PROCESS FOR THE CARBONYLAT1ON OF DIMETHYL ETHER This invention relates to a
process for preparing methyl acetate by reacting dirnethY1 ether with carbon monoxide in the
presence of a zeolite catalyst. 5Methyl acetate is used industrially in petrochemical processes,
particularly as a feed or the production of acetic acid and/or acetic anhydride. The commercial
production of Y8SIAEEH, operated as a homogeneous liquid-phase prEEE&BH WA A the
carbonylation reaction is catalysed by a Group VlIilnoble metal such as rhodium or iridium and an alkyl
iodide such as methyl iodide. The main drawbacks 100f this process are the use of iodide which can
lead to corrosion problems and the difficulties associated with separation of the products and catalyst

components from ayngiarRRARGRBGHR ¥ (ARG YRARIEH? SRR AHSTC YRR heterogeneous gas
phase process usinmmgaﬁmammmmvm@wmmm 632 describes a
vapour phase process for the carbonylation of 15methanol to produce acetic acid in the presence of a

modified mordenitergatalvstRihHIR e RPrBEeHAR FERISUERS)] acetMBPRMRERP3 describes a
process for the catalytic conversion of a feedstock comprising carbon monoxide and hydrogen to
produce at |EREBM LSRN NN SRR RGeS e PEB Rt 8Ny carbon monoxide with the
at least ¢éne of an aleahal:efaeri2 Osddmiuxitiake ihprecflioniikel pressnse pfticgatblystdeddcted from
solid super afcirc{}slé hreot o (%I)é %icde I,Cczlgliisa,n O?Iitc% . an naggaecular sieves, in the absence of a halide
promoter, under Conditions o temperature an pressu?'e sufficient to produce at least one of an ester,
acid, acid anhydridEhadnmigtoi@ pioinaion piortivacidhie epseaistize olltesageoenndysinidhe carbonylation
reaction is ”?R%%QQI@Q-%W%M&ﬂﬁﬁ%%%ﬂ@@&@ﬁ@&ﬁ?% o RIaAECiAh agarboxylic acid

and/or an ester or anh(};gride thereof by carbonylating an aliphatic alcohol or reactive derivative thereof
with carbon FHehaxBed NI EitiemAng rapleh e Rutbge msivtirstidre dbn ceitrdawbrfifed mordenite

catalystat a §emperatidse dthe (anega iRl witb0aREdaRIasssa flodientanged to 200 ban The use
of ditnethyl e#t}?r 5.2 feedsttogk is, ot extempl% {'gd. 3(3 V\{O 2#)0@/}2%778 des%ripes a process for the
production o A 1%%leersaaﬁ§9f1§s eroral avl\“/aelroglf)phaetigr%a‘%%cs)@ ICACH (i?r(r:lgr nglﬁﬁlarﬁﬁlgaunder
substantiallysargieypirases Bohdifitescallowerd kgl Ethe o wittrcaif eetvormsridesigahehpresence of a
mordenite orpiggggrﬂgnmigg)lggﬁgg&g/&ﬁg@p@uﬂ%{e(&g@[}gg&dAccording to this patent application,

the carbonylation-process is run at temperatures at or below 250 C, and preferably from about 150 to

about 180 C to minfimidelyHPed desTobasaticmom Rhats Broases dpidhe SHBAARER Sfior art, there remains

the neetk for admmhetero gragedsaasRiIasanRMeastSor thadaiasystinnafdmetytatcatate from dimethyl
ether under substantially anhydrous conditions using a zeolite catalyst which is superior to the other
processes ué‘?ﬁﬁ%ﬁ%&%@gﬁ%ﬁﬁﬂctanm as a feed. It has now been found that if the carbonylation
process is carried cMOdt B hératibesin e aafigaRAG @ toc350vE sordoifatfredsi@sence of hydrogen

ther mproveg AR-RIRCuE, Snler catpial ispllymav e adh e e impagh afycrogen or

productivity and/or catalyst stability in the range 240 C to 350 C can be further enhanced by the
presence of BIREWBETHITEY i TG RfbtaTBosmene v itkh the sk ksstansqif 2amiepres&teinvention

providesoa prpgessfiaeiir-Riadyaiopatmetid acalateadich ArRCcRS semnis@s the carbonylation of

a dimethyl ether feed with carbon ) ) )
eteropolyacids, clays, zeolites and molecular sieves, in the absence of a halide promoter,

under conditions of temperature and pressure sufficient to produce at least one of an ester,
acid, acid anhydride and mixtures thereof. However, the use of zeolites to catalyse the
carbonylation reaction is not exemplified.

25 WO 2005/105720 describes a process for production of a carboxylic acid and/or an
ester or anhydride thereof by carbonylating an aliphatic alcohol or reactive derivative
thereof with carbon monoxide in the substantial absence of halogens in the presence of a
modified mordenite catalyst at a temperature in-the range 250 - 600 °C and a pressure in
the range 10 to 200 bar. The use of dimethyl ether as a feedstock is not exemplified.

30 WO 2006/121778 describes a process for the production of a lower alkyl ester of a
lower aliphatic carboxylic acid by carbonylating under substantially anhydrous conditions

a lower alkyl ether with carbon monoxide in the presence of a mordenite or ferrierite



15monoxide 'under substantially anhydrous conditions, in the presence of a zeolite catalyst effective
for said carbonylation, wherein said carbonylation is carried out at a temperature in the range of 240C
to 350C and in the presence of hydrogen. The present invention solves the problem defined above

by operating the, psacess;at high temperature and in the presence of hydi,%gié%tzgﬁg}xﬁ g}%od

productivities to methyl 20 acetate product. The finding that this can be ac using hydrogen at
high temperatures is surprising because from the work described in WO 2006/121778 mentioned
above, it would be expected that the presence of hydrogen would have no or very little effect on the
formation rate of methyl acetate in a zeolite catalysed dimethyl ether carbonylation process. 25The
dimethy! ethetaipest Asebrdifeaia thisiretprbermdisaiomdhoeskntylatiemtimesssdy tve gubstantially pure
dimethy! etheg\p cOMOISTEIAbRAEIFISE «AIMRPMBUIRY ifhIAEMEI0Y RS aRMiGsonversion of
synthesis gas (mixtures of hydrogen and carbon monoxide) over methanol synthesis and methanol
dehydration cataRse brireduntiofiatisRversion results in a product which is predominantly dimethyl

ether but.it may alsq;ncﬁg@agg@@%{;@gﬁlame(ﬁrﬁg&m RERCRSS Rk e RigpRpkinvention the dimethyl
ether feed may comprise small amounts of methanol provided that the amount of methanol present in

the feed % nof ST WRGPUSERS RIS PrA S dnsdhn pedir i eyl astate Srere PRl efte product. It
has been foungddthatbWinxialP ih32438 O T R200G Q0414 Galik ehigsh, sipehioaso thet% or less of
methanol ma&gg to(l)%raggsd in the rime}hg}h%rr\er feed. P guitably, dimethyl ether is present in the
feed at a conCENtration m the ?1age08. aio %%%tf%,sgfj%hegs'.l.S mol% to 20 mol% or 1.5,mol% to 10
mol%, for example 1t Basmt96tBto S0 184, i dsedubnntietivtatfesd icattdigitetycles). The carbon
monoxide may . HaS(aNBiRy /e 63 MaCaKiFR (Y Faple AHRom MeRaie A ically

provided by suppliers of industrial gases, or it may contain impurities that do not interfere with the

conversith ofRdugHRENpdaherty theaibdatatee whisved Fhedarct RERYAIO%YSM, methane and/or
carbon dioxidgrod0dihenpsaarss AillRespIREe i haatigimeariesout baihe Ri@seReRaédaydrogen. The

hydrogen mz:%gbgl fed as a separate stream to the carbonylation. reactor or it may be fed in combination
I

with, for exa B RIBSACHONUY AL MRS RIPECHT RS S8 % 8% oon monoxide are commercially
pr_oduced by the steAmmelinghyingeqﬁédetmmnsymvwthq@gsﬁal thxipimim_:ﬁoﬁ h;”/d_rﬂhﬂrbons. Such
mixtures are g%%g%%%ﬁ?%@gsg é8:§§a§¥§‘&?§éd§b oot HAESL CORPAISAR MAiRly carbon

monoxide an ogen but may also contain smaller quantities of carbon dioxide. Suitably, the
molar raii® of BarssHOvOAIdestanyelin ety iens Benihitiprs.rarhe rresaige a5 zeobitrcstalyst: 1 to 10: 1, for

example, 1 : LiQdivd for said cdiBEnTIRRL R ShGalpenuponmddesasircivethaiisautably in the
range 1:120t099:1,suchas2:1t060:1.  The zeolite catalyst may be any zeolite which is
effective to cAfijsEn8e Larbdriyiaibl of AhEHRA RErsk /A SFBE  monoxide to produce methyl
acetate. Z,eolites arghavaishicidreniQosver diabssiicaed;Getabally iy tperiimgNitdpiamss er H- form of
the zeolite. The ﬁéfgrra caepmg)e %cl)nverted totlge acidn(tlg-fg%m%b 5@8&’&’{]\; ?tse%hnr&i ues, such as
calcination at %@R‘w? i & Re’aci (1 F2rorm converting first
to an NH4 forasdtatdorodrahahg @ity drirfioniambsalibiswdsisedminaeiunt nithdeaparesireatively,
zeolites may bessynthesised HsiRaKAIRMLIRARRIAHESAROIBBRIP ISR & SYRie &kchannels which

may be interconnected with other . .
would be expected that the presence of hydrogen would have no or very little effect on the

emperature. Thel5Torm, can %re? Sonveted 8&{

formation rate of methyl acetate in a zeolite catalyséd dimethyl ether carbonylation
process. |

25 The dimethy] ether used as the feed in the process of fhe present invention may be
substantially pure dimethyl ether. In commercial practice, dimethyl ether is produced by
the catalytic conversion of synthesis gas (mixtures of hydrogen and carbon monoxide) over
methanol synthesis and methanol dehydration catalysts. This catalytic conversion results in
a product which is prédominantly dimethy! ether but it may also contain some methanol. In

30  the process of the present invention the dimethyl ether feed may comprise small amounts
‘of methanol provided that the amount of methanol present in the feed is not so great as to

inhibit the carbonylation of dimethyl ether to methyl acetate product. It has been found that




30channel systems or cavities such as side-pockets or cages. The ring structures arc generally
12-member rings, 10-member rings or 8 member rings. A zeolite may possess rings of different sizes.
The zeolites for use in the present invention preferably contain at least one WO
2008/132432‘37\?002'&/)%3%%93%8/001414 4 channel which is defined by an S-QEU(@Ber (Q;'ﬂ)%l M
the 8, member Ting ¢Rafinel is interconnected with at least one channel deﬁneéoby a'ring with 10 and/or
12 members. The window size of the channel systems should be such that the reactant dimethyl ether
and carbon monoxide molecules can diffuse freely in and out of the zeolite 5 framework. Suitably, the
window.size of an 8-member ring channel may be at least 2.5 x 3.6 Angstroms. The Atlas of Zeolite
Pthmework Fyp&sofdesB avelosher iy oMesviefarctbandl @iz bn t@tmtsd iE(Bediostivitberdam, 2001) in
conjunction with the web-based version (http://www.iza-structure.org/databases/) is a compendium of
topological and structural details-about zeolite frameworks, including the types of ring structures

present in a zeolite>Hitrakadims bbby semachalad et yemesasy@derhsigasfe! ttxamples of
zeolites suitablpden Usnastng RIGSeRE 10 ¥enbebrinsludezerlteshiRmawnple tysenM@R, for example
mordeni%e, FER, such as ferrierite, QFF, for example, offretite and GME, for example gmelinite. For
the process .@f%ﬂéoTﬁﬂeE%%ﬁ{iﬁﬂ/gﬁt'fBH iﬁ%dﬁo?ﬁ?mg@ RS- zeolite has a silica to 15alumina ratio of at
least 5 but preferalilylessdhapmixeiustbd Qhsandblginctheangendtidd Gofetaaxample 10 to 30.
Where the aluminium atoms have been replaced by framework modifier elements such as gallium, it is
oreferred th AR e L e B B D R G, o
and/or bororimguzsititsabatslanet prieféarabhithabs tharesioaqdtadizothybebir e wetind seatge 7 to 40, for
example 10 930 28 J2ERTGLARY; HhRZenlig R HaR BatBERiGSRIT invention is loaded with one or

more metals such as copper, silver, nickel, iridium, rhodium, platinum, palladium or cobalt and
mixture¥thereof. I B SETRTSHESHHHRY BRESR H SHTEASShiR R RSE e t Af YRS mordcenite zeolite.
The mordenifad gy enngloygelins hepaitddomauttonerceniglait maypber 2aptionrly
ion-exchanged or glh .rwis'eﬂllo?ded Wit[‘l one or more. e}&lsﬁ}uchﬁls %ggeghgilv%% nickel, iridium,
rhodium, pIaWnﬁ)rIH, 1613 QG of coBalt THe metal foa th Sha 280 e, rnexan%aﬁ e,nmordenite may be
expressed imtermglohthecfrastiontly ladingdoftiie metal mbgring dioro ofmetangdy gram atom of
aluminium i the mardeniie dFheneiakiaadingcrn Ao hnaipiersed f5.0 qiplgsnercentage

loading 30re?at|ve to aluminiurm in the mordenite through the relationship : mol% Metal--- (gram atoms
Metal/ghaim &85 aheiathRYRPIDE MUY feitbampiexida sadiigroew But randlst sRaEY copper per
aluminium insiel e QAR of carbon dioxide. ,

Suitably, the molar ratio of carbon monoxide : hydrogen may be in the range 1 : 3

lost preferably,

to15:1,suchas1:1to010:1, forexample, 1:1t0o4:1. »
v The molar ratio of carbon monoxide to dimethyl ether is suitably in the range 1 : 1
20 to99:1,suchas2:1t060: 1. _ ‘ |
The zeolite catalyst may be any zeolite which is effective to catalyse the
carbonylatidn of dimethy! ether with carbon monoxide to produce methyl acetate.
Zeolites are available from commercial sources, generally in the Na, NH, form or
H- form of the zeolite. The NH4 form can be con{/erted to the acid (H-form) by known
25  techniques, such as calcination at high temperature. The Na form can be converted to the
acid (H-form) by converting first to an NHy4 form by ion exchange with ammonium salts
such as ammonium nitrate. Alternatively, zeolites may be synthesised using known
techniques.
Zeolites comprise a system of channels which may be interconnected with other
30  channel systems or cavities such as side-pockets or cages. The ring structures are generally
12-member rings, 10-member rings or 8 member rings. A zeolite may possess rings of

different sizes. The zeolites for use in the present invention preferably contain at least one




WO 201J8/132438PCI/GB2008/001414 equates to a 55 mot% loading of copper relative to aluminium
in the mordenite. Suitably, the metal loading may be in the range of Ito 200 mol% relative to
aluminium, for example, 40 to 120 mol%, 50 to 120 mol%, such as 50 to 110 mol% or 55 to 120 mol%,
such as 55 t%]%ggz%%z 5The mordenite framework, may in addition to.}gl'cx%ag%g/ﬂgﬁﬁluminium
atoms, contain addi iOnafgtrivaIent elements, such gs boron, gallium and/or iron. Where the
mordenite contains at least one or more trivalent framework, the metal loading in the mordenite can be
expressed in terms of the fractional loading.of the metal as gram atoms of metal per gram atom of total
trivalent elements in the mordenite. The metal 10loading can also be expressed as a mole percentage
loading relatiheneetethictrisalefim el dnantsnaniber mg deiofteptbfeell, the $atetigheshife: mol% Metal =
(gram atome stai oA AaMRA iRk ISR Alamerishd 30 Pgpus ftasathapylation reaction

is io be conducted substantially in the absence of water, it Is tE)referre that the zeolite catalyst.is dried

prior to use. Mpabesolitberwindpw sise|abtcdanne mstenssshatd by fuch fertibe Fateilof 400 to 500 C.
It is preferreqithatinergaliie Gtaly sl aridatadinimed @taly-arigra s Rvheaingdhe zeolite at

elevated temperature for at least one hour under flowing nitrogen, carbon monoxide, hydrogen or
mixtures the fEHE WHE-pTBIRE e Hindencire pide: Smeat (B B BRS REh B RS X e in the 20
substantial abgengstainnateic A oArony dlanoiekmesbyl@tBasdochetW] bcalaie,dnés not generate
water in-situ. \Wateghas heen found to inhibj .carbonylation.of dimethyl ether to form methyl
acetate. Thug\,{gﬁ“t e 5&0@@5&8’? M%?%éggh?%\?gﬁ iS%I}Jvu\%Pe(z)rn i%vkaép%eavg d&va%eg 5 feasible. To
accomplish ttigp evanietisuue ag/datandses)) i eroxigendiautof tep thogicebtad sitpaiveabreferably dried

prior to it odyEtRNOkp U YRS AN RE Al AT SLAER RN dleraled without

adversely affecting the formation-of m acet ly, the dirnethyl ether may contain, 2.5 wt%

or less, Huchaad thaidimopsieness te plapampisfioed Misadring&aatarpies of FRolFd cess of the present
invention is CaERigek euhak SlBIN PR RN TRNeR eEAA 6 Raseésk Syialhr the temperature may
be in the range 250 to 350 C, such as 30275 to, 35 g or emplegﬁﬁ tg{ng%#bf The process of
the present ifv&RRTIES S Cfet A dPieotsy %F S SONEFHIHE PAHER {¥g. Suitably, the
pressure mayaaplthedaige of 10 barg to 100 burg, such as 10 to 80 barg, for example, 30 to 80
parg or 30 barg 10 130 B2ioces. SR MASRLRRIATREMIE P ENIAD iR /a0gR A Lo 50 barg,

such as 3 to 30 barg, for example rg. carbon monoxide partial pressure should be
sufficientsto pawmitahetiprefis dersh Softpreferabliclssatdasrotiemsebtn 180 ghelbhy 1n Wfe32859e!0.1 to 50 barg.

The Gas Houly Spactyelosity {Shavk inshilalivin thedanse A tepfRAAY Kattwbias 2000 to
20,000 lit. The process of the present invention is suitably carried out g;z(gpgv sing dimethyl ether
é

vapour, hydraRpsifigaelpentssidmhtahivmal acfrrsddhrbisdyoriilte ¥ 16t zeolite
catalyst maintaiargtadheneauned sampenaiygeliium, iron and/or boron, is at least S and ‘

preferably less than or equal to 100, such as in the range 7 to 40, for example 10 to 30.

20 Preferably, the zeolite for use in the present invention is loaded with one or more
metals such as copper, silver, nickel, iridium, rhodium, platinum, palladium or cobalt and
mixtures thereof. |

In one embodiment of the present invention the zeolite catalyst is a mordenite

'l zeolite. The mordenite may be employed in the acid form (H-mordenite) or it may be

25  optionally ion-exchanged or otherwise loaded with one or more metals such as copper,
silver, nickel, iridium, rhodium, platinum, palladium or cobalt.

The metal.loading on a zeolite, for example, mordenite may be expressed in terms
of the fractional loadin'g of the metal as gram atoms of metal per gram atom of aluminium
in the mordenite. The metal loading can also be expressed as a mole percentage loading

30  relative to aluminium in the mordenite through the relationship :

mol% Metal = (gram atoms Metal/gram atoms aluminium) x 100

Thus, for example, a loading of 0.55 gram atoms of copper per aluminium in the mordenite




Preferably, the process of the'present invention is carried out substantially in the absence of halides,
such as iodide. By the term 'substantially’ is meant that the halide, for example, iodide content of the
reactant gases (dimethyl ether and carbon dioxide) and catalyst is less than 500 ppm, preferably less

than 100 ppm, 15The primary product of the process is methyl acetate I oqunts of acetic
acid may a|sr§“%é%g$é%§‘%&. The methyl acetate prgaduded by the procefé}%?!ﬁ%(@gg‘eyrﬂ invention can

be removed in the form of a vapour and thereafter condensed to a liquid. The methyl acetate may
be recovered and sold as such or it may be forwarded to other chemical processes. Where the methyl
acetate is recovered from the carbonylation 20 reaction products, some or all of it may be hydrolysed
to form acetiegasid tAdiesnadive lyatie: o iopmRambRiytadanraacio i e teeddnigy be passed to a
hydrolysis stage and.aceti¢ acid arated thereafter, The droésé is e.carried out by known
techniques-such ag%aa%cﬁ/fv%ecﬁlsq[ﬁgtglgél?ﬁ fﬂ@%reelgég%rean an %1%3 ca a%%’i/.rgawe mThe process may be
operated as dit@rian; dotixamps: o atd 226mpitic 863 j Afferdys28as atontifuodSosotess. The

invention is ng%ﬁ}%g‘% (,jyggec eﬁ@tﬁ%ﬁ%the following Examples. Example 1 This Example
effect of t '

demonstrates the eff of the addition of ydr‘ogen. on the carbonylation of dimethyl ether at 180 to
300 C. 30 Caa ratidhe@mragptcArapewsid emitdmnadiitionrie thamlisosined 9 BHMAPEYo of 20 (ex

Stid-Chemie} yas camRaGiav MR 0PRMS32430R G RRANRARIAL A4, With the powtec roller

compactor at 250 bar using a total of 4 cycles, then crushed and sieved to a garticle siée fraction of

125 to 160 micron%%?ﬁédm@%%l?ﬁﬁb?%ﬂﬁme\mﬁlfﬁﬁ%ﬁr&&iﬁ BARer. After the
impregnationdiinmiarde nitedsds: lefh ¢ arpbissnt dcondiiooiigacsbakdodding dfahe.ridftdnthe shaking the
mordenite was 5tr?rrlr§sf% ed tf) a forced conV{st%tLia?n ov%\]t(eei\ir astatn}gg%{loe(ri@ﬁgg% %d mt8a§0C for 20

hours. After ﬁ%l%l&rlﬁng S é“ﬁ%@%%%ﬁ‘.i’é“ﬁag calcined m & mutfie oven foven-vo ume =12L) ata

temperafure loA&09 @ratrdédre airptaisdtbes 2 raivinyracriagsipdiator e iminttbtev@eperature of 120C,
held at 120Cfor 180, miRUies e H{RG. LARGEHEEWAS increased by 1C/min to 500C, held at 500C

for 180 minutes. The mordenite was then cooled down 10 to room temperature in the muffle oven

under (dry) air flowmol/nstarHgr Alemtdpalararripanaf i dririigra Db Sieve and sieved
to obtain particles vingansizatibrijleianeeclidhisk6Bovofdataly sildtaAiR lioadkedvbendenite Mordenite

with a silica to_alumina ratiq of ex Stid-Chemie) was.compacted 15with t owtec roller .
compactor af E%t%av Efsﬁﬁeg"é‘ figf%fgtoé]ﬁ %efé}tees(fattﬁl %t (I:Srﬂﬁs?ﬁggr é)ﬁ% sisve etcz)egﬂp?%%@ié Size fraction of
125 to ]16(_) nﬂdﬁdnﬁ?rfkmmwbpaga@dgmm@"wgs ufemw With'@. silver (1) nitrate sqlution, to obtain 55
mol% of silver relatjye to AlYIAMT Tag I LIRS 0AJoNiiatARAGL A S 0aedgnite was measured

(typically 10-20%, in this case 18.0%) to accournit for the amount of water adsorbed on the mordenite in

order to 20dewAnETBe R HinB R8I BPEBIUIIR T agefi artobarhiBger fr RS HESSatinum loading.. A

solution of 42G1eShRb4Id iR Qhcnaamiraliderei4 mon dissolved in 18244 deionised 1110 was
made-up and used |mpre%]nate 2.52 of th&mortlenlt Agélﬁé(}he |rg10pﬁ?gnatlon.thtgemordenlte was left

at ambient condition8°dRCSeEhEIAFTE? T SBTeLHRT ALY SN GTINE SREF T8N S Srdcnite was

transfere@d towicrsiatabemee ofiontondréairbsnylation of dimethyl ether to methyl acetate does
not generate water in-situ. Water has been found to inhibit the carbonylation of dimethyl
ether to form methyl acetate. Thus, in the process of the present invention, water is kept as |
low as is feasible. To accomplish this, the dimethy! ether and carbon monoxide reactants
(and catalyst) are preferably dried prior to introduction into the process. However, small
25  amounts of water may Ee tolerated without adversely affecting the formation of methy!
acetate. Suitably, the dimethyl ether may contain, 2.5 \#t% or less, such as 2.4 wt% or less,
for example, 0.5 wt% or less of water.
The process of the present invention is carried out at a temperature in the range of
240 °C to 350 °C. Suitably, the temperature may be in the range 250 to 350 °C, such as
30 275to 350 °C, for example, 275 to 325 °C.
The process of the present invention may be carried out at a total pressure in the

range | to 100 barg. Suitably, the pressure may be in the range of 10 barg to 100 barg, such




25 atmosphere) heated to 80C for 20 hours. After the drying step the silver loaded mordenite was
calcined in air in a muffle oven (oven-volume = 12L) at a temperature of 500 C under air (air flow 1
L/min) at a ramp rate of 12C/min to a temperature of 120C, held at 120C for 180 minutes, then the
temperature W%%Hﬂ&/i%?@d by 1C/min to 500C, held at 500C for 180 migutessThemilygr loaded
mordenite was then cooled down to room temperagure 30 in the muffle oven under (dry) air flow 1
Limin. The silver loaded morclenite was then gently pushed through a 160m sieve and sieved to obtain
particles having a size in the range 125 - 160 m. WO 2008/132438PCT/G432008/001414 8
Carbonylation of dimethyl ether Dimethyl ether was carbonylated with carbon monoxide in the
presence of eathtoftheu@afelystsnplad B 8hbag thé pbessndd®birgdrogen. The experiments were
carried out in a preggig digueAsaRial sl Goasialing, PhfoHiERGR 163601 Ahliadung tpscribed in
5for example, WO 2005063372. Prior to the loading ‘of the catalyst into the Teactor, a 5cm (approx.)
bed of steatiteigs Secxampleidie 80 PetE-350nm was placed in the respective catalyst holder. A 5cm
(approx.) zone of copdrgiyah ol sie¥RdRetiaREMSsHafVvaTRiraed patarkf thruweatit bed. 1.0 ml

of catalyst was placed on top of the corundum bed. The catalyst was covered by approximately 5cm
corundurh be¥ BFaratats Brodust 1w4s sutatdy ipthe reags - t4PpibRai&one-of steatite of sieve fraction
of 100-350m was plaeeshoHdolydthe VeturtUGHS) iEvanbronaiwasmgenovaserd 0@ hitting or vibrating
to get a stable hed g&%?ﬁdﬁ' (—i-%qlstarting height of the catalyst zone. The catalyst was then

a

pressurised {o' ar wi a flow rate of 4 L/h. The catalyst was then heated at 0.5 deg.C/min to

a holding temperatiite pfo@80f thh@resq'inwasehédni_ fas@@h&hﬁiﬁé@ﬁ@;hm@g@rb%ﬂhently 15the
temperature s IAMAEA 400G A0 A8ACIONRA0RI0 Rlaed LA Rk ipaldh hours. At this

point catalyst activation' was considered complete and the reactor temperature was decreased to
180C. Alfer tHi rephiteraialyst maliviast A REMBOdCREGaEFeed was switched to a mixture of carbon

mt}ﬂoxide, nritrfginp@adr&ﬁmaaﬂ%ﬁﬂm &B&&Fp}h et aM&i@M&a&i@;&BZ}&@% Fx\ttﬁeﬂO\r/]V rate ?; .
41/h. Dirnethy| ether was, fed at 0.08 2 as a vapour, to obtain a CO/N2/DME ratjo jn the total fee
of 75120/ orkESFHEH ERSEE R SBERIBR S T R S B imin t
equalise the prespigdcidngsmitzatwete thetif: pewstalinkity] Fther exit streandifnade)thel reactor was
passed to a %%%1‘39{95 e@é%?aotg %@tg{é’fgﬁﬁl}tﬂ%g%ﬁ%@g{w of reactants and carbonylation

pf i e for

products. The reaction was allowed td contin ours under conditions of 180C, 30 bar, a gas

25hourlyspace vel3tinp (GRS VIosRA000HR pirecs CORIDIDMRIERIY sraBizomERizsétar basis. After
24 hrs total reagfign. e §be:6ddR 42 RMEiRadwag dﬁ%ﬁﬁ@k%%%@x‘b‘&%é%ﬂ kre pRGetRACtion was

allowed to continue for a further 24 hours under conditions of 180C, 30 bar, a gas hourly space

velocity (GHSWFBEA/ReReR e ththolosi ef myaeuiand drevain s nirmse s rddtital reaction time
the temperature washastaagesdtasnifie iackdd akd sbhiseactkionivwasy abduedrteContinue for a

further 12 hours under.caonditions of.240C. 30 bar, a gas hourly space velocity, (GHSV) of 4000/h with
 COTMIOVE A TP TR0 AR B A R AR S 7 R BRI inoresod
from 246C WEP008113eH 3RRE P1 &B2 008406 kykitody sed30 d@niTdseticanidionliwastiaibwed to continue

for a further Z3ats unsier AR HORRAI 00 A0 haipR SR RN HoRACKEARLUGHSV) of 4000/

with a CO/H2/DME.molar ratio of 78/20/2. The results of the carbonylation experiments for each of the

catalysts are &névRarEigheseiisr TR Arfapbsiaams B R BIFBr O RS B acetate

product by the-ageiigr:pEhye R e piesticecahpRydatianyseaction. The results shown in Fig. 1
demonstrate that th&f)resence of hydro%?n has.nollittle effect on the n%l%tior} regaction at lower
h

. carbo
temperatures (180 CHRPRGHRERE EPEI SR LT RigHEP IS S8 l?lt’%%.p(xfﬁ Pihd Abbve). 10

Exampl@s 2 anc Sontinuous process.
The invention is now illustrated with reference to the following Examples.
" Example 1 |
| This Example demonstrates the effect of the addition of hydrogen on the
carbonylation of dimefhyl ether at 180 to 300 °C.
30  Catalyst Preparation
Catalyst A - H-Mordenite

Mordenite with a silica to alumina ratio of 20 (ex Stid-Chemie) was compacted




These Examples demonstrate the effect of hydrogen on the carbonylation of dimethyl ether at
temperatures in the range 180 to 350C by (i) carrying out the carbonylation initially in the presence of
hydrogen and then in the absence of hydrogen and (ii) carrying out the carbonylation initially in the
absence of hydyogen,and then in the 15presence of hydrogen. Catalystg B-QE%QK%I H?talyst C-
H-Mordenite H-Mordenite (H-MOR) with a silica to alumina ratio of g‘?ex Sild-Chemie) was
calcined in a muffle oven (oven volume = 18L) under a static atmosphere of air using the 20 following
temperature programme. The temperature was increased from room temperature to 90C at a ramp
rate of 3C/min and held at this temperature for 2 hours. The temperature was then increased from
90C to 110 Cvith theampaatelief do@panioran2hdit aditigis teahpbiatulesfoned howshsd Tk temperature was
then increased,ip(y 0G0 PAGGANIN & 12918 TAIAALSC/ IR0 el albigemperature for 6

hours before being allowed 25 to cool to room temperature. The mordenite was then compacted at 12

tonnes in a 3SPRENAR ath&lAeHE Spierisedpreatss Aftry hrdmpremsiatiengheimspsdeniteovaspefiticle size
fraction of 21 dabicte BTG SndidhiREA fr Gl ARG h K B MG ReHiriprdenite (80 g) with a

silica to %J\;Jminaéatio of 20 (ex Sucl-Chemie) was 30 weighed into a 500 mL round bottomed flask

together With 2858 I LB VAR QRO K TTATEMAIPALES | 989 he 89 Krit2 e ¥ e bar. Sufficient
deionised watéerde. dgRgsilcp drmribhedanadded ialchediaskiiornbwim adhisk sludy=The)t@p of the flask

was then covered WO 2 438PCT/G112008/001414 10 loosel the flask left to stir
overnight. Tﬁzteén p?f\%#rﬁ)gc?eﬁgjﬁ%r enite aﬁl‘%"éﬁ%ﬁ?v‘éﬁéé’?%@dﬁ‘éé’ﬁ @d;ggﬂ%muasing a rotary
evaporator biefoperdseiegfdAetirheld e at @1@ B(Tmﬁtl@dadhcs.tﬁ'd(temmmwmm calcined in a
muffle oven (gveg: MallNSoo-EShliHRHSE RS RIG YMARRReI L AND A0 8 LR UBK G (spperature

programme. The temperature was 5 increased from room temperature to 90 C at a ramp rate of

3C/min Yhd 108t iPesiiathsanilo s drnererab Sanuk &4l then increased from 90 C to
110 C at a ramp raf@&hdehmitvangdieienal thishermpesgiur ednn sl s dTheviemprature was then
increased from 1?1?0 C t0 500.C Wig;ﬁa ramp rate of 5 C/ min and held at this temperature for 6 hours
before being ZTISHESTEELDIES IBEH TsHEratut8’ #fe copper loaded 10 mordenite was then
compacted agi@itenResiinieadadMivdiensiet using a Specac Press, and crushed and sieved to a
particle size fractiop,of 212 t0.335 microns. The mordenite had a-copper loading of ca. 55 mole %
relative to aluminiu%}(r:%er?éﬁr?g i%s%%gan%o%gﬁﬁeé%%faﬁggf% g%%%%rﬁ% 9%33(%95(?MOR Catalyst E

was preldaredith therssise rider eenagtdy st 1 Ckaapinhatailef hitrelts, 15(097%bed@s) (10.47 g for 80 g
mordenitc) was,usech iRHIRAC:0LIRRAGE (A3 A B aIREMARYAFE(AB I AmY Jhe resulting

mordenite had a silver loading of ca. 55 mole % relative to aluminium. Catalyst F- CuPt-Mordenite -
KCu(55)Pt(1 1 FesREL IS RINAL Hrspliian 46 SO B thé fhetherelalerit (W hpdparation of
Catalyst 20 [Diexceptithabighiihaf aosSsiohdeisarireplainaie ey aygial) waswsgd instead of
copper (1) ni%%te aeng8 gt)atlé/ggD itﬁe%lf as usedta thte zeolite iubst rate i stetad ofé—l ordenite. The
resulting mor enite had a copp%orufbagﬁngegfr’:f’g“ mols U6 ang a % arllnu?nnfﬁ’%cfﬁﬁlge 8t X Wofeos relative to
aluminidfh colstetime thettmawdrefenite] Fxample@irgsrbohidatit dfsiirmethihetherdmnthe initial
presence of hydjigagn-2aRinethvbethsiuas cachonvated J4hs pressnenelepsh of Catalysts Cto F

ata

deionised H,O was made-up and used to impregnate 2.5g of the mordenite. After the
impregnation the mordenite was left at ambient conditions on a shaker for 1 hour. After the
shaking the silver loaded mordenite was transferred to a forced convection oven (air as

25  atmosphere) heated to 80°C for 20 hours. After the drying step the silver loaded mordenite
was calcined in air in a muffle oven (oven-volume = 12L) at a temperature of 500 °C under
air (air flow 1 L/min) at a ramp rate of 1°C/min to a temperature of 120°C, held at 120°C
for 180 minutes, then the temperature was increased by 1°C/min to 500°C, held at 500°C
for 180 minutes. The silver loaded mordenite was then cooled down to room temperature

30  in the muffle oven under (dry) air flow 1 L/min. The silver loaded mordenite was then
gently pushed through a 160um sieve and sieved to obtain particles having a size in the

range 125 ~ 160 pm.




range of temperatures 180-350C and at a pressure of 70 barg. The experiments were carried out in a
pressure flow reactor unit consisting of 60 identical parallel isothermal co-current tubular reactors of
the type described in, for example, W020061071.87. The reactors were arranged in 4 blocks of 15
reactors, each hl ing an independent 30temperature control. Only. %) ? (8} g ere used in
this Examplewgtg(%éé%%ﬁgbe 50 micro litres of cataglst (designed to givePaB /f'- 2 82)811') 0 h-1) was
loaded onto a metal sinter having a pore size of 20 micrometers. The catalysts were heated at a ramp
rate of 5 C/ WO 2008/132438PCT/GB2008/001414 11 min. to 100C under 98.6 mole %N2 and 1.4
mole % lle at atmospheric pressure at a flow rate of 3.4 nil/ min, and held at this temperature for 1

' s thenDdansthidethty 70 barg and the system held at this condition for 1 hour,

The gas feed was e GRANGRS A% AMAIEIAAAIDARMARRAS, 1547 Bl 20 putpgen. 197 mole

% 5 nitrogen and 1.4 molé % He at .a%as low rate of 34 ml/ min, and the system was heated at a
ramp rate of $ECHASE Rt RradintBedgraroceofindopere hive S3neranens| e garsicdoMtition for 3

hours. After tlis, ghesieararatuseriRioeksilin Soves iaciusierk1e:d8Qr 3Ry W3R ifespectively, and

the system was allowed to stabilise for 10 minutes. At this point catalyst activation was considered
complete? andPEfEAGRCTEE AL Wikigetry ahe lowdingiafibcsaabrtimimibKieractes 28 fble %
hydrogen, 14@piote bedifagaite bikisveleRibiebtinompshdn wasisAedimeaibydsptbereat a gas flow rate
of 3.4 ml/ niin The E%a(ﬁi(gn Was aélowed to continue f&)r ca,85h urs{.und{e{zty_?gg conditions before the
gas feed was e Jr?geo %',&.f% al%pff}&%l?ﬁ%%om%)r%%gél, (g(f.lgvﬁm S rogen, 17 Widle % helium and
4.9 mole % diraett phatipef dhesstgatitbods Fdenbdi3;aatyiétwins. pldved @compdifidrseweréutbredintained for

ca. 28 hours. e £l SUAAR IR £ S FERCIALMIAS ARTRRM IR FASAIMALgraRhS: @ Varian 4900

micro GC with three Columns (Molecular sieve 5A, Porapake Q, and CP-Wax-52) each equipped with

a thermaPcontfidtiit) aetccRehdzanaptstatitmisryadudon withiv Soridiecs. gl 5 and CP-Wax
e

. Figures to 4 jllustrate the effect rogen at an respectively. In the
Figures, prodzheéﬁ f‘é%l{ ?%(ﬁfé%“ailﬁ}%a"g @‘ér{ﬁf ?8?%@‘5%&%&?%\9‘3&8?{%&?%‘}6& STY for the
production of M &er et il eefloloy rMyd A€ DY, Thd/catdys. asaheplbedtedGatfodeg dtimin of dimethvl ether
in the initial ahsgnhce bpethyl e as, carbanylated in resence ch of
Catalysts C tcg ?Sﬁflg é%qg%%{ggeg gﬁ%@nﬂgé%%ﬁ%gﬁg% %1% E‘gn &%ﬁﬁ?@”ﬁ‘ Bsﬁqol%n?ﬁ accordance
with the ExpeHmisaipdrpiueachs rardpst ool ih #RandoieCribosgtieidiprahby afeelHansaftem had

been held for 3rhgursakRdemReaie fiRoRkwilelsmraratisaiblaekadieadwyas adjusted to 180,
300, and 350C respectively, the gas feed was changed to 63.1 mole % carbon monoxide, 35.5 mole %

nitrogen and BRI ARACRFASIHIEL Fsto it dpRaERy Stathet the § mibueas. At this
point catalystfaedivwatiewiwhsicoasideried auapiattoaoc dbagagde addiascthangesBMI3.1 mole %

o o A A A e aeln e aher 2o

20 Vhas a vapour, to obtain a CO/N,/DME ratio in the total feed of 78/20/2 on a molar basis.

In addition, N, was introduced at a variable rate of 0-50 ml/min to equalise the pressure
- swings between the 16 teactor exits. The exit stream from the reactor was passed to a gas
chromatograph to determine the concentration of reactants and carbonylation products. The
reaction was allowed to continue for 24 hours under conditions of 180°C, 30 bar, a gas
25 hourly space velocity (GHSV) of 4000/h and a CO/No/DME ratio of 78/20/2 on a molar
_ basis. After 24 hrs total reaction time the CO/NL/DME feed was switched to CO/Hy/DME..
The reaction was allowed to continue for a further 24 hours under conditions of 180°C, 30 ‘
bar, a gas hourly space velocity (GHSV) of 4000/h with a CO/H,/DME molar ratio of
78/20/2. After 48 hrs total reaction time the temperature was increased from 180°C to
30 240°C. The reaction was allowed to continue for a further 12 hours under conditions of
240°C, 30 bar, a gas hourly space velocity. (GHSV) of 4000/h with a CO/Hz/DMEY molar

ratio of 78/20/2. After 61 hrs total reaction time the temperature was increased from 240°C




mm. The reaction was allowed to continue for ca. 85 hours under these conditions before the gas feed
was changed to 63.1 mole % carbon monoxide, 15.8 mole % hydrogen, 14.8 mole % nitrogen, 1.4
mole % helium and 4.9 mole % dimethyl ether at a gas flow rate of 3.4 ml! hour. These conditions
were then m\%ig%wt2 Hg%gﬁfgg ca. 28 ho_urs. The results of 5 Example 3 are %9}/&%&@9&@5 2 to 4. Fig. 2
corroborates the teaching of the prior art, that is, tBe presence of hydrogen at low temperatures has
little/no effect on productivity. However, as Figs. 3’and 4 clearly illustrate, at higher temperatures, the
presence of hydrogen in the carbonylation of dirnethyl ether provides an improvement in productivity.
From Fig. 4 it can be seen that 10hydrogen has a greater effect on productivity when the zeolite
catalyst is loadeteitiiie restabnExaniderdttathtinucioestiakamp st usttateotidéieffest of carrying out

the carbonylatiQ imethyl ether at varying. $9§;(1 rtial pressur @%@I Preparation
Catalyst C. -L?@)ug\/?c@r %Ihﬁg%gfé’é?fﬁbcﬁ yepoglgﬁa yst ?5\7‘(@6 g%e“ﬁsé}s}gd&i%r)l/%ke sampé%\t}\?éy as Catalyst D
except that 1ati8gfdBEHEhdniteandihefitlip entabytine (a8vimatSoesatidche dashesitlant 14.29g was

used to loadgl Q0g: of:H-mordenite with a silica to alumina ratio of 20 (ex Stid-Chemie) and the resulting
20copper loaded mordenite was calcined for 16 hours at 500 C. Catalyst H - Ae-Mordenite -

Ae(42)-MOR  CigalyBlustraias theehiars antherate ahfermetipnefonahn) acetabsewgithBY B96g silver
nitrate (99+%udifior o2 Xydldpehldmieasheiyididy g wasnu I8l 1108 dhal:6a Figmordenite with a silica to

alumina ratio of 20 (ex Sild-Chemie) and the resulting silver loaded 25mordenite was calcined for 16

hours at 5007 eMeasEaf tihgl%?&é%ﬂ%h#ﬂ%ﬁ%?ﬁfé%m? St (B RRE AR Y8 e x

Stid-Chemiejtivagcempasiadsql 302Tpbues doeald3er amirmipacs et higing tanpetacsP2édSCand then
crushed and s(iie\{)ed 0 a particle size fraction of 212 to 335 microns. 30Catalyst D, Catalyst E and

and abovej), .- . .
Catalyst C were used in Examples 4, 6 and 8 respectively except that prior to use each catalyst was
sieved 1§ a Fexsimielesi2aand 800 to 1000 microns after calcining. Catalyst Cr, Catalyst H and Catalyst |

were used in Exampigs B0 201 4BHLA2ARERCTHES2ORRRALAIA A3 Artb i higspectively. Example

4 -'Carbonylation of dimethyl ether ] i ) .
‘ dimethy! ether at femperatures in the range 180 to 350 °C by (i) carrying out the

carbOnﬂation initially in the presence of hydrogen and then in the absence of hydrogen
and (ii) carrying out the carbonylation initially in the absence of hydrogen and then in the
15  presence of hydrogen. -
Catalyst Preparation
Cataiystb C - H-Mordenite :
H-Mordenite (H-MOR) with a silica to alumina ratio of 20 (ex Siid-Chemie) was

calcined in a muffle oven (oven volume = 18L) under a static atmosphere of air using the
20  following 'temperaiure programme. The temperature was increased from room temperature
to 90 °C at a ramp rate of 3°C/min and held at this temperature for 2 hours. The -
temperature was then increased from 90 °C to 110 °C at a ramp rate of 1 °C/ min and held
at this temperature for 2 hours. The temperature was then increased from 110 °C to 500 °C
with a ramp rate of 5 °C/ min and held at this temperature for 6 hours before being allowed
25  tocoolto robm temperature. The mordenite was then compacted at 12 tonnes in a 33 mm
die set using a Specac Press, and then crushed and sieved to a particle size fraction of 212
to 335 microns.
Catalyst D - Cu-Mordenite - Cu(55)-MOR

H-mordenite (80 g) with a silica to alumina ratio of 20 (ex Siid-Chemie) was

30  weighed into a 500 mL round bottomed flask together with 14.29 g of copper (II) nitrate
hemipentahydrate (98%. ACS) and a stirrer bar. Sufficient deionised water (ca. 100 mL)
was then added to the flask to obtain a thick slurry. The top of the flask was then covered




A stainless steel reactor tube was packed with 2.0 ml of Catalyst D and topped with 1 ml glass beads.
The reactor tube was mounted in the downstream leg of a stainless steel 5U-tube. The upstream leg of
the U-tube was packed with glass beads. The catalyst, in the reactor/U-tube, was heated from ambient
temperature {9 L, a5 g;ramp rate of 3 C/min under helium gas at a pl’%%.%l#él K harg and a flow
rate of 125 ml/min NTP (20 C 1 atm) and maintaingg at this condition for 18 h. The catalyst was then
heated from 100C to 300 C at a ramp rate of 3 C/min under a mixture of carbon monoxide, hydrogen
and 10 helium (carbon monoxide 48.4 vol%, hydrogen 48.4 vol%, He 3.2 vol%) at a pressure of 4617
barg and a flow rate of 202 mUmin NTP (20 C, 1 atm) and maintained at this condition for 2 hours.
Dimethyl ethiotBlpamd:the bekdpiviastinereraight e eepptoloaded tiguichftownathigkrméssure syringe
pump onto th glasaRRAdSANSHRSIRAN Q.G Lifiricned Was ¥aRqrsed fpd mixed with

the gas feed before passing over the catalyst. 15The liquid dimethyl ether was fed at a rate of 0.0185

. yst. 1ol
mL/min with {R'QYitngeesBeréttitsonss thyscelcinpb ipanmigile Rysa pach ¥eleBa T dfba WY pressure

control valvesggwastapmielihs: reag aapishm jamnneiatuepritharraciaraiifiiantgamwas
maintaingd at at least 150 'C. The reactor elgfk%egt gas was let down-to atmospheyic pressure across
the pressure BERESAVATR PR BRGEIIG A Wak BbbIBERIHC aw&‘ﬂb@‘é@b" #bth a knock 200ut pot

to trap any retasixehpirviolalilematralsripefsiedthasdfinantsiked fiowd® fassethttCaraass spectrometer
and gas chromatograph.fer. analysis. From the gas cEro:}qa ra analysis of the reactor effluent for
methyl acetate an {gc?gtllc g@%“%%&@b&ﬁ‘ﬁ‘?ﬁ%ﬂ‘&%ﬁ ro? %%ue}%;}éh E)F(e) %rtasm\f\'/ea‘gagaﬁlgalated as the
molar equivaieeresseddhofl48E64atif Comskpomingioahe Siminnhbedettilsdemparatand acetic acid

produced expgegsid 28409 Bl AMARIH 36 tﬂ%&ﬁ%ﬂﬁéﬂﬁfﬁ.%ﬁﬁthﬁé@@p'es 5t09

Example 4 was repeated using each of Catalysts G, F, H, C and I. The flow.rates (expressed as
volume Yt ga@dRRfio 16 irfcippatise 2tdarisaRemBrioiddemiditisihising hypregencahdite total

pressure useghishe@ehdaxample Apargikaizinfbatie & Thecaiculateshs3Qpaktislderasdaes of the feed

componerts a1, SRAPS Y S ST Rl ASeR RS SR e iR SfgNn . Table 1. 14 Teble 1

Catalyst E - Ag-Mordenite - Ag(55)-MOR
Catalyst E was prepared in the same way as Catalyst D except that silver nitrate
15 (99+% ACS) (10.47 g for 80 g mordenite) was used instead of copper (II) nitrate

hemipentahydrate (98% ACS). The resulting mordenite had a silver loading of ca. 55 mole
% relative to aluminium.

Catalyst ¥ - CuPt-Mordenite - KCu(55)Pt(1)-MOR

Catalyst F was prepared according to the method used in the preparation of Catalyst
20 D-except that 0.20 g of potassium tetranitroplatinate (ex Aldrich) was used instead of
.copper (1) nitrate and Catalyst D itself was used as the zeolite substrate instead of H-
mordenite. The resulting mordenite had a copper loading of 55 mole % and a platinum
loading of 1 mole% relative to aluminium contained in the mordenite.

Example 2 ~Carbonylation of dimethyl ether in the initial presence of hydrogen

25 Dimethyl ether was carbonylated in the presence of each of Catalysts C to F at a
range of temperatures 180-350 °C and aﬁ a pressure of 70 barg. The experiments were
carﬂed out in a pressure flow reactor unit consisting of 60 identical parallel isothermal co-
current tubular reactors of the type described in, for example, W02006107187. The
reactors were arranged in 4 blocks of 15 reactors, each block having an independent

30  temperature control. Only blocks 1 to 3 were used in this Example. Into each tube 50 micro
litres of catalyst (designed to give a GHSV of 4000 h'") was loaded onto a metal sinter

having a pore size of 20 micrometers. The catalysts were heated at a raimp rate of 5 °C/




7 8 9 Catalyst Cat D Cu(55) MOR Cat G Cu(55)- MOR Cat E Ag(55)- MOR Cat H Ag(42)- MOR Cat C
H-MOR Cat 1 H-MOR He NIP ml mitil 6.7 6.7 6.7 6.7 6.7 6.7 H2 NTP ml mitil 97.3 24.0

WO 2008/132438 PCT/GB2008/001414
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min. to 100 °C under 98.6 mole % N and 1.4 mole % He at atmospheric pressure at a flow
rate of 3.4 ml/ min, and held at this temperature for 1 hour. The réactor was then '
pressurised to 70 barg and the system held at this condition for 1 hour. The gas feed was
then changed to 63.1 inole % _éarbon monoxide, 15.8 mole % hydrogen, 19.7 mole %

5 nitrogen and 1.4 mole % He at a gas flow rate of 3.4 ml/ min, and the system was heated at

. aramp rate of 3 °C/ min. to a temperature of 300 °C. The system was then held at this
condition for 3 hours. After this, thé temperature of blocks 1 to 3 was adjusted to 180, 300,
and 350 °C respectively, and the system was allowed to stabilise for 10 minutes. At this
point catalyst activation was considered complete, and the gas feed was changed to 63.1

10 mole % 6arbon moxioxide, 15.8 mole % hydrogen, 14.8 mole % nitrogen, 1.4 mole %
helium and 4.9 mole % dimethyl ether at a gas flow rate of 3.4 ml/ min. The reaction was ,
allowed to continue for ca. 85 hours under these conditions before the gas feed was |
changed to 63.1 mole % carbon monoxide, 30.6 mole % nitrogen, 1.4 mole % helium and
4.9 mole % dimethyl ether at a gas flow rate of 3.4 ml/ min. These conditions were

15 maintained for ca. 28 hours. The exit stream from the reactor was passed to two gas .
chromatographs; a Varian 4900 micro GC with three columns (Molecular sieve SA,‘

* Porapak® Q, and CP-Wax-52) each equipped with a‘thermal conductivity detector and an
Interscience Trace GC with two columns (CP-Sil 5 and CP-Wax 52) each equipped with a
flame ionisation detector. The results of Example 2 .are shown in Figures 2 to 4. Figures 2

20  to 4 illustrate the effect of hydrogen at 180 °C, 300 °C and 350 °C respectively. In the
Figures, productivity, ST Yacetys is defined as the STY for the production of AcOH plus the

- STY for the Qroduction of MeOAc multiplied by MW scon/ MWhnmeoac.

Example 3 — Carbonylation of dimethyl ether in the initial absence of hydrogen
Dimethyl ether was carbonylafed in the presence of each of Catalysts Cto F, ata
. 25 range of temperatures 180-350 °C and at a pressure of 70 barg in accordance with the
experimental procedure described in Example 2 above, except that after the .system had
- been held for 3 hours at a temperature of 300 °C, the temperature of blocks 1 to 3 was
adjusted to 180, 300, and 350 °C respectively, the gas feed was changed to 63.1 ﬁlole %
carbon monoxide, 35.5 mole % nitrogen and 1.4 mole % helium, and the system was
30 allowed to stabilise.for 10 minutes. At this point catalyst activation was considered
complete, and the gas feed was changed to 63.1 mole % carbon monoxide, 30.6 mole %

nitrogen, 1.4 mole % helium and 4.9 mole % dimethyl ether at a gas flow rate of 3.4 ml/




97.324.0 97.3 24.0 CO NTP ml mitir 97.3 97.3 97.3 97.3 97.3 97.3 DME NTP mlmm'1 6.7 6.7 6.7
6.7 6.7 GHSV111 6050 4000 6050 4000 6050 4000 Inlet pressure barg

10

20

25

30
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min. The reaction was alldwed to continue for ca. 85 hours under these conditions beforé
the gas feed was changed to 63.1 mole % carbon monoxide, 15.8 mole % hydrogen, 14.8
mole % nitrogen, 1.4 mole % helium ahd 4.9 mole % dimethyl ether at a gas flow rate of
3.4 ml/ hour. These conditions were then maintained for ca. 28 hours. The results of’
Example 3 are shown in Figures 2 to 4. ,

- Fig. 2 corroborates the teaching of the prior art, that is, the presence of hydrogen at

low temperatures has little/no effect on productivity. However, as Figs. 3 and 4 clearly

v iﬂustrate, at higher temperatures, the presence of hydrogen in the carbonylation of

dimethyl ether provides an improvement in productivity. From Fig. 4 it can be seen that
hydrogen has a greater effect on productivity when the zeolite catalyst is loaded with a -
metal.

Examples 4 to 9

These examples illustrate the effect of carrying out the carbonylation of dimethyl
ether at varying hydrogen partial pressures. .'
Catalyst Preparation
Catalyst G — Cu-Mordenite ~ Cu(55)-MOR

Catalyst G was prepared in the same way as Catalyst D except that 17.8g of copper

 nitrate hemipentahydrate (98% ACS, ex Aldrich) instead of 14.29g was used to load 100g

of H-mordenite with a'silica to alumina ratio of 20 (ex Stid-Chemie) and the resulting
copper loaded mordenite was calcined for 16 hours at 500 °C.

Catalyst H — Ag-Mordenite - Ag(42)-MOR

Catalyst H was prepared in the same way as Catalyst E except that 5.06g silver .
nitrate (99+% ACS, ex Aldrich) instead of 10.47g was used to load 5.0.6g H- mordenite
with a silica to alumina ratio of 20 (ex Siid-Chemie) and the resulting silver loaded
mordenite was calcined for 16 hours at 500 °C.

Catalyst ] — H-Mordenite

H-mordenite with a silica to alumina ratio of 20 (eﬁ: Siid-Chemie) was compacted at
12 tonnes in a 33 mm die set using a Specac Press, and then crushed and sieved to a
particle size fraction of 212 to 335 microns.

Catalyst D, Catalyst E and Catalyst C were used in Examples 4, 6 and 8.
respectively except that prior to use each catalyst was sieved to a particle size of 500 to

1000 microns after calcining. Catalyst G, Catalyst H and Catalyst I were used in Examples




46.7 30.0 46.7 30.0 46.7 30.0 Partial pressuree burg 1.6 1.6 1.6 1.6 1.6 1.6 Partial pressure F12 burg
22.3 5.6 22.3 5.6 22.3 5.6 Partial pressure CO bug 22.3 22.6 22.3 22.6
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5,7 and 9 respectively.

Example 4 - Carbonylation of dixhéthvl ether

A stainless steel reactor tube was packed with 2.0 ml of Catalyst D and topped with
1 ml glasé beads. The reactor tube was mounted in the downstream leg of a stainless steel
U-tube. The upstream leg of the U-tube was packed with glass beads. The catalyst, in the

reactor/U-tube, was heated from ambient temperature to 100 °C at a ramp rate of 3 °C/min

- under helium gas at a pressure of 46.7 barg and a flow rate of 125 m/min NTP (20 C 1

atm) and maintained at this condition for 18 h. The cataly_st was then heated from 100 °C
to 300 °C at a ramp rate of 3 °C/min under a mixture of carbon monoxide, hydrogen and
helium (carbon monoxide 48.4 vol%, hydrogen 48.4 vol%, He 3.2 vol%) ata pressure of
46.7 barg and a flow rate of 202 ml/min NTP (20 °C, 1 atm) and maintained at this
condition for 2 hours. Dimethyl ether (BOC, >99.99%) was then fed to the reactor as a
liquid from a high pressure syringe pump onto the glass beads in the upstream leg of the U-

" tube where it was vapourised and mixed with the gas feed before passing over the cétalyst.

The liquid dimethyl ether was fed at a rate of 0.0185 mL/min with the syringe barrel
cooled to 5 °C. The reactor pressure was controlled by a pressure control valve
downstream of the reactor and the ;[emperature of the reactor effluent gas was maintained
at at ieast 150 °C. The reactor effluent gas was let down-to atmospheric pressure across the
pressure control valve. The effluent gas was cooled to 60 ‘;C and passed through a knock
out pot to trap any relatively involatile materials before the effluent stream was passed to a
mass spectrometer and gas chromatograph for analysis. From the gas chromatography
analysis of the reactor effluent for methyl acetate and acetic acid the space time yield

(STY) of acetyls products was calculated as the molar equivalent weight of acetic acid

- corresponding to the sum of the methyl acetate and acetic acid produced expressed as

grams of acetic acid per hour pervlitre of catalyst.

Examples Sto 9

~ Example 4 was repeated using each of Catalysts G, E, H, C and I. The flow rates
(expressed as volume of gas at NTP) of dimethyl! ether, carbon monoxide, helium and
hydrogen and the total pressure used ih each example are given in Table 1. The calculated
partial pressures of the feed components and the space time yield (STY) of acetyls

products are also shown in Table 1.




22.3 22.6 Partial pressure DME burg 1.6 1.6 1.6 1.6 1.6 1.6 Temperature C 300 300 300 300 300 300
STY (AcOll eqg 11h-1) 20 h 481 303 437 134 141 49 STY (AcOHeqg 1'if) 40 h
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Table1 ,
[Example T4 5 6 | 7 | 8 9
.1 Catalyst CatD |CatG CatE CatH CatC Catl
Cu(55)- | Cu(55)- | Ag(55)- | Ag(42)- | H-MOR | H-MOR
MOR | MOR | MOR | MOR ‘
He NTP ml min™ 6.7 67 | 6.7 67 | 6.7 6.7
Hj NTP ml min” 97.3 24.0 97.3 24.0 97.3 24.0
CONTP mlmin” | 97.3 97.3 973 973 973 97.3
DMENTP mlmin | 67 | 67 67 | 67 67 67
1
GHSV h! 6050 | 4000 6050 4000 6050 4000
Inlet i)ressure barg 467 30.0 46.7 30.0 46.7 30.0
Partial pressure He | 1.6 | 1.6 | 16 6 16 6
barg .
Partial pressure H, 22.3 5.6 22.3 5.6 . 223 5.6
barg - A '
Partial pressure ‘ 22.3 22.6 223 22.6 22.3 22.6
CO barg |
Partial pressure - 1.6 1.6 1.6 .16 1.6 1.6
DME barg ,
Temperature °C 300 300 300 300 300 300
STY (AcOHeqgl | 481 303 437 134 141 | 49
'hh20h | |
STY (AcOHeq g1 7 41
'hly40n
STY (AcOHeqg!l | 358 163 298 ’ 76
"hhy110h |
STY (AcOHeqgl | 304 110 | 241 )
"hh210h




117 41 STY (Ac01 egl"1h4) 110 h 358 163 298 76 STY (AcOHeqg 1-111-1210 h 304 110 241 62
WO 2008/132438PCT/GB2008/001414 15 From a comparison of Examples 4 and Sit can be seen
that increasing the hydrogen partial pressure results in a substantial increase in product STY.
Furthermore, increasing the hydrogen partial pressure results in a decrease in the rate of loss of
catalytic actibﬁ??ﬂqgé%%]%ple 4.(at the higher hydrogen partial pressure),Ptﬂy%lgt%%?}‘&é‘tivity after 210
hours 5 on stream 15 63% of the catalytic activity &tter 20 hours, but in Example 5 (with the lower
hydrogen partial pressure) the catalytic activity after 210 hours on stream was only 36% of the activity
after 20 hours. Similar effects are seen by comparing the results of Example 6 with Example? and the

results’ of Exampler 8\VitBoExARRIEo? EkArdples 4 and § it can be seen that increasing the hydrogen

partial pressure results in a substantial increase in product STY. Furthermore, increasing
the hydrogen partial pressure results in a decrease in the rate of loss of catalytic activity. In
Eimnple 4 (at the higher hydrogen partial pressure), the catalytic activity after 210 hours

5 on stream is 63% of the catalytic activity after 20 hours, but in Example 5 (with the lower
hydrogen partial pressure) the catalytic activity after 210 hours on stream was only 36% of
the activity after 20 hours. Similar effects are seen by comparing the results of Example 6

with Example 7 and the results of Example 8 with Example 9.
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20 25 MCS 16 Claims 1. A process for the production of methyl acetate which process
comprises the carbonylation of a dimethyl ether feed with carbon monoxide under substantially 5
anhydrous conditions wherein the dimethyl ether feed contains water in an amount of 2.5wt¥%ar;less,
in the presence of a zeolite catalyst effective for said earbonylation, wherein said carbonylaﬁon“is’?
carried out at a temperature in the range of 240 C tal 850 C and in the presence of hydrogen. 2.A
process according to claim 1 wherein the temperature is in the range 10275 to 350 C. 3.A
process accogding to claim 1 or claim 2 wherein the molar ratio of carbon monoxide : hydrogen is in
the range 1: 1. 4. A process according to any one of claims 1 to 3 wherein the process is
carried out at a hydrogen partial pressure in the range 0.1 to 50 barg. 155.A process according to

gla'iAm 4 wherein theOI procesg @@@gﬁ%p%@ﬁ@&ﬂf%%rﬁaﬁw qekassUvehiohtpeorasg edmtoi®s barg.

. A process according to any one of claims 1 to 5 wherein the process is,carried out at a.total
pressure in tﬁéeréﬁﬂ@liﬂ%ofo@ft?a%me?hy ?Jﬁeﬁrgec? sgv'g%c%lfrgl 15 R Wherdin ??uaéﬁﬁ)ar%}?ess is
C?(V|Ed oyt ataRAMM peRasisasimiedange 3bial80 bary.8cA protess wetordingtenssynbné of
claims 1 to 7 wherejn the zealite, is loaded with one or mo e . r ing to any
one of claimsggt%tg’v% F&f me?hzeegfﬁéegg%t%mas ZaetOI%{gs %ﬁg@tch%w%ﬁéﬁvﬁhﬁ%%%%ggﬁi% y@g@l{{l

8-member ringherein i4ldAgtoogssiaoderinge tooclaitmIomiperaivreria Heoireds eehddrel oM he group
consisting of g@rggqlt%femegggé 8?5%5%@5}9 gmelinitc. 11. A process according to claim 10

. a tn € pres .
wherein the mordenite is H-mordenite or is |on-exchan%ed or otherwise loaded with at least one metal

selected from the graup cofsistingsofaeopisererickEmHdivhersiveher FEaMGH Bt i p 58 um and
cobalt. 219)12.6735(9&%5 gecording to claim 11 wherein the metal is present in the mordenite at a

loading in the range 50 to 120 mol% relative to aluminium. ) . .
3. A process according to claim | or claim 2 wherein the molar ratio of

carbon monoxide : hydrogen is in the range 1 : 3to 15 : 1.
4. A process according to any one of claims 1 to 3 wherein the process is
carried out at a hydrogen partial pressure in the range 0.1 to 50 barg.
15 5. A process according to claim 4 wherein the process is carried out at a
hydrogen partial pressure in the range 5 to 25 barg.

6. A process according to any one of claims 1 to 5 wherein the process is
carried out at a total pressure in the range 10 to 100 barg.

7. A process according to claim 6 wherein the process is carried out at a

20  total pressure in the range 30 to 80 barg.

8. A process according to any one of claims 1 to 7 wherein the zeolite is
loaded with one or more metals.

9. A process according to any one of claims 1 to 8 wherein the zeolite
contains at least one channel which is defined by an 8-member ring.

25 10. A process according to claim 9 wherein the zeolite is selected from the
group consisting of mordenite, ferrierite, offretite and gmelinite.

11. A process according to claim 10 wherein the mordenite is H-mordenite
or is ion-exchanged or otherwise loaded with at least one metal selected from the group
consisting of copper, nickel, iridium, silver, rhodium, platinum, palladium and cobalt.

30 12. A process according to claim 11 wherein the metal is present in the
mordenite at a loading in the range 50 to 120 mol% relative to aluminium.

13. A process according to any one of claims 1 to 12 wherein at least some

of the methyl acetate product is hydrolysed to acetic acid.




13.A process according to any one of claims 1 to 12 wherein at least some of the methyl acetate
product is hydrolysed to acetic acid. 17 14.A process according to claim 1 wherein the carbonylation
is carried out in the presence of a mordenite zeolite at a temperature in the range of 275C {g°356€, at
a total - pressure in the range 30 to 80 barg and a carbon monoxide : hydrogen molar ratio of 1 to 4: 1.
515.A process according to claim 1 wherein the carbonylation is carried out in the presence of a
mordenite zeolite at a temperature in the range of 273 C to 350 C, at a total pressure in the range 30
to 80 barg and a hydrogen partial pressure in the range 5 to 25 barg.

14. A process according to claim 1 wherein the carbonylation 1s carried out in the
presence of a mordenite zeolite at a temperature in the range of 275 °C to 350 °C, at a total
pressure in the range 30 to 80 barg and a carbon monoxide : hydrogen molar ratio of 1 : 1
to4: L

5 15, A process according to claim 1 wherein the carbonylation is carried out in the
presence of a mordenite zeolite at a temperature in the range of 275 °C to 350 °C, at a total
pressure in the range 30 to 80 barg and a hydrogen partial pressure in the range 5 to 25

barg.




