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1.5 4 PROCESS FOR THE CARBONYLATI ON OF ALKYL ALCOHOLS

RTmIP coPY

AND/ OR REACTI VE DERI VATI VES THERECOF The present invention

-relates to a carbonyl ation process and in particular to

a process for

t he.carbonyl ati on-of al kyl al cohols and/or reactive derivatives thereof
In the presence of an iridiumcatalyst. Car bonyl ati on
processes in the presence of iridiumcatalysts are knowmn and 5 are
descri bed, for exanple, in US 3772380, European patent publication nunber
EP 0618184-A, UK patents GB 1276326, GB 1234641 and GB 1234642.

Carbonyl ation in the presence of an iridiumcatalyst and co-pronoter

sel ected from ruthenium and osmiumis dedcribed in European patent

publ i cation nunber EP-0643034-A. 10 It has now been found

that a pronoter selected fromthe group consisting

of cadm um

mercury, zinc, gallium indiumand tungsten has a beneficial effect on
the rate of carbonylatioen of an al kyl alcohol and/or a reactive derivative

t hereof in t he presence of an iridiumcatalyst.

Thus,

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

PROCESS FOR THE CARBONYLATION OF ALKYL ALCOHOLS

AND/OR REACTIVE DERIVATIVES THEREOF

The present invention relates to a carbonylation process and in particular to

a process for the carbonylation of alkyl alcohols and/or reactive derivatives thereof

in the presence of an iridium catalyst.

Carbonylation processes in the presence of iridium catalysts are known and
5  are described, for example, in US 3772380, European patent publication number
EP 0618184-A, UK patents GB 1276326, GB 1234641 and GB 1234642.
Carbonylation in the presence of an iridium catalyst and co-promoter
selected from ruthenium and osmium is described in European patent publication

number EP-0643034-A.

10 ' It has now been found that a promoter selected from the group consisting

of cadmium, mercury, zinc, gallium, indium and tungsten has a beneficial effect on

the rate of carbonylation of an alkyl alcohol and/or a reactive derivative thereof in

the presence of an iridium catalyst.

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

15 production of a carboxylic acid by carbonylation of an alkyl alcohol and/or a

reactive derivative thereof which process comprises contacting in a carbonylation

reactor said alcohol and/or a reactive derivative thereof with carbon monoxide in a

liquid reaction composition comprising: (a) an iridium catalyst, (b) an alky! halide,

(c) at least a finite concentration of water, and (d) a promoter selected from the

20 group consisting of cadmium, mercury, zinc, gallium, indium and tungsten.

Also according to the present invention there is provided a catalyst system

for the carbonylation of an alkyl alcohol and/or a reactive derivative thereof which

catalyst system comprises (a) an iridium catalyst, (b) an alkyl halide and (c) a
promoter selected from the group consisting of cadmium, mercury, zinc, gallium,

25  indium and tungsten.



15 peructlon of a carboxylic acid by carbonylation of an al kyl al cohol

and/ or a reactive derivative thereof which process conprises
.contacting in a carbonyl ation reactor said al cohol and/or a reactive
derivative thereof with carbon nonoxide in a liquid reaction

conposition conprising: (a) an iridiumcatalyst, (b) an al kyl halide,

(c) at least a finite concentration of water;, and (d) a pronoter selected

fromthe 20 group consisting of cadm um nercury, zinc, gall i um i ndium

and tungst-en. Al so tgordl n to the gres |on t ere |s
f
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of an al cohol havi I's . a
carboxylic acid pRdusgohthe catbopdption ofiraethansl and/enp 'é%’t"@?l"%¥he§9<’(féﬁr4§§§!§/ﬁ“rlé
~acid 10  havi ngaﬁdﬂ,rg@f Reeddtens and t he al cohol havi ng n carbon atons.

"Thus the product t he cgar n Iat| d/or a deriyvative
thereof is acetic aci (§u1table reagﬂm&r Prﬁ‘(*ﬁ lat9 ﬁ& inclide the correspgnfling, ¢

reactive deri vat ialkgbespér dfike albéhyl and ﬁmhofrespmﬂmgeaﬂ)bwlwci&mdﬂm diglkyl

a1 et er 25t iheRd S VRky1 Al iR ABBARA oRRIE Sikltfe AT 0duCt

‘derivatives of methanol include methyl acetate, dimethyl ether and methyl iodide. -
A mixture of alky! alcohol and reactive derivatives thereof may be used as reactants
in the process of the present invention. Preferably, methanol and/or methyl acetate
are used as reactants. At least some of the alkyl alcohol and/or reactive derivative

20  thereof will be converted to, and hence present as, alkyl esters in the liquid reaction
composition by reaction with carboxylic acid product or solvent. The

. concentration in the liquid reaction composition, of alkyl ester is suitably in the
range 1 to 70% by weight, preferably 2 to 50% by weight and yet more preferably
3 to 35% by weight.

‘25 Water may be formed in situ in the liquid reaction composition, for
example, by the esterification reaction between alkyl alcohol reactant and |
carboxylic acid product. 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 components of reaction

30 composition withdrawn from the reactor and may be recycled in controlled
amounts to maintain the required concentration of water in the liquid reaction
composition. Suitably, the concentration of water in the lquId reaction
composition is in the range 1 to 15% by weight, preferably 1 to 10% by weight,
more preferably no greater than 6.5% by weight.

35 The iridium component of the catalyst in the liquid reaction composition



15 . ét hers and al kyl halides, preferably iodides or bromdes. Suitable

reactive derivatives of nethanol include nethyl acetate, dinethyl
‘et her .and net hyl i odi de. A m xture of al kyl alcohol and reactive
derivatives thereof may be used as reactants in the process of the
present invention. Preferably, nethanol and/¢r nethyl acetate are
used as reactants. At |east sonme of the alkyl alcohol and/or reactive
derivative 20 thereof will be converted to, and hence present as, alkyl

esters in the |iqui Lan: . If 1 ' 144 D boxylic
aci d product or %\%&ﬁ&ﬁ%’h@}ndmrﬂ %’@%@%@?Q\ﬁ%@?ﬁﬁ%ﬂ%ﬁ”ﬁ‘é c?i on
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reacti on conposi pHish dipssfves in the LGyl eaction spmpqEen PEICPRYERHbIBHP # Solbe o
bet ween Sl kygs al ¢ornn| Exanpitaof suitalsle iridium-o@ﬁtahﬁnglédncpm'ﬁdwhfchwthe addédto may
be introduced to r tion.reacto t t it b or _
separately from 6‘5‘%@‘5‘2Be%g@%%ﬁ?"&?%f“wa"‘ﬁeqﬁ%’ F&??‘?’gnﬁrr(d&hh@brrposi tion.

ep _ g
Wt er may ]lge seplrC @) Gl HirtEOlpBriz HrtCR)yzl B, H{EO)pBrp] 307, [ICMnIa] Hion
w t hdrawn fromt iqum}y : \ t iadiBnt s
to maintain the E&%ﬁ@é@%& ent’r ét(??afﬁfq l3@\/\/5’? gltzUlj rlllcﬁt}ﬂgiﬁﬁd S'%écpg%tl I on
conposi tion. Sui Melylr20aclrOanktasas)ieOln, IKnrcamds, didivm acetate, i qui d reacti on
conposi tion 1@ i IﬂIr§O€OA@)’&HIz®)§]QOA5]’,/Oah& h¥eicBlBfoirifit atig TRBINCIH], prefekabiy,by
wei ght, m)rﬁ] ﬁ?eferab@% no .e?.t er tHan 6. %b¥ V\%I %14]%%5 .
The iridiumconp Q e-gxfeetcﬂ kéf%&{fg TUHSUCH @S prhtiFH © %’3 P a ‘?ﬁ?’(’)tgfetgi on
3 - may comyhi¢hsare aolyblerin dineior morg afithé caybanylasionreaation chmpenentd suoh es i n
the liquid | | $.0 QR € pabed di . f: Lo
catal yst may be g&cﬁ%gh? g‘%‘%g%%&%bﬂh&?g @: rpggg:‘%?dgﬁ]pg%gn}gogﬁ% %ér?ll "f-'glpﬁlt he
carbonyl ati on re&egtrigWhieh eay be useddip|ea aeesicracid or aquegsaeetin acidraletion. n t he
liquid reacti9n conmpOPréfeBly)the ifidfabid4edlyst RbfochRatforSifl lthdliduid reaction

composition is in the range 100 to 6000 ppm by weight of iridium.

The cadmium, mercury, zinc, gallium, indium or tungsten promoter may
comprise any cadmium, mercury, zinc, gallium, indium or tungsten containing
compound which is soluble in the liquid reaction composition. The promoter may

20  be added to the liquid reaction composition for the carbonylation reaction in any
suitable form which dissolves in the liquid reaction composition or is convertible to
a soluble form.
~ Examples of suitable cadmium-containing compounds which may be used
include Cd(OAc),, CdI,, CdBr,, CdCl,, Cd(OH),, and cadmium acetylacetonate.
25 Examples of suitable mercury-containing compounds which may be used
include Hg(OAc),, Hgl,, HgBr,, HgCl,, Hg,I,, and Hg,Cl,.

Examples of suitable zinc-containing compounds which may be used
include Zn(OAc),, Zn(OH),, Znl,, ZnBr,, ZnCl,, and zinc acetylacetonate.

Examples of suitable gallium-containing compounds which may be used

30  include gallium acetylacetonate, gallium acetate, GaClz, GaBr3, Gal3, GapCly and
Ga(OH)3. '

Examples of suitable indium-containing compounds which may be used

include indium acetylacetonate, indium acetate, InCl3, InBr3, Inl3, Inl and
. In(OH);.

35 Examples of suitable tungsten-containing compounds which may be used



5 form Exanples of suitable .iridi t

added t-0 the liquid react:oln l:g?pgglnt ?BEI chfﬁggorpgi[\grﬂrfh Irr??l[g(rar]
lrBrferr], [Ir(COJferr]l][err], o [Ir(COJerr]Cl][err], ’
[Ir(CO)[err]Br][err], [Ir(COferr]l[err]]-H+ [Ir(CO[err]Br[err]]-H+
[Ir(CO[err]l[err]]-H+, [Ir(CHerr])lferr](CO[err]]-H+, 1
Ir[err](CO[err], IrcJerr].3Herr]O IrBr[err].3Herr]O Ir[err](COJ[err]
”I(gizg(r:n)[err'] rrﬂ:aldl uImr[err]C][err] Irqerr] Ir(acac) (COferr], ’
hexachl or i ri di éncé&qeawf %f’ﬁiltj‘g’él \f%@% rW](é"ﬁsfcﬁgryl[deg erne{(jamOI
| S\EWDLGXGS of i ricHiopn, Bttﬁifo—aﬁ'laimbabwlcmmmtdes and acet oacet at es

; ich are soluble in ne ﬂgﬁﬁgﬁfﬁ’f%h & 8&,5.bmﬁlﬁgh@@sﬁggﬁwbmmmmgents

such as wat er,
is green iridiur.1 to20)acprefarabinild. ko h@)yl bngIEé@gglpﬁeHW%&%!%“ﬁ!fj'ﬁyaé% r Ef erred
aqueous acetisc acid sply {)J ﬁﬂ]r g%?romoter selectdddfom € group &ﬁlsistmgloﬂmthﬂmml,ySt

concentration in the T1g tion onposi t
to 6000 ppm by vesmiwm agd rh wmmwalsobe“seda“% I Iogaﬁﬁdrtn& n"‘lei‘r?’cury 2|1(r)18

?rglr LLlrJ;n 'Zpglzumg&a}{rlh%ﬁ?r%ﬁ%bﬁﬂﬁuﬂimﬁ@uanh is soluloie irpthie iquidireactiotini um

is soluble in tr@mnoaﬁlf’a &gﬁc‘,’?' #Egﬁg%ﬁﬁ?{@gyﬁéhﬁﬁeﬁgg%eh&m& 20 ‘ Wm N
added to t he | i ogonshositieatforthe carbpoyationoeadtion in ARy witabls rf?%t“’lhgﬁ dissafves ‘Bn in
any Yot 204 56 0l TeabbR oMb IR0V 6 convehblé towbshuleati.on composi ti on

or is conve |b|

sui t abl e cadm um contEX%ﬁlmgF efcmiehle Ay Wrﬁﬁowl%%&“ds Wk n%ilb%f sed
Cd(OAc) [err], déf c@dﬁbh@tér]mclmmmu]n (Iyi¢idblide mth¢mumd11&)adﬂ¢r¢dﬂ

e oo ) e, AT e
Exgg% Iere;] Of HgCI [ﬁiﬂlidmurﬁ'lg{udes ]rdld_hemunh (B o rrivte iRl HY u(c0)212]n, |
incl ude Zn ( @{’q(ﬁoﬁif‘ﬂg C% :{iﬂ}%ﬁi&g&@tﬁ&ﬁoﬂyﬁhﬁ&l hﬁtﬁéhlum (Im
acetyl acet onat e acetate ruthenium ( ﬂ;{f@t}bgﬁ €} ﬁ%rrh][ ai ﬁlnggz' ne
g greTPg ;J gds Gg/ré 3 [cgr ?pﬁ( @nl%%eniumdddd@cmbhylm ateddrutheaiombaiesarbpnlylsi um
Ga(OH)[err]. = su chas 1ch orot @tﬂgku aﬂ e]é,(alllgll@%&ngl%%nglmthenlum (§19)
conpou gdsI \r/]\/ré i cgr rﬂiﬁiérbﬁ\dttﬁﬁd' organoruthemicinicdmplexes sueh as tatiachlorabistdt e i ndi um
Exanpl es of it 8%1‘%9&5‘5?}1 (Clgh{e[tﬁfzﬁllarobisgi :fr)\i&{%)dxmthemuﬁﬂ(ﬁg)%g uggd
d1ch|oro(cycloocta—l 5- dlene)ruthemum 1) polymer and
tns(acetylacetonate)ruthemum .
Examples of suitable osmium containing compounds which may be used as
optional co-promoter include osmium (IIY) chloride hydrate and anhydrous,
25  osmium metal, osmium tetraoxide, triosmiumdodecacarbonyl, [Os(CO)412],
[0s(CO)313]7, [0s(CO)313] -Ht, pentachloro-y-nitrododiosmium and mixed
osmium halocarbonyls such as tricarbonyldichloroosmium (II) dimer and other -

organoosmium complexes.
Examples of suitable rhenium-containing compounds whlch may be used as

30 optional co-promoter include Re(CO)10, Re(CO)5Cl, Re(CO)sBr, Re(CO)sl,
ReCl3.xH20, [Re(CO)4lla, [Re(CO)4I5]H and ReCl5.yH20.
The molar ratio of each optional co-promoter : iridium catalyst is suitably in
the range (0.1 to 20):1, preferably (0.5 to 10):1.
Preferably, the iridium, promoter and optional co-promoter containing
35  compounds are free of impurities which provide or generate in situ ionic iodides



4' " . include WCO[err], Wel[err], WCl[err], WBr[err], W/[err]

iC[err]H[err] WCO [err] and any tungsten chl oro-, brono- or

i odo- car bonyl conpound. The nolar ratio of each pronoter:
iridiumcatalyst is suitably in the range (0.1 to 20):1, preferably
(0.5 to 10):1. More than one pronoter nmay bes used. 5 An opti onal
co-pronoter selected fromthe group consisting of ruthenium osm um

and rhenium nmay al so be used and nay conprise any ruthenium osmum
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Cuthenium (111) FeEctaR 80%?%3%38[%?%6]“71?3%1 i1 403 pffect on thé HadfN
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rut henium (I111) proprona rut
pent acar bony! , tmquhdn@tm havrolrsn feundde |Iesamscnpticéﬂtqthmemrmm9ﬂocar bonyl s

such as di Ch'l@r Ol00rfoRIoAMMBLALS WHithHaVEahi h&\)ers‘i' #1RES on the reactlon Tate may be
di bronotri car bonyll{ug{iqegnl um

r., an or ganor, ut
conpl exes such a$® oy |"6W§t§}13§§bAe CWSIOWﬁétﬁB‘) ‘H?‘Fﬂ{l ﬁ?‘{[%{f}l?'i}on "§ ilarly,
t et rachl or obi s( beﬁﬁtem&)adtsrsubﬁl as1alkial etal iodides, foriéxabiphy lithiupciodide] should be

Girny. oo TR g gl "EorBin metal aséﬁ#hf?ﬁn%i'% HRRLORG, BLILGENET
may be used as the use@(ﬁtausumle m@pclmgc egsin lmlltgd@ab@wmnpn compositien, iode
hydrate and aghy Féféi"ﬁbly% tal)%? err Sf&m &fﬂésﬁﬂlﬁ&)ﬂ oval prf)cess is

tri osm undodecacar bon (CO.Jer err
[o's(coﬁerr]l]er% edwéﬁ%é@ﬂ? lqu%méﬁr@g%ﬂtmém ﬁ%lszw

osm um hal ocar boggh@ntbitidh &swhith fhay lwvmd anei‘zdt@sm;s;fm Ty ptdférhblyiless thab0ot her
or ganoosm um co es of suitable

r heni um cont ai ni Sméle%%rlfﬂg'd\ﬁﬁ?cgﬁnr?ﬂ?pﬁﬂp%éed as 30 optional co-pronoter
i ncl ude Re[ err] (CO) [ elSujtablRelkgldlides havk alkiRbhGig}ipecarid3ponding 0GhE alky] inpiety
20  of'the alkyl alcohol reactant and are preferably Cy to C1g, more preferably C1 to
'Cg and yet more preferably Cq to C4 alkyl halides. Preferably the alkyl halide is an
iodide or bromide, more preferably an iodide. A preferred alkyl halide is methyl
iodide. Preferably, the concentration of alkyl halide in the liquid reaction
composition is in the range 1 to 20%, preferably 2 to 16% by weight.
25 The carbon monoxide reactant may be essentially pure or may contain inert
impurities such as carbon dioxide, methane, nitrogen, noble gases, water and Cj to

C4 paraffinic hydrocarbons. The presence of hydrogen in the carbon monoxide

and generated in situ by the water gas shift reaction is preferably kept low, for

example, less than 1 bar partial pressure, as its presence may result in the formation
30  of hydrogenation products. The partial pressure of carbon monoxide in the

reaction is suitably in the range 1 to 70 bar, preferably 1.to 35 bar, more preferably

1'to 15 bar. _

. The total pressure of the carbonylation reaction is suitably in the range 10

to 200 barg, preferably 10 to 100 barg, more preferably 15 to 50 barg. The

35 temperature of the carbonylation reaction is suitably in the range 100 to 300 °C,



Re‘(;l,‘[é'r'r_-].xH[err]O, [Re(CO[err]l][err], [Re(CO[err]l[err]]-H+ and

ReCl[err].yHerr] QO The nol ar ratio of each opti onal
co-pronmoter: iridiumcatalyst is suitably in the range (0.1 to 20):1,
preferably (O 5 to 10):1. Preferably, the iridium pronoter

and optional co-pronoter containing 35 cogpounds are free of inpurities
whi ch provide or generate in situ ionic iodides

5 whi ch may inhibit the reaction, for exanple, alkali or alkaline
earth netal or other . net al I o | oni ¢ cont anm nants
such as, for eanBﬁﬁ?”¥va88?E%§P§3°?@?é?s, particularly ni ckel, iron
and chromum and (b) Eabopyliocasid and/eri asteo theneaf amaydienisedjasosgiventfier the  or

l'i gands whi ch may.guaf ernise in situ; should be kept to a minimumin the
liquid reaction_conposition as these will have an adverse effect on
the reaction by The processi of ghe present iyentiqngmaybe a%?rﬁsgpf Ron
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have an adver se shttecby withtirasvingliqiid ceactiont eomgositioa and separating the saiokglicusi ng

sui tabl e corrosi i Si- ' 0 ' L. P
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i mpurities npy bRidiffl es8N st ¥admium, meRAn} ShcOfalfuns Uhdiahl ¢t thilisteprbmbeee, resin

bed to treat the reaction corrgosik%f@)n, or 15 refera léaczti cat g;laﬁst

recycl e stream RHQPaLCQ-promLpr, AlkyLhalide, va&’ld“B‘F@F@E’é’ reactants whigh maybge

in US 4007130. Preejeleditd) the réaetirco aaairtainitidndoncenteatioapin the liquid acaction
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250 _ ppm | - o] I'ont conposi t1 on. “Suitable
al kyl hal i des haremaxed us a vapastrifesm thereasterondi ng to the al kyl noiety 20  of

the al kyl al gphol reaghdpvemitsh Willsholf 5 MluARI 65 WhY bf HAnpleorily by feférénce
preferably C[errl

0 t&mce) following examples.
Cadmium, mercury and zinc promoters .
A 150 cm3 Hastelloy B2 (Trade Mark) autoclave equipped with a
. Magnedrive (Trade Mark) stirrer, liquid injection facility and cooling coils was

20  used for a series of batch carbonylation experiments. 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
experiment was used to calculate the carbonylation rate, as number of moles of
reactant consumed per litre of cold degassed reactor composition per hour

25  (mol/l/hr), at a particular reactor composition (reactor composition based on a cold
degassed volume). '

The methyl acetate concentration was calculated during the course of the
‘reaction from the starting composition, assuming that one mole of methyl acetate is
consumed for every mole of carbon monoxide that is consumed. No allowance

30 was made for organic components in the autoclave headspace. The data are
reported at calculated methyl acetate concentrations of 26%, 15% and 6% which
correspond to typical standing concentrations in the liquid reaction composition in
a continuous process. For 15% calculated methyl acetate concentration in such a -
continuous process the concentration of other components of such a liquid reaction

35  composition are: methyl iodide about 5 to 8%, typically about 5 to 6%, water



3 _anc'i'yet nore preferably Cferr] to (Jerr] alkyl halides. Preferably the

al kyl halide is an | odi de or brom de, nore preferably an iodide. A
preferred al kyl halide is nethyl i odi de. Preferably, the
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‘in the range 1 to 20% preferably 2 to 16% #y weight. 25 The carbon
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6 prefer o

Car boxylic acid }gergl{ btr)yg%%%rét H Epeahfjg %&Q {oe{felx@etéauérg o\fel?lo g:?detr ﬁ

reacti on. bara pressurg,af ¢ar @gn@fl & h rgnid and.gonsisteatrate,af %9%@000

performed asoa bphf)RvaRlenployed. Oiﬁatsﬂaﬂl%@vﬁenﬁfeﬁ&lﬁ‘é%e ilfu%ﬁ% iidium oftalgst
conti nuous proc aci d/ or. qst er thereof

r box
product nay be rsé’il’ﬁ\?@d” 38 igyfictes into B autqcéaggt § ‘@W‘l%? \og eVims|
reacti on conposipressorisedcto22argtvithgatboe momokide féd from the ballastl wesget. ofhes t

and/ or ester thep g%ugvm%leeal%d?w \S?J %UQEJ&P&R?{ rgimtfafngﬁ b} ?#Wmmgs | * Iﬁ%ﬁﬁr'gu ch as

stages fromthe 0 reac

10 iridi um cat ds¢asTab %ahmthﬁﬁrbnemmpyldefqdrfcomgmbaillashvemb partitlungst en

pronoter, - 15 pressure of carbon monoxide was not measured but was believed to be less than 15
bar. The reaction temperature was maintained within + 1 °C of the desired
reaction temperature (190 °C),

Gas uptake from the ballast vessel was measured throughout the course of
the experiment and used to calculate carbonylation rate. After uptake of carbon
20  monoxide from the ballast vessel has ceased the autoclave was isolated from the
gas supply and was cooled to room temperature by means of the cooling coils.
The autoclave was vented and samples of the liquid reaction composition and gases
in the headspace of the autoclave were analysed by gas chromatography. The
major product in each batch c_arbonjlation experiment according to the present
25  invention was acetic acid. By-product yields é_re collated in Table 2.
Examples 1-10 and Experiments A-I '

The results given in Table 2 show that cadmium does not act as a
carbonylation catalyst under the reaction conditions (Experiment D). The results in
Table 2 also show that cadmium promotes iridium catalysed methanol

30 carbonylation (compare Examples 1-3 with Experiments A-D). The results in
~ Table 2 show that the carbonylation rate increases as the cadmium concentration
increases. The results in Table 2 show that mercury and zinc are also promoters
for iridium catalysed carbonylation of methanol (Examples 4-7), but are not as
effective as cadmium. '
35 The results in Table 2 also show that cadmium and zinc promote an



'oﬁtloﬁéb co-pronoter, alkyl halide, water and unconsuned reactants which

may be . recycled to the reactor to nmaintain their concentrations in
the liquid reaction conposition. The carboxylic acid product and/or

- ester thereof may al so be removed as a vapour fromthe reactor. 15

The invention will now be illustrated by way of exanple only by reference

'to the foll ow ng exanpl es. Cadm um nercury and zinc pronoters

A 150 cnB Hastelloy B2 (Trade Nhrk) aut ocl ave equi pped with a

e e o6 T 20e s rithelilcartondRlith hERETRACT Expblimedok S GEO WA

supply to the autoEkmmﬂesS 9 andv#®). pr ovi ded from a bal | ast vessel feed gas .
bei ng provided to mai nt §dlefifknce of prec?d?ﬁaﬁ&ﬁ@)é?o@éen&d‘iﬂﬁ%&nﬂ?fe ﬁ?&&%ﬁklg&h The
rate of gas uptake_ at a certaln poin experlnen was use

cal cul ate the car bijcatasithat cadmiim, smerennigad zige arpolbleyf react ant
consuned per. I§tre of cold degassed reactor conposition per hour 25
(nmol/1/hr), at a particular reactor conposition (reactor conposition based
on a cold degassed vol une). The nethyl acetate
concentration was cal cul ated during the course of the reaction from
the starting conposition, assum ng that -one nole of nethyl acetate is
consuned for every nole of carbon nonoxide that is consunmed. No al | owance

.30 was nmade for organic conponents in the autoclave headspace. The data

are repogped at cal cul ated nethyl acetate concentrations of 26% 15%

~and 6% whi ch correspond to typical standing concentrations in the

liquid reaction conposition in a continuous process. For 15% -

. calculated nethyl acetate concentration in such a conti nuous process

- the concentration of other conponents of such a liquid reaction 35

conposition are: nethyl iodide about 5 to 8% typically about 5 to 6%
wat er : : ' 7
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“about 6.to 8% and acetic acid bal ance.
.carbonyl ati on experi nent the autoclave was charged wth

For

each batch

cadm um

nercury or zinc pronoter, optional co-pronmpier and the |iquid
conponent s: of the I|qU| d reactlon corrp05|t|on excluding part of the water
charge 5 (6.5 g) | AU R I I sSSPl Ve[ (SEe| Tabl e .
1). Thy Lﬁ&&%ﬂl&&lm H & M:Rnlgroi@_n #td d&#e
wi th carbon m ISP | S SY | Sb g @%‘E@@as o2 (¥
approxi mately 25 bafg kﬁﬁihrn _ hs—bf—el-ect¥ical
heating coils, to a|® ggqu.gqiwp,r]h &lol|eo|an PAralpregspre of
carbon nonoxide. A & Nt I %gﬁﬁ PRI GIRIBYS( 1080 1R 1PM was
enpl oyed. Once st abl|& peratyre it he aquepus irifdjumcatal yp
sol ution was inj ectj’; p _[g autrogr ave TSITITYanesously, The aftoc]ave was
pressurised to 22 b R egﬂo{o;rrﬁj N EJE| Fea] E st Be=oa Fasj—=veBspl .
The pressure i =S A S J%ﬂ? BYSnBI) Bt ajBed|Ft |2
approxi mately 22 bali {Feq—ta '1'_ R R HpRex-de—fed—F+pm t he
bal | ast vessel. Thel|ga®ti ablids QOL.E@ &|8fotathon | abQosi de_wap nof_
measured but was belﬁeﬁ gcggcggegmm. < Sod b g*g}rgghe ®eapei ofw
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gases .in the _eatttgg:l@“e r nal ysed|b jas |
chromat ogr aphy. The @@% 130 $h t.¢h|cqrbopg a:g‘“bnb;
experi nment accordi ngst PRV GoNn slag¢eti (Lacfd. [N
By- product yields a Tablje |2 .| mpl ¢s 1{10 @and :
Experiments A-| egullts a1 ¥e n{TabelZ show {hat| cpdm um
does not act as a ignicatalys dln el t re@ctipn
conditions (Experi syl gs {in abl ¢ al 5o show | hpt
cadm um pronotes irif@ um ¢atialiyged fetthangl {3 afb | atfon (conpafe
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‘the carbonylation r ‘Pgeaé reageg 4as|thel d¢admju 0 é rad on
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(Experinment E conpared with

No evi dence of precipitation was
i ndi cat es;d hat cadm um nercury and

10

-5

iridi unt s ut heni. um car bonyl ati on of nethanol;
9 and 10).

Exanpl es 8,

observed in Exanples 1 to 7 which

zinc are sol ubl e.
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Gallium and iridium promoters. Examples 11-14
The same procedure and apparatus as for the cadmium, mercury and zinc
promoters was followed. The autoclave charges are given in Table 3 and the
results in Table 4 for Examples 11-14. The major product in each batch
carbonylation experiment according to the present invention was acetic acid.
The results given in Table 4 show that gallium and indium both promote

iridium catalysed methanol carbonylation (compare Examples 11-12 with
Experiments A-C).

The results in Table 4 also show that gallium and indium promote
iridium/ruthenium carbonylation of methanol; (Experiment E compared with-
Examples 13-14).

No evidence of precipitation was observed in Examples 11 and 12 which
indicates that gallium and indium are soluble.
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Gl liumand iridium pronoters.

procedure and apparatus as for the cadm _
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results in Table 4 for
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Exanpl es 11-14
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. Tungsten pronoter A 300 cnfjerr] Hastelloy B2 (Trade Mark)
aut ocl ave equipped with a Di spersimax (Trade Mark) stirrer, liquid
injection facility and cooling coils was used for a series of batch

carbonyl ati on experinments. A gas supply to §yre autoclave 5 was provided
froma ballast vessel, feed gas. being provided to naintain the
autocl ave at a constant pressure. The rate of gas uptake at a certain point

- in a expertrrrrlar&env\@(s) .ugeed to calculate the carbonylation rate, as
nunber of nol es tant consuned per litre of cold degassed

~reactor conposition PAr309oum’ I_-Iastelloy(Bﬁ)q'Draqu)n;k)autoglaygpqmgpgdawlt dact or
conposi tion (rea }sggrg idd Mandaaee ﬁ%?;{ﬁ%@g%ﬂiwdﬁ&%&ﬁ@ Cofld WaE) -

The nethyl acetate  concentration Wwas ca uring the og)rtgg of 1he
a

reaction from t haseddfor a parigs o6 hatsh FarbenylatipnEXReTHREN oA B35 &M i

| 28% ﬂgdi ® 6 5 gﬁ,ﬁﬁ?g‘&d o ﬁgw%xééﬁl,efem gaselngrprovidekiokaaintuin thes

aut ocl ave heads paigclavieat aepnstant pressure. The rg{egoafrgag ugtg@gtnae Odrthin Foiﬁﬂﬁ a
experiment was used to calculate the carbonylation rate, as number of moles of
reactant consumed per litre of cold degassed reactor composition per hour
(moV/i/hr), at a particular reactor composition (reactor composition based on a cold

10  degassed volume). )

The methyl acetate concentration was calculated during the course of the
reaction from the starting composition, assuming that one mole of methyl acetate is
consumed for every mole of carbon menoxide that is consumed. No allowance
was made for organic components in the autoclave headspace. The data are

15 . reported at a calculated methyl acetate concentration of 26, 15 and 6% which
corresponds to a typical standing concentration in the liquid reaction composition
in a continuous process. For a calculated concentration of methyl acetate of 15%
the concentration of other components of such a liquid reaction composition are:
methyl iodide about 5 to 8%, typically about 5 to 6%, water about 6 to 8% and

20  acetic acid balance.

For each batch carbonylation experiment the autoclave was charged with -
tungsten promoter, optional co-promoter and the liquid components of the liquid
reaction composition excluding part of the water charge (10.83 g), in which the
iridium catalyst was dissolved (see Table 5). '

25 " The autoclave was flushed once with nitrogen to approximately 30 barg
and twice with carbon monoxide to approximately 25 barg and was then heated, by
means of electrical heating coils, to a temperature of 190°C under 8 barg pressure
of carbon monoxide. A rapid and consistent rate of stirring (1500 rpin) was
employed. Once stable at temperature, the aqueous iridium catalyst solution was

30 injected into the autoclave. Simultaneously, the autoclave was pressurised to 22
barg with carbon monoxide fed from the ballast vessel. The pressuré in the '
autoclave was subsequently maintained at 22.0 barg with carbon monoxide fed
from the ballast vessel. The partial pressure of carbon monoxide was calculated to
be approximately 8 bar when the calculated methyl acetate concentration was 15 %

35 by weight. The reaction temperature was maintained within 1 °C of the desired



15"‘,.re;p_orted at a cal cul ated nethyl acetate concentration of 26, 15 and 6%

. which - corresponds to a typical standing concentration in the liquid
reaction conposition in a continuous process: For a calcul ated
concentration of nethyl acetate of 15% t he concentration of other
conponents of such a liquid reaction conposigion are: met hyl i odi de
about 5 to 8% typically about 5 to 6% water about 6 to 8% and 20 acetic
aci d bal ance. For each batch carbonyl ati on experi nent the

“aut ocl ave was chgrged with gsten pronoter, optional co-pronoter
and the liquid c%ﬁ%ﬁ%ﬁ?@e@”tf%ﬁi uid reacti on conposition

~excluding part of theGaauptakeframybe pallisB&ssgl was meadvireshthroughout the coutiseliofim
catal yst was di Sﬁf&'&p@mﬁéﬁ%& AdFroThtcuate (farbo:%lagon rald!CAfRY l&ﬁéﬁ’é’@f tbon
nitro t y ar nd t

flushed once wt en to_approxi mate g F W ce Wth
carbon ronoxi de mongxyige gﬁnhtbp_épl@swssf&bgs egaeed i autpelave,was isglatedyfrom the
means of eleddriga sub?@tahﬂgv&ﬁ%bbl‘éd. The autbElaREHaS ventedind 52MpRE of fheuigdiy 8
barg pressure. .0f car b(%n m)noxbaggs. dggragl d and consi ent.rat edl*%L.
stirring (1500 rAfHQREompositiongyere gualyped by gas Lirampiostaphy. o kae majqf product in
aqueous i ri di um eahddlatchtcachminylatiom expresin26t adcojding tedhe present inveativrowhsacetic

Si mul t aneousl vy, 1 Q. I 0 22 barg with carbon
monoxi de fed frozrl# .h§9€g§+l.gc\sf§|e¥}§§§§§<ﬁﬁ%§elh g?seisetgijre in the aut ocl ave
was subsequent| yE apd E i th carbon nonoxi de fed

fromthe baljg@st vessy ExahiflePPs-17 aidiRnEERLNR i0didE & RERr BRACAEMS 10\aS
calculated to bm&pﬂrﬁgp mat elg 8 ‘3@5 en. the (gtal CFI at‘fg met hgl

acet ate concent r 3BHAN ed gy gompensatg dergppbable Jass of taethyl jodide i Pungsten. \was
mai nt ai ned wi t hi jodcdrbomyll Comporicnes. dExpleriment M shows that simple addition of this extra

16 - react ] I LEl C) T : ke from
the bal |l ast ves Sf‘é\?ﬂl&@%&é&ﬁéﬁ-p&é@%{féﬁ%cﬁg&trﬁ%alggglrdsrgtg? use a%?m{i’%é?

experi ment and uwerpasoingedctiohsate. car bonyl ati on rate. After uptake of carbon

monoxi de frofs the bal TRgtesifogivbn HAfbRAR SR hienABharptifARdhAPLAIAda! Tom
e methanol carbonylation (compare Examples 15-17 with Experiments J-L).

Further Experiments :
Further experiments (Experiment N and Examples 18-21) were performed

using the same 300ml autoclave apparatus as for tungsten. Examples 18 to 20
20  show the effect of increasing the amount of zinc promoters and Example 21 shows
the effect of cadmium promoter. |
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-present invention was acetic acid. By-product yi
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19 C ai ns: ' 1. A process for the carbonyl ation of an
al kyl al cohol and/or a reactive derivative thereof which pr Ss
conpri ses contacting in a car bonyl ation reactor /,_,/eaci*d/al'ﬁgﬁt’)ilmind/ or a
reactive derivative thereof with carbon nonoxide | n “Leact i on
conposition conprising: (a) an iridiumcatalyst, Ml“ ‘\‘ (c)

at 5 | east a finite concentration of water, and omot &r Sel ect ed
fromthe group consi sting of cadm um nercury, 2| nc, gallium indium
and tungsten. 2. A process as clained in claiml in which the

nmol ar ratio of each pronoter: iridiuml@atalyst is (0.1 to 20): 1,
preferably (0.5 to 10): 1. 3. A process as clained in claim1l or
claim2 in which a co-pronoter selected 10 fromruthenium osm um and
rheniumis present in the liquid reacti on conposition. 4, A

process as claimed in claim3 in which the nolar ratio of each co-
pronmoter : iridiumcatalyst is (0.1 to 20): 1, preferably (05 to 10): 1.

5. A process as clained in any one of the preceding clains in which the
concentration of water in the liquid reaction conposition is in the range 1
to 15 % 15 by weight, preferably 1 to 10 % by weight. 6. A

process as clainmed in any one of the preceding clains in which alkyl ester
is present in thi?&anhisqw d reaction conposition at a concentration |n the
range 1 to 70 | f

preferably 3 to 35 % yoc\é&gﬁ?{he&b% %ﬂ%&‘%&lﬁ%%&o&(&ﬁ%ﬁ a%rr%%l I any one
of the precedi ngedvativegherao hl@hpmesszmmprv@mmcﬁeg nbmca@bmmlazgom reaetorde i n
the 1iquid reacthigniGRBPaRYdr maétﬁ,eldanmﬁfertﬁ&e@fwﬁ éarbon mongﬂde/enbynqw ght,
preferably 2 to 16 % by \ABI(%PR 2 proc (% ﬁyrgsafl I n any one
of the pr ecedl n&eactign FRMPASItPR eoMpISng: 4)mnandmm catalyst, (B) an alkyl halide, (c) at

least a finite concentration of water, and (d) a promoter selected from the group
consisting of cadmium, mercury, zinc, gallium, indium and tungsten.

2. A process as claimed in claim 1 in which the molar ratio of each promoter :
iridium catalyst is (0.1 to 20) : 1, preferably (0.5 to 10): 1. _ |
3. A process as claimed in claim 1 or claim 2 in which a co-promoter selected
10 from ruthenium, osmium and rhenium is present in the liquid reaction composition.
4, A process as claimed in claim 3 in which the molar ratio of each co-
promoter : iridium catalyst is (0.1 to 20) : 1, preferably (0.5 to 10) : 1.
5. A process as claimed in any one of the preceding claims in which the

concentration of water in the liquid reaction composition is in the range 1 to 15 %

15 by weight, preferably 1 to 10 % by weight.
6. A process as claimed in any one of the preceding claims in which alkyl ester
is present in the liquid reaction composition at a concentration in the range 1 to 70 -
% by weight, preferably 2 to 50 % by weight, more preferably 3 to 35 % by weight.
7. A process as claimed in any one of the preceding claims in which the

20 concentration of alkyl halide in the liquid reaction composition is in the range 1 to

20 % by weight, preferably 2 to 16 % by weight.
8. A process as claimed in any one of the preceding claims in which the partial
pressure of carbon monoxide in the reactor is in the range 1 to 70 bar, preferably 1
to 35 bar, more preferably in the range 1 to 15 bar.

25 9. A process as claimed in any one of the preceding claims in whlch the alkyl



pr 'e.ssuFeA of- carbon nonoxide in the reactor is in th \muiﬂmﬁtr
preferably 1 to 3 5 bar, nore preferably in tﬁﬂ! gu Wbar. 25
9. A process as clained in any one of the precedi ¢l atms™i n® whi ch the
al kyl : : 20

al cohol is nmethanol, the alkyl halide is nmepbhyl iodide and the product of

ELge reacti 22 alcohglqm&laﬁél, ﬂféea‘illy? halfde s ﬁ@ﬂ&ﬂﬁdﬁﬁgw{hﬁﬁg&@& ®f the reaction

comprises acetic acid 4nd/or methyl acetate.
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ABSTRACT

PROCESS FOR THE CARBONYLATION OF ALKYL AL.COHOLS AND/OR
REACTIVE DERIVATIVES THEREOF.

In a process for the liquid phase carbonylation of an alkyl alcohol such as methanol,
and/or a reactive derivative thereof to produce the corresponding carboxylic acid
and/or ester, in the presence of an iridium catalyst, an alkyl halide and water, the
reaction is promoted by the presence of at least one promoter selected from

~ cadmium, mercury, zinc, gallium, indium and tungsten, optionally with a co-

' promoter selected from ruthenium, osmium and rhenium.



