion byp':eg%%p%'o%ﬂ/\n % hug%gf ?}%q{éégl %o%%%%e&éﬂgggpgagﬁ/t@thﬁﬁoﬁ\ﬁg bﬁr ocess
of the precswerted toy and hepae prgeent oy, seathyl acstegn inthe diguidyeactiont ate in the

l'i quid reacty oncompositiof %gﬁ‘éh%ﬁbﬁ Rith lagetie #R{dSpradlct of Solvéi, TR iHEPrécds® ofhe %0 DY
wei ght, nore preferapl é?& tﬁ 25 %R%/ WI%I ght . ngé Elas, been found that
as the methyl oRietest Bveniondhe Fancerption of miethyl acetate inthe iqpiddesction o

car bonyl ati on rmqidsiﬁaniisqge&minammgel €3 @4 byvikight, mdrypref&ably[s[]tchCt S
such as-propi on,Co,aGi d . | OXI r [ e
concentration 2%52@%@?&@(: éfﬁ{s%%?nsgquﬁé #@gggﬁlgtrﬁegﬁygﬁgﬂg&%ﬁ%? h_-ﬁgén {so' be
recycled to increaded, tharaso of Fatbonyiation aeaction increasasiapd sheeselestivity to byecovery
stage i ncr qgheSprofhici®suchQS propionic acid and carbon dioxide decreases. However, a5 the

concentration of methyl acetate is increased the amount that has to be recycled to

the carbonylation reactor from the acetic acid recovery stage increases. Also, too
high a methyl acetate concentration may adversely affect phase separation of
aqueous and methyl iodide phases during the acetic acid recovery stage. Also, too
15  high a methyl acetate concentration may adversely affect the carbonylation reaction
rate by reducing the partial pressure of carbon monoxide at a defined total pressure
- in the carbonylation reactor.
In the process of the present invention, the concentration of methyl iodide
' co-catalyst in the liquid reaction composition is preferably in the range 5 to 16 %
20 by weight. As the methyl iodide co-catalyst concentration is increased, the rate of
production of by-products such as propionic acid, carbon dioxide and methane is
reduced. The increase in rate of carbonylation brought about by increasing methyl
iodide concentration is greater at lower water concentrations than at higher water
- concentrations. Also, as the concentration of methyl iodide is increased, phase
25  separation of aqueous.and methyl iodide phases in the acetic acid recovery stage
may be facilitated. However, as the concentration of methyl iodide is increased,
the partial pressure of carbon monoxide may be adversely reduced at a defined
total pressure in the carbonylation reactor. ' :
In the process of the preéent invention, the iridium carbonylation catalyst is
30  preferably present in the liquid reaction composition at a concentration in the range
400 to 5000 ppm measured as iridium, more preferably in the range 500 to 3000
ppm measured as iridium, yet more preferably in the range 700 to 3000 ppm
measured as iridium. In the process of the present invention, the rate of the
carbonylation reac_t'ion increases as the concentration of iridium is increased.
35 The iridium catalyst in the liquid reaction cdmposition may comprise any



hlgh ‘a- met hyl acetate concentration may adversely affect phase separation
of aqueous and net hyl iodi de phases during the acetic acid recovery
stage. Also, too 15 high a nmethyl acetate concentration may adversely
affect the carbonyl ati on reaction rate by reducing the parti al
Ppressure of carbon nonoxide at a defined tgpotal pressure in the
carbonyl ati on reactor. In the process of the present

i nvention, the concentration of nethyl i odide co-catalyst in the

i auid ;
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rate of dihe dmdlumcnatad)fst gy pe adiledits thallignidssagiopsiompositign ifer, the ar bon
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The iridium cat I qul gaction ¢4 y conprise any
SO utxon

15 In the process of the present invention at least one promoter is present in
the reaction composition. Suitable promoters are preferably selected from the -
group consisting of ruthenium, osmium, rhenium,' cadmium, mercury, zinc, gallium,
indium and tungsten, and are more preferably selected from ruthenium and osmium
and most preferably is ruthenium. Preferably, the promoter is present in an

20  effective amount up to the limit of its solubility in the liquid reaction composition
and/or any liquid process streams recycled to the carbonylation reactor from the
acetic acid recovery stage. The promoter is suitably present in the liquid reaction
composition at a molar ratio of promoter : iridium of [0.5 to 15] : 1. Asnoted
above, the beneficial effect of a promoter such as ruthenium has been found to be

'~ 25  greatest at the water concentration which gives the maximum carbonylation rate at
any defined methyl acetate and methyl iodide concentration. A suitable promoter
concentration is 400 to 5000 ppm.

The promoter may comprise any suitable promoter metal-containing
compound which is soluble in the liquid reaction composition. The promoter may

30  beadded to the liquid reaction composition for the carbonylation reaction in any
suitable form which dissolves in the liquid reaction composition or is convertible to
soluble form. Examples of suitable ruthenium-containing compounds which may
be used as sources of promoter include ruthenium (III) chloride, ruthenium (III)
chloride trihydrate, ruthenium (IV) chloride, ruthenium (IIf) bromide, ruthenium

35  metal, ruthenium oxides, ruthenium (ITI) formate, [Ru(CO)3I3]"H™,



5 I ridium containing conmpound which is soluble in the liquid

reacti on conposition. The iridiumcatalyst nmay be added to the Iiquid
reaction conposition for the carbonyl ation reaction in any suitable
formwhich dissolves in the liquid reaction conposition or is

convertible to a soluble form Exanples ofg suitable iridium 5 o
cont ai ni ng conpounds which may be added to the liquid reaction conposition
include IrCl[err], Irl[err], IrBr[err], [Ir(CO)[err]I[err]

ay ; E % % g; H CB:rl] ﬁ (Fd)mﬂ“( ﬁ%@* eyrl?]; %[#F@dr)l‘; {] gt%%aéeet‘o)rcllfoioruﬂlemum(ﬂ III)
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: rBrierr].3H errﬁt]h@uuhﬁie%fa&l&@@llt‘?thhemﬁrfclch% o il and! I(&f fukfidnfiing 1
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I 1Tl umacetate
[Ir g; H q Orb«(:) ?‘éaﬁ)f"é %ﬁ? F‘j‘%)aﬁéifq}‘]of@il&? h?é‘k‘&bﬂpdma%l dic acid 10
[ H[ er r]1r C1§ er dibromotricartolallyutheriirn (IIyldinier, 20 d ©€HEp bAaa6rudieniun Bbrplesesch as

acet at es, oxal g cet oacet a ch are soluble in one or nore
of the car bonylgg(fs"s%sntetrraé%é%g lﬁ@‘ yme"g)?gﬁ%%wg )such as water, al cohol

and/ or car boxy it¢teachloirebis(Penzene)dinatheniump@Bi dichlorb(cyrloocta-1, Sghmebrutlrenﬁhrum
acetate which mpmﬁmfﬁgﬁl@ RE&bhdie) g"fthg'#% Sﬂgueous acetic acid

solution. 1 5 jocess sent_invention at | east
one pronoter is pr egé‘ﬁf“l’ eg of suitableqsmiym-sentpiping compoundsiwhich ay bebsed as

pronoters the powices ett;irvm%eéreﬁdhﬁld ol (III? chlonde hyifr&tdland Qﬂﬁﬂd?éds”@snﬁllﬁrr?dl um
;ﬁghssln;rsnt eﬁsm laége}‘? L{nar 93{2413%%%%1 & ﬂoﬁﬂsgg{)b\‘gﬁjnum and osm um
and nost pref er[@bﬂ(SD)Bﬁz]lzut hHDﬂ(GQ)3IE]‘EIf"epait¢o}dorbhemnbdmhmm am mrxeéent in an
20 - effective o%ﬁ%'fnalH&rﬁ&yis@??ﬁ 5%&:&%{)@1&1 QodRiub] Elg)tdn%e{r% th%cl od to

reaction conpositio process stred
t he carbonyl at OsAnPRsRILBY compieRes-he acetic acid recovery stage. . The

pronoter i®5sui tabl Exampreor suifableltReriifiiebataiBBolipBunds which may be used as
' sources of promoter include Rep(C0O); 0, Re(CO)5Cl, Re(CO)5Br, Re(CO)s],
ReCl3.xH30, [Re(CO)41]2, [Re(CO)4l2]"H* and ReCls.yH,O.

Examples of suitable cadmium-containing compounds which may be used

include Cd(OAc),, Cdl,, CdBr,, CdCly, Cd(OH),, and cadmium acetylacetonate.

20 Examples of suitable mercury-containing compounds which may be used
as sources of promoter include Hg(OAc),, Hgl,, HgBr,, HgCl,, Hg,I,, and
Hg,Cl,.

Examples of suitable zmc-contammg compounds which may be used as
sources of promoter include Zn(OAc)Z, Zn(OH),, Znl,, ZnBr,, ZnCl,, and zinc

25  acetylacetonate.

Examples of su:table gallium-containing compounds which may be used as
sources of promoter include gallium acetylacetonate, galhum acetate, GaCls,
GaBr3, Gal3, GayCly and Ga(OH);3. ‘

- Examples of suitable indium-containing compounds which may be used as

30  sources of promoter include indium acetylacetonate, indium acetate, InCl3, InBr3,
InI3, Inl and In(OH);.

Examples of suitable tungsten-containing compounds which may be used
as sources of promoter include W(CO)g, WCly, WClg, WBrs5, WIp, or  CgHjpp
W(CO)3 and any tungsten chloro-,bromo- or iodo-carbonyl compound. |

- 35 Preferably, the iridium- and promoter-containing compounds are free of



conpgsition at a nmolar ratio of pronoter: iridiumof [0.5 to 15]: 1. As
not ed above, the beneficial effect of a pronpter such as rutheni um
has been found to be 25 greatest at the water concentration which gives
t he maxi num car bonyl ation rate at any defined methyl acetate and
net hyl iodide concentration. A suitable prpnoter : concentration is
400 to 5000 ppm The pronoter may conprise any suitable
pronot er netal - cont ai ni ng conmpound which is soluble.in the liquid
reacti on conposi ti ter
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10  Corrosion metals which have an adverse affect on the reaction rate may be*
minimised by using suitable corrosion resistant materials of construction. Similarly,
contaminants such as alkali metal iodides, for example lithium iodide, should be
kept to a minimum, Corrosion metal and other ionic impurities may be reduced by

the use of a suitable ion exchange resin bed to treat the.reaction composition, or
15  preferably a catalyst recycle stream. Such a process is described in US 4007130.
Preferably, ionic contaminants are kept below a concentration at which they would
* generate 500 ppm I", preferably less than 250 ppm I” in the liquid reaction
composition.

The carbon monoxide reactant may be essentially pure or may contain inert

20 impurities such as carbon dioxide, methane, nitrogen, noble gases, water and Cy to
C4 paraffinic hydrocarbons. The presence of hydrogen in the carbon monoxide
feed and generated in situ by the water gas shift reaction is preferably kept low as
its presence may result in the formation of hydrogenation products. Thus, the
amount of hydrogen in the carbon monoxide reactant is preferably less than 1 mol

25 %, more preferably less than 0.5 mol % and yet more preferably less than 0.3 mol
% and/or the partial pressure of hydrogen in the carbonylation reactor is preferably
less than 1 bar partial pressure, more preferably less than 0.5 bar and yet more
preferably less than 0.3 bar. The partial pressure of carbon monoxide in the
reactor is suitably in the range 1 to 70 bar, preferably 1 to 35 bar, more preferably

30 1to 1S bar.

The total pressure of the carbonylation reaction is suitably in the range 10
to 200 barg, preferably 15 to 100 barg, more preferably 15 to 50 barg.- The
temperature of the carbonylation reaction is suitably in the range 100 to 300 °C,
preferably in the range 150 to 220 °C,

35 ~ The process of the present invention is preferably performed as a



5 dibronot ri car bonyl rut henium (11) dimer, and other organoruthenium

conpl exes such as tetrachl orobi s(4-cynene)dirutheniun(ll),
t et rachl or obi s(benzene) di rut heni un(11), :
di chl oro(cycl ooct a- 1, 5-di ene) r ut heni um (1) polyner and

tris(acetyl acetonate)ruthenium (I11). - Exanpl es of suitable
osm um cont ai ni ng conpounds whi ch nay be &sed as 10 sour ces of ‘pronoter

i nclude osmum (I11) chloride hydrate and anhydrous, osm um nmet al ,
osm umtetraoxide, triosm undodecacarbonyl, [GCs(CO/[err]lferr],
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e err , h: . . o . . o . .
recoyered B9 El}l@lr?erz{r%]h-ﬁy Sftgkﬁ‘?% \ Snfih Sy Withdrawing liquid

[Re(CO[err]l[err]-H+ and_} . ] Exarp|'es of
sui tabl e cadm Fheampasitipndenm the fagbappiatipn rragtop and tesgvering acetiq g6 yde

Cd( tOA?:) [ e{ r], t ﬁdhiztge Withd%litﬁﬁd&eacml olirﬂu][déilion fﬁgfikbf fofd ﬂasmdd/t@adm um
ace acet ona . . e . a .S, Ol Ul e Nnerc - n LNnin
compounds. whi cReRigRabdistilagign stages in \PhCH b8 aeclic aci n Sepatared Erppifig oer "
Hg(OAc)[err], epmpenenis ofithliuid réactivig@ipmosition stgPasiridimmucatalyst, methyl
Hg[err] Cl [W].r] iodide co-catalyst, promiotét k1 Aiktatd! ‘uh%?i:t@d fletfan6P! f’e]‘r'lg@gcetic
conmpounds |cf'| may be ug_edpas sourcés of pronoter include
Zn(QAc) [err], 2zeideplyprtywhich may peracycled-tosthe egctor tomanteip their gangentrations 5

acet yl acet onat ¢n the liquid reaction comp&siG6 I TRSméaihtaflkitdbilty Of Gl iHidium Gatdlyski ni ng
conpounds . whi ¢

acet yl acet onat gurr%%ﬂ\g%ﬁ ch%gf éft"gl,’aéﬁ‘@?’g}rjﬁrtfg%’s wler B grg"é}ﬁg rfglﬁr}ﬁ(‘:sl go@iﬁ"ﬁgé Ir i u "

Ga[err] Cl[er _r'] irdiain GarbOhlIpthor datalyst for recycle to the carhanyhities redctenshoualdibe
i ndi um conf g nhﬁg‘tﬁﬂéﬁ%ﬁ%@ﬁ%@g“ WRY: PS¢ Hwt@%‘ﬁ%&l[ sources of pronoter

i ncl ude indium acet > I'ndl'um acet a WCllerr], InBrferr],
Ini[err], Inl and I Passicularly preferred liquid reaction compegitienscamprisgs sbayk & %

t ungst en- cont abyiweipht WARRFUAHERt M4 B weltht RRthyPREide co-catalyst, about 15 % by
weight methyl! acetate, iridium catalyst at a concentration in the range 400 to 3000
ppm measured as iridium to give a rate of carbonylation reaction in the range of 10
20  to 40 mol/l/hr at a carbonylation reaction temperature of about 189 °C and a
carbonylation reaction pressure of 22 to 30 barg and carbon monoxide partial
pressure of 4 to 12 bar, ruthenium promoter at a concentration in the range 400 to
4000 ppm measured as ruthenium to give a molar ratio of ruthenium : iridium of
approximately 2.5 : 1 and the balance of the reaction composition comprising
25  substantially acetic acid. Higher or lower concentrations of catalyst and/or higher
or lower temperatures and/or highei* or lower partial pressures of carbon monoxide
may be used to obtain higher or lower rates of reaction.
The invention will now be illustrated by way of example only and with
reference to the following examples and drawings in which Figures 1 to 6 represent
30 the effect of water concentration on carbonylation rate in batch autoclave
experiments. Figure 7 shows in schematic form apparatus used to illustrate the
process of the present invention in continuous operation. Figure 8 represents the
effect of water concentration on carbonylation rate in a continuous reactor.

Batch Carbonylation Experiments
35 The following batch experiments were performed to illustrate the present



as solrces of promoter include WCO[err], WCl[err], WCl[err], WBr5,

W(err], or Cerr]H err] WCO) 3 and any tungsten chloro-, brom- or
i odo- car bonyl conpound. 35 Preferably, the iridium and

pronot er - cont ai ni ng conpounds are free of _ _ S _

7 i mpurities which provide or gengrate in situ ionic iodides which
may inhibit the reaction, for exanplFe, alkali or alkaline earth

metal or other metal salts. | oni ¢ contam Inants SUChdaSh for
exanple, (a) corrosion netals, particularly ni cke i ron and chrom um
andrr?b) pé\osph’i“?{%‘gm& %W??%@W%ﬁ‘%ﬁﬂ%@%@%éﬁmcbve with anjagegakofani ch

may quat er ni secdrboryldtabile ﬁdamhﬁ(dmhﬁ Qé&tatb))wﬂxcﬁw&k BbiSuined dAing thélolrse of

d ffect t he reaction
byt O Ganer etk pR T e cathofl Hion CroBAMENS s onrastrainp ehWAEE  an
adver se ef f ect desreaserbas the carbpaylatidngrograssed; tBe narbomylativmi ofimerisyl atetate and
cont am nantss Sblﬁﬁutﬂ pti rP5f Wit B Iﬁ%equwalﬁnm é{lg %ﬁ%lmeom&ﬂ%r{q? und to be

| ess susceptible to_t ener at rosi on ne s whi ch have
an adverse affect oﬁyf“r?é“ paBg the gate of cerbamylation reaction and calewlating thg usi ng

suitable corr Oﬁdrﬁéntfmhi)‘f@ﬁﬂ reB@IoRdoRlpOnéiits &ﬁﬂ@tthéléiﬂeﬁﬂxents'lm h@§sib¥e to
cont ani nant s S(lil(i‘ m | odi de,

| Odl des, exa I't hi
shoul d be 3@}5’3"@8 rgter‘ﬁfﬁ?rﬁ?ﬂ’l‘xlat@&rrfaﬁfépﬁh”%@t qghaem%idl f#nic -
i mpuriti es maycaskonylation pdodeys were to bt bperated coﬂtlrmoaklytf&iﬂbﬁnalﬁ&lr@g?&mﬂe resin

bed to tray Qeadyhhil, 'aqihu?d)@&ﬁintéo%bmﬂon which is the same as the total reaction
composition calculated at any particular point in the batch experiment. In the batch
experiments the term 'reaction composition' refers to.the total composition of the
components in the autoclave in the cold degassed state. In the continuous
expenments below, the liquid reaction composition was analysed. The principal
15  difference between the batch experiments and continuous operation is that in the

batch experiments, no allowance was made in calculating the component
concentrations, for partitioning of the reaction components between the liquid and
gaseous phases. Owing to this partitioning, the concentration of the reaction
components present in the liquid phase in a batch reaction under reaction

20  conditions was similar, but not identical, to the total reaction composition. In
particular, the more volatile components in the reaction composition, such as
methyl jodide and methyl acetate, were slightly less concentrated in the liquid
reaction composition than in the total reaction composition, whereas the water
concentration was comparable between the two. Therefore, the rate calculated in a

25  batch experiment at a certain total reaction composition will be similar to that in a
continuous process operating with a liquid composition which is the same as the
batch total reaction composition. In addition, trends observed in batch experiments

~ by varying the process variables, such as water concentration, were comparable
- with the trends observed in continuous experiments. 'All batch carbonylation

30  experiments were perfonned using a 300 ml zirconium autoclave reactor equipped
with a Dispersimax (Trade Mark) stirrer, liquid catalyst injection facility and
cooling coils. A gas supply to the autoclave was provided from a ballast vessel,
feed gas being provided to maintain the autoclave at a constant pressure. The rate
of gas uptake at a certain point in a reaction run was used to calculate the

35  carbonylation rate, as number of moles of reactant consumed per litre of cold



1 5 'preferably a catalyst recycle stream Such a process is descrlbed in
. US 4007130. Preferably, ionic contam nants are kept bel ow a
.concentration at which they would generate 500 ppm |-, preferably

| ess than 250 ppmI- in the liquid reaction - conposi tion.

The carbon nonoxi de reactant nmay be essenjqally pure or may contain inert
20 inmpurities such as carbon dioxide, nethane, nitrogen, noble gases,
water and CJerr] to C[err] par af fi ni c hydrocarbons. The presence of
hydrogen in th d.in situ by the

car,bon enerat
wat er gas shi f& gaﬁsggtr?agﬁorlcgn}gpggg? B %P“RE‘BPV‘?}Sﬂagg patticular gt o conce may
result in the tanpusitionr(taiil regotoromapaisition bpseddmat cold dégassedtviolume). anount
of hydrogen in the [ %ﬁ‘s 1 nol
25 % nore pref ergg%plgfhgg%%%é gﬁ}y%@?ﬁfoﬁ%;sgﬁlgﬂfaﬁ{ gxpre ereta‘kb}qy | ess
than 0.3 nol reactiomf gndhmtatthns Cp@pesiton, gruIing abﬁmﬂriy yh aggtate
car bonyl atign %@%ﬁﬁm&& fd}re%@rraabbfcarbon mof&fdd thabwhs &ﬂ{sui%ﬂt Nal pressure,

nore preferabl ess ar a et note erably |l ess than
05 bir - The piiarTanee s Bags Brar St cRPaRGEI the Aptoclae ReadsPace) ot or 1 s
suitably in the ranBer tadhtbatch daﬂ:ronyhneﬁ expebimentlthe @atilyst) 3, IrClg) dissohetier abl y
30 1tol1l5 b ” t |on
reaction is sul a%‘?r§/'°’|‘ ﬁf & c?t}f sk f%ﬁt@ ﬁ&m&)é&g@gb& h%f'%e pr e@g&ﬁa tﬂ&

100 barg, nor ehwdzimpnfacﬂsytlfaavomategwameed it was planed én theiautockav

car bonyl at4n Eﬁaﬁidnc(ﬁ‘og)soﬁh% 5&9& Xclﬂ%h @ Tﬁé‘ﬂﬁoélg&é Wes t%@ﬁ’lg{'é%é Urk @sted

preferably in t range err ocess, of the

!
present invent ™ Wt?%?PeYe@FeQb‘f‘S‘/a §E§ ?aéﬂﬂlfﬁﬂ s%?ée‘%r and flushed with ) carbbn monoxide.

several times (3 times at 3-10 barg). The remaining liquid components of the
reaction composition were charged to the autoclave via a liquid addition port. The
autoclave was then pressurised with carbon monoxide (typically 6 barg) and heated

15  with stirring (1500-rpm) to reaction temperature, 190°C. The total pressure was
then raised to approximately 3 barg below the desired operating pressure by
feeding carbon monoxide from the ballast vessel. Once stable at temperature
(about 15 minutes) the catalyst was injected using an over pressure of carbon
monoxide. The iridium coricentrations quoted in these batch experiments were

20 based upon a catalyst inject efficiency of 92%. The reactor pressure was
maintained at a constant value (& 0.5 barg) by feeding gas from the ballast vessel
throughout the experiment. Gas uptake from the ballast vessel was measured
using datalogging facilities throughout the course of the experiment. The reaction
temperature was maintained within  1°C of the desired reaction température by

25 means of a heating mantle connected to a Eurotherm (Trade Mark) control system.
In addition, excess heat of reaction was removed by means of cooling coils. Each
experiment was conducted until the gas uptake had ceased. The ballast vessel was
then isolated and the reactor crash cooled by use of the cooling coils.

HpIrClg (22.2 % w/w Ir aqueous solution) was supplied by Johnson

30 Matthey. The acetic acid was obtained from carbonylation of a mixed

methanol/methyl acetate feedstock and contained very low amounts of propionic
acid and its precursors. Methyl acetate (29, 699-6), water (32, 007-2) and methyl

iodide (I-850-7) were supplied by Aldrich. [Ru(CO)4I3] was synthesised from
Ru3(C0O)j2 (STREM) and iodine (Aldrich, 37,655-8) and was stored under a

35  carbon monoxide atmosphere in a freezer in a Schlenk tube prior to use.



8 conti nuous process. The acetic acid product may be
recovered fromthe liquid reaction conposition by w thdraw ng vapour
and/or liquid fromthe carbonyl ati on reactor and recovering acetic
acid fromthe withdrawn material. Preferably, acetic acidis 5 recovered
fromthe liquid reaction conposition by coptinuously w thdraw ng Iiquid
reaction conposition fromthe carbonyl ation reactor and recovering acetic
acid fromthe withdrawn |iquid reaction conposition by one or nore

flash and/ or ractional .di.stillation st S |n whic he acetic¢ acid
is separated fromtl éafBP"ﬁ%? t14 demew&fg‘ﬁfge%g? teerlcf’ﬁ%‘%"va[it’%‘h(?f‘?rﬁfe&
conposi ti on suahdy weight] omcarbomyilation, reavtibhydte iifing a inattieiemgoomated|isidinm

B T

sol vent whi ch ray-“be recyc _ e Teac on
concent r at i ons barg total presiune Charge eompasiticng arecgivgndniTiablerl. Rate datanttai n

DL % A oS s ity
car bonyl ati on é’é&"ﬁ?sﬁgﬁf’?‘@r “ﬂé siﬁdﬂ@“{ﬁﬁg@%’béﬁlﬁ g?%op%egé%oj('g?hm d be
i\ 5par {rﬂ: Elt :ir lﬂ;d%’:\by weight) @lﬁq‘giv?tt i mable?i. arhel @mgllat.?l Pat®has/zey balculateﬂ tat E o

A 0
oy el ght et oY RS kit sl bR o RPnbRARE ol SRR RRAHGRE UL ° 10 o,
by wei ghpresenttigvention (wates, concérdration oagedajes than 6.5 s bywesight eftatal i n t he
range 400 4@ 3P%@tion compddRiBnTERE ek, séﬁi%ﬁdﬁ%@é@{:&ﬁté&' f¥Sin %ohﬁﬁr%ti@é-'data
car bonyl ati on reacé,lon? the. ran of 1Q 20 o 4Q nmol /1/ {' at a
car bonyl ati on P¥adhicksol linedn thegkablen Jifpm theydata itis expegigd ghat a
carbonyl ati on eetiruo0s c4b&ifdtion pedcesseduld Bdoprated andeiy studé comditions Bith
parti al Qriesi?iugec of 4 t0 .62 ar., rut%ql umé rtorm-t er oa@i a late
concentration FAILHACFARYSOMPGSIHRN the same s tofal tepetion Gompositiop cplgulatedr, ¢ o
gi ve a nol ar r &rithe bétch aytioclaveenperimentis withaf similar rateayfieabonylatien gchizved. 1 and
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25 ‘substantially acetic acid. H gher or |ower concentrations of catalyst

-and/ or hi gher or |lower tenperatures and/or higher or |ower partial
pressures of carbon nonoxi de may be used to obtain higher or |ower
‘rates of reaction. Theﬁinvention w |l now be illustrated by
-way of exanple only and with reéf erence to the foll ow ng exanpl es and

drawings in which Figures 1 to 6 represent 30 the effect of water

- concentration on carbonylation rate in batch autocl ave experiments.
Figure 7 shows in schematic form apparatus used to illustrate the

process of the present invention iXabledti nuous operation. Figure 8
represents the " effect of water concentration on carbonylation rate in

a conti nuous Clgieé e6mpositions foirtithdaiif Qtynetddarea [inFE30SMPS
The foll ow ng batch experi ngpéchiva Katdicanceclape to 1l Tustrate the present

9 I'nvention. ReactTon conponents were charged to an autocl ave with
an anount pof : canonyatapte-reretant—trmetityirac ettt
consumed during t he_ coyr sMethyl | Acetict rMpthtwmr | HoliGdg HatRu(CO)41,
fﬁéb82¥Lé‘a'y?%u"ﬁ%‘ﬁ3L$%*§?te§z& o Cposal {ooa Yo% Tre® deeral® and| s
.consunpti ¢gn of waler bdi ng\&qui hal@ht |t o _&)he car borjyl ati on {of et hanol].
By nonitoffi ng the{rate jof carbomylati dqn reaction and cal culjating the

1 637 60.02 | 4565 | 13.96 | 28.30 0.641 1.465

2 636 | 60.00 53.84 | 1397 | 20.16 0.643 1.473

3 | 652 60.16 58.08 | 1396 | 15.97 0.641 1.460

4 656 60.03 | 60.43 | 13.96 13.51 0.643 1.463

5 633 60.03 62.00 | 1396 | 1195 | 0.640 1.465

6 654 | 60.02° | 62.11 | 13.96 | 11.95 | 0.643 1.460

7 655 60.04 62.16 | 1397 | 1196 | 0.643 1.466

8 | 635 | 6001 |e6204| 1396 | 1174 | 0641 |  1.464

9 650 60.14 64.38 13.97 9.50 0.645 1.466

10 658 60.07 66.01 | 13.95 | 7.96 | . 0.641 1.462

11 651 60.07 67.61 13.94 6.41 0.642 1.460

12 659 60.03 69.16 | 13.96 485 | 0.643 1.459

13 648 60.17 55.51 | 20.50 | 11.91 0.642 1.467

14 660 60.04 43.54 | 13.95 | 2831 0.641 3.650

15 661 60.06 55.75 | 13.96 | 16.03 0.645 3.650

16 632 | 59.98 59.85 | 13.96 11.97 0.639 3.651

(a) Weight expressed as pure HpIrClg.
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35 carbonyl ation rate, as number of noles of reactant consuned per litre
of cold - 10 _
degassed reactor conposition per houry{rmol/l/hr), at a particular reactor
conposition (total reactor conposition based on a cold degassed vol une).
The methyl acetate concentration was cal cul ated during the course of the
reaction fromthe starting conposition, assum ng that one nole of nethyl
acetate 5 was consuned for every nole of carbon nonoxide that was

consuned. No al | onance was nade for organi S conponents in the

aut ocl ave headspace. For each bg chvcar Ronykati on experi nment
the catalyst, Herr]IrCl[lerr], dissolved Qi = a @rtlg)n of the acetic
acid / water liquid autoclave charge, was cha:r geEEto Q he liquid
injection facility. If a pronoter was used, i p% in the autocl ave
with 10 a portion (10g) of the acetic aci d'-char e he gaut ocl ave was then
pressure tested with nitrogen, vented \E_ @:ga r{pl ing system and
flushed with carbon nonoxi de -~ several ti{gresg3 8 neg at 3-10 barg).

The remining |iquid conponents of the g ealti ofR corghosi tion were
charged to the autoclave via a liquid additioh pft. —The§g aut ocl ave

g) and heated 1 5
C. The total
ow t he desired

was then pressurised with carbon nonoxi de (t.{a)l cHlyz®d b
with stirring (1500 rpn) to reaction t enper atgire,g 196§ er
pressure was then rai sed to approxi rratgy S hag b
operating pressure by

h¢Piod
i\fn Ca® c

10.5
11.7
4.3

T B 8 'E
s 5 E
E T 2 %
X S =B e
< <9 B 3
- T -
- ey 131
5 5 =
£ 2 5 3%
€ & 2 2
: [0 ] (7]
g »o© o c =8
o
2 £ §E S %
-~ 8 &8 X g
Gt 8 - v -1
o 2 4 5
- 2 8 § & § s
3 S & N
[T & © o g « N
s B apn S o8 8 .2 @
ol o o [ B~ B~ gl = Gt
B" [ 7] 7] =] = )
X E 8§ 8 &k
= (o) j= =] g g’
| = 5§ £ 8 & &
6 o &g =2 G
= 8
F 32 58 8
- Q
®§°H | O & = 8§ o 8
$e ) Gy Gy 3 )
e “E"aﬁotn_l\m © © . ©6 8 @&, =&
S Pl Ta) [2)) o o < Bqe =
éo\°°°°'-‘-—'°" -~ 8 6 = =S99 B
'Eo"’“ ) = = B 3}3 >
N = & E ¥ Ho €
- Q
¢ & & & 20 8
5 8 8§ - 8%
7] O — ]
L 8 S R =2 o o
. [ © 8 8.2 =3
5 & 4= B8 85 = ®E@& 3
= ol]mvoa] 8 8 8 8 E =
“33 AR [53 = O
-~ e 3 8 put e = 2
3\" by =4 -1 I O <
> = 5 58 g
£ = &5 4 89 0O
Y E E o 32 &
= SRl 8 W v w VY =
g lla v v v w 2 8 g L2g §
: E % O, 0,0, O e 8 ®8 § = 2
g B [mwew<s] 8 835858 £° 8
-2 L
S 8 SASKEB E& E
P = oSESEQ 2§ =
= < <a<f8m E< E
2 .
f



feedi'ng carbon nonoxide fromthe ballast vessel. Once stable at tenperature
{about 15 m nutes) the catal yst was injected using an over pressure of

car bon _ nonoxi de. The iridiumconcentrations quoted in these batch
experinments were 20 based upon a catal yst inject efficiency of 92% The
reactor pressure was mai nt ai ned at g const ant value ([err] 0.5 barg)
by feeding gas fromthe ballast vessel t hroughout the experinent. Gas
upt ake fromthe ballast vessel was neasured usi ng dat al oggi ng

facilities throughout the co e of the, experinment. The reagction

t emperature was nai lgélf‘??e‘da%ui ?hor‘i" f‘?é‘i"-’r?ftﬁf ta fiony al{lﬁ%"ﬂ%’??ﬁg‘ﬂ“?%_ti on

E $ rrpgr a}vg r E) by ilRtEtratleﬂmfﬁecﬂbfﬁaﬂ&ﬁadiﬂlcﬂgra&‘?_ntdn&a&pm ead 1 $%av/mumethyler m
(Trade rKk) ¢ Syste n.agdl ti _E8XCcess ne of ..reaction was
renoved by nea%gett%tg ‘%38§‘r§t"ﬁ§’]’ g"({i‘f‘%‘!‘ gﬁmum ca&q%sfgﬁe?%@ﬂ{]cﬁ%“y{:agﬂﬁua ed
until the gas upt ak&igusel3 showsthe datadidmTable 2 ab wariais metbyl acetate t hen i sol at ed

and the reagto : d~ Ry o/t ing coils.

Herr]lr leéerrfm%gﬁgh@?\%y?\i ?Irg’ g%a@oﬁiﬁs%ﬁ on) was supplied by Johnson 30
Matthey. The aceti c FHEher exRerimentamseapariosned withentheniym Rrometar xed

net hanol / et hy Expeghéite Afte SdfehRaktrad theePREE I Rlerntert@tion xitesse bs %

pr opi oni c acid a i.tS precursors. hyl acet at. 29, ,699-6), water
(32 007-2) anby ety BFforal riadioR chPoTan §6 depa el i PEasbosipta ch-
[ Ru(CO) [ err] | [ esaclioneate Bsing aremidiuea ofily catalyst withdut 3¢tbe)idd pr&mistekpt F0ICI odi ne
(Al drich, , 6 e . | Oe. sphere
(A0 o, B8 0 AR SRC o Sl o B TS, ol

at 30%, 25%, 20% ,15% , 10%, 7.5% and 5% by weight calculated methyl acetate

concentration, (expressed as % by weight of total reaction composition, cold

degassed liquid) are given in Table 4.
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Exanples 1 to 12 denonstrate the effect of water concentration, expressed
i1n % by weight, on carbonylation reaction rate using a rutheni um pronoted

i ridium catal yst (rmolar ratio of ruthenium iridium approximtely 2
:1) at 190[err]C and 28 barg total pressure. Charge conpositions are
-given in Table 1. Rate data, at 5 call®ulated nethyl acetate
concentrations in the total reaction conposition (as expressed above,
col d degassed liquid) of 30% 25% 20%,.15%,10% 7.5% and 5% by :
wei ght, are given in Table 2. The carbonyl ation rate has been cal cul ated at
vari ous nethyl acetate and water concengblesi ons and the data according to
the present invention (water concentratlon no greater than 6.5 % hy

wei ght of tot ath;l o coh tkngut&iavare

separated fro ratl v rne in the
Tabl e. Fron1the data it is expected that a contlnuous carbonylatlon
Process COouUl (e et-trine thmirimrGrinGtrtimmimtrin Q-G Chmlinl e Srasiriief Sedeia UI 0
~reaction confosition the sang as theltotal rpeaction jconpositfion cal qul ated
for the batcH Expesseate Bghefi Msthyd i Awetic sj Methyl rjat Watsr databflg 4t i on
achi eved. 15 - 20 - acetate acid iodide (® ()2
| - ® (2) ®

A 630 | 60.07 4713 | 13.96 28.30 0.639

B 609 59.99 55.32 13.97 20.11 | 0.640

C 641 | 60.01 59.40 13.96 16.06 0.641

D 653 60.02 59.52 13.97 16.00 - 0.643

E 598 | 59.99 63.54 13.97 1194 | 0641

F 615 | 60.02 63.51 13.96 11.96 0.640

G 621 59.99 63.49 13.96 11.96 0.640

H 634 60.05 63.49 13.96 11.98 0.649

1 640 60.03 65.95 13.97 9.51 0.644

J 643 | 60.01 | 66.15 13.96 952 | 0.646

K 642 6002 | 6899 13.96 6.46 0.642

L 604 60.00 . 57.04 20.56 11.96 0.641

(a) Weight expressed as pure HpIrClg.
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Tabl ¢ 1 Charge conpositions for ruthenium pronoted reactions in a 300 m

Zi rconi um bat ch aut ocl ave.. Met hyl Acetic Methyl Water
Herr]lrCl[err] Ru(CO[err]l[err] Example Ref acetate acid iodide
(9) . (g9a- 9) (9) (9) (9) 1
637 60. 02 45. 65 13.96  28.30 0. 641 1. 465 2 636
60. 00 53.84  13.97 20. 16 0. 64318 1.473 3 652 60. 16
58. 08 13. 96 15. 97 0. 641 1. 460 4 656  60.03 60. 43
13. 96 13.51 - 0. 643 1.463 5 633 60. 03 . 62.00 13. 96
11. 95 0. 640 1. 465 6 654 60. 02 62.11 13. 96 11. 95
0. 643 1. 460 Iablg4 cont.555 60. 04 62.16 13.97 11.96  0.643
1. 466 8 635 60. 01 62.04  13.96 11. 74 0.641 1. 464
9 - 650 60. 14 64. 38 13. 97 9.50 0. 645 1. 466
5
: Rate ' Rate
Experiment Water mol/l/hr @ Water mol/Vhr @
(ref) . % wiw 7.5% methyl % wiw 5% methyl

o _ acetate _ acetate

A (630) 10.0 , 6.0 - 93 4.3

B (609) 5.1 : 54 45 3.9

C (641) 2.7 . 6.0 2.1 . 45

D (653) 2.7 6.9 2.0 5.4

o All reactions at 28 barg total pressure and 190°C with a stirrer speed of
1500 rpm.
10 _ _
e At a calculated methyl acetate concentration of 30 % composition
calculated to be about 8.4% Methyl iodide and 1800 ppm Ir.

. At a calculated methyl acetate concentration of 15 % composition
15 calculated to be about 8.0% Methyl iodide and 1700 ppm Ir.

Except experiment L - at a calculated methyl acetate concentration of 15
%, composition calculated to contain 12 % methyl iodide.

20 o The methyl iodide concentration was calculated based upon the
approximation that each mole of iridium can consume a maximum of 4
moles of methyl iodide to give [Ir(CO)214]~.

Iridium concentration based upon a catalysf inject efficiency of 92%.



10
651
60. 03
55.51
13. 95
16. 03
0. 639
13

" 658 60. 07 66.01 . 13.95 7.96 0. 641 1. 462 11

60. 07 67.61 13.94 6.41 0. 642 1. 460 12 659
69.16 13.96 4.85 0. 643 1. 459 13 648 60. 17

20. 50 11.91 0. 642 1. 467 14 660 60. 04 43.54

28. 31 0. 641 3. 650 15 49661 60. 06 55. 75 13. 96
0. 645 3. 650 16 632 59.98 ©* 59.85 13. 96 11. 97
3.651 (a) Weight expressed as pure Herr]lrCl[err].

Comparison of the data for Table 4 for iridium only with that for Table 2
for iridium/ruthenium is shown in graph form in Figures 4 and 5.
_ A comparison of the promotional effect of ruthenium, at 30% w/w methyl
~ acetate, at various water concentrations is given in Table 5 below (Experiments A,
5 B,D, H,J&K are compared with Examples 1, 2, 3, 7, 9 & 11).

TableS
Carbonylation rate
mol/l/hr
Water Ruthenium
concentration | Ir catalyst only | Ir catalyst and rate
% wiw Ru promoter promotion
: %
— —
16.1 7.1 10.3 45% qr

10.9 14.9 222 49%

8.2 18.2 32.4 _18%

5.6 21.1 - 385 83%

.40 22.0 37.6 1%

2.1&2.0 12.1 15.1 25%

10 It can be seen from Tables 2, 4 and 5 and Figures 1 to 5 that as the water

concentration was reduced from greater than 6.5 % by weight, the carbonylation

rate increased, passihg through a maximum, and then declined as very low water

levels were approached, for both the iridium and iridium/ruthenium catalyst

systems. It is also apparent that ruthenium became more effective as a promoter
15  as the water concentration was reduced, ruthenium being most effective in

' promotional terms when maximum rates were also observed which was at a water
concentration no greater than 6.5 % by weight. At lower water levels, at 30%
methyl acetate, the rate declined as did the promotional effect of ruthenium.
_ Figure 5 and Table 6 below (comparison of Experiments A, B,D, & H

20  with Examples 1, 2, 3, & 7) illustrate the same point but at a lower methyl acetate

concentration of 15% by weight. '
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Table 6
Cérbbhylation rate
mol/l/hr
 Water ' ' Ruthenium
concentration | Ir catalyst only | Ir catalyst and rate
% wiw ~ Ru promoter promotion
%
12.0 71 108 40%
7.0& 7.1 11.2 20.3 81% -
4.5 | 11.7 : 25.5 118%
2.0 111 15.3 38% .

Figure 3 illustrates that as the methyl acetate concentration is reduced in
the process of the present invention from 15% through to 5% by weight calculated
methyl acetate concentration in the total reaction composition, the optimum water
concentration, in terms of rate, moves to a lower concentration.

It is also apparent from Tables 2 & 4 that at 5% by weighi calculated
methyl acetate concentration in the total reaction composition, and a relatively low
water concentration of 2% by weight ( see Example 3) a relatively high
carbonylation rate of 11.7 mol/l/hr was observed as compared with the unpromoted
Experiment D, which gave a rate of 5.4 mol/l/hr i.e. ruthenium promotion under
these conditions was large (117% rate promotion) even at 2% by weight water.
Similarly, at 3.2% by weight water and 10% weight methyl acetate a relatively
high rate of 19.2 mol//hr was observed (Example 3).

Further batch experiments 13 to 16 and L were performed. Charge
compositions are shown in Tables 1 and 3. Results for experiment L are shown in
Table 4, for Example 13 in Table 2 and for Examples 14 to 16 in Table 7.
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Figures 1 and 2 show sone of the data from Table 2 in graph form and

illustrate the effect of water

met hyl
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10 and 15 % by wei ght.
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Figure 3 shows the data from Table 2 at various
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Experiment L shows the effect of increasing methyl iodide co-catalyst
concentration for an iridium-only catalysed reaction without promoter. By
comparison with experiment H in Table 4, it can be seen that increasing methyl
iodide has a beneficial effect on rate of reaction, especially at low water

" concentration.

Example 13 (Table 2) shows the effect of increasing methyl iodide co-
catalyst concentration from about 8 % by weight to 12 % by weight for a
ruthenium-promoted, iridium-catalysed process by comparison with Example 7. It

" is also apparent by comparison with Experiment L that, at low water, the

promotional effect of ruthenium was increased when the methyl iodide

‘concentration was raised from 8 % to 12 % (compare experiment H with Example

7), as show in Table 8 below. The effect of increasing methyl iodide concentration
from 8 to 12 % by weight at 15 % methyl acetate is also shown in graph form in
Figure 6. | '

Table 8
Experiment | Methyl iodide Catalyst Reaction rate | Ruthenium
| concentration (mol/Vhr) | promotion
(% by weight) . (%)
8 iridium 11.1
7 8 iidum& | - 153 38
ruthenium
L 12 iridium 14.1 :
13 12 iridium & 241 71
ruthenium K '

Comparison of experiment H with experiment L ( 27 % increase in reaction
rate in going from 8 to 12 % methyl iodide) and of Example 7 with Example 13
(58% increase in reaction rate in going from 8 to 12 % methyl iodide), shows that
under these conditions, the ruthenium promoted iridium catalyst was more Sensitive
towards methyl iodide concentration than the unpromoted catalyst.



16 Table 3 Charge conpositions for

+eactions in a 300 m zirconium batch autocl ave. Experi nent Ref.

Met hyl Acetic  Met hyl \Mat er Herr]lirCl[err]

acetate acid i odi de (9) (g)a (g )

(9) (9) A 630 60. 07 23 47. 13 . 13. 96 28. 30

0. 639 B 609 59. 99 55. 32 13. 97 20. 11 0. 640

C 641 60. 01 59. 40 13. 96 16. 06 0. 641 D 653
60. 02 59. 52 13. 97 16. 00 0. 643

Examples 14 to 16 illustrate the effect of water concentration at various
methyl acetate concentrations using ruthenium : iridium molar ratio of about 5 : 1,
at 8 % methyl iodide. These examples also demonstrate the additional benefit on
~ reaction rate of increasing the ruthenium : iridium molar ratio from about 2 :1
5 (Exampleslto 12)to5:1 o '

Continuous Carbonylation Reactor Examples

Experiments were performed to illustrate the present invention using a
10  carbonylation reactor operating continuously at a steady state liquid reaction
. composition. A schematic diagram of the apparatus is given in Figure 7.

" The apparatus comprised a stirred carbonylation reactor (1), a flash tank (2) and
two distillation columns (3,4) all constructed from zirconium 702. It also had two
packed off-gas scrubbers: an optional acetic acid scrubber (not shown) and a

15  methanol scrubber (5) constructed from stainless steel.

In use, commercial grade methanol, which has been used to scrub the off
gas was carbonylated in the 6 litre reactor (1) in the presence of the iridium
carbonylation catalyst and promoter at a pressure 0f24.0 - 30.0 barg and a
temperature of 181-195°C. The reactor(1) was fitted with a stirrer/propeller (6)

20  and a baffle cage (not shown) to ensure intimate mixing of the liquid and gaseous
reactants. Carbon monoxide was supplied from a commercial plant or from
pressure bottles to the reactor via a sparge (7) fitted beneath the stirrer (6). To
minimise iron ingress into the reactor the carbon monoxide passed through a
carbon filter (not'shown). A jacket (not shown), through which hot oil was

25 circulated, enabled the reaction liquid in the reactor to be maintained at a constant
reaction temperature. The liquid reaction composition was analysed by near infra
red analysis or by gas chromatography. _

. To purge inerts, high pressure off gas was removed from the reactor at a
constant flow rate through line (9). It passed through a condenser (not shown)

30 before the pressure was dropped to 1.48 barg across valve (10) for it to be fed into
the scrubbing system. _ _

Liquid reaction composition was withdrawn from the carbonylation reactor
down a still well (11) and fed into the flash tank (2) under reactor level control. In
the flash tank the liquid reaction composition was flashed down to a pressure of

35  1.48 barg. The resulting mixture of vapour and liquid was separated: the catalyst



E ‘ 598 59. 99 63. 54. 13. 97 11.94 0. 641 F

615 ° 60.02 ° 63.51 -13. 96 11.96 0.640 G 621
59.99 © 63.49 13. 96 11. 96 0.640 H 634 60. 05
63.49 - 13.96 11. 98 0. 649 I 640 60. 03 65. 95
-13. 97 9.51 0. 644 J 643, 60.01 66. 15 13. 96
9.52 0. 646 K 642 60. 02 68. 99 13. 96 6. 46
0.642 L 604 60. 00 57.04 20. 56 11. 96 0. 641

(a) Veight expre ?q%?d returhing fo e cl':rrbcy:/jlln%r(ﬂ)' and pump (13) aid the vapour was

passed through a demister (14) and then directly into the light ends distillation
column (3), as a vapour. The demister consisted of two parts. The first was a
gauze demister section, the second is a packed section. This second section was
5  optionally washed with aqueous material from the head of the light ends column.

An ion exchange corrosion metal removal bed (25) was operated to remove
corrosion metals from a slip stream of the recycled liquid fraction from the flash
tank (catalyst recycle stream) and thereby maintain the concentration of corrosion
metals below 100 ppm in the liquid reaction composition.

10 The acetic acid product recovery section of the apparatus compriséd' a 36-
plate light ends distillation column (3), and a 28-plate drying distillation column
(4). Both were fabricated from zirconium with PTFE sieve trays.

Distillation column (3) was operated at the same pressure as the flashtank |
(about 1.48 barg) with a vapour feed. It had 3 trays below the feed point.

15 Distillation column (4) operated at 1.8 barg head pressure with a liquid feed
at tray 20 counted from the base. The pressure was maintained by using a bleed
(26) of carbon monoxide into the head of the column. To minimise heat losses
from the columns they are lagged, trace heated and lagged. The trace heating was
controlled to a temperature similar to the process temperature at that point within
20 the column.

The overheads from distillation column (3) were passed through a
condenser (15); the low pressure off gas passing along line (16) to the scrubbing
system, and the condensed liquid falling into a decanter (17). This liquid was two-
phase; the heavier organic layer was pumped directly back to the reactor-and the

25  lighter aqueous layer was split, some was returned to the top of the column as
reflux and some optionally used as the wash to the flashtank and thence to the
reactor. The remainder of the aqueous phase was returned to the reactor via. the
catalyst recycle pump (13). The distillation colurnn (3) had an electrically-heated,
thermo-siphon reboiler (not shown), with boil-up controlled on température in the

30 reboiler liquid. Crude acetic acid was is removed from the reboiler along line 18
and flashed into a vaporiser (19).

The vaporiser was constructed from zirconium 702 and operated at
atmospheric pressure with the boil up controlled on the level in the vaporiser. The
majbrity of the material introduced into the vaporiser was removed from the

35  vaporiser overhead as a vapour and was condensed before being pumped by pump
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-Tabl e 4 cont. 5 Rat e

Rat e Experi ment Wat er ~~mol /1 /hr @ Wt er
mol /1 /hr @ . (ref) % W w 7. 5% met hyl % W w
‘5% met hyl : 25 acetate

acetate A (630) 10.0 6.0 9.3

4.8 ' B (609) 5.1 5.4 4.5

2 g (g)) %\géé%. drying colué:n %A). The feed to the drylgg golumn may also be %aé

5.4 vapour. A base bleed from the vaporiser was recycled along line (21) to the

reaction system.
It was also possible to operate the distillation column (3) with a vapour
5 take-off from the base with a kettle bleed in place of the vapouriser.
Drying column (4) was heated and controlled in a similar way to column
(3), but with boil-up controlled by the temperature on tray 8. Its overhead material
was single phase. Some material from the overhead was used as reflux for the
distillation column and the remainder was returned to the reactor. Dry acetic acid
10  product was removed from the base of the column along line (22). "The ‘
concentration of propionic acid in the dry acetic acid product from the base of the
drying column was indicative of the rate of production of propionic acid by-
product. Methanol was fed into the column at tray 6, to react with hydroiodic acid.
The low pressure off gas from columns (3, 4) was first passed through the
15  low pressure off gas fridge condensers (23), condensed liquid being returned to the
decanter (17). The resultant vapour was joined with the pressure-reduced high
pressure off gas before entering the base of the methanol scrubber (5).
The methanol off gas scrubber (5), contained "knitmesh" packing. It used
chilled methanol to remove the methyl iodide from the off gas stream. The
20  methanol scrubbate from the scrubber was combined with fresh methanol to
provide the reactor feed. The scrubbed off gas passed through a control valve (24),
which controlled the pressure in the flashtank, and was analysed before passing via.
a vent to atmosphere. '
The off gas: high pressure, low pressure or combined could be passed
25  through an acetic acid scrubber (not shown), prior to the methanol scrubber. This
scrubber was similar to the methanol scrubber but it contained Hastelloy B2
"knitmesh" packing and used ca. 10% of the acetic acid product to scrub the off
gas. The scrubbate is then returned to the flashtank. If the acetic acid scrubber was
used for the low pressure off gas, the fridge condensers were by-passed.
30 The results for operation with various liquid reaction compositions are
shown in Table 9. '

35
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Corrparlson of the data for Table 4 for
iridiumrutheniumis shown in graph formin Figures 4 and 5.
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systefms. It is also apparent that rutheniumbecane nore effective as a
pronoter 1 5 as the water concentration was reduced, ruthenium being nost
effective in pronotional ternms when maxi numrates were al so observed
whi ch was at a water concentration no greater than 6.5 % by wei ght.

At lower water levels, at 30% met hylagacetate, the rate declined as
did the pronotional effect of ruthenium Figure 5 and Table 6
bel ow (conpari son of Experinents AL B, Db & H20 wth Exanples 1, 2, 3, &

7) illustrate the Sg}ﬂ% rgﬁil@tl%l?yﬁle 9ishéw tRVEifecl & Efborfftioft réaction rate and

concentration of 15
20 by-products of varymg the water concentratiorny figme7.§ % by weight to 2.2 %

VC\Z'[ bonyl ati on rvdight. From the data in Table 9 it can be seen that as the water conceritPdtion/ hr
er

concentration Y# "Eg‘fcﬁf’ﬁé’tm #havg 6-3 ¥ byveighyde saén'guorﬁ?ﬁ e rate of acetic acid %

w w - b production reaction ifgreasahtotacmaximpmdavinitbebatch examples), which
under the particular conditions of Examples 17 to 20, was at about 4to 5 % by
weight. This is shown in graph form in Figure 8.

Examples 21 to 23 were reactions with a liquid reaction composition of
about 18 % by weight methyl acetate, 4 to 10 % by weight methyl iodide co-

10  catalyst and about 3 % by weight water. Examples 24 to 27 were reactions with a
liquid reaction composition of about 15 % by weight methyl acetate and about 5 %
by weight water. These two sets of examples show that as the methyl iodide co-
catalyst concentration in the liquid reaction composition was increased, the
temperature and/or catalyst concentration required to maintain a given reaction

15  rate was reduced, together with a reduction of the by-product formation.

‘Examples 28 and 29 show the effect of varying water and methyl acetate
concentrations at about 7 % by weight methyl iodide co-catalyst concentration in
_ the liquid reaction composition. Thus, as the water concentration was reduced and
the methyl acetate concentration was increased the temperature required to
20  maintain the reaction rate was reduced and the by-product formation was reduced.

Batch experiments using zinc promoter

Batch examples were perf'ormed as for Examples 1 to 12, but using zinc as a
25  promoter in place of ruthenium. The charge compositions are set out in Table 10
and the reaction rate data in Table 11 below.
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12.0 -
7.1
11. 7
11.1
as the met
pr esent

acetate concentration in the total
in terns of
is al so apparent from Tabl es 2 &aBldtat at
acetate concentration in the t ot al

concentr at
It
et hyl
relatively
relatively

conpared Wi th the unpr ormt ed

mol /I /hr i

(117% rate]pronoti
by wei ght er

of 19.2 no

experi ment

shown in T
4, for Exa

7.7 10. 8 40% 7.0 &
11.2 20. 3 81% 4.5
25.5 . 118% 2.0
15.3 38% . 5 Figure 3 illustrates that
hyl acetate concentration 28 reduced in t he process of the

i on,

AL Ee

13 to

tbl es 1

30

31

rate,

i nvention from 15% t hrough to 5% by wei ght cal cul ated
reaction conposition,

noves to a | ower concentration.
5% by wei ght cal cul ated 10

reactl on COI'T'pOSI tion,

zn(coﬁﬁﬁnExanpl e 3) a
f Observed as

and a

nmet hyl
t he opti num wat er

: Fent D, whlch gave a rate of 5.4
mic104 {=85-0- e
bn) eyeMethyl2% Byetie Méthyl/alt Waterl | HoIrClgni | ar 1Zal, at . 2%
hi neth hC.e tearelaati Ly |gh ate
b efa\?g[a e( Exa‘?‘%‘*e 3’?&% ® Yge)Fur her tch
L (@re pefgor redg) Chiar ge conpositions afe
and 3| Results] for experinept L aje shown{in - Thbl e
e—2—amdi—for Eanp: es—4—t oy W
628 60.01 5535 | 13.98 | 20.11 0.643 4,988
663 60.00 5041 | 1397 | 16.13 0.645 4.983
627 60.10 63.49 | 1396 | 11.97 0.641 5.000

32

(a) Weight expressed as pure I-iZIrCIG.
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catal'yst concentration fromabout 8 % by weight to 12 % by weight for a
:rut heni um pronoted, iridiumcatal ysed process by. conparison with Exanple 7.

I t is al so apparent by conparison with Experiment L that, at |ow

wat er, the 10 pronoti onal effect of rutheniumwas increased when the

“met hyl i odide concentration was raiged from8 %to 12 % (conpare
experinment Hwth Exanple - 7), as show in Table 8 bel ow. The effect of
i ncreasi ng nethyl iodide concentration from8 to 12 % by weight at 15
% nmet hyl acetate is ahfo ur

Tabl e & 5 ke H e | LT e e oaer cperrBhEH ba Rl the,,
Rut heni um rate of carbonylatton reactior moreeserdrantlipassed through a maximum at g watet | / hr)
F‘r%;)m)tl on conceptration no greater thgx( &y bWe@éTft}nfqéelrum 111

7 8 iridiumé& - 15.3 38

rut henium g L 12 iridium 14. 1

13 12 iridium& . 241 : 71

rut heni um Conparison of experinment Hw th experinment L (27
% increase in reaction rate in going from8 to 12 % net hyl i odide)
and of Exanple 7 with Exanple 13 20 (58% increasein reaction rate in
going from8 to 12 % net hyl iodide), shows that under these

~conditions, the rutheniumpronoted iridiumcatalyst was nore sensitive
towards nefidyyl iodi de concentration than the unpronoted catalyst:

15
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23 Exarrpi es 14 to 16 illustrate the effect of water

lconcentration at various nmet hyl acetate concentrations using
ruthenium iridiumnolar ratio of about 5: 1, at 8 % net hyl i odide.
These exanpl es al so denonstrate f fit on reaction
-rate of increasing the ruthenium ‘ SBE o fromabout 2 :1 5
(Exanples 1.to 12) to 5: 1 CortERYABER cCar onyl ati on React or

Exanpl es Experinments were perforned to illustrate the
present invention using a 10 carbonyl 82i on reactor operating continuously
at a steady state liquid reaction conposition. A schematic di agram of
the apparatus is given in Figure 7. The apparatus conprised a stirred
carbonyl ation reactor (1), a flash tank (2) and two distillation

colums (3,4) all constructed fromzirconium 702. It also had two

packed of f-gas scrubbers: an optional acetic acid scrubber (not shown) and
a 15 met hanol scrubber (5) constructed from stainl ess $meﬁkafhsBamRelmai
In use, commercial grade methanol, whi ch has been used_to

gas was carbonylated in the 6 I|tre reactor (1) in the pr

I ridium

CLAIMS:
1. A process for the production of acetic acid comprising (1) continuously
feeding methanol and/or a reactive derivative thereof and carbon monoxide to a
carbonylation reactor which contains a liquid reaction composition comprising an
iridium carbonylation catalyst, methyl iodide co-catalyst, a finite concentration of
5  water, acetic acid, methyl acetate and at least one promoter; (2) contacting the
methanol and/or reactive derivative thereof with the carbon monoxide in the liquid
reaction composition to produce acetic acid; and (3) recovering acetic acid from
the liquid reaction composition characterised in that there is continuously
maintained in the liquid reaction composition throughout the course of the reaction
10  (a) water at a concentration of no greater than 6.5 % by weight, (b) methyl acetate
at a concentration in the range 1 to 35 % by weight and (c) methyl iodide at a
concentration in the range 4 to 20 % by weight.
2. A process as claimed in claim 1 in which there is continuously maintained in
the liquid reaction composition throughout the course of the reaction, water at a
15  concentration of no greater than 6 % by weight.
3. A process as claimed in claim 1 or claim 2 in which there is continuously
maintained in the liquid reaction composition throughout the course of the
reaction, water at a concentration of at least 0.1 % by weight.
4. A process as claimed in claim 3 in which there is continuously maintained in
20  the liquid reaction composition throughout the course of the reaction, water at a
concentration of at least 1 % by weight.
5. A process as claimed in any one of the preceding claims in which there is
continuously maintained in the liquid reaction composition throughout the course
of the reaction, methyl acetate at a concentration in the range 1 to 30 % by weight.
25 6. A process as claimed in claim 5 in which there is continuously maintained in

T



.carbonyl ati on catal yst and pronoter

- tenperature of 181-195[err]C. The rgt

“stirrer/propeller (6) 20 and a ba dqwn) to ensure intimte
m xing of the liquid and gaseous ' ar bon nonoxi de was

_supplied froma comercial plant or from pressure bottles to the
reactor via a sparge (7) fitted beneath 5%% stirrer (6). To . mnimse

iron ingress into the reactor the carbon nonoxi de passed through a

carbon filter (nqt shown). A jacket (not shown), thLough i ch t oil was

55 " roul at et lgnB TR bR campASIic WhouEhg G chirsh et fedeaalng

mai Nt ai ned at acetal@at @cdncentration i theahngyd foc2fifdrtytweight. The |iquid reaction

conposition was analyy 8 . anal.vsi.

chr omat ogr aphy - - A/piGCesbds Hailed i biyPone of the profH BT o hedlE |

renoved from t fentinsaeshymaiatained in the liquisreagtiontcompesition thyoughoutithe qourse (9) .

It passed te\r OYpiheFedcBBAl SRR} iddIBE atDNBentAfion _irpﬁé%t%et% 1 %oy Wéightes
~dropped to 1-.4g barg across v ) for,jt to pe fed h
m

al VE,(lO |,nt%m t he

- scrubbi ng syst process as claimeq jig anyonefdhg psc amsiip whighdheat hgr awn
from t he car bolegtaine prometecisQelected from tHewroup cohsibtingvefirithediln, adiuhgd i nto
the flash tank ,2) under. reactor | eve ontrel . | e il t ank
the 11 quid r eattenmt sty Rl er el hdm frd gsin, piefGeb ol 71 g
barg. The resutheigigumeonsisting of ruthepiver andrbmivrgui d was separat ed: .t he
catalyst 40 9 A processas claimed in claim 8 in which the molar ratio of promotef :

iridium is [0.5to 15]: 1. _

10. A process as claimed in claim 1 in which there is continuously maintained in

24.0 - 30.0 barg and a
ed with a

the liquid reaction composition throughout the course of the reaction about 5 % by
weight water, about 7 % by weight methyl iodide, about 15 % methyl acetate,

15  iridium catalyst at a concentration in the range 400 to 3000 ppm and ruthenium
promoter at a concentration in the range 400 to 4000 ppm. |
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richliquid returning to the reactor by l'ine (12) and punp (13) and the

-vapour was passed t hrough a gt n. \ﬁ’ then directly into the
|l ight ends distillation col u E er. The dem ster
consisted of two parts. The first las a EPL CELyauze ldeni ster section, the

-second is a packed section. This second section was' 5 optionally washed

W th aqueous material fromthe head ofy,t he light ends col um. An ion
exchange corrosion netal renoval bed 6%5) was operated to renove

corrosion netals froma slip streamof the recycled liquid fraction from
the flash tank (catalyst recycle strean) and thereby maintain the
concentration of corrosion netal s bel ow 100 ppmin the liquid
reaction conposition. 10 The acetic acid product recovery
section of the apparatus conprised a 36- pl ate |ight ends
distillation colum (3), and a 28-plate drying distillation colum

(4). Both were fabricated from zirconiggy PTFE si eve trays.
Distillation colum (3) was operated” aT_T sane pressure as the flashtank
(about 1.48 barg) with a vapour feed. It had 3 trays bel ow the feed point.

15 Distillation colum (4) operated at 1.8 barg head pressure with
a liquid feed - at tray 20 counted fromthe base. The pressure was

mai nt ai ned by using a bl eed (26) of carbon m)nOX| de into the head of
the colum. To m ni HARGCESSFORCEHE ; hGED BiYey are | agged,
trace heated and | agged. The trac ¢ A¥esbi H‘Pﬁ)N ' controlled to a
tenperature simlar to the proces that point within 20

the col urm. Inaprocess for the pragdugtien ofeasetic aqidhy earbmlqtm of meghgnohand(os) wer e
passed througis feactive denGétW@Qﬁ‘ﬂ%rhqﬁﬂeﬁﬁhasé iﬁQhé Bﬁ@s&fce%ﬁ b RidRinh cAiBSnyRaARAI NY

FaliTng §t o et PeS iodie coratalyst apd bimteraghe bonctical BRGL & tene ‘neavi o1
organi c | ayerpmtﬂusmdﬁnohdrtgmohumhﬁely ridinthinihgrie dod liyuidredctione 25 | i ghter

aqueous | ayer | i f

reflux and sohe Osﬁil%oh't' 1%9{%& ?%ﬁé‘)'\’,}?gwt\? tte{]ﬁésgﬁa}samw%ha%ﬁ%ence to
t he rea%qetﬁtea ‘Pbd‘é!ﬁlgbifm@qhﬁl igdideous phase was returned to the
reactor via the

No figure.

This Sheet Has Been Replaced
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catal yst recycle punp. (13). The dlstlllatlon colum (3) had an

el ectrically-heated, t her no-'si phon reboil er (not shown), with boil-up
controlled on tenperature in the 30 reboiler liquid. Crude acetic acid
was is renoved fromthe reboiler along Iine 18 and flashed into a
vaporiser (19). ' The vaporiser was constructed from zirconi um
702 and operated at at nospheric pressure with the boil up controlled

on the level .in the vaporlser The / j? majority of the materi al
i ntroduced into the vaporiser was renoved fromthe 35 vapori ser overhead
as a vapour and was condensed before being punped by punp -

25 (20). into the drying colum (4). The feed to the drying colunn
may al so be as a vapour. A base bleed fromthe vaporiser was recycl ed
along line (21) to the reacti on system ' It was al so

possi ble to operate the distillation colum (3) with a vapour 5 t ake- of f
fromthe base with a kettle bleed in place of the vapouriser.

Drying colum (eb) was heated and controlled in a simiar way to col um

(3), but with Oy I-up controlled by t he tenperature on tray 8 Its overhead

mat eri al Ws S re—phrase—Sore—reat-ertat—fromthe—overheas T& used
as reflux for t®e :zdIStl||athn col um and the remai nder wgs returned
to the reactor.®Dry ncgki c acid B
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10  product was renoved fromthe base of the colum along line (22). The
toncentration of propionic acid in the dry acetic acid product fromthe .
base of the drying columm was indicative of the rate of production of
propionic acid by- product. Methanol was fed into the colum at tray
6, to react with hydroiodic acid. The | ow pressure off gas
fromcolums (3, 4) was first passed through the 1 5 | ow pressure off gas
fridge condensers (23), condensed |iqw gypbeing returned to the

decanter (17). The resultant vapour oined with the pressure-reduced

hi gh pressure off gas before entering the base of the nethanol
scrubber (5). The net hanol off gas scrubber (5), contained
"kni t mesh"” packing. It used chill ed nethanol to renove the nethyl
iodide fromthe off gas stream The 20 nethanol scrubbate fromthe
scrubber was conbined with fresh nmethanol to provi de the reactor
feed. The scrubbed of f gas passed through a control valve (24), whi ch
controll ed théepressure in the flashtank, and was anal ysed before passing
Vi a. a V@it to atnosphere. The off gas: high pressure,

| ow pressure oﬁ%conbined could be passed 25 through an acetic acid
scrubber (not shown), gior to the nmethanol scrubber. This scrubber
was simlar to3khe npet.BAnol scrubber but it contained Hastell oyl B2
"kni t resh” pacfng 4ndSysed ca. 10% of the acet#c acid product fefScrub the
of f gas.~ihe " écr-abbate is then returned to the flashtank.}] If the
~acetic acid scrubbern used for the | ow pressure off gaks, the
fridge conden§§#9¢@r - passed. 30 The results forf operation
with various luwdfd|re&tion conpositions are shown .in Tpble 9.
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The résults in Table 9 show the effect on carbonyl ation reaction rate and
by-products of varying the water concentration from7.1 % by weight to 2.2

% wei ght .
concentration
1ess,

condi tions of Exanpl

This is shown in graph formin Figure

were reactions with
wei ght net hyl acet at
and about 3 % by wei

about 5 %
t he net hyl
conposition wa& i ncr
concentrationJE%quir

the rate of acetic acid 5
maxi mum (as in the batch exanpl es),

Fromthe data in Table 9 it can be seen that as the water

was reduced from above 6.5 % by weight to 6.5 % or

wh

es 17 to 20, was to 5 % by

gZEbout 4
a liquid reaction conpositioh of
e, 4 to 10 % by wei ght nethyl
ght water.

i odi de co- 10

eased, the t enper at.ure and/ or catal yst
ed to maintain a given reaction 1 5

wei g

ca

together with & redy
Exanpl es 28 an®® 249 o
concentr at i onszatal
concentration E__tg

concentrati on @agor ¢
i ncreased t he Zerfder
reduced and t e ®y- [
using zinc pr&otdEr

to 12, but usi in
conposi tions age™ sSet
Tabl-e 11 bel ow® &

using iridium and iridium/rutheniu

Effect of water concentration on rate

FIG. 4

ctiopg=0f the by-product fornation.
how t=Be effect of varying water and nethyl
out ‘&% by wei ght nethyl iodide co-catalyst
-tk liquid reaction conposition. Thus,. as
duc and the nethyl acetate concentrg
ature-~required to 20 mai ntain the reacti on
r U formati on was reduced. ®» Ratch g
.2 = Batch exanples were performed as for
casg 25 pronoter in place of ruthenium
O eCn Table 10 and the reaction ratg
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production reaction increased to a
under the particular

ht .

Exanmples 21 to 23
about 18 % by

tal yst

i Exanples 24 to 27 were reactions with a

liquid reaction conposition of about 15 % by wei ght net hyl
by wei ght water.

i odj de co-

acetate and
These two sets of exanples show that as
catal yst concentrationin the liquid reaction

rat e waseheduced,
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Tabl e 10 Charge conpositions for zinc pronoted reactions in a 300 mi

zirconi um

Znl[err]

bat ch aut ocl ave.

Herr]lrCl[err]

Wat er

Acetic Methyl

Met hyl
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Exanpl’e Ref acetate acid iodide (g9) (g)[err] (9)

(9) (9) (9) 30 628 60. 01 55 35 13.98 20.11

0. 643 4.988 31 663 13. 97 16. 13 0. 645
4.983 32 627 - 60.10 35'%) ﬂglfl_T 1. 97 0. 641 5. 000
({a) Weight expressed as pure H érrl]lr F 30 [err]

/5

10 12 14

4 8% w/w Methyl acetate
8

o 12% wfw Methyl -acetaie

b

15% w/w methyl acetate using a ruthenium/ iridium catalyst system
Water % w/w

Effect of methyl iodide concentration on rate at low water and

FIG.6
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20
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31 " The data in Table 11 show that as the water concentration

was reduced, the rate of carbonyl ation reaction increased and passed
t hrough a maxi mum at a water concentration no greater than 6.5 % by
wei ght water. S 10 15
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(?E g Lg(C:TENEgg7 SHEET REPLACEME] HEETS Sf
CLAl VE: 1. A process for the product Oa/g?gsc ‘é% é‘gaéigcggrﬁfisl.ng
(1) continuously f eedi ng net hanol and/o ) ve RiEr Ve
thereof and carbon nonoxide to a bony EP@W‘?%%?CTW ! Ec‘ﬁ %ﬁ%amﬁ
a liquid reaction conmposition conpri si ng:él n agh un RAGFH SRV RF86H
catal yst, nethyl iodide co-catalyst, a finitejconcentration of 5 \qut_?r
acetic acid, nethyl acetate and at |east one rfremi'm;o)ﬁ REﬂEiﬁTpﬂ)'rf'bﬂb e

11.

A process as claimed in any one of the preceding claims wherein the partial

pressure of hydrogen in the carbonylation reactor is less than 1 bar, preferably less

than 0.5 bar, more preferably less than 0.3 bar.

12.

A process as claimed in any one of the preceding claims wherein the amount of

hydrogen in the carbon monoxide reactants is less than 1 mol %, preferably less than

0.5 mol %, more preferably less than 0.3 mol %.
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(2) contacting the nethanol and/or f'éa(':':'t';iw\'/é derivative thereof with the

ear bon"nonoxi de in the liquid reaction.conposition to produce acetic
acid; and (3) recovering acetic = acid’ fromthe liquid reaction
. conposition characterised in that there is continuously - mai ntained in
the liquid reaction conposition through the course of the reaction 10
(a) water at a concentration of no greater than 6.5 % by weight, (b) nethyl
acetate at a concentration in the range 1 to 35 % by weight and (c)
met hyl iodide at a concentration in the range 4 to 20 % by wei ght.
2. A process as clained in claim1 in which there is continuously
mai ntai ned in the liquid reactwﬁg sition throughout the course
of the reaction, water at a 1 5 co on of no greater than 6 % by
wei ght . 3. A process as clained in claiml or claim2 in which
there is continuous| mai ntained in the I|oU|d reactlon conposi tion
t hr oughout the cour BBOSESS:EOR THE PRORBUCTION QF ACBIIGACIRBY i r at i on of at
- least 0.1 % by wei ght. 4. ¢ OREASST claimed in claim3 in which
there is continuously maintained i uid reaction conposition
t hr oughout the course of the reaction water at a concentration of at

|l east 1 % process as clainmed in any one of the

pr ecedi ng 311 & Fﬁecqsa fonhe iPr‘Iqﬁ’EP‘én Pg adetic acidchearbonylaiop ofemethanol and/on itshe
liquid reagii-ale AeRARE Wb ﬁ%ﬁl&’ %F%Uib Qﬁregéﬁ‘é%%?an irjdliug Earﬁgérl%th cti on

met hyl acetate at a concentra ange to

~ A process aatabylsgianmethyhiodidei m—é‘atalyst\ahdel'prbinefee, the bemsTicid) wdfect of thai nt al ned
in . . . .
promoter is enhanced by continuously maintaining in the liquid reaction composition,

no greater than 6.5 % by weight water, 1 to 35 % by weight methy! acetate and 4 to
20 % by weight methyl iodide.

No figure.

This is the replacement shest

Date: 1 7 APR 1997



33 the liquid reaction conposition throughout the course of the
+eaction, nethyl acetate at a concentration in the range 5 to 25 % by
MEIght 7. A process as clained in any one of the preceding clains
.|n which there is continuously maintained in the liquid reaction
conposition throughout the course ﬁé'gbf the reaction, nmethyl iodide at a
concentration in the range 5 to 16 % by wei ght. 8. A process as
clainmed in any one of the preceding clains in which the at | east one
pronoter is selected fromthe group consisting of ruthenium osm um
rhenium cadmum nercury, zinc, gallium indiumand tungsten, preferably

from t hggggoup consi sting of rutheniumand osmum 10 9. A
process as cla&masl in claim8 in which the nolar ratio of pronDter
iridiumis [0‘3'56 15]: 1. 10. A process as clained inclaiml in
whi ch there ié;caﬁtlnuously mai nt ai ned in the liquid reaction

conposi tion tfgaughout the course of the reaction about 5 % by wei ght
wat er, about Y%y, ~weight—nethyl | odi-de—about—15-%rethyl —acei-ater 15

|r|d|un1catal%§r;§t a concentration in the range 400 to 3000 ppm and
rut heni um optgy & a concentration in the range 400 to]l 4000 ppm
20 :

d

8 10 12

0 12% wjw Methyl iodi_d
4 8% w/w Methyl iod

)
Water % w/w

Effect of methyl iodide concentration on rate at lo
15% w/w methyl acetate using a ruthenium/ iridium cat

FIG.6

L0
30—

Rate
mol/l/hr
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pressure of hydrogen in the carbonylation reactor is |ess|tihan I trar;
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a promoter selected from ruthenium and osmium. Batch and continuous.
experiments are described therein. In the continuous experiments the water
concentration is as low as 6.8 % by weight. -

There remains a need for an improved iridium-catalysed carbonylation
process. |

Thus, according to the present invention there is provided a process for the

. production of acetic acid comprising (1) continuously feeding methanol and/or a

reactive derivative thereof and carbon monoxide to a cérbonylation reactor which
contains a liquid reaction composition comprising an iridium carbonylation catalyst,

-methyl iodide co-catalyst, a finite concentration of water, acetic acid, methyl

acetate and at least one metal-containing promoter; (2) contacting the methanol and/or

reactive derivative thereof with the carbon monoxide in the liquid reaction composition to
produce acetic acid; and (3) recovering acetic acid from the liquid reaction

composition characterised in that there is continuously maintained in the liquid
reaction composition throughout the course of the reaction (2) water at a
concentration of no greater than 6.5 % by weight, (b) methyl acetate at a
concentration in the range 1 to 35 % by weight and (c) methyl iodide ata
concentration in the range 4 to 20 % by weight. |

* The present invention solves the technical problem defined above by
continuously maintaining a liquid reaction composition having defined water,
methyl iodide and methyl acetate concentrations. This provides séveral technical

-advantages.

Thus in the present invention the rate of the carbonylation reaction
increases as the water congentration in the liquid reaction composition is reduced
from a concentration of greater than 6.5% by weight, passes through a maximum

- at a water concentration of no greater than 6.5 % by weight and then declines as
- very low water concentrations are approached. Therefore, the rate of

carbonylation reaction in the process of the present invention will be generally
greater than that at a water concentration of greater than 6.5 % by weight (all

other parameters being equal, except the variation in the water concentration being
off-set by a variation in the acetic acid Concentration). The water concentration at

‘which the carbonylation rate is a maximum increases as the concentration of methy!

acetate in the liquid reaction composition' is increased. It is believed that the water
concentration at which the carbonylation rate is a maximum decreases as the
concentration of methyl iodide in the liquid reaction composition is increased.



than.0.5 bar, “nore preferably |ess than 0.3 bar. 12, A process as .
chained in any one of the preceding.claims. :wherein the amunt of hydrogen

in-the carbon nonoxide reactants is less than 1 nol % p! REH@@EMENQSSHEE‘P
0.5 ml % nore preferably less than 0.3 mol %
" 08 0CT 1997
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CLAIMS:
1. A process for the production of acetic acid comprising (1) continuously

10

15

20

feeding methanol and/or a reactive derivative thereof and carbon monoxide to a
carbonylation reactor which contains a liquid reaction composition comprising an
iridium carbonylation catalyst, methyl iodide co-catalyst, a finite concentration of

wéter, acetic acid, methyl acetate and at least one metal-containing promoter;

(2) contacting the methanol and/or reactive derivative thereof with the carbon monoxide
in the liquid reaction composition to produce acetic acid; and (3) recovering acetic
acid from the liquid reaction composition characterised in that there is continuously

maintained in the liquid reaction composition throughout the course of the reaction
(2) water at a concentration of no greater than 6.5 % by weight, (b) methyl acetate
at a concentration in the range 1 to 35 % by weight and (c) methyl iodide at a

 concentration in the range 4 to 20 % by weight.
2. A process as claimed in claim 1 in which there is continuously maintained in

the liquid reaction composition throughout the course of the reaction, water at a
concentration of no greater than 6 % by weight.

3. A process as claimed in claim 1 or claim 2 in which there is continuously
maintained in the liquid reaction composition throughout the course of the .
reactlon, water at a concentration of at least 0.1 % by weight.

4, A process as claimed in claim 3 in which there is continuously maintained in
the liquid reaction composition throughout the course of the reaction, water at a
concentration of at least 1 % by weight. "

5. A process as claimed in any one of the precedmg claims in which there is

- continuously maintained in the liquid reaction composition throughout the course |

. of the reaction, methyl acetate af a concentration in the range 1 to 30 % by weight.

25

6. A process as claimed in claim 5 in which there is continuously maintained in

A




