PROCESS FOR THE CARBONYLATION OF DIMETHAT ETHER This invention relates to a
process for preparing methyl acetate by reacting dime yl ether with carbon monoxide in the presence
of a zeolite catalyst. 5Liquid phase carbonylation processes such as the carbonylation of methanol
and/or reactive derivatives thereof in the presence of homogeneous catalysts to produce acetic . acid
are operated co%?r?@?éfé’l?ﬁbas phase carbonylation processes employing’ fiétHapt @it Himethyl
ether using heterogeneous catalysts are also known! EP-A-0 596 632 describes a vapour phase
process for the earbonylation of 10methanol to produce acetic acid at high temperatures and
pressures in the presence of a mordcnite catalyst which has been loaded with copper, nickel, iridium,

rhodium or cobalt  PNEAQMI TR PATCEAIERMOFOSHIN DS PARINIRSINKSIsiAR of a feedstock
comprising carbon monoxide and hydrogén to produce at leas ,ether and mixtures
thereof and reacting carbon monoxide with the at least one of an alcohol, ether 15and mixtures thereof

in the presence of a taialysiselestiadfram @@ngg,wr@gg% H@Qg@g%@%eg@}{?, zeolites and
tu

molecular siev& e absqt_g%e fa halide,(ﬁ)romoter, under conditions of temperaftu-e and pressure
n

S, in th .

sufficient to progﬁé%ﬁa? RERaY" PL T B S G SRR IR ViR dEC e RkeEires thereof. However, the
use of zedlites to cafaiyse thescarlionylationpeaetiondschat exemplifige 2OWR 20051108620 describes
a process for tj : xylic acid and/or an ester or anhydride thereof by carbon.ylating an
aliphatic alco hpg?(glr{‘lfge%%gﬁé 9 g?}\{/%%(\)/}én%ﬁg?gé?s\/evl}t T Carbon Thonoxic ga ? S?ﬁéoéjﬁ%%s%en%ﬁpgbsence of
halogens at a &ithpéraieiwcthotianteistiél 3trsghesccariv e ptesguredssdhenrplogind H1¢th:200 bar in the

presence of amomiapiteicatalyshwhishias brenmadifisd withisoaper, nickel, iridium, rhodium or

cobalt and has 25as framework elements, silicon, aluminium, and at least one of gallium, boron and

iron.. The use of difiethyP etfer s siedbrsd crPRIRIFeXaTrisTHider the cAfOnYBIEMF1778 describes a

process for thenpiteductionaieclawes alkyheisigr ehadowesaliphaticcarhoxndisasistbyrearbonylating
under substantially anhydr ditions a lower, alkyl ether, such as.dimethyl ether, with carbon
e R B R Pt B e B neviork

us co
monoxide in the presence %Fa%lbmor enite or ferrie
modified mordenite d8QatdN/SOotets marbprogkstidor dfedintditiyl ethersisexemplifiestin view of the

above'mentiO@@xﬁﬂ?ﬁ%ﬂ&ﬁ&?ﬁ%ﬂ@@@%&@@&@?& flgrp%}i{{&ogpl\égg one of an alcohol, ether and
mixtures thereof and reacting carbon monoxide with the at least one of an alcohol, ether
15 and mixtures thereof in the presence of a catalyst selected from solid super acids,
heteropolyacids, clays, zeolites and molecular sieves, in the absence of a halide promoter,t
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.

20 WO 2005/105720 describes a process for production of a carboxylic acid and/or an
ester or alnh‘ydride thereof by carbonylating an aliphatic alcohol or reactive derivative
thereof with carbon monoxide in the substantial absence of halogens at a temperature in the
range 250 — 600 °C and a pressure in the range 10 to 200 bar in the presence of a mordenite
catalyst which has been modified with copper, nickel, iridium, thodium or cobalt and has

25 as framework elements, silicon, aluminium, and at least one of gallium, boron and iron..
The use of dimethyl ether as a feedstock is not exemplified.

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, such as dimethyl Iether, with carbon monoxide in the presence of a

30 mordenite or ferrierite catalyst. The use of a gallium framework modified mordenite as

catalyst for the carbonylation of dimethyl ether is exemplified |

In view of the above-mentioned prior art, there remains the need for an improved



WO 20081132441PCT1GB20081001420 2 heterogeneous gas phase process for the production of
methyl acetate from dimethyl ether under substantially anhydrous conditions using a zeolite catalyst.

It has now been found that improved catalytic activity can be achieved if the carbonylation process is
carried out using,g RpRSLANd/or silver rnordenitc catalyst which Shas also,pegn; loadsdyith low
levels of platinum. Accordingly, the present invthion provides a process for the production of
methyl acetate which process comprises the carbonylation of a dimethyl ether feed with carbon
monoxide under substantially anhydrous conditions, in the presence of a mordenite catalyst which has
been ion-exchanged or otherwise loaded with at least one of silver and copper, 10and wherein the
mordenite is diseriarrexchangederntkenviiseloatddowihdlatiyinbzar asodhtdthibeiiange 0.05 to

10 mol% relat'v%ép Lé{ni i Db valdle i t.h | ether used as the feed in the process of the present
invention may be su stglrll%gllﬁl pu Y }’}%g(t)ﬁ?ﬁgg Seurs.l?ﬁ %c%%)fr#%rcétgﬁﬁfactice, dithethyl ether is produced
by the catalytic conviéigiononf esanthrarid Gasifipisradestelytydetiyen eancbearbonahiiioxide) over 15

methanal syniesis ik metianaldsdratian catalysts: LR cataiis sauversipesiia.in a product

which is predominantly dimethyl ether but it mag also contain some methanol. In the process of the

present in@en%ﬁa@ﬁ‘é‘@ﬁﬁ&?@ﬁ YHEY Rt derlyp Epkatpse small amounts of methanol provided that the
amount of methanol peesianizip, e feedsiRrneIFRA RS Ipipkilitthesarbanstisnftimethyl ether

to methyl acetate ct. It has been found that 205 wt% or less, such as 1 wt% or less of methanol

rodu /
may be toIeraf’@at?EetW IR SARETRSS dpe carorlafiRn ofimitReiatHiiRes e S8 SR oncentration
in the range ofrribtdi2 Qi 186h sucinks dhityfaaldedad2drEdiVhdorexammplts h&dmoldeinidd mol% and

L5 mot to 5 Mei.assron s ialgediinciuinaecynes). o The saiben mongkde may be
substantially pure carbon monoxide, fgor example, carbon monoxide typlcalfy provi eopBy’supleers of
industriall§asesdorhiesiaghe srredpitapeipiie sothecianged imtettfeneiseithatvd voihvérsiomof the dimethy!

ether to methyl aceiaiensysh8%. D§MeIR mbel W99 InMEAaNe and/or carbon dioxide. The carbon

monoxide feed may contain hydrogen. Mixtures of hydrogen and 30 carbon monoxide are
commercially producelf BIFEYSAsh Fsb A iofesiry dhe exntssn e The 15y seme ipyriaoRiydifon of
hydrocarbons siyehinixtytes ane-totmumen i wiamedito pscsyatbpsislgashayRthesisgas comprises

Y Car DO O T D B R OO F T s R e v

15 methanol synthesis and methanol dehydration catalysts. This catalytic conversion results in
a product which is predominantly dimethyl ether but it may also contain some methanol. In
the process of the present invention the dimethy! 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

20 5 wit% or less, such as 1 wi% or less of methanol may be tolerated in the dimethy! ether
feed. ‘

Suitably, dimethyl ether is present at a concentration in the range of 0.1{ t0 20
mol%, such as 1.5 mol% to 20 mol%, for example, 1.5 mol% to 10-mol% and 1.5 mol% to
5 mol%, based on the total feed (including recycles).

25 The carbon monoxide may be substantially pure carbon monoxide, for example,
carbon monoxide typically provided by suppliers of industrial gases, or it may contain
impurities that do not interfere with the conversion of the dimethyl ether to methyl acetate,
such as nitrogen, helium, argon, methane and/or carbon dioxide.

The carbon monoxide feed may contain hydrogen. Mixtures of hydrogen and

30 carbon monoxide are commercially produced by the steam reforming of hydrocarbons and -

by the partial oxidation of hydrocarbons. Such mixtures are commonly referred to as

synthesis gas. Synthesis gas comprises mainly carbon monoxide and hydrogen but may



also contain smaller quantities of carbon dioxide. Suitably, the molar ratio of carbon monoxide :
hydrogen may be intherange 1 : 3to 15: 1, suchas 1:1to10: 1, for example,1:1to4: 1.

Where hydrogen is present in the process, it may be present at a partial pressure of 5at least 0.1 barg,
such as 1 to 30 The molar ratio of carbon monoxide to dimethyl IS suitably in the range
1:1t099:1, s&?:ﬁ i]tlg 60 : I. The catalyst useg in the process of the%g]gs%%m%e]ﬁ ibn is a
mordenite which has been ion-exchanged or otherwise loaded with platinum and at least one of silver
and 10 copper: The structure of mordenite is well known and defined, for example, in The Atlas of
Zeolite Framework Types (C. Baerlocher, W. M. Meier, D. H. Olson, 5' ed. Elsevier, Amsterdam,
2001). The welrdasednvensien {htpiiwwicizeostiseidee.org/databasesO is a compendium of
topological and stru q{gglde&aeils &QP}J izegl(i}tgr Oiglclgdin% e[n%rddenite. Morde.ni%g is cotrgin nly available
as Na-mordenite, NIl4-ino denite or H- L5mordenite, PHoF to use s 13%”a‘f5l% “tH&fhordenite is
ion-exchangethdp othewplise lodded With flatiramland drie Orlmore of silver and copper. The loading of
the mordenite wih thase metals MRLREHY AmCMsadeHel e Jheellinann irdapiapes of
ion-exchange, wet impregnation and incipient wetness. If theé mordenite is to be lon-exchanged up to
100% of the catisiidkthaifgaisieasite 8R bR zeolite may be exchanged with the metal ions 20using

well known techniquess Hdsprafeseshibal Ay ramaning-aaicnsinstheshangeshprarcienite are
protons hence it | 'clonv nient.tg stgaét.t e exchange process from the ammonium or hydrogen form As
art alternativetf)o9i9;h-e§?c e?ﬁ&e, &% rmonium or hydrogen form of the mordenite can be impregnated
with a solution of thelheetabisaltseahh subyseqesnflyhdrigdedf R5the @nyaomttamfervhisiused, it is
preferred to clgins e matderiic.allel s oading.ehignexahanorin e plotinwm and
copper/silver metals has been comp eted. & metals may be [oaded onto the Mordenite
simultanéBuslgoppEedbresitityie pivecrdaingsiy dhkredroundsiadnedtifal pxangatcinatibndald/or a drying

step may be egnplayRdPaURST 235 (oetaldoadinawAfienieading af the.finat mefalsquponent, the

catalyst may 30be dried and/or calcined. The calcination may be %arried out at high temperature, for
LB S TEUCHIT S O LA

example 500 GTAHEIEtAEADa b e e d BeiPL S RMvAR IPERR IS preferably
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Mordenite is commonly available as Na-mordenite, NH,-mordenite or H-

15 mordenite. Prior to use as a catalyst, the mordenite is ion-exchanged or otherwise loaded
with platinum and one or more of silver and copper. The loading of the mordenite with
these metals may be by any method such as the well-known techniques of ion-exchange,
wet impregnation and incipient wetness. If the mordenite is to be ion-exchanged up to
100% of the cation-exchangable sites on' the zeolite may be exchanged with the metal ions

20 using well known techniques. It is preferred that any remaining cations in the exchanged
mordenite are protons hence it is convenient to start the exchahge process from the
ammonium or hydrogen formi.

As an alternative to ion-exchange, the ammonium or hydrogen form of the .
mordenite can be impregnated with a solution of the metal salts and subsequently dried. If

25 the ammonium form is used, it is preferred to calcine the mordenite after the loading or
ion-exchange with the platinum and copper/silver metals has been éompleted. _

The metals may be loaded onto the mordenite simultaneously or sequentially. If the
loading is carried out sequentially, a calcination and/or a drying step may be employed
between each metal loading. After loading of the final metal component, the catalyst may

30  be dried and/or calcined. The calcination may be carried out at high temperature, for
example 500 °C. Where the loading is carried out sequentially, the copper and/or silver is

preferably loaded onto the zeolite prior to the loading of the platinum.



WO 2008/132441PCT1G132008/001420 4 Any suitable copper, silver and platinum salts or
complexes may be used for impregnation of the mordenite. Suitably, solutions of platinum (lI) nitrate,
copper acetate, copper (ll) salts such as copper (ll) nitrate and silver nitrate may be used. Other
suitable platinugsampaunds which may be employed are Pt(NH3)4(0F1)2 xLeaQd)gtinsym (11)
acetylacetonate and [Pt (N113)41(NO3)2. In genera, the use of platinum complexes which contain
alkali metal counter-ions such as Pt(NO3)4(02 are not preferred, as the alkali metal counter-ions may
act as a poison for the carbonylation reaction. The metal loading in the mordenite can be expressed in
terms of the fractional loading of the metal as grain atoms of metal per gram atom of aluminium in the
mordenite. 10The mEtzslbabingocar aifvehendprinsadals or sonpissrearabrusadiig relative to
aluminium in the, mordenite Hy plsaiAhe. @ﬁmdy;sgunuaaﬁé)b%mﬂﬁtahﬁ(pﬁﬁyat@,twpﬁem&@d{gram atoms

aluminium) x 10 Thus, for example, a loading of 0.55 gram atom of copper per aluminium in the

mordenite eqGaas (Bl MY6PASIGUMFY BF BEpP v b At IRTh R SR (R R STdeMfte. 15Each of
copper and sijyeidnaydsplaaded ncamamaLipnike sammeet.,(0RIRIor/saelativelio aluminium, for
example, SO to 120 mol%, s 0l.%, suitably, 55 to 120 mol%, such.as 55to 110
nio1%. The to?%?Wi%?&fﬁ&agf%@%E@%iﬁé&ﬂw%ﬁ bﬁ@%%%ﬁ%ﬁ%‘r‘%ﬁé’%eﬁ%w%o Yo relative to
aluminium, forexaimgle]iShetal t2Ghtaeishs sudhaa$iBS0e) (L0 rac UoopBRited 20tmael¥s]isuch as 50 to
110 mol%. 20Platinum is loaded i amount ip the rar t .mol% relative to aluminium such
as1to10 moﬂ’lo{?1 or %I}(tgrﬁ%ﬁ g %%%%qr%%%?lg%}ft%%ep g{t}%ﬁﬁa%%ld?ﬁ%%%% for example, 0.05to 5
mol%, such as 0.05Tbeansialdpading Thirqwertisnite drahrewpitespday, treddithsrgsttheakilicon and

aluminium frafpeworkmtems £aotaitadeilonahelamentanshehas saliunmirenrndiedagron. 25For

the process of the present invention if is preferred that the mordenite has a silica to alumina ratio of at
least 5 biff prefbraptiridestirgrrp g Ga It ot 15 AeleReRE s R 2ring A92#8F Bkample 10 to 30.
Where the aluininfaftinaioms hewetieshteplateddnytitiaiework modifier elements, it is preferred that

the ratio of silica : XZO:f (wtﬁre X i(s F?HH%%II%QMIFWQ%% gtgl%h S alumirsiy(%(gallium, iron and/or boron,

is at least 5 and 30p?1e%er‘é f’/t?é—s;s% an or equaei o100 stiehiad inthe range 7 to 40, for example 10 to
30. Thus, for example, a loading of 0.55 gram atom of copper per aluminium in the

mordenite equates to a 55 mol % loading of copper relative to aluminium in the mordenite.

15 Each of copper and silver may be loaded in an amount in the range of 1 to 200
mol% relative to aluminium, for example, 50 to 120 mol%, such as 50 to 110 mol%,
suitably, 55 to 120 mol%, such as 55 to 110 miol%. The total loading of copper and silver,
may suitably be in the range 1 to 200 mol% relative to aluminium, for example, 55 to 120
mol%, such as 55 to 110 mol% or 50 to 120 mol%, such as 50 to 110 mol%.

20 Platinum is loaded in an amount in the range 0.05 to 10 mol% relative to
aluminium such as 1 to 10 mol%, for example 1 to 5 mol%. Suitable platinum loadings are
for example, 0.05 to 5 mol%; such as 0.05 to 2 mol%.

The mordenite framework, may, in addition to the silicdn and aluminium
framework atoms, contain additional elements, such as gallium, iron and/or boron.

25 For the process of the present invention it is preferred that the mordenite has a
silica to alumina ratio of at least 5 but preferably less than or equal to 100, such as in the
range 7 to 40, for example 10 to 30. Where the aluminium atoms have been replaced by
framework modifier elements, it is preferred that the ratio of silica : X,03 where X is a
trivalent element, such as alurﬁinium, gallium, iron and/or boron, is at least 5 and

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

Where the mordenite contains additional trivalent framework elements the metal

loading in the mordenite can be expressed in terms of the fractional loading of the metal as




Where the mordenite contains additional trivalent framework elements the metal loading in the
mordenite can be expressed in terms of the fractional loading of the metal as WO
20081132441PCT/GB2008/001420 5 gram atoms of metal per gram atom of total trivalent elements in
the mordenite. The metal loading can also be expressed as a mole percentage loading relative to total
trivalent elements izrw%s%#grdenjte through the relationship : mol % Metal ?f fgﬁ%og%ﬁézﬂ/letallgram
atoms of total trivalent elements) x 100 5The proceés is carried out under substantially anhydrous
conditions, i.e in the substantial absence of water. The carbonylation of dirnethyl ether to methyl
acetate does not generate water in-situ. Water has been found to inhibit the carbonylation of dimethyl

ether to form g&aﬁwm@@tﬁtﬁatm@gfan&%a{@mﬁ@ OfEIenPERSRMINY BRIAB; dter ThkeRtAs low as is
feasible. To accqmplish this, the dimethyl ether and carbon monoxide reactants 10(and catalyst) are
GEbr i e iy

preferably crictBbFEb T GUCRE TR RESE PSR EhE SFIFa A R BF Water may be
tolerated witheutacyensebnastdetingttine: forinatddmiaisiigthyl acetate. Suitably, water may be present in

the ditnethyl ether feed | Mo t of 2.5 wt% or less, such 5W§A)O less. . .. The process of
the present inventio%?iggy%ﬁtablfgaéncaa?ﬁes 0‘33%96%‘%%?%%%9&3‘?}&% tg[rezg’lnﬁagrﬁes)o ll%)OC to 350 C.

The procéss of the plesereamyéntionctheyyt bedensvisthoial bt alpréoseetditivesrandn:tieto 100 barg, such
as 10 10 100 Ragetantial iR HQMEY, PRAGENEINGDY: (PHHRMh{T SHLARIMIINEdR98:00 to 40,000

WI, such as 2000 to 20,000 lll. 20Because the carbonylation reaction is to be conducted substantially
in the absenc8%EHAiEE W%@b‘ﬁéﬁé‘ﬁ?eﬁ’%ﬁ’éﬁ’ﬂ%@%@ﬂé}%ﬁ@ BRI S s bR ation 6 tsethrhe catalyst

may be dried dasexasnple.by heating [OadempenstsR A 0iR B0 ention, Wiknkafesrad that the
mordenite catalyst is actiyated immediately before use by heating the catalyst at elevated temperature
for at least on Oﬁ@ﬂl’*s ﬁ%sé? fio ﬁfjcﬁﬁlﬁgéj%ﬁ?’%&ea(}%ﬁqﬁc?ﬁb%{ia’g?‘f’g?ea%&é%%ﬁﬁﬁ?ﬁf%@sthereof

Preferab.l)ﬁ),‘ _th@pniaa@issst)farh@lpfegém dmivé_tpti'mnttsimmediomhgu Wm@miaﬂy ﬁﬂiomefabsjeaﬁ?e of halides,
such as lodidS NG S SHESIRNIRINCI> MANLIRALING i@l e an ArATAIG. odide content o

the reactant gases (dimethyl ethier and carbon monoxide) and catdlyst is less than 50 ppm, preferably
less than 100 $piFie-30TRbLproeiss16T Pt it it Sy S SarAisH B 4f OB ¥\ Pa¥sing dimethy!
ether vapour apgGashona@paxde,grssthrough a fixed bed, fluidised bed or moving bed of the

rnordenite catalyst m?intained a][ e desired temg)erature,anij %ressurg. X
, The process of the present invention may suitably be carried out at a temperature in

15 | the range of 100 °C to 350 °C,

The process of the present invention may be carried out at a pressure in the range 1
to 100 barg, such as 10 to 100 barg.

The Gas Hourly Space Velocity (GHSV) is suitably in the range 500 to 40,000 b,
such as 2000 to 20,000 hl.

20 Because the carbonylation reaction is to be conducted substantially in the absence
of water, it is preferred that the mordenite catalyst is dried prior to use. The catalyst may be
dried, for example by heating to a temperature of 400 to 500 °C.

It is preferred that the mordenite catalyst is activated immediately before use by
heating the ca’célyst at elevated temperature for at least one hour under flowing nitrogen,

25  carbon monoxide, hydrogen or mixtures thereof.

. 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 total halide,
for example, iodide content of the reactant gases (dimethyl ether aﬁd carbon monoxide)
and catalyst is less than 500 ppm, preferably less than 100 ppm.

30 The process of the present invention is suitably carried out by passing dimethyl
ether vapour and carbon monoxide gas through a fixed bed, fluidised bed or moving bed of

the mordenite catalyst maintained at the desired temperature and pressure.




WO 2008/132441PCTIG B20081001420 6 If desired, the dimethyl ether feed may be contacted
with a bed of alumina or corundtun immediately before the bed of mordenite catalyst. The primary
product of the process is methyl acetate but small amounts of acetic acid may also be produced. The
methyl acetate grodyced,by, the process of the present invention can be re{;r&qyggzhragl}gfl formofa
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 reaction products, some or all of it may be hydrolysed to form acetic acid.
Alternatively, the entire carbonylation reaction product may be passed to a hydrolysis stage and acetic
10acid separated thiréaited, Theinyadiplysiemiay bacheriedatidyiknovad teciniquesrsuch as reactive

distillation in t(tgéa > presence oJlla[rella Qoggtt%‘laygéd ofn£?§e§€8%§%?y$ﬁy be operated as either a continuous

ndim immedia . o . : .
or a batch process, prePeraeb y as a continuous process. e invention is now illustrated with

reference to the follGWirgiExanpidyctiGRbapiptesd is@zthlylsticPrépbubsionll PrepaiaeicrewicH-Mordenite
Mordenite with 3 flica, {9 @w?&aac@timf&&ﬂ%@%ﬁ&%@%@@wf&w@@smm@ea@wwc roller

compactor at 250 bar using a total of 4 cycles, then crushed and sieved 20to a particle size fraction of
125 to 160 mitreméiop S bf tReeHet de it terrat mddnereaisumadsuest (veiiiBiume = 12L) at

a temperature of 50G e HRART AELAMHMbL lebninkabadr R ARIObLEARINKOfateRIBeEature of 120C,
held at 120C for 180 minutes, then the tem eratgé‘(i was increased by 1C/min tq 50Q0C, held at 500C
I

for 180 minut&&hB FISRISHINOSPRE 10088 NoRFERItE SARIS AIEATRE SR Sif AR BILiHRa ratio of 20
(ex Stid-chemiejctiasirenias veithe arsiivef { hnigradéisthitiond to Hive acilvetitoadiagadf/B, mol %
e SR AR SR A S (g concontaton
LOT (los¥0  acid separated thereafter. The hydrolysis may be carried out by known techniques such as
reactive distillation in the presence of an acid Cataiyst.
The process may be operated as either a continuous or a batch process, preferably
as a continuous process.
The invention is now illustrated with reference to the following Examples.
15 [Examplel
Catalyst Preparation

Preparation of H-Mordenite

Mordenite with a silica to alumina ratio of 20 (ex Stid-chemie) was compacted
with a powtec roller compactor at 250 bar using a total of 4 cycles, then crushed and sieved
20  to a particle size fraction of 125 to 160 microns. 2.5g of the mordenite was then calcined 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.
Preparation of Ag loaded Mordenite

25 Mordenite with a silica to alumina ratio of 20 (ex Siid-chemie) was treated with a
silver (I) nitrate solution to give a silver loading of 55 mol % relative to aluminium in the
mordenite. '

A solution comprising 852pL silver (I) nitrate concentration of 4mol/L dissolved
in 3648pL H,0 was made-up and used to impregnate 5g of the mordenite. The LOI (loss

30 onignition, 600°C) of the mordenite was measured (typically 10-20%, in this case 18.03%)
to account for the amount of water adsorbed on the mordenite in order to determine the

amount of metal solution required to achieve the desired loading of silver. After the




300n ignition, 600C) of the mordenite was measured (typically 10-20%, in this ease 18.03%) to
account for the amount of water adsorbed on the mordenite in order to determine the amount of metal
solution required to achieve the desired loading of silver. After the WO
2008/132441PGHSph32008/001420 7 impregnation the mordenitc was leftat,ambient ceditions on a
shaker for I hour. Subsequently the silver loaded mgrdenite was transferred to a forced convection
oven (air as atmosphere) and heated to 80C for 20 hours. After the drying step the silver loaded
mordenite was calcined in air using the following procedure: calcination in a muffle oven
5(oven-volume = 12L) at a temperature of 500 C under air (air flow 1 L/min) at a ramp rate of 1C/min
to a temperatumgrefbBoCheldrdt1iR0Na@sfoft B8 auminites)diienstiie aemparftutéigvas increased by
LC/min to 500k et RO fef A80miniien:J besalverloades,mardenils, Wasdem capled down to

room temperature in the muffle oven underégir ) air flow | Drain. The silver loaded moMenite was then
gently pushedtriBagthacl etifesist $6n é@/}édl% Hbeaipentiskedrdingesloel the range 125-
160 pm. PrepartionohtibinadadiMordsnitene folMakenie.with: a-silicaita aluminadatia.of 20 (ex
Sud-cher(?ie) was tre?ted with a copper (li) nitrgg%soj(]%tion, to,give a copper loading of 55 mol %
relative to’alulRTTS HthE MOPALAEETISATESI0LON of ABECHEIEHII ) WA bt R8WdéHtration of
4mol/L dissolwéd ity wisiyk?@unast nade; lipldnd! eutiito ispragnatetRbghotdheemardenite. The
LOI (loss on ignition, 60 fthe mordenjte w sured (typically 10:20%,.in this case 18.03%) to
account for th%agr%gﬁﬁ%eglg\%gtegg gg%g%ggéugehﬁ??gar%%g mFé }r%%olrn Ié‘lrl}lc“;’ g é’teesrlr%}ier{rgotaﬁieecgmount of metal
solution requireetdentichisvbtheaésirda o adingrofeomepeurcAftérethe ZBimpregriatiGhyiee mordenite was

ol at ambienieanelilans ansbakesdos hhausSuhseaussil e canner saded pugerite vas

transferred to a forced convection oven (air as atmosphere) a eated to 80C for 20 hours. After the
drying sttp thenésisiet o alsnmutsdleviascareiieadrage dsig 1A feliowing procedure: calcination
in a muffle Ovign (MY SlUME Ml Valk-adgiaperature of 500 C under air (air flow | L/min) at a

Mordenite with a silica to alumina ratio of 20 (ex Stid-chemie) was treated with a

copper (II) nitrate solution, to give a copper 1oading of 55 mol % relative to aluminivm in
the mordenite. ‘

15 A solution of 426 pL copper (II) nitrate of concentration of 4mol/L dissolved in
1824 pL HyO was made-up and used to impregnate 2.5g of the mordenite. The LOI (loss
on ignition, 600°C) of the mordenite was measured (typically 10-20%, in this case 18.03%)
to account for the amount of water adsorbed on the mordenite in order to determine the
amount of metal solution required to achieve the desired loading of copper. After the

20 impregnation the mordenite was left at ambient conditions on a shaker for 1 hour.
Subsequently, the-copper loaded mordenite was transferred to a forced convection oven
(air as atmosphere) and heated to 80°C for 20 hours. After the drying step the copper |
loaded mordenite was calcined in air using the following procedure: calcination in a muffle
oven (oven-volume = 12L) at a temperature of 500 °C under air (air flow 1 L/min) at a

25  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
copper loaded mordenite was then cooled to room temperature in the muffle oven under
(dry) air flow 1 L/min. The copper loaded mordenite was then gently pushed through a
160pum sieve and sieved to obtain particles having a size in the range 125 — 160 pm.

30 . Preparation of Pt loaded Mordenite

Mordenite with a silica to alumina ratio of 20 (ex Siid-chemie) was treated with a

platinum (1) nitrate solution, to give a platinum loading of 1 mol % relative to aluminium




25ramp rate of 1C/min to a temperature of 120C, held at 120C for 180 minutes, then the temperature
was increased by 1C/min to 500C, held at 500C for 180 minutes. The copper loaded mordenhe was
then cooled to room temperature in the muffle oven under (dry) air flow 1 Urnin. The copper loaded
mordenite was then gently pushed through a 160pm sieve and sieved to optai rticles having a size
in the range 12??8 886%% 0 Preparation of Pt loaded Mordenite Ivforc eTr'u"efzg%N?ﬁ%)%glﬁca to
alumina ratio of 20 (ex Stid-ehemie) was treated with a platinum (lI) nitrate solution, to give a platinum
loading of 1 mol % relative to alUminium WO 20 / 441PCT/GB2008/001420 8 in the mordenite. A
solution of 309L platinum (IT) nitrate of concentration of Amon dissolved in 1941pL H20 was made-up
and used to impERGGIR %29 of the mordenitc. The LOI (loss on ignition, 600C) of the mordenite was

measured (typically 10-20%, in this case 18.03%) to 5account for the amount of water adsorbed on the

mordenite in order t6 S&tEIHiRE W AR B Fdtiirdoninoncragaiamcl demlelitseldukived platinum

loading. After thél imptegnation.dheaamdesite was-efi:al amkient.canditicRs B8R Aehakerfer 1 hour.
Subsequently, t U [

; E{e gla(i%la @!& ded ng(grdenite was transferred to a foorced convection oven (air as
atmosphere) and heated SBICSREURES RIS Grirr) sl prafiuiesa Didad®dmordenite
was calcifed iv@imtisinghtrrerfollowihgprockdore: ealcinatieRinedmotffieoves e awolume = 12L) at
a temperature, gf 500C under air. (air flow 1 Li/min) at.a ramp rate.of | C/min to,a temperature of 120C,
held at 120C for 180 minutescft éﬁ 'g?l 8%#1&&%}%15)?]5 %Wh%g%lﬁlé%réggag&‘bnf/ }ﬁ%'n%eﬁggjc, held at 500C
for 180 minutéSPrrERABa Higrmsdersts oy thdhitemaentrendivaledite soder feripenature in the muffle

oven under 15 alrdlowsd himinnTie elesigumIpaded mardenie 1ashep arailypyshed through a

160um sieve and sieved to obtain particles having a size in the ran(ge_lZS - 160 um. Igreparation of
V20 ¢

AWN loaded TAB/&TRasPherpsRidfitetithe Silfen G honimindsahe e Secletietnie) was treated
with a platinunoAdel miisatensokstiots tngivia aiplatinuRe JoReiNE:Qd-RaalYesriatiMente allminium 20in the

mordenite and with a silver (1) ni oluytion, to giv ijver lgading of 55 mol % relative to aluminium
in the mordenite.” O§8?0¥§Héé%ﬁ%#§r% %E%f%ﬁ%r‘??illfrﬂﬂ%ﬁreaﬁ WO HLSHr=ABWGE 6. 1mol/L and
4264 silver (I)rmmecﬁﬁé@mmbmmrﬁp@mw_oﬂmwg}nﬂm 43261 fdr 120 miastesader i and used to
impregnate 2.ag, 0k IALIGRIESHS k< HaER 300eHo L0613 g mRrdenite was measured

(typically 10-20%, in this .
platinum loaded mordenite was then cooled to room temperature in the muffle oven under

15 (dry) air flow 1 L/min. The platinum loaded mordenite was then gently pushed through a
160pm sieve and sieved to obtain particles having a size in the range 125 — 160 pm.

Preparation of Ag/Pt loaded Mordenite

Mordenite with a silica to alumina ratio of 20 (ex Stid-chemie) was treated with a

platinum (II) nitrate solution, to give a platinum loading of 1 mol % relative to aluminium-

20 inthe mordenite and with a silver (I) nitrate solution, to give a silver loading of 55 mol %
relative to aluminium in the mordenite. A solution comprising 309pL platinum (II) nitrate
of concentration of 0.1mol/L and 426uL silver (I) nitrate concentration of 4.0mol/L.
dissolved in'1515uL HoO was made-up and used to impregnate 2.5g of the mordenite. The
LOI (loss on ignition, 600°C) of the mordenite was measured (typically 10-20%, in this

25 case 18.03%) to account for the amount of water adsorbed on the mordenite in order to
determine the amount of metal solution required to achieve the degired loadings of silver
and platinum. After the impregnation the mordenite was left at ambient conditions on a
shaker for 1 hour. Subsequently, the silver/platinum loaded mordenite was transferred to a
forced convection oven (air as atmosphere) and heated to 80°C for 20 hours. After the

30 drying step the silver/platinum Joaded mordenite was calcined in air using the following
procedure: calcination 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




25ease 18.03%) to account for the amount of water adsorbed on the mordenite in order to determine
the amount of metal solution required to achieve the desired loadings of silver and platinum. After the
impregnation the mordenite was left at ambient conditions on a shaker for 1 hour. Subsequently, the
silver/platinum I%dzg) qm%glenite was transferred to a forced convection oven C%’;ﬂr as atmosphere) and
heated to 80C for 20 hours. After the 30 drying step the silver/platinum loaded FOrYEHE was
calcined in air using the following procedure: calcindtion in a muffle oven (oven-volume 12L) at a
temperature of 500C under air (air flow 1 L/min) at a ramp rate of 1C/min to a temperature of 120C,
held at 9 120C for 180 minutes, then the temperature was increased by 1C/rnin to 500C, held at .500C

the muffe oveg s () s Towr L L PRe CRGH AT Adre oo MOIR B then gonty

air flow 1 L/mi _ atinum loaded mordenite was then gently
pushed througl & C1isoAt Sleipetand ‘Meleartel Bivain Spadtivledehtving dbsizeoinethérarige 125 - 160 gm.
Preparation of ou{ Riigadad-Mardenige ovMRALRAIGWIR RSilicR/1Q ARYRINA LAH:LA0 (ex

Stid-chetnie) was treated with a platinum (11) nitrate Solution” to give a platinum loading of 1 mol %

relative to alufRiEhRTdRE BIBRRE S WHBkes Bupperad Q9 meatee ﬁ@ﬁ?‘iéogi%i& copper loading
of 55 mol sL0%ialakyede aldmmiunmnthesmesdenite. A solution of 309pL platinum (1) nitrate of .
concentration-of 0.1mol/L, plus a solution of 426ul, copper (ll) nitrate of concentration of 4.0mol/L
SR AN VihlopdedMardenite) 1o impregnate 2.5g of the mordenite. The LOI (loss
on ignition, 600C) offwedentirdeitite stas reasuted diynicallyelGidQ¥eninIRisaase:d 883%0) to account
for the amount of water.adsorbed on the mordenite.in 15order ta determine the amount.of metal
solution requirpe%&t%uggtzllz{%%ﬁescg%%?r%d 1 1iﬁﬁé)i)%l%%ﬁg%afﬂéﬁ&%ﬁaﬁJﬁ’fCﬁX er ttﬁglwgé‘hation the
mordenite wagiléfe atcadnbiennéontitionson Glshiker fdntohdoriSubsempee tilithefcSppelr/platinum
loaded merdesjtewas fansiames I aloreeerenvection ayeR(ai as, AlesRRS Ifl.ANdheated to 80C

for 20 hours. After the drying step the copper/platintun loaded mordenite was calcined in air 20using

the following FroCEuEREoRafd AR iR HsMafE ST R {oEncoBGHiE izt of canesmidienafe of 500C
under air (air fiomnblindinioaéaa ran Saterpiledminde g tempertsie sk 0C: beld @t 120C for 180
minutes, then the tem ture was increased in to 500C, held at 500C for 180 mjnutes. The
copper/platinu?lnofé{%%%%e[[r%)LfF@m essvggé‘%ﬁlglﬁ%gééﬁg]é r%grxﬁ’fireﬁ’ll}btgr‘gﬁjf@%ﬂfﬁeed 883\} n under (dry)
air flow 1 20%, in this case 18.03%) to account for the amount of water adsorbed on the mordenite in

Frend

15 order to determine the amount of metal solution required to achieve the desired loadings of
copper and platinum. After the impregnation the mordenite was left at ambient conditions
ona sﬁaker for 1 hour. Subsequently, the copper/platinum loaded mordenite was
transferred to a forced convection oven (air as atmosphere) and heated to 80°C for 20
hours. After the drying step the copper/platinum loaded mordenite was calcined in air

20  using the following procedure: calcination 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 copper/platinum loaded
mordenite was then cooled to room temperature in the muffle oven under (dry) air flow 1

25  Li/min. The copper/platinum loaded mordenite was then gently pushed through a 160pm
sieve and sieved to obtain particles having a size in the range 125 — 160 pm.

Carbonylation of Dimethyl Ether

Each of the catalysts, H-mordenite, Cu-mordenite, Ag~mordenite, Pt/Cu mordenite
and Pt/Ag mordenite, prepared as described above was used to catalyse the carbonylation
30 of dimethyl ether using the following experimental procedure.
The carbonylation reactions were carried out in apressure flow reactor unit

consisting of 16 identical reactors of the type described in for example, WO 2005063372,



25L/min. The copper/platinum loaded mordenite was then gently pushed through a 160um sieve and
sieved to obtain particles having a size in the range 125 - 160 um. Carbonylation of Dimethvl Ether
Each of the catalysts, H-mordenite, Cu-mordenite, Ag-morclenite, Pt/Cti rnordenite and PeAg
mordenite, prepared as described above was used to catalyse the earbonylation 300f dimethyl ether
using the followty &%Erthental procedure. The carbonylation reactions Wer¥ €B#E@Yd%n a pressure
flow reactor unit consisting of 16 identical reactors tf the type described in for ex.ample, WO
2005063372. WO 2008/132411PCT/G132008/001420 10 Prior to the loading of a catalyst sample into
the reactor, a 5cm (approx.) bed of steatite of sieve fraction of 100-350m was placed in the respective
catalyst sample h ,I(i) r, A 5cm (approx.) zone of corundum of sieve fraction, of 125-160um was placed
on top of the%gég %&?aﬁslf]%ﬁ%ér%tp% of %‘@a?é?y%t{ﬁégaé%arcg B EBE78F ths Lh iR Ded. The
Scatalyst sanspiecwagicovérdd-By tprosimatedybbmrepretidemtalyses{inplerhdideneteicnf the reactor
used for the ] : | ' |25~ m 0x.) zone, of steatite of sieve
fraction of 10%%3%%%%%} Qigé%lgj% %)Hr?l tFoS[r:é ?ﬁ%&cﬁﬁd%ﬁ%@? ve 3% F%%?1%nv%/%{)soco}rlﬁpacted via hitting

or vibrating to'§itt@%stab b BeHRAl SldenidFstarigca rhoaffibaemydinded. Tive catalyst sample
was thenspres&grﬁeghﬁq)t@@Mﬁ@@&%%@fbxlﬁd@é@%%&hﬂmow@g&é? ahadlevifate of 4 L/h. The

catalyst was then heated at 0.5 deg.C/min to a holding.temperature of 220C, where it was held for a

dwell time of 15U BB IRShR thERMpE AT VS Phpdld B0 4R (A8raeE) @HKin, again

followed by acfwtedtitinoé 04v3 hactisn Af this 50inhcataistactivaliar wassensidered qamplete and the
gas feed was_switched to a mixture.of carban monoxide and hydrogen 15with.a CQ/1-12 ratio of 4 at a
i e iy

flow rate of 4 1Jh, While dimethylSther (DVIE) WAL et at 0: 4HE8"36 LIE

respectively dsiahiapthercaiolptitainca Do/diBNIErtivantibe iotalfeed w76 dARkbifrom O to 28h,
73110.2/38 Tigm 28\ 341 A1 69 (LA 1o B4 1. 9559 AIRIALAsls Therefore the

catalysts were tested at a GHSV of 400011-1 with regard to the total amount of feedgas. In addition,

N, was 70intréicéuhios vakintd sarsaresd FAlininrhs e dusmsbeld op redselieiswings between the 16

reactor exits. hbg exibsifeam;iamndhedasiteaatonmyas pasped &@@SQ&%@HI}Q{F?%&Q?W |t0 determine
sults of the carbonylation

the concentratign of reactants and caronylation products. The re ,
experiments??@oé Fven afﬁ? Eigutes f%ﬁbﬁ ‘i}/S.' %b%‘iéW‘&éﬁ%&‘é{%@@?‘%@fb%%fml&&%te ing1,4111
versus time indmplesfordtie actalysis dimiortlenite):Guernbrdboiienamskidt Gt mekdesite.
15 with a CO/H; ratio of 4 at a flow rate of 4 L/h, while dimethylether (DME) was fed at
0.168 L/h, 0.352 L/h and 0.536 L/h respectively as a vapour, to obtain a CO/Hy/DME ratio
in the total feed of 76.6/19.2/4.2 from 0 to 28h, 73/18.2/8.8 from 28 to 54 hrs and
69.3/17.3/13.4 from 54 to 95 hrs on a molar basis. Therefore the catalysts were tested at a
GHSV of 4000 h'! with regard to the total amount of feedgas. In addition, N, was
20 introduced at a variable rate of 0-50 ml/min to equalise the pressure swings between the 16
reactor exits. The exit stream from the test reactor was passed to a gas chromatograph to
determine the concentration of reactants and carbonylation products.
The results of the carbonylation experiments are shown in Figures 1 and 2 .
Figure 1 depicts the STY to methyl acetate in g L™ h™? versus time in hours for the
25  catalysts H-mordenite, Cu-mordenite and Pt/Cu-mordenite.
Figure 2 depicts the STY to methyl acetate in g L™ h™! versus time in hours for the
catalysts H-mordenite, Ag-mordenite and Pt/Ag-mordenite.
Figures 1 and 2 show that the Cu-mordenite and Ag-mordenite catalysts containing
platinum provide superior STY’s compared to the Cu-mordenite and Ag-mordenite

30 catalysts which do not contain platinum.




Figure 2 depicts the STY to methyl acetate in g LA h.' versus time in hours for the catalysts
H-mordenite, Ag-mordenite and Pt/Ag-mordenite. Figures 1 and 2 show that the Cu-mordenite and
Ag-mordenite catalysts containing platinum provide superior STY's compared to the Cu-mordenite and
Ag-mordenite 3&%@@/&5 \ﬁhiCh do not contain platinum. Example 2 CataIIyst Preparation Preparation
of Cu loaded Mordenite ? atalyst A) H-Mordenite (40 g) with a silica to aluhfin&PAtG oFeY (ex Slid
Chemie) was 5weighed into a 500 nit round bottom 4 flask together with 6.43 g of copper (lI) nitrate
hemipentahydrate (98% ACS) and a stirrer bat. Sufficient deionised water (ca. 100 mL) was then
added to the flask until a thick slurry was obtained. The top of the flask was then loosely covered and
the flask left tggdihprernight. The mordenite was then dried under reduced vacuum using a rotary
evaporator before being dried.in an oven. at 100 C for 12 10hours, The mordenite was then calcined in
a muffle ovenMﬁ@% under a static atmosphere of air. The temperature was increased
from room teriiperatatieteH00 Badka Menpddte @a%4Iyppin)and then held at this temperature for 24
hours. The mordenitg yyas,then compacted at 12 tonnes in a 33, mm die set using a Specac Press, and
then crushed and sitleelviéxc?rt%e%11 gﬁﬁ&ﬁ@g leé%?gﬁ orots f%“ﬁé% %I&% g.gﬁl?gnﬁfgr\@@nite hada -
15copperloadiiitglisiissine Batrelhtived altioniniasiPreptatidth 6f4C /B dopse d Ygrdenite (Catalyst
Dy drams ohthe CaIBELE ORRRRNIS) FONEAES BRI e RORISL TR RIOIR freseina and

sieving. To this was added 298 micro litres of a solution containing grams o m (II) nitrate

per ml of wate*EsAdiaties ihtdiagh wtike ek @ravare abeipabilselinion tddbduprsdhea. 3 ml) was

added at the sasmgstine@od dhentesuiaph sty agitaied on-alelienbenshder atilgagtd, hour to ensure
thorough mixin%UT%e copper loaded mordenite was then dried at 50C for at least 16 hours, then at 110
e

uC for 4 hourd Hefore Baing CalGAdd TS HBHFLI ARt Ggdl s btane AMGSPARTE 6rdif. The
temperat@re fbpwaldihatiorwas imereasediiroml ioemiéinpesatiseio S0 C-asayaigst2 C/ mm. and
then 25 held ﬁﬁiﬁﬁiiﬁﬁﬁllﬂ@{%‘frﬁ foR rs.. I .he mordenite . was then compacted at 12 tonnes in a 33
mm die set using a Specac Pr’esls'., aﬁ%d@t ﬁr%%dgﬁgga an assfélvéméog%g? |c({%er8§%|uzrg tﬁégjﬁ?o?of 212 to 335
microns. The #hard@Ritaheld copparaad dsmlirita toadingsrotBsinclddand. Timelsdetative to

aluminium respci¥gbmpacted at 12 tonnes in a 33 mm die set using a Specac Press, and then

crushed and sieved to a particle size fraction 0f 212 to 335 microns. The mordenite had a
15 copper loading of 55mol% relative to aluminium.

Preparation of Cu/Pt loaded Mordenite (Catalyst B)

3 grams of the Catalyst A as prepared above was taken in the powder form before
pressing and sieving. To this was added 298 micro litres of a solution containing 0.05
grams of platinum (II) nitrate per ml of water. Additional water (to make the total amount
20 of solution added up to ca. 3 ml) was added at the same time and the resultant sturry
agitated on a roller bench for at least 1 hour to ensure thorough mixiﬁg. The copper loaded
mordenite was then dried at 50 °C for at least 16 hours, then at 110 °C for 4 hours before
being calcined in a muffle furnace under a static atmosphere of air. The temperature for
calcination was increased from room temperature to 500 °C at a rate of 2 °C/ min. and then
25 held at this temperature for 2 hours. 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. The mordenite had copper and platinum loadings of 55mol% and 1
molY%s relative to aluminium respectively. '

Preparation of Cu/Pt-Mordenite (Catalyst C)

30 A mordenite having 55 mol% copper and 10mol% platinum relative to aluminium

was prepared as for Catalyst B above except that the amount of the solution containing




Preparation of CuiPt-Mordenite (Catalyst C) 30A mordenite having 55 mol% copper and 10mol%
platinum relative to aluminium was prepared as for Catalyst B above except that the amount of the
solution containing WO 2008/132441PCT/G132008/001420 12 0.05 grams of platinum (1) nitrate per
ml of water used was 2886 microlitres instead of 298 microlitres. Carbonvlation of Ditnethyl Ether
Each of Cataly¥t8 ABI3H4'C was used to catalyse the carbonylation of cliffdtAy5EH# e Wsing the
following experimental procedure. The carbonylafion reactions were carried out in a pressure flow
reactor unit consisting of 60 identical parallel isoihermal co-current tubular reactors of the type
described in, for example, W02006107187. The reactors were arranged in 4 blocks of 15 reactors,

cachtck e TSERCRLeN RSIRMIS SopIc e pech gpei e S oo e o

catalyst (designedg{o give rresponding to
sinter having a&3foracsitéref 20 micrometers. All catalyst samples were heated at a ramp rate of 5 C./

min. to 100C & atmosRASHS PESSE ilﬁggr 98.6 mol% N2 and 1.4 mol% He at a flow rate of 3.4 ml!
min, and heldatth siieg“‘“‘_’['mpera u‘r"e“r@jI‘rﬁIrr our. The reactor was then pressurised to 30 barg with 98-.6

mol% N2 and 1.4 md&iodqéGasalieithe Bysbin Wsitsad thiseedriditioreforon Hoim Théigetbfeed was then

changed fromdine; ¥<ana:nelivm Pk ammBbdipe.camprising 63.1 mol % carbon monoxide, 15.8 mol
% hydrogen, 19.7 mg| % njtrogen and 1.4 mol% helium at a gas flow rate of 3.4 ml/ min, and the

reactors were heated %t GRARHALRR SAEHMIAYH S8t her i ra0 o vTRackysin was then held at
this condition tondshiaps ahilidQisainateselAtdiniapaiot catalystuascivation.70is semgidered complete,

and the gas feed was,changed to i jsing 63.1 mol % carbon monaxide, 15,8 triol %
drogen, 14 SR o TS R GoaTor i Ry thal DRy dow e o
3.4 ml/ min. Thereasterhwhslaliovietaoicdependenforngeerdii2 houtrs!. Tite exit strentfverthe reactor
was passgd g, we gas.dHomn Jile] (% 0f thepe ran 49 icro GC with three
columns (Molecular 25;ieve 5%%930(31%2&0 .%, and CP%V%%S zé}‘é%’é? %%Qggg% with & %Plé(;i?'rﬂal
conductivity defecieadeiifatemarciohsyer htdpsciaiite siiaeb28 nignmeivs colLeraly {CRIBIES and

CPWax 52) eaghadippechwitha flanrs ianisaton detecter .Ratamas ausiagedryes the time period

from 92.2 to 102 urs, The r s of the carbonylation experiments are given in Table 1 below.
‘ molgA 5 and 1. mo?%%e at a flow rate o%/ 3.4 ml/ mig, and held at thisgtemperature for 1

hour. The reactor was then pressurised to 30 barg with 98.6 mol% N, and 1.4 mol% He

15 and the system held at this condition for 1 hour. The gas feed was then changed from the
N> and hélium mix to a mixture comprising 63.1 moi % carbon monoxide, 15.8 mol %
hydrogen, 19.7 mol % nitrogen and 1.4 mol% helium at a gas flow rate of 3.4 ml/ min, and
the reactors were heated at a ramp rate 3 °C/ min. to a temperature of 300 °C. The syster
was then held at this condition for 3 hours and 10 minutes. At this point catalyst activation

20 is considered complete, and the gas feed was changed to a mixture comprising 63.1 mol %
carbon monoxide, 15.8 mol % hydrogen, 14.8 mol % nitrogen, 1.4 mol% helium and 4.9
mol % dimethyl ether at a gas flow rate of 3.4 ml/ min. The reaction was allowed to
continue for ca. 112 hours. The exit stream from the reactor was passed to two gas
chromatographs. One of these was a Varian 4900 micro GC with three columns (Molecular

25  sieve 5A, Porapak® Q, and CP-Wax-52) each quipped with a thermal conductivity
detector. The other was an Interscience Trace GC with two columns (CP-Sil 5 and CP-
Wax 52) each equipped with a flame ionisation detector. Data was averaged over the time
period from 92.2 to 102.2 hours.

The results of the carbonylation experiments are given in Table 1 below.




WO 201181132441PCT/G112008/001420 13 Table 1. Catalyst Acetyls STY (g/1/110 Catalyst A (Cu
mordenite) 86 Catalyst B (Cu 1%Pt mordenite) 201 Catalyst C (Cu 10% Pt mordenite) 216

STY"eiyis is defined as the STY for the production of AcOH plus the STY for the production of MeOAc
multiplied by MW@S()()ié/Il\é%\/rpeono 14 Claims I.A process for the production of methyl acetate which
process comprises the carf)onylation of a dimethyl ether feed with carbon MonekIaE inaEr
substantially anhydrous conditions wherein water islpresent in the dimethyl ether feed in an amount of
2.5 wt% or less, in the presence of a mordenite catalyst which has been ion-exchanged or otherwise
loaded with at least one of silver and copper, and wherein the mordenite is also ion-exchanged or

othenvise loagggwjth platinum in an amount.in the

Catalyst , Acetyls STY
(g/V/hr)
Catalyst A (Cu mordenite) - 86
Catalyst B (Cu 1%Pt mordenite) 201
Catalyst C (Cu 10% Pt mordenite) 216

STY acetyts is defined as the STY for the production of AcOH plus the STY for the
production of MeOAc multiplied by MW acon/ MWieoac. |




range 0.05 to 10 mol% relative to aluminium. 102.A process according to claim 1 wherein the platinum
loading is in the range Ito 10 mol% relative to aluminium. 3. A process according to claim 2 wherein
the platinum loading is in the range 1 to 5 mot% relative to aluminium. 4. A process accordirgsta. any
one c_>f claims 1 to 3 w erein copper is loaded in an 15amount in the range 1 to 200 mol% relative to
aluminium. 5. A process according to claim 4 whereifthe copper loading is in the range 55 to 120
_mol% relative to aluminium. 6. A process according to any one of claims 1 to 3 wherein silver is loaded
in an amountGintine range 1 to 200 mol% relative to aluminium. 207.A process according to claim 6
wherein silver is loaded in an amount in the range 55 to 120 mol% relative to aluminium. 8. A process
according to any one of claims 1 to 3 wherein the total loading of copper and silver is in the range 1 to

200 mol% relative to‘almmieisifer Be ATpevcEss At ser vl e6 Al BRI GT FSITH SRRPE HFh EiRin the
carbonylalion is carried quidn ihe RISTENCE RIAXIHRASRN0A InéhprRRESERESREGIRGIRIANY One of claims

.Ca
1 to 9 wherein the car onylation is carried out at a temperature in the range 100 to 350 C. 11. A

process éccmd]nf@wanyrm\hféoaﬁ ctairain iataoisHesen ihd e SiBsrAG e e iP AR AN total
pressure in tﬁﬁgﬁ&ﬁ%%‘é%%&leﬁ%éﬁwmﬁ&%@@&a&%ﬁ%@m&ftféml to 11 wherein at

least some of t
exchanged or otherwise loaded with at least one of silver and copper, and wherein the

mordenite is also ion-exchanged or otherwise loaded with platinum in an amount in the
range 0.05 to 10 mol% relative to aluminium.
10 2. A process according to claim 1 wherein the platinum loading is in the range 1 to
10 mol% relative to aluminium.
3. A process according to claim 2 wherein the platinum loading is in the range 1 to
S mol% relative to aluminium.
4. A process according to any one of claims 1 to 3 wherein copper is loaded in an
15  amount in the range 1 to 200 mol% relative to aluminium.
5. A process according to claim 4 wherein the copper loading is in the range 55 to
120 mol% relative to aluminium.
6. A process according to any one of claims 1 to 3 wherein silver is loaded in an
amount in the range 1 to 200 mol% relative to aluminium.
20 7. A process according to claim 6 wherein silver is loaded in an amount in the
range 55 to 120 mol% relative to aluminium.
8. A process according to any one of claims 1 to 3 wherein the total loading of
copper and silver is in the range 1 to 200 mol% relative to aluminium.
9. A process according to any one of claims 1 to 8 wherein the carbonylation
25 is carried out in the presence of hydrogen.
10. A process according to any one of claims 1 to 9 wherein the carbonylation is
carried out at a temperature in the range 100 to 350 °C.
11. A process according to any one of claims 1 to 10 wherein the carbonylation is
carried out at a total pressure in the range 1 to 100 barg.
30 12, A process according to any one of claims 1 to 11 wherein at least some of the

methyl acetate product is hydrolysed to acetic acid.




methyl acetate product is hydrolysed to acetic acid. m C S Lt,r) 15 13.A process according to claim 1
wherein the carbonylation is carried out in the presence ol hydrogen and a mordenite which has been
ion-exchanged or otherwise loaded with at least one of silver and copper in a.n amount in th& tangé’50
to 120 mol% relative to aluminium and ion-exchanged or otherwise loaded with platinum in an amount
in the range 1 to 10 mol% relative to aluminium. 15

13. A process according to claim 1 wherein the carbonylation is carried out in the
presence of hydrogen and a mordenite which has been ion-exchanged or otherwise
loaded with at least one of silver and copper in an amount in the range 50 to 120 mol%
relative to aluminium and ion-exchanged or otherwise loaded with platinum in an

5 amount in the range 1 to 10 mol% relative to aluminium.




