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PROCESS FOR THE CARBONYLATI ON OF DI METHYL ETHER Thi s

invention relates to a process for preparing nethyl
wWQ2wBdasB4by reacting di methyl ether with carboPCT/GB2008/001420

nmonoxi de in the presence of ja zeolite catal yst. Liquid

phase carbonyl ati on processes such as the

carbonyl ati on of nethanol and/or reactive derivatives

thereof in the presence of honpbgeneous catalysts to

Pr EROEESSFOR PREICARBONYIATON OFBIMIEA YL ]§5PHER

phase carbonylatiron processes enpl oyl ng net nano

di met hyl ether using heterogeneous catal ysts are also

kn 6,,63 r _phase process

f of EBjiueifh BRI R0 b8 e BB 5ol B R
dimedlgyl dthet with@hrboa ipeioiderie ShefidscptesSafdsitd eatdlha.

presence of a nordenite catal yst which has been |oaded

wi Hiuibphnss carhorsdation propessesiich aoilie Garbenylatiemet metpanol and/or
react@s;e/ &?1%%£%§rééﬁ§ eaa%rggeﬁlggccﬁsh&ﬂ& BQ&IS% rag}Ls¥stf roduce acetlc

conversi on conprl I'ng ca

acid arecbpeyatecogpamméroiafly 0Gacghaat cirbasylatinmeprotessss em;mmg methanol
es thereof and refilct i ng carbon

t her ~and m.xtur
and oA ACTIRE BHEOREOUS NS S ST ol et her
angpiA %9932 dBeIrRRE a vpdil? PhiveHRERGErR Eh@cm@xa)fﬁ;h of
sel ected fromsolid super acids, heteropolyacid
methghelyt proxdkigt atatis agidoat ighdempetatigésandpressures rethe kps@nm@ ofa

f, i de. . , d f
mordgyy? sPRlysF A BT heEh Lo R ViR n RS, Bl GG Gpoba
eSHAD 01ATBIE deHiBesal Frveish G BOEhtliNiE boRersidiesBofeedstock

However, the use of zeolites to catal yse the
comprigingearben menoxidaand kydrogende prcesixléwl lieaSit ete ot’/@ glog®l, ether and

mlxtgfsez %}Qer ‘?%%Ei 'ré)a%gn%n%ﬁgr? 31%‘?10{18 v}ft'hgﬂ fg? %P %rhaé? } ether

car bOX I'C acCl r an es

and MyxtGRE RO & thePrésendd dfizhatdlwst aél@aétbfromrsoha 3apdr\aeids,
derjvative thereof with carbon nonoxide in the

heterppplypcids.icays Aselies and mofpenisg siguesain the phyepes af whalidegpromoter,
uni B 50 ey B AR BN Bl A0 st
acid vdclcbeinhlydﬂdéamehnmuieﬁ ttetkofi Héwoenibe usenifakelites tor dathilyseithe

?d i um or, cobalt and qu as framework el ements,
carb aiageactiog s pets¥pmRiAcSt | east one of gallium boron

anW h 1005/ 10577% dé§é°nb%§ gw@ym RIR&Iorft Poat GBI HE 96 ah/or an
not. exenplified. WO 20 6/12177 descri bes a process

esterfqrranhjfrhflqwbﬁa@ﬁ byocrarlndnymtilngwa raliphdtiglaleobpkor rehctiveldoviwative

ther g o P iy L S CBRUALEPrice o RUGES 4]  mperatre in the

rangf%'jlﬁff— 606 8C An@ 8 PEESE(&E iy the@AARI10 th12D0 bEEIMABE pFABERE 088 ndidenite
e presence of a
catalyst WI’E)lCh has been modified with copper, nickel, iridium, thodium or cobalt and has

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 éther, with carbon monoxide in the presence of a
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
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nordenite or ferrierite catalyst. The use of a gallium
framewor k nodified nordenite as catal yst for the
W@ 2008084kt i on of di nethyl ether is exenplifi eBCT/GB2008(301420
of the above-nentioned priop art, there remains the
need for an inprovedhet erogeneous gas phase process
for the production of nethyl acetate from di nethyl
et her under substantially anhydrous conditions ‘using a
heter%@&ﬂebﬁ@ é%‘?}ﬂﬁké’ﬁtbcesjstfoﬂﬁ%gfb‘&‘ﬁ%tﬂﬁ%f &*#ﬂ%ﬁ&ﬁ%fr&rﬁﬂhﬁé’tﬁﬂ ether
alytic activity can I eve
undec aubstmyaléy aldrydpmtscceeéltloss Csing 4 mj)hdmtatalsstn g a copper
Lor silver enite ca JCh ha al.so
" oB g o fTiPn dbior & Pt ViR o b AgRgredih e
carbcﬁ{y@a%i%ﬂtprd)dé\éﬁﬁtdaﬁibdﬂfu@ MQlﬁ?ﬁ c@pﬂé’r Q6@6SsilvRF moR®nite catalyst which
roduction of nethyl acetate which process conprises
has wéve@aﬂcwdn«j/mmlgwlg‘felaofcnlmnyl ether feed with carbon

TR 5 SR B 05 A g ey

acetdt@WhRﬂﬁ‘-iJB@%@@@brﬁprlséb s oattionylaciad Gﬂa dnidihAtethe &6dd Willecabon
sil ver and copper and wherein the nordenite is al so

mongxife wader swpkantisy snlelrayssendisanss in thletpﬁessn%ﬁ ofrpumeridgnisgcatalyst
Whlcﬂ'myﬂéen 18nte$ﬁ1a[n 896 ﬁh%%%eﬁo&&d% O/ﬁtrlg% ﬁl}ﬁ%’ sng'Iernantdhcgpper,

["um ni um n me us e
and whﬂemsthe niordenéte i psr ﬁsﬁmh—exnhz&rgbd onotheryvisreloaddibw il pladhiuy in an

ure dinmeth hn.co i gl ., practice, dinethyl
amO&%Fhergn%(ié% Eowl/fﬁ%afe%ﬁ% g% nversi on of

SyTﬁé‘&g{e‘fhﬁ Rbhet ﬁké&tdértﬁesfeea i WA LRIBE GFfe HREOR Fhventlon may be

nonoxi over nethanol synthesis and methano

| substaaﬁglldr pure dimethyladthest k. comesc_nahplatt;ae; dinetinyl etler csrproduced by
* the ER ' Bavehipn R Silfesis s iR P hihngiattol Fhofride) over

mettﬁﬁ&cs@ﬁﬁleﬁﬁ aﬁd‘&eﬂfaﬁ@ﬁféhrdtﬁﬂ@rﬂédtﬂ?st& l"mnﬂwﬁyﬁa l:orarefs%n results in
ise small amounts” of methandl provid

aprqdnattwlmhé inghtlyréintedtyd ether bgdhmay alsp heniﬁmea@meanrtbanol In

S as ta.inhi.bit, the ca n ion of dlmet
the ik Sithe Rkt Rilibh e fPs Rl AR 8 sSianpd Frell Amounts
of m&ﬁh@ﬁol ferﬁ’edJﬂhai 188 SmoGACIT nithahoVpr¥éeedtt il B2 Fedf is MBE 436104t as to
be tolerated in the dlrreth ether feed. Suita

|
mhltm cappnyetien of dimsthyk ether tgmed Bd@ﬁ@é‘i@mf@illcérﬁ hgp heﬁe found that

5 M%g&qgsgggucﬁ ad ltVthzgr g%}q@gxe}%ﬁég golgﬁge/ lh ;f%gfégly?/%ther

feedm)I % based on the total feed (including r ecycl es).

oSBRRE LBy A Bt AbbfPTRHE n LybReas P00l © 20
mol‘}fg (r)ér?]%glgﬁ 6 SEYoIBHRIPE0 S6R6 Hor E:REUEIS M1 5%109)%5850 14 a{ndr{aS’mol% to
5 mol%, based on the total feed (including recycles).

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
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
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inmpurities that do not interfere with the conversion

of the dinethyl ether to nethyl acetate, such as
WORBAIM, hel i um argon, methane and/ or car boPCT/GB2008/001420

di oxi de. The carbon nonoxi de feed may contain

hydrogen. M xtures of hydrogen and carbon nonoxi de are

comercially produced by the steamreform ng of

hydrocar bons and by the partial oxidation of

also Bot4iA ema O fuantBied bitaitio Ideskids, e commonly referred to
as_synt hesis gas._ Synthesis gas conprlses mai nly

caP Wb LShroRp HE ratiecn iegehon geanopide : hsgee maghean the range 1:3
tolSS'?'s&&{as%“af‘{ 1d 28 8f ety RP"@ .4i@@4i.qe. Suitably, the

tio Of carbon ki de Hydrogen may be in

t hW}bﬁ:ﬂgelrdgen iSptegerit 3n thelprocess; lit sy Be prederit @t 4 Partiallpressure of
1 to 4 : 1. Wiere hydrogen is present

for :
at le?ﬁﬁotlﬁ’é%%%}béssl tq 30 PAig be present at a parti al
r t .
_F?_hzﬁéhlﬁ'bl%r PitiPdf dafitR m%o’mci@[) thétgflhetﬁe? dgsdlﬁﬁgﬁngﬁlgtpge 1:1

rati o of carbon nonoxide to
to 99 sl, suiht &t y1 tonb@ hke range 1: 1to 99 : , such as 2 :

or A8 talistised Fone vt AR inyP e Iﬁé%elﬁéré%ﬁﬂe which has

been! IO eLHaRAOGDRErWRMNBEMISAH NAGREL ¥hd Bt 1BARbhOBiRB arkf

| east one of silver and copper. The structure of
coppenride sirvgutesofiadrdendteoiel karowe fang definddo forexampleein iThe Arlas

{ | as o Zeol it a Tvpes er |
or 24 PP BPRC Bl . MBRE 2 T, R s i
Ams?@@éhi 20'ﬁ|11)3 TR kvddbaseRed V&rkish @ttp://www.iza-structure.org/databases/) is a
/[ ww, i za-structure. org/ databases/ ) is a

90“%"“1?’@“9 tonrlogicabansl Wil datrels sbous eeelites inglnding mordepita:
;3 glliciraegfl‘te 1@&&11@ ﬁ%raggflgt%lést lﬁﬁn{\@ﬁ&gﬁ%ﬁﬁélﬁorﬁ&ﬁﬁo&@t

morddtiite. deivr t@ usePis axdatdl gstuthe nﬁﬁd@ute & iahyesthanghé onothelevisd loaded

O
thesm%ggs%%egﬁ’\bi Bny RefRd @ﬁéﬂssthm%ll heok¥ t@tﬂ%ndé'ﬁgg ng)tnséi%bnge,

nown techni ques. of ion-excha
wet mnmeggnan podingipdent rwatmnse Af themiardaste i fo béienrexchinged ep to

100% i HE A B R ARG Sttt Soohls ixe pe Fhsageduith the metal fons

usm? wehanend té’Uhhfhu%g‘ eyt [brferie@ At HEY Rehaliihb cKNM4Mn the exchanged
echni ques. is preferred that” any remmining cations

morqlermtt: laee pmtma hgrm isrcdnyrinient tor sarp thetegakanige peeceps frpry the

S Wenl%dt tart the exchange process fromthe
amrhr‘ﬁ%% i ngggen form As an alternative to

i ops e ahangtve folien-REMAALE] AMOIMMYBINAO0GT hyldedden Ebrrl BLthe

mordenite can be impregnated with a solution of the metal salts and subsequently dried. If

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
betweén each metal loading. After loading of the final metal component, the catalyst may
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.
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nordenite can be inpregnated with a solution of the
netal salts and subsequently dried. If the amoni um
WO 01334 used, it is preferred to cal ci ne t he PGFEG8RI08001420
after the | oading or ion-exghange with the platinum
and copper/silver netals has been-conpl eted. The
nmetal s may be | oaded onto the nordenite sinultaneously
or sequentially. If the loading is carried out
seqgbeRditabld gopper, sitteg Iaﬁdlﬁlaﬂﬁurﬁlﬁd]/tmr aonthlased nay iR usedfor
. be enpl gyed between each netal Ioadln Af ter | oadi ng
impregnatipp of d’porﬁgqlg SE rseltions efepl @té@tgp@m%@; ¢apper acetate,

c0pp91r (16 ?ﬁvﬂmcg e%p%k gﬁ)dmtrzi!% g@iégégﬁgfatg%g%g 89&’\@% sﬁﬁ'able
platuhmdbmgommls oeiich mdy bel bmpm‘.}'eé atel IH(NI;I;)L‘(OHE);Z «HpD eplatamuit (H)
scerstistnpinnd g ER SIS0k be TG arl e af et sbinpfie Snich
contsth b8l nfdl o%hﬁ&f-f&ﬁ@‘s&&l ﬁtmoﬁmz%@ﬁoﬂﬁé’feﬁ% s ek e

I npregnat i on of the nordenite. Sui'tably, solutions of
metaptatntertiomy Ay actwtsraqiomomfmﬁhe carhomtlatian reacsppper (1)

sy R S S R R L e
loadi®@Yof BR BER] £, gﬁ&n&&&nf&ﬁﬁéﬁ?ﬁ&%&ﬁ a%H?& alﬁllnﬂhhlﬁlim}(d thordenite.
acet i;faacetonate and [Pt (N I n general t he

The metal tadinizaan alsmbe enpreased #s mmcéh p@r@mtagerﬂomhnam atiertal

ecount.er.- i on +)2 are not preferred,
‘alumélgmtnﬁg ﬂéﬁ ?a?de%ﬂgpu&%’oun@?t@ng}%g may act as a poison

f omol EMe el BqEitBatoaR Mealiraaratonihslumibiian) b(d@dl ng in
the nordenite can be expressed in terns of th

f r ABws, Sraamplelp ipdae ofifed e aters of CAPRCR PE AW fhe
morcpeﬁ{te gﬁ@a%satto %rq 5%ho A)lig&dnﬁ%S o éll}glaﬁ% ﬁ): S tHh&denite.

can a e expr Pas & percent age
I oEﬁhm@f dopbat andellver rﬂdtwlma Johded ih an taeunbindbeiange bhit cu200

the relat | 9% Net al
ol &P RTOHE: S BRPPR b 5 12001 S5 083 AP0y

su1ta|bﬁ'ag dﬁ m31932sueh 39584 (PIBOP/Q rtoﬁ?foaéinﬁ'@f%ﬁﬂ'@r 'afﬂd silver,
tHé nor den

Ite equates to a 5 % | oadi ng of coppe
may iseitably bein the ahngeilrto 200 mol%helatmc thealinéniuig: enamlzl@piﬁeﬁo 120

mol% Sushan s o 0 PRI 4cF 0 &t b Lot o OGRPa” 5o

t oPﬂa%QufﬁQE ¥6adsd fharBEm et irPthd 14h 80l §9 toS10i thelh yelathe t6 O
120 mol % such as 55 to 110 nol % The total | oading of

almmmppequch a8l 140 [LQ erolYenfoy examplal| ty 55@01% Suifable plagiaum lpadings are

T

as Th® nioedehlt@ frmleoor) radyl, ﬂuaﬁdﬁod toapesilicén anl dAvminitmi n
ﬁaxrfe&%rkr e?tgr%i gongc)aSm tac(i)dltllcc))narlrglle(r){(l)e;ltesl sﬁ}clh\élg ggll?lum iron and/or boron.

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 alunﬁnium, gallium, iron and/or boron, is at least 5 and
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

Joading in the mordenite can be expressed in terms of the fractional loading of the metal as
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alum niumsuch as 1 to 10 nol % for exanple 1 to 5
nol % Suitable platinumloadings are for exanple, 0.05

WQ 2008/133404 such as 0.05 to 2 nol % The nor denP€EGB2008/001420
framework, may, in additionsto the silicon and
al um ni um framewor k at ons, contain additional
el ements, such as gallium iron and/or boron. For the
process of the present invention it is preferred that

gram! A6mEOf ahetil ber gram dAordiof ot trivailedk URhiRAtsiA thednbidedite. The metal
| east 5 but preferably less than or, equal to 100, such

loadigg camalsp be ﬁzswgése# as @ mme Pergentegedapdiag mattV@ ta total it
epl aced by framework

elem%%kgl I?{lhg:ﬂl@flgﬁn%n S, I%ﬂ‘%/lgla%r%g%eé red that the ratio of

Si ot % MxADS: (giaen etoiﬁsMetal/gram\embrﬂmbf telacthiwalkent @lembnta)sx 100

al i nium .gal l. i ron and/ or on

anﬁﬁneppr@fv%%sa F@mra@ gut Wahs@?we%m aﬂﬁ%d@@@ corgfafews als® mﬁhe

r

subsaiinfaiRte O Witd) The SELGEYARER 6f Mhdth) thher Wikl Rtato docs
not gehemenvatet inesitwe Wadter haa deamgfoinmd tmahubnrthi@carbmydmimnmé dimethyl
etherntggr 7 e yg%%gtsﬁh of int ?e Bﬁforcgsgg nal gdl gx?thngyztg ¥is kept as
low Ad ik Y@Asﬁﬂ@ O REBAPAsH this R d'f'iﬁétﬁ?ﬂétﬁ& and RErHOR i nok Rid dédetnts

can al so be expressed as a nol e percentage | oadi ng
(andcalalytst)\aze pmfctr@blaldrued lpmat ferintredustiemingo the Hrh@sﬁﬂ'h}@’&’ﬁt, émall

h the rel n
amofglt 8 Tk AR Bl R AR g o QR Bl e
acetal) SuREBIySHater MaDepré@nid the didRthys bihst fed Erailrl ymount of 2.5 wt%

anhydrous conditions, i.e in the substantial absence
Ofleéﬂ‘,s\}vétaérO5WIﬁé’Q§é‘?ﬂ§onyl ation of dimethyl ether to

me‘l“ﬁ% éro%g o it n Seht Eﬁ% E?E ara‘ggﬁn @x{ ca!rﬁedsbﬁt;ét a Y frature in |

has o1ln ation o
the relhgeadflypb °€ttb 860 0. f or m net hyI acetate. Thus, in the
process of the present inventi is ke t as

b The prossss affthe Breeena i A b Fastie} Rt Qi e R tapnes 1
to (im?a{% S[@{}pm(}j@dr%eact ants (and catal yst) are
pre

y dried prior to introduction into the I
pr a?heﬁas Heovig\Bpace Yolabity dsiVi) & softabpirethe mangedd0 to 40,000 h™,

ol @ut adversely affecting the formation of
Suc}’r?étzﬁ@ g%%\é *Suitably, water may be present in the
di gt kb (Re ARSorlyRRRnirBacABn ATHWB bomfuckdublilhiilylif i absence

such as 0.5 w%or |ess. The process of the present
of witen,dhisipseferred thatitheanorgenits cotalyst isdirisdipriar teauseefpeeaalystanay be

the r of. 1 Q..350 ocess of the
drle% :}%r Wpﬁleng%ﬁ?aru&%q?rﬁggﬁ%era%eﬂfg 0 t ? &)alt;tlf a pressure in
t he i predéreld thex the Q‘Ldi@ér@te catd/st 1§%ct1\€htédlnﬂ;ﬂéﬁlﬁalygaefore use by

heating the catalyst at elevated temperature for at least one hour under flowing nitrogen,

* 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 and carbon monoxide)
and catalyst is less than 500 ppm, preferably less than 100 ppm.

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.
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The Gas Hourly Space Velocity (GHSV) is suitably in
the range 500 to 40,000 h"1, such as 2000 to 20, 000 h"
wQ200Ba3ddke t he carbonyl ation reaction is to bRCT/GB2008/001420

conducted substantially in ghe absence of water, it is
preferred that the nordenite catalyst is dried prior

to use. The catal yst may be dried, for exanple by

heating to a tenperature of 400 to 500 OC. It is

pr gfdesireadthe e thfPethBr fdedinh§ be 3bmhoted with adsekiof afugina or

i medi atel y before use by heat | ng the catal yst at

coru@dvény anwgdip ébb@f@tedh@bﬂ)@ merdenisseatady®. hour under

h
i TH PutlylEPAER or fRORST RISt 450y Snpunts of aceti
acid Bi2§ 980 beippodictd.OThel Iﬁethﬁilretcb‘@fé Foduczd fb?ttm\pﬂoaéés )bf the présent
absence of haljdes, such as-iodide. the t

inventiqieen beremaeYSs injthe fasmal apRpeurand ﬂ@f‘é@%ﬁer ﬁamdeaéed tp@liquid.
ex
B! &4 86n80ea8loy e SRS R 00857 o o o
othet demiddh procb&es. Whereph@methabhqetdtessrmdvared]fﬁﬁn ﬂm’narbﬁmglatlon

proce of the p ent |nve tion is_suitahly
react&aprs@u%saégmﬁ r Bl GE i RO P00 FOTHr <08 A Testively,

the HRFOAHR: Eﬁi%ntr&{cﬁH ngrcﬁuf:ﬂ &b sed oW a1 95198 O4nd acetic

rmwngbdo rdenite catal yst maintai ned at the
acid dqmrataﬂthemﬁar alha hgdmmlspnasbwaemd oujdhyiknewn tedhmiques such as

f{ﬁfﬂ}é eth f eed acted with a bed of
reactiyq Ht tlBP”?: @ﬁ?ﬁ?ﬂ?q E‘E’ ef ore the bed of
mTﬁng&gssQﬁé}albé/éﬂeraté—@@s dﬁﬂief‘”@ EontHueE 6t a Bitch PSS 3ﬁefesab1y

is yre acetate but small anpunts of acetic aci
asaatblztmubuﬁmpwaced The nethyl acetate produced by the

process of the pr. he
o iSRGl PSR e Bulg Y B flct o
Exa;ﬁmpet hyl acetate may be recovered and sold as such
It may be forwarded to other chem cal processes.
M@E&Mhyl acetate is recovered fromthe
[ L tion products, sone or all of it may
Pregiita St BARY d'Foﬁcfor m acetic acid. Alternatively, the
en Mdr&emarvhdng/ bitita tralnmaztrahon of2 @y Siidrdgmie) weassagbactod

N Ry L T e —

toa Bﬁﬁ@f&'s%qﬁmﬁHﬁ bt ?@S {oel%@trhi\éﬁmg' ?5 g bt @b hﬂﬁdélﬁtetv% then calcined in
resence of an acid catal yst rocess nay

a muffle oa¢re@vers-velunieet laL)wmttemp@a&um ﬁ)Ob@tlmdepaloé@esﬁOW 1 L/min)

o R B o B SRS o A R B o AT P, o

' the tEMPERES was increased by 1°C/min to 500°C, held at 500°C for 180 minutes.

Preparation of Ag loaded Mordenite

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 3648uL H,0 was made-up and used to impregnate 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 silver. After the
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Exanple 1 Catal yst Preparation Preparation of
H Mordenite Mordenite with a silica to alumna ratio
W@R008034¢k Sd-chem e) was conpacted with a powe€&€yGB2008/001420
roll er conpactor at 250 bar7using a total of 4 cycles,
then crushed and sieved to a particle size fraction of
125 to 160 mcrons. 2.5g of the nordenite was then
calcined in a nuffl e oven (oven-volune = 12L) at a
impré@Anes teth6rdehitdRis BE at Beiblentédnd(tRing ohlaQhaker M Rourat
aranp rate of |G mn to a tenperature of 120C, held
Subsaquenﬂmd@ sikyer lpgdedimandeaide wenansfereedste mfercad gprvegien oven (air

o e DSBS Rl SNt 2005 D04et 03RS e MR
mordshitdiwas Saltinedird dir aémlg‘rtm&ollmmg pedcedlyre( ealcibsticahiarg Iﬁl)fﬂe oven
was treated vvlthaS|Iv 0)Crnltra,te solution to
004

(ovenyvelumpst 12%@&3115%@56 wdgr a1y Eaik How L Jrﬁmnlﬁ%@.rﬁnp rate
i
of 1°CAT B HERpEBrfof IO, P TR CoL 85 Pl g Jh fimberature
was i2@avaglsb ynE@Emirptoeitd° O sleedd a5 00AP fagh8dtrrinhtes OThd dikver loaded
rdenite. The LA (loss on ignitio 60 C) of t
mordggite gy ff@nwagleﬂba%&%@% VB?H?%W it gie OIS, YR et (i i
18 ARHOTHSIR dehifewad MY f h?cﬂx%‘ﬂrabﬁ%
ﬂowt he mrde%ltgﬂlgﬁ&ggrlgg{ etlo \geterﬂri]ngﬁlg ytrﬁgh‘gdn%unt of Hitfsieve
and sietedlto sbﬂaut pavticlesbpyiingalsiveoinabbrange 12he 166sim.ed | oadi ng
of srlv After. theinpregnation the nordenite was
Sayon, ROACE VAREEMons on a shaker for 1 hour.
Sum?géh%%m 4 aﬁca% Ahina OaslegE 2%9 gﬂalcﬁemj was treated with a
transtferred to a forced convect oven (aif as
coppat (Hsytnate eplution} th gieeccopperdoglifig of F0mabYrrslatig tealumigum in
h dﬂ%l n]% step the silver | oaded nordenite was cal ci ned
the using the follow ng procedure: calcination in a

NMUAfdoRitINOT 4Q@y@hop9ért(uF nifrale?d coa&erﬁrah@mﬁumbm th@f)lved in
500 OC under air (air flow 1l L/min) at ' a ranp r

1824 14 10 was maadesiipandausad &0 wapregratr.-Sgef the @@origchh@ LOI (loss
on 151%) ”‘g&&@)gg 61@11%” d]tegi?e ‘%Vggglg%%% @yfé\l\%ﬁ%l S%]l@%ase 18.03%)

to ao‘éblllﬂt €6r the agRdnt 6 vetes ddeorbed oi ﬁﬁnn@aamoin@@m 16 deteRnie the
nmperature in the nuffle oven under (dry) air flow 1

amoummf etatiselusion yesgquined siadhisysthredasired lpadingiod sopjsst Affer the
lmplggr;{q% %@f&nﬁ@“&@mt% e&%&a&%m%m Rour.

aving a size iIn t e range
Subdegemlyathe @oppdr l@deﬂ n&niéa‘imh’m@mntferred 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
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 coppet loaded mordenite was then gently pushed through a
160pum sieve and sieved to obtain particles having a size in the range 125 — 160 pm.

Preparation of Pt loaded Mordenite

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

platinum (II) nitrate solution, to give a platinum loading of 1 mol % relative to aliminium
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Mordenite with a silica to alumna ratio of 20 (ex
Sd-chem e) was treated with a copper (I1) nitrate
w0833, to gi ve a copper |oading of 55 nol BET/GB2008/001420
relative to alumniumin thg nordenite. A solution of
426 nlL copper (I1) nitrate of concentration of 4nol/L
di ssolved in 1824 nL H20 was made-up and used to
i npregnate 2.5g of the nordenite. The LA (Il oss on
in thé Adkdehpp, 6000C) of the nordenite was neasured
(typically 10-20% in this case 18.03% to account for
t hé salwtionof 309 wapatinem<H) hiwteosf doheentratioie of 0 @mOD'LQIﬁsdsl‘ved in
ui red

o S O s oL Sk o
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re) and h at ed t C
amofidBY Bt SBSS Rab B (RS ARG Skl e Siie. et
1mprégiﬂﬁ&nith@nm&&nﬁa hatails H@ﬂati abidrt cRdiénsidia §}ﬁk&oﬁM M%our.

procedure: calcination in a nuffle oven (oven-volune =

SubS&%}iﬂbtfh%PkaEw@rl%d@d@Qfde@@ovasccram@@cd td a freddr conivestion oven.

(oSO RO D, 98 RESL S e P

loadetdanqrdesitanwes ewsingchizr el thy fdlrawmg picRed RO ciiiofl idh muffle

000C for 8]3 Sn nutes. The 008& oaded nordenite was
oven{QvsH-YbgNe T 1) Aba iennsraee of o Hodyairdair flosv blénin) ata
6 I
R G R PR e S
temperatire ivay axrdase by h?(jﬂmimtd Jao€shdidhut 5011)°€ foi ¥80 minutdseThe
rat| on of | oaded Mordenite

1
platifyg BT BofepHe 78 then a0 (2o WEIPFQPFS i he rpuiflg pven under

(dry) 3&1"&%@ M Zohin e E)[eﬁﬁ&hﬁﬁloﬂﬁeﬁnn&dml glf‘ﬂ %é%%s}i&f through a

solution, to give a pl atlnumloa |ng
160pmesiend and siayed foobtpin prrticlésttevingradézd mdhe Angeoll 25 d60 pfn.

309 ft npm trate of concentration of
J@E-%M&E@MM P21 H2O was nmade-up and used
t MbrRRhRIWRL A s?h&&o qurﬁlﬁ&dﬁgro? 00id:esud @ﬁenlng \ggté FetePRith a

gnition, 600C) of the nordenite vvas mea
platlmﬁl)daﬂraty sqlotlgm%) give apiatsnmak)admg of 3%)olt% rdanmmotahimnuum
S he. nordenite.in

in o R Bl 056 OB L5 5 5 o

relatiaetd 2waidiNe ifl €/ hedeRitat A%lﬁtﬂoﬁ%gm ﬁs1 ?@b?ﬁL %)ﬁﬁmum (I) nitrate
i npregnation, the nordenite was

of copgsHEREaTHNfD. oML and #aenTs sitver (T nmate &ms@wwntdfyl,olfmdi&
dlssoféllgt;}]‘sﬂe g%ﬁ:?gnll,oigqg glagg{a(ag-%btaﬁd W&Sd t‘(;) rlr?qqfc’efgrexarttre (idS g oci‘ tﬁe morcfem e. 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 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
drying step the silver/platinum 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 ramp rate of 1°C/min to a temperature of 120°C, held at
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(air as atnosphere) and heated to 800C for 20 hours.

After the drying step the platinuml| oaded nordenite
wWQ8a34¢1 ned in air using the foll ow ng proceBCi¥/€6B2008/001420

calcination in a muffle ovep (oven-volunme = 12L) at a

tenperature of 500 OC under”air (air flow 1 L/mn) at

aranp rate of 1 mn to a tenperature of 120C, held

at 120C for 180 minutes, then the tenperature was

120°GHE RS, S e shBeaat e et B SlmiRlo S5 b
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partivte$ Ravingh biz€ tn he ralgenizaa- 16atim. of 20 (ex Stld-cheni e)

was treated with a platinum(l1) nitrate solution, to
it doadeddvidrdenitef 1 nol % relative to -

150 [t fead ]
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in the gedamite apd vthar capppi@h) mitraie splutierto give g&ppperyloading eft 3 mol

RSB AAOR M BBAIL. L stobict s b Bne o
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morc[gﬂftg.efﬂetﬁ)f @os%roﬂgénﬁien,ctﬁf()e@mﬂﬁe IHaRIATE Wak nffasiiBd @bpically 10-

solution required"to achieve the desired | oadings 0 o
20%sinl thizrcagnis. (3%) foragnountfforshe tmeuntmfmatpratisabed orethe mordenite in
rdenite was | eft at ambient conditions on.a .shaker ..
ondef By defeti 1 SxmpSacaZhe ol e TG BRESYAm P U] dipdings of
coppePhStERlbtifuMBRfié BE ﬁﬁﬁfegﬁd?ﬂioh%@mﬁﬁfeﬁi@@wﬁ@&ﬁ%tahﬂﬁbr@ ¥@Hitions
(air ‘as atnosphere) and heated to 800C for 20 hours.

on ashaker farHehogrSubgequently.ttheceppeyplefipina loadadinosdensig was

rdenit s calcined in.air, usi he, .f ol |
w00 A B ¥R EpTbr B (B el l R Blesf 0
hourd. 2Afterdhe aryirg ey the %b@@@lﬁ&m&mdﬁrdamte Wwad ¢aléibeinkir
. L/mn) at aranp rate ofIGmn to a tenperature of
using figdellowimg pregedoon caleigatiansiy ampfilecyen {Qyen-volume = 12L) at a

' - . i X

temis R 510 36 Wi A GETREL Bl BplgfraA G0

tempepatae if tl 20UE $retdna 1 2090 Ferd 80 avinutes thenotihre tenmpreatatewss increased
the .muff] e oven under (dr air flgw 1 L/m.n. Th

vy 1b5TFaio OB Hilih SQlsctit etes. 36 PREFT gy foaded

mord4HB %rsttﬁhrnh%gféd% 180 RN BredR theShBNRDVER uRBEAUF)) air flow 1
particles having a size in the range 125 - 160 mn

L/min. The copper/platinum loaded mordenite was then gently pushed through a 160pum

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
of dimethyl ether using the following experimental procedure.

The carbonylation reactions were carried out in a pressure flow reactor unit

consisting of 16 identical reactors of the type described in for example, WO 2005063372.
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Preparation of Cu/Pt | oaded Mordenite Mordenite with a
silicato alumna ratio of 20 (ex Sd-chem e) was

W e@atngd4wi th a platinum (11) nitrate sol uti onPCT/GBR008/001420
give a platinum |l oadi ng of nmol %relative to |
alumniumin the nordenite and wth a copper (I1)
nitrate solution, to give a copper |oading of 55 nol %
relative to alumniumin the m)rdenlte A soI utlon

priorg? el b ERUTGspinplelhlol B foflor SCRBR Bop R R e of
sievedfactiom 6£100-35000 wak pthcéthial thé-rdslpé(ﬁ% kéﬁdlyhf‘saﬂrﬁﬂ@liﬁldéﬁ@ Scm
was nmade-up and used to i.np nate 2. of the

- (apprawy dews qfecorandum of sw(weég@tl% Of l@le “@@pkayedwn topeof the
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to acco unt
catalystl sompie tvao movdsrled bp aperokineatdly Smd:gfunﬂ(imdzﬁhe I(mhétedltuheter of the
amou net a tlonre ui.red to achieve t
react(laBE B TSt S B a5 BBRICIE AL HANTACA S Agprox.) zome
r
r B SRR 1L U G O v
zone yvap pemnpypited Viabitting adeidirating de péttasstabds bed amist dafined stariug

neigh B SR 5575 R P o Pl s Ty PRA kb o i dested reacton

pressGR/TES/Hal HithTOat PABRG RGN, UeheValfstival fRE Hefted hf 0.5
usi ng the follow ng procedure calcination in a nmuffle

deg. Camtqa)h@dungdcmn@aﬁirqczﬁ%20a€, whare itpreasdeld for eﬁmﬁ@m@@f 3
L
hourst ggggeflgént % Eenflepeg? gt nﬁ (f t& 33{)5(? gg%&%%:g]fﬁ% agam

followsd by & dwell h!ﬁ}dib Mnehd@mrtms poRit @slyktietieatRty i consideied
to 5000C, held at 5000C for 180 m-nutes. The

compleie ped thsicas feedivassadishedhioradairture ofieasbemmeneside ard hysirogen

it § PO RIS 40 D UL AR A0B S0

0.16% lgano FeYoyu U/Iyamh&ﬁ&dﬁLﬂh'emﬁv;ﬂy %@mpoﬁw &y ebahdal gmﬂﬁ?é\léb ratio
obt ai.n particles having a_sjze in the range -

in the el ERABRAG IS A SforeR oo Rb SEAlh St 28 o Fbrs and

69.3/ P’ﬂﬁﬂb)ﬁsﬁ&g éSn tg05 q’)?ﬂ‘)ﬁ §m091' bH8E AGRlrSre tlﬁgcdfﬁggg Welftested at a

ite and nordeni te, prepar
GHSHeddPD®bY vdtionegandds thﬁstetal sroowstofifaedgast [readzhmdm wlwaam on

oo BTV S G e Rl ReeS R v petpen the 16

react@Wiits IR dXitekSamSrdrh W téﬁé‘@ic&fr vwg phss€@BSh ghd é}soﬁatoggﬁdph to
identical reactors of the type desScribed I'n

deterginerthe eonoﬁmrmm@@mtmdmarhwytanen prmidptsg of a
o Rk W by B Sopt Bt ecs SpNiEis FBRNRRY ridcea
| IFifive lrc&‘pm&lb\ﬁ‘wmrﬁéthﬂtacét@fmh% I_hbh G Qérsuﬁlé@ i hours for the
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

catalysts which do not contain platinum.
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(approx.) zone of corundum of sieve fraction of
125-160mm was pl aced on top of the steatit bed. A 1m
W@ 200pl18246f a catal yst was placed on top of thePCHGBRAWENHD1420
bed. The catal yst sanpl e wapj covered by approxi mately
5cm corundum zone (inner diameter of the reactor used
for the test is 3.6 mm) of a particle size of 125-160
mm A 5cm (approx.) zone of steatite of sieve fraction

Exafplel00- 350mm was pl aced on top of the corundum bed.
- VETYy zone was conpacted via hitting or vibrating to

w bed and a defined starting height of the
rcat S L2 pl e was then
a ...! 0

on pressure of 45 bar

A!rL- 4 %
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conpl ete and thelﬁ%as feed was switched to a m xture of
s

loosely poyesedanddhe Haslalell tayty ovsamichii The moctouiip was then défedzlmder

ol VT b B B I O 7
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eed 76 Q/ 2/4.2 fromO, to 28h, 73/18.2/8.8 from
staticgfimo ae o ar. elﬁa tergperaipe Was creased A #0qmp, tagapegatare g 540 °C

ata x‘él?%%te as "@/mﬁmlﬁﬂ eltRld A8hiS ?én%éférhl% is o P&?ﬁ Upigk Iﬁ&%d@mte

1 wth regard to the total anount
was thep dgapact¢d1atdddpnmasnn a2 muaslid set ngiolgie Sgeac Pacssaaridahére

rate.of 050 mM /M n.tq equ r.essur.e sw
cruselefiaiev i B a B il i flbE of 2530 PSRy el o Bt hed o
copp%ﬂi)bdlhgéﬁs%o%i’el@t@xfestﬁ(ildrﬂnﬁmﬂaS chromat ograph to

eterm ne the concentratlon of react ants and

ca 0 r| ment S shovvn n Fl ures .l
?&?@aﬁifse‘) f%@%%’%ﬁ%ﬁ@fw 3’%\% 88 RSBt petore
presshnglandes\ieazmg tTonisi washdded 298 midr ﬁtr@s%ﬁi éb‘iﬁt?on containing 0.05
H nordenite, Cu-nordenite and Pt/ Cu-nordenite. Figure

grams off ebtlav@ I gitegtorperankrfywaser. Additianal Wiﬁerg(tq_mﬂkwhﬁ total amount
of szlﬁfoﬁléﬁ agftd &, g Egadehgﬁth%m' &‘18@&@%

e an enite ur e
agltatddain d ﬂ@ﬁeﬁhbmh foteat |léast hhﬁhrAg emﬂﬁbrd@hmkﬁigv $he copper 1oaded

t STy
mordsile B (5 4B e S fltongt g dantones. Bisnat 110 3 A Ftpugobetore
beinIcifQMn Rufl AR FIGFkficAtmosphere of air. The temperature for

calcination was increased from room temperature to 500 °C at a rate of 2 °C/ min. and then

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 rhicrons. The mordenite had copper and platinum loadings of 55mo1% and 1
mol% relative to aluminium respectively.

Preparation of Cu/Pt-Mordenite (Catalyst C)

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
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Cat al yst Preparation Preparation of Cu | oaded
Mordenite (Catalyst A) H Mirdenite (40 g) with a
W@ 20083480 al umina ratio of 20 (ex Sd Chem e) REEGB2008/001420
wei ghed into a 500 nl roundhottoned flask together
with 6.43 g of copper (I1) nltrate hem pent ahydrate
(98% ACS) and a stirrer bar. Sufficient deionised
water (ca. 100 nlL) was then added to the flask until a

o0 B e BRI T s o

298anierfohitrght . The nordenite was then dried under reduced
vacuum using a rotary evaporator before being dried in
arhgn n t ¥ 12 hours. The nordenite was then
cal f
ot arrREECABIAN B s €N R Ry bl il
etharnsmgdfeeﬁ}llbwmg exporimertappoaddure to 500 0C at a ranp
LlﬁTQOf 5C/ .n and then held at this tenperature for
SRR G USRS HETR SRITIeR OH BheRshisci et reptor unit
§&ng90? dént
congt hen créigghed;b§l %H%llwé\?/se ?’851?02%{{% IC gﬁr’sa?%égg ?Sg%ﬂtﬁgﬁ’p 5
des@b@d iy f@3xanipie, SV©2006167 b8, ddn nretaetdnaﬁe& appet inl Peldelapf 15
f 55 %relative.t mnium Pre tjon Cu/ Pt
reacs5.GBER RS ERTLCE At EParERt BIopeigarEoatoL WP cseb arayi tipe 50
micASlitRSsRR LA sERRYEnVES di gr £OHIV Ldifes tofmmhb’éféaf)@cnvdy)
pressing and sieving. To this was added 298 mc
was|lpaded gnisra metabbinter baviog atparesizepf200BicymaetersoAll ph‘atylsmamples

wer ke 3 B Pt 3 i SBR L Ghe r o

" moltd ), ¥¥ab1.a66% HE at Hflowahe of BEmAREn! £ Heﬁﬁét'th@“ﬁém erature for 1

slurry agitated on a roller bench for at | east

hous. J'he reagkes W%dhmssmlﬁqcﬁg 30haee wish 9816 melieNa and ﬂ &e“mlt’/eHe
and Y?eésygt! or& aﬁﬂbsﬂc?)gé%og og;?lfe P mﬂt Tlll %Efeeﬂngvggkotﬂ 1 ¢h n??c?frgm the
N, dudrhelom® mixdern rmxﬁirabmmpﬁﬁlﬂpﬂlm (iaicﬁ %tarboii mo]ibﬁde 15.8 mol %

t enper for cal ci ion was i ncreased fromroom
hydgog 22'@10 Y ytragn and 1a4 mpl%heliugrat o gagflowirate of ddh mi apin, and

the ﬁ@&t@rs"%er& Rbsted tﬂelfe% cf(9 mif], ‘JB%%ﬁlp%%H&‘e oP4 Giﬁ?e.:ﬁe system

was t hen conpacte tonnes in a
wasdlinigldatShiscaodifor i‘(sr 3 lamnts mtdem mirsdsedt &nﬂp@nﬁMyﬁt activation

. article SI efr 335. mcrons. T
1s Gﬁ\ﬁ'rdt& i aﬁf‘egaﬁﬁ%{ PR%s aﬂ&%ﬂ o 3darHge cempgaﬁ%ﬁ%l mol %
cartdf %&105!12160/‘15 9'11‘?51 Iy g%/&%%éﬂ YAIgHh D, rnﬁ?dé%ﬁt 1. %11&1% helium and 4.9

Preparatlono rdenlte(Cata
mol % dimethyl ether ata gas flow rate of 3.4 ml/ min. The reactlon 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
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.



A nordenite having 55 nol % copper and 10nol % pl ati num
relative to alum niumwas prepared as for Catal yst B
WQpwsa3Bttept that the anount of the sol uti on PCT/GB2008/001420
cont ai ni ng0. 05 grans of plajjnum (1l) nitrate per m
of water used was 2886 mcrolitres instead of 298
mcrolitres. Carbonylation of D nethyl Ether Each of
Catalysts A, B and C was used to catal yse the
Tabled’ PoNyl ation of dinethyl ether using the follow ng
——experinental procedure. The carbonyl ati on reactions

Catabte carried out in a pressdetyds ST¥w [reactor unit
consi sting of 60 identical parallel |isothernmal
co-current tubul ar react g&VBY) t he tlype described in,

f € ' 006107187 Thgreactiors were arranged
G R, %

15 reactons,- each bl gck having an

CatalystiB pEhdEXPt nerdeaite) ur e gontr20l | ntjo each reactor
t1ubhe B0 mero litros of d Signedto givea

Catalysicly oy 10% Bomerdgyiied 4090 hr20 resgectivel y) was

Foaded—onto a metal—sinter fravinga pore size of 20
m croneters. Al catal yst sanples were heated at a '
r afPYLafids defidedds/therSTY footht @fodiction oA cOH ey the STY for the
pressure under 98 6 nol % N and 1.4 nol % He at a flow
prodpgfion foMgaﬂc mryltiphied byafﬁfﬁ’ wer' MM s t enperature for
1 hour. The reactor was then pressurised to 30 barg
with 98.6 nol % N2 and 1.4 nol % He and the system held
at this condition for 1 hour. The gas feed was then
changed fromthe N2 and heliummx to a m xture
conprising 63.1 nol % carbon nonoxi de, 15.8 nol %
hydrogen, 19.7 nol % nitrogen and 1.4 nol % helium at a
gas flowrate of 3.4 mM/ mn, and the reactors were
heated at a ranp rate 3 0C mn. to a tenperature of
300 0C. The systemwas then held at this condition for
3 hours and 10 minutes. At this point catalyst
activation is considered conplete, and the gas feed
was changed to a m xture conprising 63.1 nol % carbon
nonoxi de, 15.8 nol % hydrogen, 14.8 nol % nitrogen,
1.4 mol % heliumand 4.9 nol %di methyl ether at a gas
flowrate of 3.4 m/ mn. The reaction was allowed to
continue for ca. 112 hours. The exit streamfromthe
react or was passed to two gas chromatographs. One of
these was a Varian 4900 mcro GCC with three col umms
(Mol ecul ar sieve 5A, Porapak(r) Q and CP-Wax-52) each
qui pped with a thermal conductivity detector. The
ot her was an Interscience Trace GC with two col ums
(CP-Si1 5 and CPWax 52) each equipped with a flane
ionisation detector. Data was averaged over the tine
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period from92.2 to 102.2 hours. The results of the
carbonyl ati on experinents are given in Table 1
WhR10sMsZHdbl e 1 STYacetyis is defined as the STRCT/6B20R©01420

production of AcOH plus the,STY for the production of

MeOQAc nul tiplied by MAMCOH M/\MqucCI aims 1. A process

for the production of nethyl acetate which process

conpri ses the carbonylation of a dinmethyl ether feed
Claid t h carbon nonoxi de under substantially anhydrous

—conditions, in the presence of a nordenite catalyst

V\,hl ch has been i onexchanged or otherw se | oaded with

| east ne of sjlver and.c er wherein the
L oA e pubtuetieh ol RHaSCRR s wAER st e e he
carbdﬂy‘laﬁmﬁ'o@h'dﬂﬁ ?Petﬁé} faEPHWith céu‘BoB B?on()ﬁf@lg @merQubittntikly

%rel ative o al um ni um . pr ocess accor di ng to
anhydtcals nmdmm; i the mmemeaftﬂ anmndbmsachat@yat svhich hasdeemioge 1

| % r e e oces
exchifieel o s At s Bk e o Bt 2 e R g e
mordefité keildoA68@xdhdn@e® oBthdpwisd BhdadayitPpiatitiih f MihméuntAn the
process according to any one of clainms 1 to 3 wherein

rang@:@;@ééq 19 mol’6aalative tp %hmmunt in the range 1 to 200
2. g«lzs@také’o‘?dﬁl% tﬁ cﬁ%Fi'vVﬂér nt Oéﬁg]lgtlllﬁgg ?ored?fggg %ngﬂrl]lg gargg 1to 10

mol%creﬂaﬁﬂetﬁ)dl%ﬁxﬁhmtl ve to aI um nium 6. A process
accordlngto(g%y one of Ia| 1 to 3 wherein silver
i sA|BRREETAGCAT the plagisum lpgding ¢ 1ﬁrél|1%ange 1t03
o QmP_J]]Hﬁg ni um 7 A process according to claim

mol%eﬂmﬁa'é1>rééfonéls is loaded in an anmount in the range

4. 55 A prot@0 anwir@ingdd ahy vee oftclaingii tni3umhdeinAoppardeloaded in an

according to 0 cl ai 1 to 3 wherein the
amoynyin ther H@’%I& gbaﬁla%ﬁao nf“W’e‘imq s in the range 1

5. 10 2PQcERa%eJr8indltd xseuhq e &h &10&119 %‘iﬁftﬁe range 55 to
according to any one of the prece |ng cl alns wherern

120 miob% frel ativepvio rakurpiniurhe rmr denite con'pr ises gallium iron

6. ond et Bl nyy et MBRATER S RITGah Rl en
amownt$h tHeGange PR B Prel MRS h]‘ﬂm‘?fmhﬁl a trival ent '
7. ¢! %rrgrr(])tcesss %lcgocrf:h?lcé tI) E:ﬁl%?wllle?ggtsﬂ\?erﬁs l%faded 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 ahy one of the preceding claims wherein the framework of
the mordenite comprises gallium, iron or mixtures thereof.
10. A process according to any one of the preceding claims wherein the mordenite has
a silica : X,0; ratio, wherein X is a trivalent element selected from at least one of
aluminium, gallium and iron, in the range 5 to 100.
11. A process according to claim 10 wherein the ratio is in the range 7 to 40.
12. A process according to any one of the preceding claims wherein the dimethyl ether

feed is obtained by the catalytic conversion of mixtures of carbon monoxide and hydrogen

over methanol synthesis and methanol dehydration catalysts.
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alumnium galliumand iron, in the range 5 to 100.
11. A process according to claim 10 wherein the ratio
WO 2008324l range 7 to 40. 12. A process accor dPEEGBa008/001420
any one of the preceding clg ns wherein the dinethyl
ether feed is obtained by the catal ytic conversion of
m xtures of carbon nonoxi de and hydrogen over nethanol
synt hesi s and net hanol dehydration catal ysts.13. A
r @c
B B B e B ER OB S ther
feedawnammethq@otm@am@/@ntmto Avwgywocess according to any

on of t wherei n the carbonyl at
4 Do BopiacBing s f Sl Bctinng bigythereiate Frbotation
isca@rea@)asﬁlta@p@@ghceg,f ?d@ggﬁm 14 wherein the hydrogen is
present at a partial pressure of at least 0.1 barg.
15. 16 A mopess @eepsding to plaim d 4 tdierdimthe hiydrogon isprasenhat a partial
presggyed&oggég% élg&%?ent at a parti al pressure in the range

A process according to any one of

16. t he\ meese dccmgdmgm Olirith 6 Fettiereid tHe Hﬂ?ﬁirc%én is?sresbneﬁt d:@mﬂn
drogen is in the range :

Pressyee mﬁi"b%g%%@ 3@ 8#¥gdi ng to claim 17 wherein the m)I ar
I atyl
17. : JJ_X @‘89%89@60?&%%3955%7(%1?65%%@% Bﬁaég% oﬁ%&afn?st \%Hergirﬁ%hé ﬁl%ga? rgtlo of
carbanheopmedediyugogehads msthedrergeiln 3ttod Sndl ar ratl o of car bon
m)oxidetodmsth IS in the rang 1t 0.99
18. . £ Progrss aooer B%é%gla%i?d‘f%ent e aralfimio o pban Mopuide to
hydrﬁ%&n%uftﬁ&kéhg@fl qat()kmn jmonoxi de to dinmethyl ether is in.
range 2 . 1t 1. 21. A process according to
19. any praeess hcqonding ﬁcemedmnegofahapmedmg ¢1hmmheemyhe mbhee ratio of

con S b SR b BRI 7,1

20. T eQYSioess) adodrdifg B8 S16RS 39 AHERETHHRIIIS BAY 0PEEHOE mfohsxme to

receding clains wherein the total halide content of
dime; YhﬁﬁlﬁmS%ﬂWéﬁng%%rbmwﬁ%hom de and the nordenite

Ag&yc%gs éc%ox%d%f tota!ﬁ?g(r:lg g ﬁfé%éﬁ:cg&% %\I@r oF tSdIJ]lilgt%of e(:j[ilgrqn the -

one 0O
feed mammﬁyétatdoﬁcemu@@m ihe gar@e10. 18do 20 thEIPPBERE Wh&hé dtdl Hf&d

(1nclucia ng r%c%ggs)t 0 350 0C

22. A process according to any one of the preceding claims wherein the total halide
content of dimethyl ether, carbon monoxide and the mordenite catalyst is less than 500
ppm.

23. A procéss according to any one of the preceding claims wherein the carbonylation
is carried out at a temperature in the range 100 to 350 °C.

24, A process according to any one of the preceding claims wherein the carbonylation

is carried out at a total pressure in the range 1 to 100 barg.

25.. A process according to claim 22 wherein the pressure is in the range 10 to 100
barg.
26. A process according to any one of the preceding claims wherein at least some of

the methyl acetate product is hydrolysed to acetic acid.
27. 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



10

15

20

25

- 30

24. A process according to any one of the preceding
clains wherein the carbonylation is carried out at a
WO 208/13934essure in the range 1 to 100 barg. 25PCHGB2008/001420
process according to claimg? wherein the pressure is
in the range 10 to 100 barg. 26. A process according
to any one of the preceding clains wherein at |east
some of the nethyl acetate product is hydrolysed to
with ﬁf:l%ﬁét ‘Em@ﬁf divednd &b )P'i’k Sacanfdun? fr{jﬂhg %ngg 56"(@ '1?1)1 Thol% relative to
wherein the carbonylation I's carri
alumpnemmdeomequnmedgnmﬂmmsa loagled emﬂ]t;damtmchl dieEndee in the range
1to 15(? @( eg r ot herw se | oadedwith at |east one of
9 MYM-an ampunt in the range 50 to 120
28. WD'A’/@d’cﬁ&ﬁtfbM%eti@t}é' ottt loR R HyP ReeRat€ BFAAECMnylation of a
ot herwi se | caded with platinumi'n an anbunt 1n ty
dimettyh gdien feed with qaioy menaxtidey gnday substaritially anh}RBousA:ondmons

t th d t hyl tate
I PR EA SR i e
amm@ﬁhhp@r HydPsReh d6rm BRABFdehid ﬁﬁ@'}ﬂétﬁﬂuh’yarﬁirm Y&%@é&ﬁe of silver and

condi tions wherein said catal i's p epar ed
COPDES, ﬁmm&msqaimmea thederaeagie lgm-ex prdngltfa presl wherein the

cu SRR N BSGT TL (TTRAER Sdh  LBhpAT

29. calAcaniysyfdruse inthe pgnhbﬁ@ﬂ oﬂxnethylcdmamm flie lceibohylatianel a

di e\éwgr%n thgﬂ%lat | yst con %s pl ati humin an anount

imeghydsthepfegg meRaRiAe, Bndgr sHbsEAl yzdlydppl@aqoaﬂsv@ﬁs

wherb Y saliOE o M i U kol T8 BVt bt or

hydrogendirinl of mendbaite swithsit deast @lel of sﬂv&r;add cupperOdrglingi andr calcining
ere ai d catal yst repar e i on- e angi or

the i B PR BRSSP R PORYH GaRast Ry g et aded

mord¥Bi§I R msequtenﬂ;aionte%ﬁang%eorqfnp%gnwﬁ @Rdos R RBN/or silver
dryi ng and/ or cal cining the |npregnated/|on exchanged

loadﬁrﬁind@nmﬁ%vvttb phinainrang vetispgin thegatlyst ceinprises plgamienin an amount

uently ion-exchanging or
0.05 9 Fon‘{)(? L}ﬁtr?l pvet%ea %ﬂ)lg? and/ or silver | oaded nordenite
30. Wi W‘ch@aﬂﬁétla&wml@@ do WhARh 28 or tlafn 08ty tHeQNBIdesiRShas a silica :
platinumin an anount 0.05 to 10 nol % relative to

alumgjamelar watie igthe rangeat®y Y9t30ackcor ding to clai m 28 or
claim?29 wherein the nordenite has a silica : al um na
nolar ratio in the range 10 : 1 to 30 : 1.




