1 - PROCESS FOR THE PRODUCTI ON OF ACET] C ACI D BY- THEPOS €@ R
CARBO\IYLATI ON OF DI METHYL ETHER The preSent inveéntion “buwes2-4
to a process for the production of acetic acid by the carbonylatlon

‘of a carbonyl atabl e reactant conprising dinethyl ether.

Hydr ocar bonyl ati on i nvol ving the reaction of dinethyl ether, dcetic acid,
hydr ogen and car bon nonoxide to formethylidene diacetate is described in

5 Eur opean patent publications EP 0566370- A2 and EP 0566371- A2. Accordi ng
to t hese patent applications the catalyst system consists essentially
of a Goup VIII metal, nethyl iodide, lithiumiodide and optionally
lithium acetate. The reaction is said to be preferably run using a
1:1to 4:1 nolar ratio of carbon nonoxide to hydr ogen. Al t hough wat er
may be addled to the reactor feed, the filnal reaction 10 conditions are
essential ly anhydrous. The carbonyl ati on of di net hyl

et her/ nmet hanol m xtures prepared from synthesis gas is described in

US patents US 5,189, 203 and US 5, 286, 900. The products of the
carbonyl-ation process are said to be acetic acid, nethyl acetate

and/ or acetic anhydri de dependi ng upon whether water is also fed to the
reactor. 15 Honpbgeneous - or heterogeneous catalysts are said to be usabl e;

however, in the PROC 3YS Hl%)dl um on
acti vat ed car bon

| i qui d- phase car bonyl at i § YL ETHE her are given.

The present invention relates to a process for the production of acetic acid

by the carbonylation of a carbonylatable reactant comprising dimethyl ether.
Hydrocarbonylation involving the reaction of dimethyl ether, acetic acid,
hydrogen and carbon monoxide to form ethylidene diacetate is described in
5 European patent publications EP 0566370-A2 and EP 0566371-A2. According to
these patent applications the catalyst system consists essentially of a Group VIII
metal, methyl iodide, lithium iodide and opttonally lithium acetate. The reaction is
said to be preferably run using a 1:1 to 4:1 molar ratio of carbon monoxide to
hydrogen. Although water may be added to the reactor feed, the final reaction
10  conditions are essentially anhydrous.
The carbonylation of dimethy! ether/methanol mixtures prepared from
. synthesis gas is described in US patents US 5,189,203 and US 5,286,900. The
products of the carbonylation process are said to be acetic acid, methyl acetate
and/or acetic anhydride depending upon whether water is also fed to the reactor.
15 Homogeneous or heterogeneous catalysts are said to be usable; however, in the
experimental examples only heterogeneous rhodium on activated carbon is used.
No indication of the benefits to liquid-phase carbonylation rate of using dimethy!
ether are given.
US 3,769,329 relates to a process for the reaction of alcohols and the ester,
20 ‘ether and halide derivatives thereof, with carbon monoxide in the presence of
catalyst systems containing as active constituents a rhodium component and a
halogen component to yield carboxylic acids and/or esters selectively and
efficiently. US 3,772,3 80 relates to a similar process in which the active
constituents of the catalyst system are an iridium component and a halogen
25  component. In both US 3,769,329 and US 3,772,380 dimethyl ether is listed as
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demonstrate that an impure alcohol feedstock having ether in the alcohol has no
deleterious effect on the reaction.

20 ' None of the above patents teach that using dimethyl ether as feed to a
liquid-phase carbonylation reaction has any beneficial effect on the carbonylation
rate. ,

It has now been unexpectedly found that in the production of acetic acid by
liquid phase carbonylation in the presence of a Group VIII noble metal catalyst,

25 . methyl iodide promoter and a finite concentration of water the reaction rate of
dimethyl ether carbonylation can be greater than that of methyl acetate and/or
methanol.

Thus, according to the preserit invention there is provided a process for the
production of acetic acid which process éomprises reacting carbon monoxide with

30 acarbonylatable reactant introduced to a reactor in which there is maintained at
elevated temperature a liquid reaction composition comprising a Group VIII noble
metal catalyst, methyl iodide promoter, an optional co-promoter, and at least a
finite concentration of water characterised in that the carbonylatable reactant
comprises greater than 10% by weight dimethyl ether and the concentration of

35  water in the liquid reaction composition is from 0.1 to 10% by weight.
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suitably be obtained by reactmg a mixture of carbon monoxide and hydrogen in the
presence of a methanol synthesis catalyst and a methanol dehydration catalyst.

20  Alternatively the reactant may be obtained by reacting carbon monoxide with
hydrogen in the presence of a methanol synthesis catalyst in a first step and
thereafter reacting a part of the methanol formed in the first step with a methanol
dehydration catalyst in a second step. Preferably, the carbonylatable reactant
comprising dimethyl ether and methanol is obtained from synthesis gas (a 1:1 molar

25  mixture of carbon monoxide and hydrogen). Preferably, the methanol synthesis
catalyst is a conventional catalyst comprising copper oxide and zinc oxide
supported on alumina. Preferably, the methanol dehydration catalyst is an acid
catalyst, more preferably a zeolite catalyst such as ZSM-5. Suitable processes for
the production of a carbonylatable reactant comprising dimethyl ether are described

30 * for example in US 5,286,900, US 5,189,203 and US 4,417,000.

' Water may be formed in situ in the liquid reaction composition, for
example, by the esterification reaction between methanol formed in situ by
hydrolysis of dimethyl ether/methanol co-reactant and acetic acid product/acetic
acid solvent. However, water is also consumed in situ in the liquid reaction

35  composition when dimethyl ether is hydrolysed to methanol. Water may also be

-



15 described in Organic Chem stry John McMurry, p 777, Brooks/Cole, 1984,
1sst Ed where the ester is said to be favoured at high al cohol or |ow

wat er concentrations. A carbonyl at abl-e reactant conpri sing

di mret hyl ether and net hanol. may suitably be obtained by reacting a

m xture of carbon monoxi de and hydr ogen i% the presence of a nethanol

synt hesis catal yst and a net hanol dehydration catalyst. 20 Al ternatively

- the reactant may be obtai ned by reacting carbon nonoxide wth

 hydrogen in tEmrqdueerbtmctéeoarbaﬁyieticbmmatbtosgiﬂtehmgeehecwﬁthloysepairatela ffamst step
and L NCORRE LERpb A bf e Al rtachibn AR ARIAIAWhtel AR s rm@ first

step with a met ano ratron cata in a sec

Preferably, t ntaﬁhsbmm@m@frr%paﬁ@mposmon wighdsaws freg téfpﬁ@ﬁgnanét her and

net hanol is ok |b@§‘@c3fc[e@rih YR SIRA afn R tb Matritdin ARY @am?e‘ii conBéntfatioR o@f car bon

nonoxi de a d h eferabl , the al yst
o Convent i O T Beiopel feacit soinastionp By (B SPRFB RO 96 WS
support ed on a}iajlqun‘careaauﬁfﬁrm;hismontlhﬁfomelha]mﬁ mieie \prefatablyframtiabB%s, i s an
acid 2 sé nore preferably a zeolite catal yst such as ZSM 5.
Sui t abl e proce se hFo ' the production of a carbonyl atabl e reactant
conpri si ng di net hyThetpriegessipfthg psesentinengion hisdeer faund|te be pasulBrly86, 900, US

|5| cl]ﬁlgdZ(r)g and pbifitiaf fof tQQQroductlon of acetic acﬁ/\gttr%fatl{?@y ld%@wta&'i' WBfkehftatiddsy 10 the

[ C osition, for terification
reaction @@ wi»@ﬁl h‘én‘E?Fa?ﬂﬂd“’P@F khegeropess of @ewn&ent mvenﬁyaﬁ&%@ pdvastags ofet hyl
et her/ net hanolprcmdmg&ﬂzmaéd mwlomﬁo@laacn androoidtiehded atalyst stability dvet d

Composi 11 on whPeeePiG o Rt & RS bRtk RtV RER o <o

be iridium-catalysed llquld phase carbonylation as hereinbefore mentionedithe water
| ntroduced tOcBKL%nﬁ-Qﬁé}Pi@#r PR/ %&ﬁ‘ittBrlogJ ﬁm&gﬁ@%}@ eféi“aﬁl ﬁ%fn ﬁ?ooar ately
from ot her conponent |'i qui d reacti on cohposit Wat er may

be separal®d 8% by weighh Bthﬁébe@ofﬁtb%ﬂm for gprbpadatiangf m«mmﬁmﬂ t hdr awn
from the reacifdatertban 10% by fWéIngQhrhétﬁM@tlﬁé with rﬁ@mtnlwa{aeﬁtsadmeu [ive water

IS ORI A TR A RN T
reacti on conpgsiupi ldnoi HAfmetal ibdide, d @idternany ammoniwen atide drraophokphanigfyg
by wei ght. iodide. .

20 Preferably, the Group VIII noble metal catalyst in the liquid reaction
composition comprises a rhodium- or an iridium-containing compound which is
soluble in the liquid reaction composition. The rhodium- or iridium-containing
compound may be added to the liquid reaction composition in any suitable form
which dissolves in the liquid reaction composition or is convertible to a soluble

25 form. By _

Examples of suitable iridium-containing compounds which may be added to
the liquid reaction composition include IrCl3, Irl3, IrBrs, [Ir(CO)>I]5,
[(Ir(CO)2Cl]y, [Ir(CO)2Brly, [Ir(CO)21o], [Ir(CO)2Bra ], [Ir(CO),1]2,
[Ir(CH3)I3(CO),]-, Irg(CO)19, IrCl3.4H,0, IrBr3.4H,0, Ir3(C0O)y2, iridium

30  metal, IrpO3, IrO9, Ir(acac)(CO)y, Ir(acac)s, iridium acetate,
[Ir3O(OAc)6'(HzO)3.][OAc], and hexachloroiridic acid [HyIrClg]. Preferred are

. chloride-free complexes of iridium such as acetates, oxalates and acetoacetates.
Preferably, the concentration of the iridium-containing compound in the

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

35 Examples of suitable rhodium-containing compounds which may be added



The .process of the present invention has been found to be particularly
beneficial for the production of acetic acid at relatively | ow water
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20  propionate, ruthenium (III) butyrate, ruthenium pentacarbonyl,
trirutheniumdodecacarbonyl and mixed ruthenium halocarbonyls such as
dichlorotricarbonylruthenium (II) dimer, dibromotricarbonylruthenium (II) dimer,
and other organoruthenium complexes such as tetrachlorobis(4-

- cymene)diruthenium(ll), tetrachlorobis(benzene)diruthenium(lI),

25  dichloro(cycloocta-1,5-diene)ruthenium (IT) polymer and
tris(acetylacetonate)ruthenium (III). | _

Examples of suitable osmium-containing compounds which may be used as
optional co-promoter include osmium (III) chloride hydrate and anhydrous,
osmium metal, osmium tetraoxide, triosmiumdodecacarbonyl, pentachloror-p-

30  nitrododiosmium and mixed osmium halocarbonyls such as OsIz(CO)g4,
tricarbonyldichloroosmium (IT) dimer and other organoosmium complexes.

Examples of suitable rhenium-containing compounds which may be used as
optional co-promoter include Re(CO); g, Re(CO)5Cl, Re(CO)5Br Re(CO)s], -
ReCl3.xHp0 and ReCl5.yH50.

35 Examples of suitable cadmium-containing-.compounds which may be used
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as described above. Examples of suitable maganese-containing compounds which -
25  may be used include Mny(CO)1 g, manganese (II) acetate, manganese (II) bromide,
manganese (II) bromide tetrahydrate, manganese (II) chloride, manganese (II)
chloride hydrate, manganese (II) iodide, manganese (II) oxide, manganese (III)
oxide, manganese (IV) oxide, Mn(CO)5Br and Mn(CO)5]1.
' The molar ratio of each optional co-promoter : rhodium catalyst is suitably
30  intherange (0.1 to 20):1, except for manganese : rhodium which is in the range
(0.2 to 20:1). _
' When the Group VIII noble metal catalyst is rhodium, the optional co-
promoter may also be selected from the group consisting of Group IA and Group
ITA metal iodides, quaternary ammonium iodides and phosphonium iodides. The
35  concentration of the optional co-promoter in the liqu.id reaction composition is
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I| m:l[ g(rj?] I r]| qtl'ﬁ((%q; ]no'bleI rrrllgtI Fcataﬁyst is I‘El&l&hb [%(rg;: rg@l!tlgglrg glul‘]yl

t ungst en- cont abdlildélgl meﬂinmdrré&tidﬁlcﬁi‘h BsitioR prsfedbiydn e rangpl t@BEY, by .
co-pronoter ing 0 err
Clerr]Herr] V\( 2Py e(r:a%l;? to%p A’V%‘LVF 1§hg g{o‘gﬁp\[eﬁql l%l%s\{\ng%n]%}] WS'V\H

i odo- car bonyl corrpo’[hmbarbon monoxide reactﬁantemarlmﬁsyqntlbuu pureloe nayicgntam ingmd
optional co-pr; ﬁés s‘&@ﬁ@?&[}gén & Qlde methalﬁpmt%ﬁ "'foble ases water and CH tbhe

nolar ratig of each_option co-p Irl m cat a is in the 20
range (0. 1% o ya@f’ﬁmc hydrocarbons.” Thv\naqqenqe@ &w@regervmlthe %B%W?ﬁﬂecat al yst

i's rhodi um t hadehérafedlin Sifs by the watél hlﬁrremmnb@p@&kﬂﬂy Réptiiownasritst heni um
osm um rhenium and nan e rutheni um,

osnmium, or rH8HOMH %’8%?‘31‘@i‘%ﬁ'e&m\ﬁ'ﬂ(ﬂ’zﬂg‘%@ge"a[m" p'éf’éﬁﬁ{?scrl bed above.
Exanpl es of suit abl Whemtler@oepAdil mibld metakcatgdyst idhodinincthe pessunemy thee used

i ncl ude M | t | d
manganese EjHJ E;bg%ﬁﬁ’“eacmﬂ&%&lﬁ?ﬁy ‘"&h%f%%ggéb%?@%?%??fg‘a-‘/zb% D ese.
(1) chibsFg.d& msmpsfaéurerﬁ&rﬁ %@@yaﬁlpy reastipmis, suiieiny ride ange  1F04R de,
manganese (I 11350°C, prefe%lﬁmthemane@@o p60dC. oxi de, Mi(CO)[err]Br and

IO e | g o g b3 e SR P SR o
manganese: r hadrbomylation reaction is sufisbly e range 10 t¢ Q0@ barg, Affekibly 10 to 100
When the Gou poa}/é, lhost Bpe[f&aﬁ?tlglto %6%?&!@.’ thei t%m'bpﬁfuré' A3 thterl?irb%%liaﬂgm'eagf?én
20 is suitably in the range 100 to 300°C, preferably in the range 150 to 220°C.
Acetic acid may be used as a solvent for the reaction.
The process of the present invention may be performed as a batch or a
continuous process, preferably as a continuous process.
The acetic acid product may be removed from the reactor by withdrawing
25  liquid reaction composition and separating the acetic acid product by one or more
flash and/or fractional distillation stages from the other components of the liquid
reaction composition such as iridium or rhodium catalyst, optional co-promoter,
methyl iodide, water and unconsumed reactants which may be recycled to the
reactor to maintain their concentrations in the liquid reaction composition. The
30  acetic acid product may also be removed as a vapour from the reactor.
The invention will now be illustrated by way of example only be reference
to the following examples. In Examples 1 and 2 and Experiments A-D the
. following method and apparatus were employed:-
A 150ml Hastelloy B2 (Trade Mark) autoclave equipped with a
35 Magnedrive (Trade Mark) stirrer, an injection port and cooling coils was used for a



pronoter may al so be selected fromthe group consisting of Goup I A and
Group Il A netal iodides, quaternary amoni um i odi des and phosphoni um
i odi des. The 35 concentration of the optional co-pronoter in the liquid
reacti on conposition is

7 preferably equivalent, up to 20% by weight of |ithiumiodide.

The promoter is nmethyl iodide. Wen the group VI | noble netal catalyst

is iridium the concentration of nmethyl iodide in the liquid reaction
conposi tion i series of batahetadramlylajion expenimentsregplaying methylxwpsats ondimsHiy]

preferably 2 te@h&%f‘f&&i ‘P%i 84t batch carﬁ%?ﬂtléﬁ‘&p@ﬁﬁ’féﬂt éﬁ:ﬁ]bylﬂ%l?r{e%ﬂﬁ&?%}tg i qui d

catal yst "is rho?, %0 S concentration y ?
reaction conpdéitesden ligy p?léqt@r"JBTlﬁtylwstcﬁénqcéﬁqu the ipjgctignpegs of the g ght |
% ef er alta)l y | taatotfife ; bYov\@adhfﬁatchrﬁaf)bbnpl&ﬁér%ﬁi&hMeﬁt éniplaylfig dimetkyl Gttier as

e carbon nonox eactan e nt ai.nei nert
I mpuriti esss uc edage\géfgﬁmtegg?%g e éwaﬁlcgprgaaéﬁ tgﬁla%wlecégg ggrt O\K/at er
and Cerr] to th@autoclavq)aAghs supiply toythe auiaclbvmwas priowidpd ﬁ@ana;gasjjallhgtdr ogen in
e varbon MONAKeleed gas beRBbrARAE! @'rhinthh (L hilollyd 1% LGl BRSUAOMIL |

reaction is pretre

sence '
fornation of- Hb@if%eﬁ%ﬁsmiﬁksrh@mbulated (with an accuraqwhgl;eyq%to@eoﬂ % 1 nobI e

netal catal ystfrdng tﬂemds eurwmaﬁther %%&HE PalRfin thd&as ballast Wed§dPOMKE pldsQited €act i on
IS swtablrlélnt 5 barg. The

e
L o sk GRS i o e os UL 6o sla b pube o Do 1
250[ err] C, pr egdeaerally kiigher thivemight e exdpdtedao BOQfeelrin hContinuous process becdteen t he

Goup VIII nomﬁhﬁéealto %%eailﬁﬁél%rit%anlboh%lﬂg;u‘iipgar%iﬁ? ?é’sﬁg%g;fag cnf‘arly for

carbonyl ation reaction is e ran arg, e'fher ably
10 to 100 iridigareptalyssd sygsemaf erably 15 to 50 barg. The terrperature of the

carbonyl ation reactpRadDoatéiPcatbh g??l?ﬂoﬁ ekperiniiit [A0KIEh é%tﬁyq effP bWk ubdd -

preferably_in the ra Acetic acid nmay be .
used as a)iéol \RS figeds g, W“lliémraéé’éfafﬁh[the aumda"e was chargad WithQ©08alfo-1 he present
i nvention may ;bemp&i‘fthé irktiua saralysedmitheliqéid componentsdfitheiliguid peaeaios s,

ﬁéﬁf be. revoved PO PRENIARE SR T Sisthy 25 11 quid reaction
conposi tion and sepgumethyhgthehwas pestihargeditol ther\Whiteyt (TogdeoMiarirbomir by
transferring an amount of dimethyl ether which exceeded the required weight of
20  feed from a cylinder (supplied by Aldrich) to the bomb which was pre-weighed and
chilled in cardice. The bomb was slole vented until the desired weight of
dimethyl ether feed was retained in the bomb and was then connected to the
- injection port of the autoclave.
The autoclave was flushed twice with nitrogen and once with carbon
25 monoxide and the autoclave sealed. The contents of the autoclave were then
heated with stirring (1000 rpm) to the desired reaction temperature. After allowing
the system to stabilise for about 30 minutes, the dimethyl ether feed was
transferred to the autoclave by over-pressurising the bomb with carbon monoxide
and then opening the injection port of the autoclave. The pressure in the autoclave
30  was subsequently maintained at the desired reaction pressure with carbon
monoxide fed on demand from the gas ballast vessel. |
For each batch carbonylation experiment in which dimethyl ether was used
as feed and rhodium as catalyst the above procedure was employed except that the
catalyst was not charged to the autoclave with the liquid components and promoter
35  ofthe liquid reaction'composition excluding the dimethyl ether feed. Instead, the



flash and/or fractional distillation stages fromthe other conponents of
the liquid reaction conposition such-as iridiumor rhodium catalyst,
optional co-pronoter, met hyl iodi de, water and unconsuned reactants
whi ch may be recycled to the reactor to maintain their concentrations
in the liquid reaction conposition. The €] acetic acid product may al so
be renoved as a vapour fromthe reactor. The invention wl|
now be illustrated by way of exanple only be reference to the

fol | owi ng exaflsidasn catalysbdinrpiienss Acetiecacl wadintFagune e Hiesautoghivethy means

fol I owi ng et Beg Gresh @é Riad) MPLE paip |c9}{ﬁ‘éited to an inlet valve on the hafdelave

Hastel | oy B2 (Tradge ayt oc] ave eq Magnedrive (Trade
-~ Mark) stirrer gm%?ﬁ‘gfiﬁ‘? Yethqréﬂ "'ﬂfﬂdﬂ’c‘éﬂ(ﬂh"c‘sdl g"'tg%“ P‘“sdaWa‘ge E}Bté’&g‘f’%r a
8 series oFobeztomamrdambmw@aqmﬁmm ieviich methlybadetage was bsdd

t at d | i
cxper | ment oBF S ity shevh pfockive s efipioyed SeeepEfi ARG s GRe RAY sl
facility was tothecutasthvedogdtkeriwitteaptional q@epmmtertmd the compenentcoftbe. For
h batch | f eed,
o Wi tey ( ngdgﬁap’a&@m 9°‘%?9§%6'§§’%‘*ﬁ@3‘3aﬁ%%@?%%éeﬁgt“?iﬁé‘"?’r%?gf:at‘?‘csf}?a%&‘? of
t he aut ocl ave Whichghe rhadgim 9"4 widiure catalygovasdissalysd.pr ovi ded from a gas

bal I ast vesse\lﬁerm@wm Qﬁe Q@teﬁgto%‘iéb\(lisd?& mum ﬁﬁrﬁiték tmhamh@.cdrave at
a constanig/pr es ul a .ed (with

o oeeur ol PL B Eatbe: sptution waginielled it iRt Frovgh Wk SN TR Lot o

falls in the @miitpahdenptesv@ssdicarbbhenonoridsur es 10 used in batch autoclave

experi nents for di gl SLREH: ALK AhLARI I Soetate as FEANGLAI | Y N OheT

t han m ght be expecte conti nuou ecause of
the need to h&y@parad thdéreendiianhoich it dhe areoyss of cag orpm@seud@commpd,dﬁl arly
for the tHer resdtiony Sﬂk@éd’e‘iﬁg céﬁtﬁeﬁﬁh would be the same. @Qﬁh&%}e b:ﬂ& Gifal

carbonyl a experinment in which d TTE \EUF S use feed and
iridiuma caﬂ’ﬁ‘l" §?a°“9ﬂ§°‘§8?%9%0% eem?fz d° e Bpet ISf"’EB“g
pronoter, t hecompohmtsnscmit thebatcharatbonblation eppetimenspenecdlsulsted bhre |1 qui d

reaction RAs excl the di nmethyl ether feed.
D net hyl et he?or\g/:\s/gs p?’ ectf?ﬂ?wm #@h{%ﬂe VWhitey (Trade Mark) bonb by

2 Methyl acetate + 2 H)O = 2 Methanol + 2 Acetic acid (N
20 .

2 Methanol = Dimethyl ether + HoO  (2)

2 Methyl Acetate + HyO = Dimethyl ether + 2 Acetic acid ?3)

25  Thus, the molar amount of dimethyl ether feed required to replace an amount of
methyl acetate feed can readily be calculated by considering Equation (3). For
example, 2 moles of methyl acetate and 1 mole of water in a liquid reaction

~ composition should be replaced with 1 mole of dimethyl ether and 2 moles of
~ acetic acid. | .

30 Gas uptake from the ballast vessel was measured every 30 seconds and
from this was calculated the rate of carbonylation, expressed as mmoles of carbon
monoxide per hour (mmol/hr). After uptake of carbon monoxide from the ballast
vessel had ceased or the reaction had proceeded for 40 minutes, whichever was
sooner, the autoclave was isolated from the gas supply. The contents of the

35  autoclave were cooled to room temperature and the gases were cautiously vented



transferring an anount of dinethyl ether which exceeded the required weight
of 20 feed froma cylinder (supplied by Aldrich) to the bonb which was

pre-wei ghed and chilled in cardice. The bonb was slowy vented until
t he.desired wei ght of di met hyl ether feed was retained in the bonb
and was then connected to the I nj ectQon port of the autocl ave.

The autocl ave was flushed twice with nitrogen and once wth carbon 25
nmonoxi de and the autocl ave seal ed. The contents of the autoclave were then
heated with stfremithegaytoda, spnpled ond rmlysed by gas cheaoatographenphe hquide. After

al | owi ng rewﬁmsast Ok vaatsglﬁ%chir?ﬁ% fBh tﬁ@?\géc@%, G AnkESnd b di met hyl

et her feed was ansferre aut oc e by over-pressurising the
bomb wi th car FSAlYRBhEXiligeid productying byneriedspe Ry B ReMMAREEIY-on port of the
aut Oﬁl a\ée- ~The pr esFybbtaina idﬁ@bl@lbhsbﬁ{r\]@!iﬂmgger oﬂ%tiaallbawlingnmfsynefymang & neg
at the desired reagction pressure,w t ar bon .nonoxi de_f ed. on, deman
from the o 8 REQMEBEEmon the abtocfs0é 2 thas sonsiER I S AHVEL | on
experi ment i n THis condiionitdyydricel ib eftemdfferene ffom autoclavs tb @etbclmel r hodi um as

catal yst the ggv&i Eélﬁ%dure was enpl oyed except that the cat al yst

was not charg wut oclave with the liquid conponents and pronoter 35°
of the liquid reactfbasaiverpepsrimant was penfierined withea thoduimhgdtalystivethoubed.

Rod am cagal yfSpTiotr 245 bish water concentration (decreasing fom it charss of L%,

iu yst i, ueous | S | u ut. ve by

means To of oYz h%'gr? MJWP%?PM%W@%@EP%E&% CSHV‘?rﬂP'éPFvaI ve

on the autocl asubstrate). Thevartbfadacsion monoxidetuptaketirom tieibafadt vesseli wad hyl et her

feed to the a For C r bon t experi nment .
unfa?c%&a?%/(giio ebe \/\G/azs mlggghr g)d t?ug Srgﬁ% é’glaplﬁ%agpo&%%np il g\@ghf) {he

i n which nmethyl"ace S usel ve pr ure was

enpl oyed exceprourseaf thetcagtioraurdil all hemethylasetgtecsubstrate wag cotsemedt ddisave

together with OBEIRBR!s GO 8&39;?% 8fhd {38hE BIRAR SRRt SH bdchse dimethyl | qui d

reaction. conpoéskpt I on éicﬁuag{-n t;aqrz%ccof tg#g acgt I C, aci gland/ or eV\/<5l1l'g1grycharge
ge

in ViR cretherevasHioy ussd fa;r#g e Garbenylafigpseactivg. di ssol ved.
After all ow nggil%ghﬁmﬁt]gm to stabilise for about 30 m nutes, the rhodium or

10 S eaCeTYSE, SO s LALFELSS, LoLo L, AL eckave g e

11.6% by weight as above) except that dimethyl ether was used as feed, the
amount of dimethyl ether employed being calculated using Equation (3) above.

20 - The rate of carbon monoxide uptake from the ballast vessel was calculated to be
610 mmol/hr. The rate of carbon monoxide uptake remained constant throughout
the course of the reaction. This experiment is not an example according to the
present invention because greater than 10% by weight water in the reaction
composition was employed. It demonstrates when compared with Experiment A

25  that at high water concentrations (i.e. greater than 10% by weight) in the reaction
mixture improvement in the carbonylation rate is not obtained when dimethyl ether

is substituted for methyl acetate as feed in an amount greater than 10% by weight
of the feed.

Experiment C
30 A baseline experiment was performed at a lower (decreasing from 5.1 to
0.5% by weight as above) water concentration than employed in Experiment A.
. The rate of carbon monoxide uptake from the ballast vessel measured after 5
minutes was found to be 594 mmol/hr. The rate of gas uptake was found to
constantly decrease during the course of the reaction as the water concentration
35  steadily reduced, this was believed to be a consequence of progressive catalyst



Reactions enpl oying di methyl ether and nethyl acetate as feed were
conpared under conditions such that the anount of carbon nonoxi de consuned,

i f the reactions proceeded to conpletion, would be the sane.
~Furthernore, the final 15 1liquid reaction conpositions would be expected
- to be the sane. The starting corrposlltlons for the batch carbonyl ation
experinents were cal cul ated by considering the follow ng equilibria:
-2 Methyl acetate + 2 Herr]O = 2 Methanol + 2 Acetic acid (1) 20
2 Met hanol deactivation at low water cdhcqrﬁtzﬂnphs e’i’helexplenh[eat {s)n®t an ¢gample 2

Thus, the nol ar req ired to replace an anount
of met hﬁhe% né{aéloﬂé%tléaﬂ readily be cal cul ated by considering

Equation (3). Hxample 1 exanple, 2 noles of methyl acetate and | nol e of
water in a_liquid actio

on shoul d ced.with 1 nole
of dimethy? ether ;%Hergnﬁ%(égvagnrepeatna?wa{leég?r&cegt&lt&gn cg@reasﬁg?om ZW&S upt ake
from the bal | 8s1% be seight wssbovedsxiceptthay dimetid ethec wasigsedrad feed, the almonnt t hi s
was cal cul ate [ S car bon
nmonoxi de per’ &our (%ﬁ‘ﬁ ﬁ&)ng%ﬁ(? §>megkli,18@ateﬁ§9 %,ég%m?fio 3211? dgﬁaft?éfr‘n t he
bal | ast cyiben aonpyide siptake dram thet’mlla&tza(esSﬁlmﬁehémlmtstweﬁ&wnﬂé@ ba0

m nutes, whi Chey@myiAs. In contra%?ﬂﬁﬁfpen’iﬁéﬁt BUAS FddA¥Fon A hd 28 8¢ @ghdr om t he
gas suppl i/% The cont ent aut ocl ave wer.e cool ed,to ropom

afPIeK eglatggg %rogs%gﬁ dying the ygagtiqry This example is accordmg to

Met hyl Acet at ‘ichbr [1% ) 11% present %Q@% P gthﬁce‘?ﬂér%vﬁ% &l as febPlo 25
R l

te
10rrpe.r “ u f r ¢t présenaitivesticvand shawptied tikntheafidinysied ether galdwohitermat ogr aphy.
The liquid concentrations has a beneficial effect on the stability of a rhodium catalyst without
the need to use a co-promoter such as an iodide salt, for example lithium iodide.
Experiment D
15 A baseline experiment was performed (water concentration decreasing from

10.8 to 2.7% by weight as above) using an iridium catalyst and a ruthenium co-
promoter with methyl acetate as feed to the carbonylation reaction. The rate of gas
uptake from the ballast vessel after 5 minutes was found to be 1615 mmol/hr. This
is not an example according to the present invention because no dimethyl ether was

20  used as feed to the carbonylation reaction. '
Example 2 .

Experiment D was repeated (water concentration decreasing from 7.0 to

2.7% by weight as above) except that dimethyl ether was used as feed, the amount
of dimethyl ether being calculated using Equation (3). The rate of uptake of

25  carbon monoxide from the ballast vessel after 5 minutes was found to be 1969
mmol/hr. This example is according to the present invention and demonstrates that

“increased carbonylation rates can be achieved by employing dimethyl ether as feed
to a carbonylation reaction.
The autoclave charges, reaction temperatures and pressures for

30  Experiments A-D and EXamples 1 and 2 are given in Table 1. Analyses of the non-
condensable gases vented from the autoclave at the end of the experiment are given
in Table 2. Analyses of the liquid reaction compositions at the end of the
experiments revealed that acetic acid was the major product ( greater than 99% by
weight) for all experiments.

35



reaction conposition was di scharged fromthe autoclave, sanpled and was
anal ysed for liquid products and by-products by gas chronmat ography.
To obtain a reliable baseline a nunber of identical baseline runs may have
to. 5 be perfornmed to condition the autoclave such that consistent rates
are achi eved. This conditioning period is often different from
autocl ave to autocl ave. Experi mentlda A basel i ne
experiment was perforrmﬁd—with g—Fhoghum—¢at st wi t hout pronot er at
a high water concentration gdeqrepsi Slfoman initial charge of 17.0% 10
by weight to a calcul at ¢ vE& ud 8f 1 9| % Hy' i ght assumi ng 100%
conversion of | substraée). The of ar bon nonoxi de uptake fromthe
bal | ast vessel was catctHatpd 4 mrol /hr and this rate
remai ned constant throughoug tHe el of the reaction until all the
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Y
(0]

ic

MeOAC
(mmol)
244
2;4
389

40
3
20.5

20 dissolved in 139 'mmol water and 42 mmol acet

RhCI3 .3H20 dissoved in 167 mmol water and.SO_m_mol acetic

Run
Time
(min)
27.5
27.5
40
Rhy(C0)4Cly dissolved in 83 mmol acetic acid.

(barg)
27.5
27.8
27.8
273
38
38

Temp | Pressure
)
185
185
185
185
190
190

-

DME

Experiment D | MeOAc
DME

Feed

D

~

RhCI°.3H
RhCl3.3H50 dissolved in 139 mmol water and 58 mmol aceti

IrCl3.3H0 dissolved in 278 mmol water.

Experiment A | MeOAc
Experiment C | MeOAc
Ru3(CO) 2.
IrCl3.3H20

Experiment
Experiment B
Example 1
Example 2

Table 1 Autoclave charge and Reaction Conditions.

a
b
c
d.
e
f.
g




deactivation at | ow water concentrations. This experinment is not an exanple
according to the present invention because no dinethyl ether was used as
feed to t he carbonyl ati on reaction. Example 1 5

Experiment C was repeated (water concentration decreasing from2.8 to

0. 4% by wei ght as above) except that dinﬁﬁhyl ether was used as feed, the
anount . of dinmethyl ether enployed being cal cul ated usi ng Equati on
(3). The rate of _carhbon npnoxide uptake fromthe ball ast vessel after
5 m nutes was foun he 350 | /hr. In contrast to.Experinment C,
no reduction in th 2 of darbon 1 nonoxi de upt ake was observed during
the reaction. This Dl el i § a¢cordilng to the present invention and
- shows that the use il mel hyl et her jat | ow wat er - concentrations has
a beneficial effec he| stlabifl ity |of a rhodi um catal yst w thout

. the need to use a NRI er s@cp a3 an iodide salt, for exanple |ithium

i odi de. Expeli L1 ! e A basel i ne experinent was perforned
(wat er concentrati repsijng|frpm 10.8 to 2. 7% by wei ght as above)
using an iridiumc t pnd ajruf heni um co- pronmoter with nethyl
acetate as feed tojthe caraonyl?tion reaction. The rate of gas upt ake
fromthe ballast v afterf 5Im putles was found to be 1615 mml/hr. This

is not an exanpl e qcclordi ng tjo ghe| prlesent invention because no di net hyl

et her was 20 use eed tio tthel cgrbonyl ati on reaction. Exanpl e 2
Experiment D was r ted (waten cpndentration decreasing from7.0 to

2. 7% by wei ght as ekcept |t hpat |di methyl ether was used as feed, the
anount of di el her Rei phg lcal cul ated using Equation (3). The
rate of uptake of 25 dar bon| mnoki de fromthe ball ast vessel after 5

ni nutes was found {&pe {1969 mol / hr. This exanple is according to
the present inventig§ Hlddegppgtaatgs that i ncreased carbonyl ation
rates can be achi eyed] by ﬁhggoying ékjmet hyl ether as feed to a

car bonyl at i on reactkSn; . The autocl ave charges, reaction

t enperatures and pfé8purles|{fof 30 Bxperiments A-D.and Exanples 1 and 2
are given in Tablejl.|Anal ysep gqf {he nong condensabl e gases vented
fromthe autoclavejat|the ¢nd| of| the expéginent are given in Table 2.

Anal yses of the liquid rleagtipn |[compositi@ns at the end of the
experinments reveal ed that acefig atidl was@the nmaj or product (greater than

m

99% by o
o
£
. S

3) c
~ =
: 5
& Q S
ol Q2 8 T &h
| of S| & | < O
& R
= =]
b
) © ~
QO ~~~
2 | = 3
O 3
2
S £
5 °
(]
=2 E
S g
b 5
[e) St
Gt S o] wf =] ™ =] N =
s | g 55| 5lel5le
B -;EE_E_E'_EE‘ g
7S o.:.:-‘-“:m ‘o
> ol 0| o O ox o
s R B A Y £
2 [|Rialda g S
- o
2
s =
[ m




wei ght) for all experinments. 35 12 [err] [err]
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High Pressure Infrard Cell Exn' eriments
The following experiments were performed with a high pressure infrared
cell. In theseexperiments rates were based on total gas uptake and no attempt was
made to compensate for partitioning of dimethyl ether between gas and liquid
5 phases. _ '
- Experiment E - Carbonylation of methyl acetate with rhodium catalyst
The following solution was charged to high pressure infrared cell.

Cell charge

10 ‘Methyl acetate . 4.70g
' ‘Methyl iodide 3.60g
Water 1.28g
Acetic acid _ 13.29¢g
15 Injector charge
Acetic acid 2.00g

[Rh(CO)zCl]z 0.025g

The solution was flushed and pressured with carbon monoxide and heated
20  to 185°C where the catalyst was injected with carbon monoxide so that the total
pressure in the cell was 30 barg. The pressure was maintained by feeding carbon
monoxide from a ballast vessel and the reaction was monitored by measuring the
pressure drop in the ballast vessel. Infrared spectra of the rhodium species present
was recorded throughout the reaction. When gas uptake had stopped the product
25  solution was analysed by gas chromatography.'
The carbonyiation rate was initially linear followed by a steady decrease in
rate corresponding to a decrease in the active catalytic species [Rh(CO)312]" and
an increase of the inactive catalytic species [Rh(CO)>14]".

Calculated methyl acetate Carbonylation rate Rh as Rh(CO)y1p
concentration (%) (mol/hr) (%)
18.4 0.161 100
15 0.151 88
10 0.126 70
S _ - 0.092 50
1 0.023 17



[err] _ 14 Hi gh
‘RPressure Infrard Cell Experinents The foll ow ng experinents
were performed with a high pressure infrared cell. In these
experinments rates were based on total gas uptake and no attenpt was
nmade to conpensate for partitioning of diisethyl ether between gas and
liquid 5 phases. Experinent E - Carbonyl ation of nmethyl acetate
wi th rhodi um cat al yst The followi ng solution was charged to
hi gh pressure infrared cell

This is not an example according to the present invention because no
dimethyl ether was used as feed to the carbonylation reaction.
Example 3 - Carbonylation of Dimethyl Ether With Rhodium Catalyst

Experiment D was repeated as above using dimethyl ether in place of
5  methyl acetate.

Cell chafge

Dimethyl ether 1.47¢g

Water 0.69g
10 Acetic acid 18.14g

Injector charge
Methyl iodide 3.75¢g
[Rh(CO),Cl}o 0.025¢g

15
- The carbonylation rate was 0.169 mol/hr and this was linear until close to
the end of the reaction. The rhodium catalyst was present totally as [Rh(CO)317]".
In contrast with Experiment E this is an example according to the present
invention because dimethyl ether was present in the feed. It demonstrates that the
20 rate of carbon monoxide uptake is accelerated by the presence of dimethyl ether at
low water levels and that the catalyst is stabilised.
Experiments F and G and Examples 4 and 5 were carried out in an -
analogous manner to those described in Experiments A-D and Examples 1 and 2
with the exception that a 300mL Hastelloy B2 (Trade Mark) autoclave was used.
25  Also a dual liquid injection facility connected to the injection port of the autoclave
allowed introduction of either Rh or Ir catalyst followed by DME substrate by use
of an over pressure of carbon monoxide gas as described in previous examples.
Furthermore, gas uptake from the ballast vessel was measured every 2 seconds
rather than every 30 seconds as described in previous examples.
30 Experiment F '
A baseline experiment was performed (water concentration decreasing from
9.7 to 1.6% by weight during the course of the reaction assuming 100%
conversion of substrate) using an iridium catalyst with methyl acetate as a feed to
the carbonylation reaction. The rate of gas uptake from the ballast vessel after 5
35  minutes was found to be 2226 mmol/hr. This is not an example according to the



Cel|l charge 10 Met hyl acetate 4. 709

Met hyl i odi de 3. 609 Wat er _

1. 28¢g Acetic acid : 13. 29¢g 15

I nj ector charge Acetic acid 2. 00g
[Rh(CO[err]Cl][err] 0.025¢g 16 The sol ution was

fl ushed and pressured with carbon nonoxi de and heated 20 to 185[err]C
~where the catal yst was injected with carbon nonoxi de so that the total
- pressure in the cell was 30 barg. The pressure was mai ntai ned by feeding
! carbon nmonoxi de froma ballast vessel and the reaction was nonitored
* by nmeasuring the . tEretisure dé@@ i n]_tt e ball a?t gessel . Infrared
spectra of t heP FIREGINYSRUQILRScause sjodigthyl ethet wagemplaved, ded t hr oughout t he
reaction. WenExmsplept ake had stopped the product 25  solution was
anal ysed by gas chr 0 l &t ! Egt.e was
initially linear f Oﬁ%@%rngi?ﬂassr?%eggfﬂ (grg&egggg&emﬁﬁt?ﬁ”’é%?é’ars@%%? '?etgpondi ng
to a decrease }-A%ateweight srcabonelaxpentiha diraethyl et paopsed 293 feed.thg [err] and
an increaseg ofarhéitt usarbdivEcdlallaby Lisifg EQEA0RT3). RHeFald sdatdohehddakidr-r ] -
Cal cul ated neth Ikacht %t e, Carb(%nt}/lda [ og {Z.fte y Rh as le. which i
Rh( CO) [ err] I [ efRtpke atter 5 minutes was foun to be 2d44 maalibr '{%sexampe, which is
(rol / hr) according to the preserftiiivention, demonstrates faster carbonylatioh 8atés can be
8' }gi achieved by using dir%egﬁ)yl ether as a feed to a carbonylation reait%)%, as opposed
0: 126" to methyl acetate as uged in Experiment F. | 5
8 83% 10 Experiment G 50 : 1
' An experiment was performed with lithium iodide and hydrogen (both
precharged to the autoclave prior to heating to reaction temperature) and a
rhodium catalyst. Methyl acetate was used as a carbonylation feed and the water
concentration decreased from 5.1 to 0.5% by weight as above. The rate of carbon
15 . monoxide uptake from the ballast vessel after 5 minutes was found to be 1773
~mmol/hr. This is not according to the present invention as no dimethyl ether was
used.
Example 5§
Experiment G was repeated (water concentration decreasing from 2.8 to
20 0.5% by weight as above) except that dimethyl ether was used as a feed. The rate
of carbon monoxide uptake after 5 minutes was found to be 2100 mmol/hr. This is
according to the present invention. The use of dimethyl ether enhances the
carbonylation rate when compared with Experiment G.
The autoclave charges, reaction temperatures and pressures for
25  Experiments F and G and Examples 4 and 5 are given in Table 3 and the analyses
of the non-condensable gases vented from the autoclave at the end of the

experiments are in Table 4.

30

35



15 This is not an exanple according to the present

i.nventi on because no di net hyl ether was used as feed to the
carbonyl ati on reacti on. Exanpl e 3 - Carbonyl ati on of Di nethyl Ether
W th Rhodi um Cat al yst Experi ment D was repeated as above using
di nethyl ether in place of 5 methyl acklate. Cel | charge
Di net hyl et her 1= 479 ' Wat er '
0.69g 10 Acetilcyagid| .| | &% 18. 14g
| nj ector charge E Mit hyl i"'adTJIe 3. 75¢ -
[Rh(CO[err]d][err] 0-1+025¢1 15 The carbonyl ati on
rate was 0.169 nol/hr anpdg§thi s jwap Iilr_*ea until close to the end of
the reaction. The rhodiln§°§tal yst plesent totally as
[Rh(CO[err]lferr]][err].B, _ ~1 Th contrast w th Experinent E this
is an exanpl e according tla Vhe pr esent i nventi on because di net hyl
ether was present in thg teed. [Ttfdenonsirates that the 20 rate of carbon
nonoxi de uptake is accellegaked |by t & peesence of dinethyl ether at
| ow water |evels and that®t e dat pl'Y<E| 5% stabilised.
Experinments F and G and |Exallpl s # and| S{were carried out in an
anal ogous manner to thode descrfi ba_‘D i n| Experinents A-D and Exanples | and 2
with the exception that a-..3@)m_ %Lag el qy B2 (Trade Mark) autoclave was
used. 25 Al so a dual I|qU|aj iInf-eetli op flacility connected to the injection .
port of the autoclave nllmﬂfﬂ At rgduction of either Rh or Ir
catal yst followed by DVH gukstriabe Hyi,Hsg of an over pressure of
carbon nonoxi de gas as degcrE bedQi K| K| ous exanpl es. Furthernore,
gas uptake fromthe ball as:tE/ sis€l “Was| Mpasured every 2 seconds
rather than every 30 seqomds—asrdgsgripey in previous exanples. 30
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A basel i ne experinent was perforned (water concentration decreasing from
9:7 to 1.6% by weight during the course of the reaction assum ng 100%
conversion of substrate) using an iridiumcatalyst with nethyl acetate as a
feed to t he carbonyl ation reaction. The rate of gas uptake fromthe
bal | ast vessel after 5 35 m nutes was found to be 2226 mmol /hr. This is
not an exanple according to the

16 present invention because b8 di net hyl ether was enpl oyed.
Exanpl e 4 Experiment F was repeated (water concentration
decreasing fromb5.7 to 1. 6% by wei ght as above) except that dinethyl
ether was used as a feed, the 5 anount used bei ng cal cul at ed usi ng
Equation (3). The rate of carbon nonoxi de - upt ake after 5 m nutes was
‘found to be 2722 mol /hr. This exanple, which is according to the
present invention, denDnstrates faster carbonyl ation rates can be

achi eved by using thytTetyen as a feed to a carbonyl ation reaction, as
opposed to f\yl acetafejas used in Experinent F. 10 Experiment G
An experinment was f or{medl tﬁ | ithiumiodide and hydrogen (both
precharged to the pcllaveé priqr to heating to reaction tenperature) and a°
rhodi um cat al yst . hyil 2 was used as a carbonylation feed and the
wat er concen [ i dn ¢lecy egsed from 5.1 to 0.5% by wei ght as above.
The rate of -carbon Inmonoxj dg uptake fromthe ballast vessel after 5
m nutes was found be (17 ol /hr. This is not according to the
present invention ho |di.pethyl] et her was used. Exanpl e 5
Experiment G was r¢pept gd (waft er] concentrati on decreasing from2.8 to 20
0. 5% by wei ght as #boje)| except [that dinethyl ether was used as a feed. The
rate of car b¢rsporjoxif def ugt ake after 5 minutes was found to be 2100
mol /hr. This is ol ol A A
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accqording to the present invention. The use of dinethyl ether enhances the

carbonyl ation rate when conpared with Experinent G The
aut ocl ave charges, reaction tenperatures and pressures for 25 Experinments
F and G and Exanples 4 and 5 are given in Table 3 and the anal yses of
- the non-condensabl e gases vented fromthe autoclage at the end of the
~experinents are i-n Table 4. 30 35 THIS SHEET HRS'BEEN
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Claims:
1. A process for. the production of acetic acid which process comprises
reacting carbon monoxide with a carbonylatable reactant introduced to a reactor in
which there is maintained at elevated temperature a liquid reaction composition
. comprising a Group VIII noble metal catalyst, methyl iodide promoter, an optional
5  co-promoter, and at least a finite concentration of water
characterised in that _
the carbonylatable reactant comprises greater than 10% by weight dimethy] ether
and the concentration of water in the liquid reaction composition is from 0.1 to
10% by weight. | ) '
10 2 A process according to claim 1 wherein the carbonylatable reactant
comprises dimethy! ether together with methanol and/or methyl acetate.
3. A process according to claim 2 wherein the carbonylatable reactant
comprises dimethyl ether and methanol which is obtained by reacting a mixture of
carbon monoxide and hydrogen in the presence of a methanol synthesis catalyst
15  and a methanol dehydration catalyst. '
4. A process according to any one of the preceding claims wherein the
concentration of water in the liquid reaction compositioﬁ isin the range from I to 8
% by weight. . )
- 5, A process according to any one of the precediﬁg claims wherein the Group
20  VIII noble metal catalyst in the liquid reaction composition comprises a rhodium-
containing compound which is soluble in the reaction composition.
6. A process according to claim 5 wherein the concentration of the rhodium-
containing compound in the liquid reaction composition is in the range 10 to 1500
ppm by wei'ght of rhodium. _
25 7. A process according to either claim 5 or claim 6 wherein the Group VIII
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noble metal catalyst i rliodium and there is employed a co-promoter which is
selected from ruthenium-, osmium-, rhenium-or manganese-containing compounds.
8. A process according to any one of claims S to 7 wherein the Group VIII

" noble metal catalyst is rhodium and there is employed a co-promoter which is
selected from the group consisting of Group IA and Group IIA metal iodides,

quaternary ammonium iodides and phosphonium iodides.

9. A process according to any one of claims 1 to 4 wherein the Group VIII
noble metal catalyst in the liquid reaction composition comprises an iridium-
containing compound which is soluble in the liquid reaction composition.

10. A process according to claim 9 wherein the concentration of the iridium-

* containing compound in-the liquid reaction composition is in the range 100 to 6000

ppm by weight of iridium.

11. A process according to either claim 9 or claim 10 wherein the Group VIII
noble metal catalyst is iridium and there is employed a co-promoter which is
selected from the group consisting of ruthenium, osmium, rhenium, cadmium,
mercury zine, gallium, indium and tungsten.- '

12. A process according to any one of the preceding claims wherein the
carbonylatable reactant comprises between 30 and 100% by weight dimethyl ether.
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Crai nms: 1. A process for the“prodiicti on of acetic acid which
process conprises reacting carbon nonoxide with a carbonyl atabl e
reactant introduced to a reactor in which there is maintained at

el evated tenperature a liquid reaction conposition conprising a G oup
VIIl noble netal catalyst, methyl iodide pronpter, an optional 5
co-pronmoter, and at least a finite concentration of water

characterised in that t he carbonyl atabl e reactant conprises greater
than 10% by wei ght di net hyl et her 2Ad the concentration of water in
the liquid reaction conpositionis from0O.1 to .10% by weight. 10 2.
A process according to claim1 wherein the carbonyl at abl e react ant
conprises dinethyl ether together with nethanol and/or methyl acetate.

3. A process according to claim2 wherein the carbonyl atabl e react ant

ABSTRACT

PROCESS FOR THE PRODUCTION OF ACETIC ACID BY THE
CARBONYLATION OF DIMETHYL ETHER

A process for the production of acetic acid which comprises reacting carbon
monoxide with a carbonylatable reactant comprising greater than 10%, typically
from 30 to 100%, by weight dimethyl-ether introduced to a reactor in which there
is maintained at elevated temperature a liquid reaction composition comprising a

* Group VIII noble metal catalyst, for example rhodium or iridium, methyl iodide
promoter, an optional co-promoter and water at a concentration in the liquid
reaction composition of from 0.1 to 10% by weight.



.coffpri ses dinethyl "ether and net hanol which is obtained by reacting a

m xture of car bon nonoxi de and hydrogen in the presence of a nethanol
synt hesi s catal yst 15 and a net hanol depydration catalyst. 4, A
. process according to any one of the preceding clains wherein the '

concentration of water in the liquid reaction conposition is in the range
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- to 1500 %/ wei ght of rhodium 25 7. A process according to
ei t her clalmg or claim6 wherein the G oup
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of 175°C in the presence of methyl iodide promoter. This example is said to
demonstrate that an impure alcohol feedstock having ether in the alcohol has no
deleterious effect on the reaction.
20 None of the above patents teach that using dimethyl ether as feed to a
liquid-phase carbonylation reaction has any beneficial effect on the carbonylation
rate. X
- It has now been unexpectedly found that in the production of acetic acid by
liquid phase carbonylation in the presence of a Group VIII noble metal catalyst,
25 . methyl iodide promoter and a finite concentration of water the reaction rate of
dimethyl ether carbonylation can be greater than that of methyl acetate and/or
methanol.
Thus, according to the present invention there is provided a process for the
productioh'of acetic acid which process comprises reacting carbon monoxide with
30  a carbonylatable reactant introduced to a reactor in which there is maintained at
elevated temperature a liquid reaction composition comprising a Group VIII noble
metal catalyst, methyl iodide promoter, an optional co-promoter, and at least a
finite concentration of water characterised in that the carbonylatable reactant
comprises greater than 10% by weight dimethy! ether and the concentration of
35  water in the liquid reaction composition is from 1 to 10% by weight.
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-mercury zinc, gallium indium and tungst en. 12. A process according

to any one- of t he preceding clains wherein the . carbonyl at abl e
react ant conprises between 30 and 100% by wei ght di met hyl et her. 20
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Claims: _

1. A process for. the production of acetic acid which process comprises .
reacting carbon monoxide with a carbonylatable reactant introduced to a reactor in
which there is maintained at elevated temperature a liquid reaction composition

. comprising a Group VIII noble metal catalyst, methy! iodide promoter, an optional

5 co-promoter, and at least a finite concentration of water
characterised in that . |
the carbonylatable reactant comprises greater than 10% by weight dimethyl ether
and the concentration of water in the hqund reaction composition is from * 1 to
10% by weight. .
10 2. A process according to claim 1 wherein the carbonylatable reactant
comprises dimethy! ether together with methanol and/or methyl acetate.

3. A process according to claim 2 wherein the carbonylatable reactant
comprises dimethyl ether and methanol which is obtained by reacting a mixture of
carbon monoxide and hydrogen in the presence of a methanol synthesis catalyst

15 and a methanol dehydration catalyst. '
4. A process according to any one of the preceding claims wherein the
concentration of water in the liquid reaction composition is in the range from 1 to 8
% by weight.
- 5. A process according to any one of the precedm<7 claims wherein the Group

.20 VIII noble metal catalyst in the liquid reaction composition comprises a rhodium-
containing compound which is soluble in the reaction composition.
6. A process according to claim 5 wherein the concentration of the rhodium-
containing compound in the liquid reaction composition is in the range 10 to 1500
ppm by weight of rhodium. | |

N
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7. A process according to either claim 5 or claim 6 wherein the G!Ollp VIII
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