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PROCESS FOR THE CARBONYLATI ON OF DI METHYL ETHER Thi s

invention relates to a process for preparing nethyl
w@e@sasr3by reacting dinethyl ether with car boPCT/GB2008/001414

monoxi de in the presence of @a zeolite catalyst. Methyl

acetate is used industrially in petrochem ca

processes, particularly as a feed for the production

of acetic acid and/or acetic anhydride. The commerci al

P OPRBELSs FORTHE CABONYLLPFOR'GH IMETHYTPRTRAA'S

| QUTUPITAasE Pr OCESS T 1T W CIT_LITECdar DonyT atT ONn

reaction is catalysed by a Goup VIII noble netal such

as rhodi um or f'ridi um and tzaln al kyl |ot§l1i e such as .

et s inveptiandelates do aRracessiqnprgpReneneyl acciigRptactng
dimuil,gl 4 ‘gﬂ‘th ;@%rﬂ&pﬂmia@ iR pled@fte of a GO6IO h@R ST OPI ems

and the difriculties associated with separati'on of the

pr ddethylsacatatt is asal indestcahypiopetrochenrcahprocssses | prartitulacky. as a feed

- ot h of .t hese drawhacks- coul d be avercone if a
fm‘%@t"_&‘?‘ﬁ‘ﬁ%‘h‘bﬁf@eﬁ%@c‘ e\ grﬁqﬁﬁggglgyd[g@?ng an iodide free
solTHd ceAinRrYial pro@udtidnke abli RIS QFerE@dlﬁs @hefogbdus liquid-

descri bes -a vapour phase process for the car bonx/l ation
phassf progesh inwhich shepraslnnytatign eedction i egtalysed b afirogp YAH ngple metal

a modified.mrdenife gataly 3 hi r
s B0 bCEt R HEPH SuARYAL0E i & riATEREL S Bboocks
of tigig pRic¥dsiage GRMEE bSiodleahich E@desd RUorosion pirahléigs arlthen
nonoxi de and h_%/drogen_ to_produce at | east one of an

diffignigishatsociateravithasenaniion of bs Prafecsond spalyseeanpaagnts from a
selEhR00 FTRRSK 5 ARl 050l Bl BR3t he@RgPicitpls phas
procesd adiysin ivdidedteedofid oamlyst dotldshepdavelpeds,

het er opol |.ds, c¢lays, zeolites and _.nolecular sie ,
i G B LTS phE TR fohUE FIbOPUR s
metf)&no'i ﬁﬁﬁ%ﬂ@ée}%ﬂ’c@ti@&qd W the gi’ﬁi'sgnc%qff_fagﬁé(ﬁﬂéd tdrddhnd gﬁ@lyﬁtat high

east one of an ester, acid, acid anhydride an
temperatutesend phesswes.. However, the use of zeolites to

cat carbonyl ation. reactjon. i s not.
exenp Tirotad3 diiSmdgnd pitseser R SaRlicsd"ign ata foegsrock
conﬂfri@ﬁhg &h#bR ntnoRidednl B Nfolgen RCHred@Rth Rasttdhe@$ g blcokol, ether and
~anhydride thereof by car k%onyl ating an aliphatic
mlxalreﬁ)‘hgﬂeofﬂndr@@f&tﬂg\ﬂérh!)@rledﬁéNlﬂhglﬁ@bi‘eaﬁﬁOlﬂﬁ of ap plephol, ether
NoNOX| I e ' S [ Byt he
st IR i AR A PR REEYhRRS: d
hetdréideicidslElgys, Redles dndrigeledBdt sieves)Gn e #b8ehca off a dakde gromoter,
in the range 10 to 200 bar. The use of di methI et her
undgrconditiops g(g tmperadurg gnd pressise pyffigignt 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.

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

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

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



WO 2006/ 1 21778 describes a process for the production

of a lower alkyl ester of a |ower aliphatic carboxylic
w@eood/1kpa3car bonyl ati ng under substantial |y anhpdr/aB2008/001414

conditions a |lower alkyl ethgr with carbon nonoxide in

the presence of a nordenite or ferrieritecatal yst.

According to this patent application, the

carbonyl ation process is run at tenperatures at or

| cathl9stoncR@ing Co tlﬁ@pht@{taf)plﬁc’aﬁbi], the &ﬁb@mionlfﬂ&ets@satmow ‘

180 OC to minim se q?roduct formation. In vie

tempsEAtuBY Ytear sl %ﬂb%ﬁl prd prefesably frorpabout é?ﬁawr@oyh@%@ée

vm“ljﬁ?‘gﬂa}tjﬁgﬁ{‘%?g@?ﬁﬁ gas phase process for the
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acetate from di met hyl ether under
SubHi viewiof theyabnéytntosedynivd att] ther rembing thie meed fortae
catal yst which is superl or to the other processe

 heteropenyons EROMPFLPIRBESE [pidhe Praduetionofmethy geetpte trpa digesihy! ether

undi$ §tbs Ea%ﬁgﬂ}r Blli}ﬁldrdlfs coB@t6AY R f’éok%a@flﬁ‘f Gihich 1§ superlor to the

carrie at” a tenperaturen the range 240 0O
othBﬁﬁo@@smutmgnaﬂbmyhtaiﬁ@mﬁamﬁ ahyfedgen then inpr oved

progdycti vi ad/ b|||t be

D8 Bow e Fiand daat g B o oarprosEst certipd et ot o
tengﬁ?e{tﬁ% ifs fedthi %':et 249tehb 350 YC lafid hﬂﬁe priReiRe F By@ogéPthdr Smproved

can be further enhanced by the presence of one or
prodoetivifyrandisr eatalyst iabiligrmashis achisived dhedmpact @i hydrpgen o

T N SR TR a—

by tHepréRnEOEHdRIdr Aore bromdlérRéthly |oanﬁé1ﬁbhfe$ed with Car bon

nonoxi de_nder_ substantially anhydrous candjtions,

t he Aseardingly thsf praseabivPrtiondue wrss prepess &9, tb%pméﬂcts% Qf methyl

T

v mo%Bildldb iln&it%ubitﬂg?ﬂy aghalfdrdius?bﬁ@ebns , Tinthe pressruet ofiarveoliteicatalyst
- _so]lves the problem defined abov operating the
effprtivedarsaid cqﬁbwlact@ﬁp@h%rﬁwrse%ab f41%1% lﬁﬁagé“é‘g‘t‘lé ap temperature
t hyl acetate
‘ m%‘rgg%‘%%t%?z%ﬁe | n501| nggﬁ} |§seYlE%Jr)1 eved using

hy d Tag preserit ﬂmir@hon sotpes the proebtem defmed ;abom bpgo;tma_imgstbe process at

fromthe wor scri bed 2006/ 1217 nti.aned
higdyieRpasTaiuEe FR inchparesstse ot Bl RaRio g E9pd SEmpEA to methyl
acé’i%g Rﬂﬁ@t e lﬁﬂdﬁ?‘{ﬁat s @in dedckieved tidifg Bfldrﬁgén Ahigh¥emperatures
tlonrateo nethyl acetate in a zeol

is mmlggswamerﬁqm yhe mrkeiesq:dw@ anwcazewlqdﬂa& mtlormdeabove it
B RPer 4 B e S BB e A5 B BE 585 s Rt on e

forﬁ{dﬁgﬁ ratg Bft’) FARIAVE héotAé ind iﬁéhte%ital)ﬁbeﬂﬁhﬂéthylﬁm kcab®nylation
produced by

~ process.

The dimethyl ether used as the feed in the process of ihe present invention may be
substantially pure dimethyl ether. In commercial practice, dimethyl ether is produced by
the catalytic conversion of synthesis gas (mixtures of hydrogen and carbon monoxide) over
methanol synthesis and methanol dehydration catalysts. This catalytic conversion results in
a product which is prédominantly dimethyl ether but it may also contain some methanol. In
the process of the present invention the dimethyl ether feed may comprise small amounts
bf 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
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the catal ytic conversion of synthesis gas (m xtures of
hydr ogen and carbon nonoxi de) over nethanol synthesis
wa@pasmed4bsmnol dehydrati on catal ysts. This cat ab@gr/GB2008/001414
conversion results in a proddct which is predom nantly
di met hyl ether but it may al so contain sone nethanol.
In the process of the present invention the dinethyl
. ether feed nay conprise small anounts of nethanol , _
5 wpiVourilessgsuch as 1 Wit amtessrdf nodthanet map bt tqderated i therlimbthyl ether
P feed is not so great as to inhibit the carbonylation
et dimethyl ether to methyl acetate product. It has

b . ) : % or:.|
eeQuitdbiy, ‘auﬁaﬂﬂ%ﬂélr% Presdiff $Sthe %léa?ﬂt ﬁg?%cﬁ%ree(fticg{e in t?éeléggé 0.1to

met hanol” nay be tolerated in the A
20 swil%asich as diSmeolfiyto 20 mel% ios 1 rmeaéato 10molPe foredmple BS mol%

o SERHETSH e il RS LR iR, I 7, Such 28,15

1. STHOLHSPmensBEmad B8 Qﬁb%éfgﬂﬁ rrgﬁr@tcﬁllbofl SRfhokidaClob Sk dible,

recycles). The carbon nonoxiC be substantially °
carpenr monexidotypiveHp prayédedrhyr suprligrp b indusiridl @asasperok imgg contain

e g o BREHGPE, S Pk ha B Y i ot ot
suchiak hittdpen,dRIVEY, Sigon, Méthhkeardicrehivh dRixidy. to met hyl '

acetate, such as nitrogen, heli u_né argon, nethane
andTBe Prosess of the Rssseatinvatonds sareed owrin theprpseagepf hydrogen.

Ll 0 PSR B e
in emitiinaiph atithp forrexamplercattioni hormmydebblik@rksiof hgdrbérnatd darbon
TR PR ST
parBi¥l Jﬁ&ﬁtﬂl SRHYdrot2bMs" Su miRiEEO 4R BRARD AN fded!tD s synthesis

partial oxidation of hydrocarbons. Such ‘m xtures ar’e
gasc Symtheris/gasebmpriecs mainkyscashomt hersixsdegpmd hy&sogein bati rmayyaso contain
conpri ses i n arbon nonoxi de and hydrogen but may
Sm g&u@gﬁ{eggﬁc %ﬁ@?ﬁﬁuant ities of carbon dioxide.
Sui SaidbYy, thd¥oRPtatfo f%hfb@n@ﬁon%ﬁfd@gﬂﬂlﬁgés}ﬁnggbé intherange 1 :3
: o :

di
hydrogen nay be in the ran?e 1 , such as
to 15 : 1, suchoas1lo: 1t 0110 floforexamplee ] :1tod411to 4 : 1. The

nol rati o of .carbon_ nonoxide.t i net hyl .ether .i s . ‘

ot #E e Rt ot SRR A R § Gire st et Hpu Sy Th thepnge 1:1
to 99: BQuch a2 :Th® Geal.i te catal yst may be any zeolite

which is effective to catalyse the carbonyl ation of

di mhaggolita séalystimay beanyFaolife ndvehds ctfectiyedelcatalypethRy |
B o AL 0 P R AT s
Zeolites are available from commercial sources, generally in the Na, NH; form or
H- form of the zeolite. The NH4 form can be conVerted to the acid (H-form) by known
techniques, such as calcination at high temperature. The Na form cah be converted to the
acid (H-form) by converting first to an NH,4 form by ion exchange with ammonium salts
such as ammonium nitrate. Alternatively, zeolites may be synthesised using known
techniques.
Zeolites comprise a system of channels which may be interconnected with other
channel systems or cavities such as side-pockets or cages. The ring structures are generally

12-member rings, 10-member rings or 8 member rings. A zeolite may possess rings of

different sizes. The zeolites for use in the present invention preferably contain at least one
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H formof the zeolite. The NH form can be converted
to the acid (Hfornm) by known techni ques, such as
wa@adosiiseEBs on at high tenperature. The Na for m BemnGB200s/001414

converted to the acid (Hfor4n by converting first to

an NH form by ion exchange wi th amoni um salts such as

ammoniumnitrate. Alternatively, zeolites may be

synt hesi sed usi ng known techni ques. Zeolites conprise
chaginél Wettiesdefiaébby @l 8-nwhiteh rifBYMbS préfeRbEO tHees-ine thbed rir}y

ot her channel systens or cavities such as_ side- E&ckets

chappel dnigtasconpggted “ﬁ@ %iqagqu@rcbm} defigied by aring with 4@ pgtlr 12
meﬁl'bgrg S'The]wglrﬁgm Jﬂ el?g:{?rﬂg Iﬁ{zoggd. ﬂ%ﬂlgh ’?ha% ﬁﬁal Ijell t

possess rlngs 0 zeolites
dmwﬂﬁ/l ethet fel mmﬁnbnomdanbleaﬂemmfcﬁffadel fyeet;omtzmdrmuabf the zeohte
Ieas one han l'r;ﬁgwh i s. defined by an 8- l gt
arwg?r W sizepf 3B Srmempey rmgaqhﬁ@pe m,ay o at least 2.5 x
n
3 6AH§§ﬁ&HE‘ Mifgfet 64’1 Ygol%_ﬁne ork1% ,%és*a@ Bﬁegldéﬁéﬂ W?CMbMe L D.H.

ers.”'The w ndow size of
Olsoh Eslspstee,msmstbxdamd 20 ) snucdnjurdvéibn with the aeb-dased vers1on

di net hyl et her an car bo noxi de,.nol ecul es. can
vtz bages) i, compenligpof Ippofogical apdstroctural
detaity Jb%m %olﬁerﬁadi‘évv&ﬁy" 1§dl§cﬁn§ﬂ1e4¥;;e§ oﬂﬁﬂ?‘é‘ﬁu&hﬂég pFeIQ&H weh zeolite

may be at | east . he Atlas of

andzbo Hinpensiona nﬁmrchanf;ebetﬁ(@ bBamhlrmrtEpe Byamples OE peslites

suiahie o e sosB el pop RS BE AMewH he MOR, fo

exantplé Motdenitky FER stéH akCfettefite, OTF, fiileRBAPRS offtetife and GME, for
conpendi um of t opol ogi cal and structural details about

exapgd¢ gmelifitanewor ks, i ncludi ng the types of ring

t i t.e. ‘ ' i .
UG B B P o TR Ry s
aluihﬁﬁil ﬂage of Stulbztsab Ibat ?I@feralﬂﬁlebfﬂt&lhﬂ er equanmI(:COL suchris iim the range 7 to
i.ncl ude ze0 ites of framework type or
40, for erample10 to39. Where thgal W@p{%iltfy)@é hay enfravla@?ﬁpfraénework
mo@ifiet @felﬁeﬁ}s%ﬂﬂl g\@lluﬁﬂ it fs &1 GHEhE Rthoof sfIfR : )%@g where X is a
esent I nven

process o tionit is preferre
m\/(almt clemknt, suchas amrmnium; gallmma iromandlor bdron, isft lagst |5e1adt

prefogbly R e o Gt T Samgh hediones Q0. rsapiald 030,

al Up}e?érﬂﬂyaﬂle eollia¥d: WBERINE ﬁ&'séiﬁ tbelitiod fsqgfd@!arvlfith one or more
modi f1er el enents such as gallium it is preferred

metabsaguch Iaecwmer,csllwr ickélcinidiunx 2inglifves platinums, palladiumedrenbalt and

n uch as alumnium gallium iron and/or
m“f)tﬂf'egﬁh r?osts | east 5 and preferably | ess than or equal

to fDéhe eiﬁli‘dﬂluﬁént'dﬁ tHe{Reseati@Penfioh thetfbolitenda tﬂﬁsﬂ@é foidenite
to 30. Preferably, the zeolite for use in resent

 zeqlite dheinensdenite| raasesenployeddn shepcidriorm (H- mordemte) or it may be

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

The metal loading on a zeolite, for example, mordenite may be expressed in terms
of the fractional loading of the metal as gram atoms of metal per gram atom of aluminium
in the mordenite. The metal loading can also be expressed as a mole percentage loading
relative to aluminium in the mordenite through the relationship :

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

Thus, for example, a loading of 0.55 gram atoms of copper per aluminium in the mordenite
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nmetal s such as copper, silver, nickel, iridium
rhodi um platinum palladiumor cobalt and m xtures

w0 b@sasfs38 | N one enbodi nent of the present i nvRCE/GBRO08/001414
the zeolite catalyst is a nosdenite zeolite. The
nordenite may be enployed in the acid form
(H-nordenite) or it may be optionally ion-exchanged or
ot herwi se | oaded with one or nore netals such as

eqlﬁeaa R&4 55 %ldl‘)’Q()adlﬁ% SF&L_Ppef feuasiivu 03 aliR@ind Th (! AéidBsie.
pal | adi um or coba he nmetal |oading on a zeolite,

f or Seifablys the metsl lvading enaydye méheelﬁpgeetsfsle@ 208 mad¥melagye to

b B4R, G868 T2 Pl Ern AT lpgor s

to TDREA01%, @aéH HB L@ 18Im8s1%he expr essed as a nol e
percentage | oading relative to alumniumin the

ror bsmoedenite Sageworke may inefdifien iqthe siigomangealyminium atoms,
co $hIRTRAMVELT EIGHAR AR BTl tilnliof B8 TS,

per Wietdthe moriérite tcoftainsrat tasttone @u aloestrivaleat Hamewdrk) the metal
| oadi ng of caqpper relative to aluniniumin

loagg d Hicrraordeniie cap by expresseddr farms ghiedErctenal labing fighe metal as
graé@%rgrglls of migﬁ ? 2#%18@?&’( c/)g" ?dé%t t thiVaertRledd fE ifl 'ﬂ%ofd@ht% The metal

o 120 no such as
loadlig cam hiko be efpressed 290 muidé Pércetage lea;iuf@retamvi 1©tota) ItI%alent

The nor,deni t.e .f ramework, iin addition to the
elements ap fhemordepi “%nﬂ%ﬁ ﬁ?‘% nshiRt ai n additional .
tri Mféll%w[etﬁll £E§5}h9atorﬁymtﬁ§rﬁ9£@ﬁ)s ofl talitHValent Gleents) x 100

i ron. VWhere t nordenite contains at | east one or
nor Betause thieeatbonylatiememaktion isdo hec«mductsé eltilhs@nnnllx inethe absence

o PR T SRR PAPA SIS Bl f PR UG THEFPE R o
driéd, 60 &amipRi By hdatihy & @f&n@kﬁtﬁi@@)‘fﬂ% 10 SUme*crmr denl te. The
net al | oadi ng can al so be expressed as a.

per Hé# p@é@rqddh@nth@zmeaqwbstma%@tad lrtlmpdameéhl?efore use by

_ hezﬁlqigﬁ{éet%h enat e Q’Fﬂg?n l't tﬁﬁe ; a?ngPsg Ir)nxli]ea duff luﬁ&c#r?{b%{ih? nitrogen,

carbbh wdhexide, &iydﬂigghs) nﬁygﬁf&ﬁ tl%eufuse the carbonyl ation
reaction is to be_ conduct a I t he
abs dhe Brosessiacaried pyt w@efﬁlgﬁ'éwé’fy f\ﬂh&f E‘%@“ﬁ&tﬂ“ﬁt‘é in the
su%ﬁrxgiél?/fb%%ﬂrc% gg gdﬁpfe]‘i].eﬁgéy&ﬁ oo ?la‘ﬁ%ﬁ of didfet1? elhiet ® HBy p&etate does

Ing to a tenperature of
not genbfa€e Wer intsifus Waterthas bexh fohuad totihlbit diel darteonykatioh yoﬁ dlmethyl

is activated i nmedjat el bef ore e heat i the, . :
cthg 9 101 TG PEU A BSOS RGPS of Die FRtseEmyr e Wty is ket as
lowas ﬁrfez{sm?wwﬂac@bﬁlf)ﬂﬂﬁﬁls, the dimethyl ether and carbon monoxide reactants

(and catalyst) are preferably dried prior to introduction into the process. However, small

amounts of water may be tolerated without adversely affecting the formation of methyl
acetate. Suitably, the dimethyl ether may contain, 2.5 Wt% or less, such as 2.4 wt% or less,
for example, 0.5 wt% or less of water. _

The process of the present invention is carried outata temperature in the range of
240 °C to 350 °C. Suitably, the temperature may be in the range 250 to 350 °C, such as
275 to 350 °C, for example, 275 to 325 °C.

The process of the present invention may be carried out at a total pressure in the

range 1 to 100 barg. Suitably, the pressure may be in the range of 10 barg to 100 barg, such
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carbon nonoxi de, hydrogen or m xtures thereof. The

process is carried out under substantially anhydrous
w@omdiisa4ahms, i.e in the substantial absence of POEGB200S/001414

The carbonyl ati on of dinmethyé ether to nethyl acetate

does not generate water in-situ. Water has been found

to inhibit the carbonylation of dinethyl ether to form

met hyl acetate. Thus, in the process of the present

as 1006 B0 thafy) forvexamipld, S0 Ircesn bzﬁE ol 39vbag tb 300 Bagi bl e. To
acconmplish this, the dinet et her and carbon

monbhe kydregsadaginl sresae Ithablysrt the zange b kot Gbarg, sueh e to 30

\barg,rfbpé)% #9%? ion into the process. However, snall
nount's “of “wate

y be tolerated w thout adver sel y

af f Bt darlgort rhendmdmmrtiairpresfsurﬁehdsm& basefifisieat toJernhitthe/production
h di net hyl %a,b(f tain, 2.5 ww%or |ess, such
V3 asetamreriuqt g*sls suiggbleindherange B.190 Ak | ess of

NS LR o
sucBasB@(lﬂty’ZOt(]ﬁ)Qh errperature may be in the range 250 to

350..0C, such.as 275 t.o 350 QC, .f exa 275.t0,.32
2 iroSE BB ieent Bvaingn SRl o idiud by Shine dimay!

eth&é‘vraf)blﬁ-dhﬂib%élt g8 ch@AtboR hRASHEE phdtnidiEh h3DER of AbRistAGed of

barg. Suitably, the pressure may be in the range of
the raavlge czttalwonmatagledguﬁkrasqmedtt@nmam g, for exanpl e,

or 100 bar
ar bbbty dhpfiest bt B flegsh e PRd a0 b RYy in the
absBide®f halidedd, arh 3s ddidk) B?Qliegterrﬁ Os!ub@t&ﬁtliallye 1§mI:aiht aﬁt BRMalide, for
The car bon nonoxi de. parti al &!essure shoul

exagple, jedidagontent gEtheireactans giﬁeﬁ) methghether wétcn;honaié@v@ﬁ) and
0.1to500b
ca #g%gsst%ﬁ ?&pé‘ﬂaé@% At yg? @g%?l\ji s suiot abl yairg
th eTlIidaprgﬁa@Qﬁodlmt éﬂth@ Pebcbsslis nrethyhacesatd 600sniadl @R oftacetic
1. The process resent |nvent|on IS suit
acid may plsq b prodyp rg mré'%d.aﬁ%@tﬁyrod@e thesegess ﬁﬁ%? Byt
1nv?rﬁﬁm3:ﬁge d A?&Jkgpﬁ oﬁﬁ 0 eﬁ ﬁlef’ea{‘thf(@d?rdgﬁseg t%1 atl liquid.

e zeo st mai ntal ne
t heTheemeuthyEatetatenmay ht ueroeveréhl micbsrcmbhg/such loe 1tpnagcl&sfomdrded to

he pr d b ||
othp beRGL Aee pra e mefarcaE s g theausronyrom be casbpgylation

reactionPrbARtd, 8bth¥ or AIf of B ARY bk MPlrolyRed ﬂ)ai*ohﬁeacetﬁ@icr& )Sﬁﬁma%ively,
i odi'de content- of the réactant gases (di net hyl ether

the antirecartiooplatipwréadiégn product may|begpassed to @ bydrokhysts 528 ap agetic
acil? separatea(P thgreaﬁesrs Tfle ﬁydr%lc))'sw %y be carried out by known techniques such as

reactive distillation in the presence of an acid catalyst.

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.

- Example 1

This Example demonstrates the effect of the addition of hydrogen on the
carbonylation of dimerhyl ether at 180 to 300 °C.

Catalyst Preparation

Catalyst A - H-Mordenite

Mordenite with a silica to alumina ratio of 20 (ex Siid-Chemie) was compacted
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 sieyed tp gpatisietizeiragtion of ARS &g Helk mmr;s 26pe

The primary product of the process is nethyl acetate
but small anmounts of acetic acid nay al so be produced.
wab@sie4bs/| acetate produced by the process of P€T6B2008/001414
present invention can be renpved in the formof a
vapour and thereafter condensed to a liquid. The
nmet hyl acetate nay be recovered and sold as such or it
may be forwarded to other chem cal processes. \Were
with fige povtEytollRE EdrBpRtdrsat DSC Ba&afsﬁ@ aftbﬁm)f Heycta! tReh ¥hahédahd
reaction products, sone or all It ma¥ be hydrol ysed
Q\qmmréemte was _

18 d
m SRR S0 A0 DR CNTEr B ARARAH KB e
at ahitsert yomditing ¢h ashakbefof Ahbine A fet the Balin® e m@a&ﬁteqv&s
such as reactive distillation in the presence of

trarsf&rff dapdprged conveation eeadair angtmesphsperhsated ta80°%; fon’é? hgurs.
Aﬁ%PﬁlE %&e@ thefmBALfi Qﬁé’é‘a‘?&ﬁ d iR Th SRR ﬁ%ﬁfi‘ voll¥ne =12L) at

conti rocess. e |nven Ion 1S now |
a temliel'atlure fof 560 8@ uhdertaive(afr dlowo W fginExtenfahpratelof 4 AQ/ngin 1o a

ey PRl o R 28R 57 b n sl bbh o Rereased
by. 1&9nﬁt9t63%°@%elﬁ:§f 0008 o | RPRlAtds OThdRbIeNRd whs t‘hen cooled down

H Mordenite Mordenite with a silica to alumna ratio
to robmaemperatuSuiot- toh eify owansmdemdmdtaadhw h Lhin. powt ec

I t t 25 tal .of 4
*  nehpRERBRE Rk lh el PEhe Bupibnd: Lol s andkynt Bt obain
parﬂn@l@s ﬁé’m%@sﬁé i t‘B@?an 159—qf60td?§ nordeni te was :
| npregnated with OnmlL deionised water. After the

laadedlMor@ndem te was left at anbi ent

fﬁﬂ,ﬂ%# 7 veh 4o Hhn e raig W d0ser SHEERSBE SR EpBRected
with IR pdvabd rolier &Sxﬂﬁ’é‘uﬁh% 230 baalsRg alt6taBOA Elles2fheh @HisRed and

After the drying step the nordenite was calcined in a

sievadftp p@adictmsizalrastionsif d A to-1 Gpmicrests. he eompactedunerderite was
d f | o f. .
el ity 9 il Sl 3 oliatS® MipFoL FnEE R 1S ffppinium.

Th&LOU{16$s ol iigfitioh NE00PENPLha imbrdenite Svas Mtda®@s € ctypitallyd (v20%, in
to 5000C, held at 5000C for 180 m nutes. The nprdenite

thisgese | HE¥) svascauntfontermausbel waerndserbed en the merderits in|oader to

detEpftifle the the s ouﬁ% lﬁe@l{ oA &ulwfg%gcm%ethgﬁé grgaéla‘ﬁn\ﬁﬁsl?admg

Br aug nmm sl eve a
A sohitioh iof 426p.L s11ver (I) nitrate of concertration of 4 mol/L dissolved in 1824uL

deionised H,O was made-up and used to impregnate 2.5g of the mordenite. After the
impregnation the mordenite was left at ambient conditions on a shaker fbr 1 hour. After the
shaking the silver loaded mordenite was transferred to a forced convection oven (air as
atmosphere) heated to 80°C for 20 hours. After the drying step the silver loaded mordenite
was calcined in air in a muffle oven (oven-volume = 12L) at a temperature of 500 °C under
éir (air flow 1 L/min) at a ramp rate of 1°C/min to a temperature of 120°C, held at 120°C
for 180 minutes, then the temperature was increased by 1°C/min to 500°C, held at 500°C
for 180 minutes. The silver loaded mordenite was then cooled down to room temperature
in the muffle oven under (dry) air flow 1 L/min. The silver loaded mordenite was then
gently pushed through a 160um sieve and sieved to obtain particles having a size in the
range 125 — 160 pm.
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particles having a size in the range 125 - 160 mm

Catal yst B - Ag | oaded Mordenite Mdrdenite with a
wapdosaze4s® al umina ratio of 20 (ex Sud- Chem e)PE@EEB2008/001414

conpacted with the powtec ro8l er conmpactor at 250 bar

using a total of 4 cycles, then crushed and sieved to

a particle size fraction of 125 to 160 m crons. The

conpacted nordenite was treated with a silver (1)
Caﬂbdﬂliilitﬁms(fﬂdjhieﬁ[yl ethierobt ain 55 nol % of silver relative

to al um nium (loss on ignition, 6000C) of the

nor Hunethyl ethes W?éagihogﬂaieﬁyﬁtww rnvpozef% injthe presegice alsgach of

‘the t}‘ﬁ%ﬁﬁ% .éqmﬁ AN thObreldie g%&rﬁeﬁfe T?@tgﬁé‘m) u%{% %grg, Cgl[llled out

enite 1n order to
in a‘lﬁt‘eﬁuresﬂxb\u tréaotor uai| consiling of 46 ﬁdeﬁﬂ&ltréﬁ&tdie 5f the dype described in

formeleenih S8R, Bripecks the oaimef Dehisbist Paathersiactor,a Som
(ap?;ﬁg(yﬂed del 'st@ﬁ't'ité %?I SIF.V X@ﬁmmng-@ BOy&R ?)?ag:ﬁ(ﬁe fh, the respective

egnate 2 enite.” Afte
catalmrlmghatA éant(hlnpr(m) dawridf eomaduhef sieat fractimineoft1 25-160pm was

* plaglPridop GEPoe et Beded Dl ot o st o St BRCForiitm bea.

Thé SR8 WwRRGeEEH 87 aﬁb’r@ﬁuﬁa@él?} 58% cBhUraaRRURY ati)ﬁﬂfcf‘éjsliecbf 125-
-800C for 20 hours. After the drying Stef) the silver

160 pmdAdchptappiox) @ongef steatits ofsitvie rfraatwn ol (-0 wapplaged on

en-vol 2L) at a te era f 50 under
opi ot i, Bl he Bpd COREE Maiulhs o7 Hplainl FE8% o sabt
bed &iiRededingd stafifngRUKCOf the |cQta.Bj%t z’b&e Q‘ﬁaratal;%ﬁ wik héengessurised to
then the tenperature_was increased | mn to 5000C,

30 hen withaN2 sm)ﬂ@va of 8./l Thgcaglystryas %‘Pll beated gz deg.C/minto a
hol?ﬁ{ngﬁr y ove’%ﬂbﬁ, d@?é?% g%g ‘ﬁ\éfa fB a&eq\@%r&%mg; Qubsdquently

thesethperatuteooratedmped ¢e400°€ 2005 cte@fﬂimgg raizhiyt folloineaitbyt mdwelghme of
a 160mm.si eve and sieved to obtai n articles _havin
3 hgprse At it FRINF eAst ASEVaLion &Yis GARSISETEs ?ﬁﬂl%lﬁe@ﬁd g\?e reaclor”

| terxglar nyalfas Qkée e@'té“?ﬂ(ﬁﬁ AP RE MRS fr ¢ {@e{cﬁgd #e180°C the gas

monoxi e in the presence o
fee@ataa lsyittledAo amoixBire nficarbont hengxides mtmgem andgidretingd etheTME)

i OO RS 80 b AR BE A AR s 008

/hbbe vhpoue, t6 %Bﬁiid Q@@/NHDME ra%)éqm&otav\@ea @998688 of a molar basis.

Prior to the |oading of the catalyst into the reactor,
In @ddﬂm Napyas quumt@fvaga!daratc of @50sil4in tprequalise thegtressure

o ERSBRTR P o PR B St o0

- chrﬁﬁﬁﬁigt@ﬂ todettdhind @waanwaﬁraﬂbﬁsm.a@tamh aid edrbbmy@atioing@éduicts. The

bed. m of catal yst was placed on top of the
reagmqm@ﬁﬁﬂomgé to continue for 24 hours under conditions of 180°C, 30 bar, a gas

" hourly space velocity (GHSV) of 4000/h and a CO/N,/DME ratio of 78/20/2 on a molar
. basis. After 24 hrs total reaction time the CO/N,/DME feed was switched to CO/H,/DME..

The reaction was allowed to continue for a further 24 hours under conditions of 180°C, 30 .
bar, a gas hourly space velocity (GHSV) of 4000/h with a CO/H/DME molar ratio of
78/20/2. After 48 hrs total reaction time the temperature was increased from 180°C to
240°C. The reaction was allowed to continue for a further 12 hours under conditions of
240°C, 30 bar, a gas hourly space velocity. (GHSV) of 4000/h with a CO/H2/DME molar
ratio of 78/20/2. After 61 hrs total reaction time the temperature was increased from 240°C



10

15

20

25

30

The catal yst was covered by approxi mately 5cm corundum

bed of a particle size of 125- 160 mm A 5cm (approx.)
WQo008/1843%t eatite of sieve fraction of 100- 350PET/GB2008/001414

pl aced on top of the corundug bed. Every zone was

concreted via hitting or vibrating to get a stable bed

and a defined starting height of the catal yst zone.

The catal yst was then pressurised to 30 bar with N at

to ;oode: OWhé adaBtie wis kllid\vedﬁb%oﬁtﬁhié'tﬁﬁ& futeher 2Rurd Gded dorditions of
0.5 deg.C mn to a hol ding P2;‘!)erature of 2200C, where

300° Bty e ooy spaceoteloaty (ST V Bof 490D wishyd SEYHZPME molar
rat1§%?7gﬁp}gleﬁ§%ﬁbg\@§thg ? l%it?%l 8@9%1%%%% ;o5r egggoﬁxpcﬁalysts are

showal iRFig At al yst activati on was consi dered conpl ete and
the reactor tenperature was decreased to 18Q0C.

Afte
t heFigehjjbistnigs therrflest prthemata of fumatoned mﬁéylga&gtafee@educt by the

d‘iﬁ‘g’ %?Mﬁfgf%ﬁ t‘g?ﬁgiram ibn fgaﬁt?(ﬁf g@%ﬁg%&w? il pg en

denfi(&ig&% Zhatthepriebanoe bﬁhﬁiroﬁenéhab hb/litdd effdchyn tlﬁtcbﬂfony\laﬁon reaction
ed at 0.08 | toobtalnaCO’ o
at lpwex tsmpwaf%é 39 36) butdtfloss hivs aspimpachat hishey tgmps%qrgs (240°C

and dbo? gbdltlon N was |ntroduced at a variable rate of

0-50°m /mn to equalise the pressure sw ngs between
Exainples@ ands}t or exits. The exit streamfromthe react or

conEB Eaemblrs Ge P aEre e Sra st Bavibe PATF o prodae el
dlﬁgl eBRE At t@ﬁp%ﬁn@d mu@ﬁng@l IPBLISOYE by Q) caf}y ld)ﬁlﬁthe

er conditions of 1800 0 bar, a gas_hour space

carbenydasionyinitigiisin ﬂlsmresgnx@/Qf haﬁ@gw ad the ke abien@e hydrogen

o B S0 B R4 i, 8 S BB R i

'preIé'jﬁebﬁﬂﬁdrbg)éh was allowed to continue for a further 24

hours under conditions of 1800C, 30 bar, -a gas hourly
Catalyst Preparationy (GHSV) of 4000/h with a CQ H2/ DVE nol ar
Iy ' After 48 hrs total reaction tinme the
étQ:- Mgkddiite ncreased from 1800C to 24Q0C. The
r eaHtMordenits (I3INMORY dmﬁm gikicatto aluenihwratia of 20 t(dsreSudLQ:hemle) was
hours und condi ti on C,, 30 bar,

calgiged-in a/pp wn((e}m) Wype z;c?léb widsr 2 latic @@qﬁ\gﬁm? %Péflg the

Ol il T gl 48 8 e

to 9(E°z§bat| aaampaatea:lf 36Gauintand beldiai thisctefnperaturé fort2ieur The

e e g cessd o PO SC8bi 7 6 i e tE] i dnd etd

at (AR t&hpérﬁt‘i.lk@fo?fl h68fs2 Phe tempafatiire ik kfenQherbated from 110 °C to 500 °C
carbonyl ati on experinents for each of the catalysts

withragampaeta of & °€/ min and Ixildat thisit¢nperatuee for 6 hawrsdefase beigg allowed
to éo%?torr%g% tgrfnpfaro Enngt]'"h%r}ngrﬁenq{%tvb%l thgnccec}n?pa%tee Y P Enn8Y in'd 3 mm
die set using a Specac Press, and then crushed and sieved to a particle size fraction of 212
to 335 microns.

Catalyst D - Cu-Mordenite - Cu(55)-MOR

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

weighed into a 500 mL round bottomed flask together with 14.29 g of copper (II) nitrate
hemipentahydrate (98%. ACS) and a stirrer bar. Sufficient deionised water (ca. 100 mL)
was then added to the flask to obtain a thick slurry. The top of the flask was then covered
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addi ti on of hydrogen to the carbonylation reaction.
The results shown in Fig. 1 denonstrate that the
weewsasmas of hydrogen has no/little effect on PEEGB2008/001414
carbonyl ation reaction at | ower tenperatures ( 180 00
but it does have an inpact at higher tenperatures (240
OC and above). Exanples 2 and 3 These Exanpl es
denonstrate the effect of hydrogen on the
loosely badiHedlask lefoh st owdrhight. The esppet IdadeP@batetite®as theh deed
- range 180 to 350 OC by (i) carrying out the
undes Feslyasd waw usigt gy cyaporater bsfers beiag dgied iyan ogaat 90 °C for
12 Bl TR bR ANRENCHciRla NIRRT A folchl Vb L YE D under o

out the car atl on I nNi sence of

stainnyatnmgpimranﬂalt immg the follevipg wﬁpurauafprhgadmn@eiﬁhe temperature was '

mcw%@%.r P EPIRERSTANP D 6 247 BRI 0L oA ekt i

&&é:&t@n&%}snﬁg aﬁ?é&émgniﬂ% b h 900¢8H 1{@%ER: a

static atnosphere of “air using
rant;fmta‘oﬂ 1l ‘€Ximnig ahe qu:id rbthis temperagrraﬁtrra holine The tepepesiturcovas then

incPid BT IEP i 0 S BRE Az RHE of 8 o el it B tieratre

for [6%HYuss befbe b%ﬁ@&ﬂbﬁ'w fFcottbo r‘i)BﬁﬂeinB&raﬁﬁ‘é gohefchppar 9$ad0E
to 110 OC at a rarr(E| rate of 1 OC mn and held at this
(0

mo;dmpem thea compact aidﬂstonﬂeﬁen 8 8Amam alia gebusing a Spegac Press, and
crulé%%r %?eg/ﬁ%{ ad} icle sxtzF:1 o Soce)n?r%toﬁ Wﬁ?ES i %r%gp t;[gxa rgemt% had a
coppef adinpeif n@. § MoleeXd rélati vl alirfini e BoitgiiPEinathe idrdehite.
nordenite was then conpacted at 12 tonnes in a 33 mm
Catplystdot A Mﬂ!ﬂjpégﬁrgﬂ!% and then crushed and
si e .
5 SR 05 Rl e
(99H%TA|O$¢ (10.47 g &ﬁ 89)g mbtdenize)svdsiused instead ofiéapper @L) intrand

Sud hed
hergigees gtra@é%ﬁ 4@%} Mrenf 3@&'@2@353%3 S@Yfgk%d df)ca 55 mol

9, RidivatSalf ntahydrate (98% ACS) and a stirrer bar. :
O%a?lf ?cﬂ?ent ; gll%oni sed water (ca. 100 nlL) was then added
Catalystife- ChBGMdrdemhtaKﬁ‘ﬁi)BtgﬂgMiD rry. The top of the

f1ask th di d t | ef t
st ??: @n’%fﬁl"ﬁ’g?’re%%\% rag?% g?? ﬁ'ﬁan wﬂwg,w Rxgggqutwgﬁf Catalyst
D ékcbitdhat 0ty g 6 SRimVR& A fFbpaiintie ggfﬂhﬁbh/) WA5aR6d AHsRhd of

befor e beln ried in an oven at

-copper (II) nitrate and Catalyst D itself was used as the zeolite substrate instead of H-

mordenite. The resulting mordenite had a copper loading of 55 mole % and a platinum
loading of 1 mole% relative to aluminium contained in the mordenite.

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

Dimethyl ether was carbonylated in the presence of each of Catalysts C to F at a.

range of temperatures 180-350 °C and at a pressure of 70 barg. The experiments were

carried out in a pressure flow reactor unit consisting of 60 identical parallel isothermal co-

current tubular reactors of the type described in, for example, W02006107187. The
reactors were arranged in 4 blocks of 15 reactors, each block having an independent
temperature control. Only blocks 1 to 3 were used in this Example. Into each tube 50 micro
litres of catalyst (designed to give a GHSV of 4000 h') was loaded onto a meta1 sinter

having a pore size of 20 micrometers. The catalysts were heated at a raimp rate of 5 °C/
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12 hours. The nordenite was then calcined in a nuffle

oven (oven volunme = 18L) under a static atnosphere of
W@200s3468) t he fol |l ow ng tenperature programmePCIVG82008/001414

tenperature was increased frigmroomtenperature to 90

OC at a ranp rate of 3C mn and held at this

tenperature for 2 hours. The tenperature was then

increased from90 0OCte 110 OC at a ranp rate of 1 0C

minTitd) 160 (il 986 rhdle %6 N BRE Atnié1e %6 HE alathid lﬁmc &sure at a flow
tenperature was then increased from 110 O 00 oC .

ratepfi 3 mlrminp andiheld ot this tgwperstuse find hoar. d"hatrethﬁnrswas then
e GRELA 5l B B 9 LORB18s AR D, B 8 v

theh Bldhged tPE3:1 ﬁﬂ)l@% dazbdromogskide) 188 3ole™ BydRogeat, 19.9infde %6
Specac, Press, oand crushed and si eved to a particle .
nitrg perbarkl b T YoHle pipeasdlos R ich- PRy miph andibeausiemenas dgated at

B O o SR N G et i

cordifidifor® hotrs. Afté\ghﬁiibhe Weshparatied of blodks Was 3 s pdjusttdite 180, 300,

pt. that. sil.ver njtrate

anc{gig) i%rgw’u }%}Setnggagéﬁﬁceggﬂ stabiis¢ for 104pigutes. At this
pmgfc%m ﬁ&fva'ﬁeﬂ RES chhsidered LdrifiGe 'ﬁﬂ‘tﬂ@?&fsqgé’djﬁgg &aﬁ%&f/&) 63.1

eresutlng nor deni t'e had ver | oadin

‘mobeel/o cBtbommhano¥ides ] 58 imade Vohydrogennl 4:8rmolateatifregent-1.4 mole %

s BT 80 1 L B0 et

allPWARB At f6f c485 AbiS lunBerak&8 Rbnditigis Yfet® titk & feed was
potassiumtetrani troplatinate (ex Al drich) was used

changed 3. lomoledpserbopmgnoxide; 3Q.6 naﬂm%catrggepsﬂ 4rm<i>lp§/e helium and

43 e e POkt MR 2 BB 3R s were
mair@aaddr 64. 28TholE. Eh%:anstre%npﬁ@hlmét@ﬁdwms@éd tb twolgadt

relative to alum nium contained in the nordenite,
chrespaipgraphss a CerianARPOarice GEwith theseicplumnsiMolgaylarsisve SA,

Pl ) Y CRSE 7 e SSORED AT a5 g

Intérséiénce Traceg&C ofitht t&mp:&ihahmr (€P-3i86-aiddb CPOWar 52) aatch a:qulpped w1th a
pressure of 70 rg X nts were carried

flang, topisgtipn defeeior. e EPBFZ mple 2ag5 o § resshto 4 Higures 2

to 4 fiRB{AE e ﬂM lﬁjdrdg% Lbesgat 360 LALHS0 @&H#é?:’hvely In the

reactors o escrlbed in, for exa
Fig\dmmﬁdﬁaﬂzii? SW@e@iseadtfmed ap S BY fcumlyepfodmtmnbifmw{ plus the

1R dpp e araietennt FEPACH PO B So 4Gkee teea i n

Exhitpfe $X @3PbEnylhtibiP of dinteth¥iRehétGn thEintial absence of hydrogen
Dimethyl ether was carbonylafed in the presence of each of Catalysts Cto F, ata

~ range of temperatures 180-350 °C and at a pressure of 70 barg in accordance with the

experimental procedure described in Example 2 above, except that after the ‘system had

- been held for 3 hours at a temperature of 300 °C, the temperature of blocks 1 to 3 was

adjusted to 180, 300, and 350 °C respectively, the gas feed was changed to 63.1 fnole %
carbon monoxide, 35.5 mole % nitrogen and 1.4 mole % helium, and the system was
allowed to stabilise.for 10 minutes. At this point catalyst activation was considered
complete, and the gas feed was changed to 63.1 mole % carbon monoxide, 30.6 mole %

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



10

15

20

25

30

litres of catalyst (designed to give a GHSV of 4000 h

1) was | oaded onto a netal sinter having a pore size
wW@2008031B8&r onet ers. The catal ysts were heat ed BET/GBR@A1001414

rate of 5 0C/min. to 100 OCignder 98.6 nole % N and

1.4 nmole % He at atnospheric pressure at a flowrate

of 3.4 M/ mn, and held at this tenperature for 1

hour. The reactor was then pressurised to 70 barg and

mid. e $d4eti6WaS hilowadd fofvoﬁtlmfm& t4. @5 Ho@¥s uhdbrQhiese chhditigmsbefore
feed was then changed to 63.1 nple % carbon nonoxi de

the pgs fedwyas changpd to ek h molo s wanbnnem%qwd% 4§ 8rmala & hydgogen, 14.8
mo@éﬁut@é@sﬁ% élgqlg & «{liugilvt}rg% § Pgotle % cfirx%&?h@t at%rg% hg\% rate of
3. 4tmlrheuraThdse condifions Wése thdhansiitirdives. 2Hhourbell: rastults of

this condition for 3 hours. After this, the
Exaraplg drasg showngp Kigwsesator4t 0 3 was adj usted to 180, 300,

d 5 [

g?a Qc %ﬂo@&?ﬁ&%t%aﬁt e o‘fi*ﬁﬂ: }%xﬂll gﬁ%@%ﬁ? t‘éi’g? ﬁ@éﬂcg‘éf?ﬂy&rggen at

lovatetnp\mmremha&aﬁtl«dnm effete oapraductiviet. #ovaver, ahElgga‘isaxfdezbdearly '

was ch ed to 63.1 Ie % ca nonoxi.de,
- illuirpigpt BT tempem iy Bfﬁ$e%1%€£‘i‘¥%fﬁg°& G aoR gt

dm?éﬂ%l Siher mﬁie%‘q iiploR¥theRtif Sfodﬁ&tnﬁtyg Pronk F2M4 3daf bRlseen that |

The reaction was allowed to continue for
hyctragerﬂﬁis la@ueater efifdet ont preductivisy ovheh dhreszeplifecatalyshis lgaded with a -
ed was changed to 63.1 nole % carbon nonoxi de, 30.6
le % nitrogen, 1.4 nole % heliumand 4.9 nole %
Ex8inpRis b oet her at a gas flow rate of 3.4 nl/ nin.

These conditions were maintained for ca. 28 hours. The

exi Theseresamples dlmstrate theceffectef eaaying- the cabonyilstiom of dimethyl

hr.omat. o Var 4900 micro GC with three
emgoﬁtdmén%q? p%pag lree\i'l}gehr%SA Porapak(r) Q and

Ca%meﬁﬁ)atﬁﬂch equi pped with a thermal conductivity
‘detector_ and an Intersci ence Trace GC with two col ums

me

Catalyst € + Gu-Mordewite pER(EIMORh equi pped with a flane

* showaahsPR (EEaHA i YPERAN. & GlolpSV R Eplu .55 of orver

- nitextd lentipaftalydeite (8% AlCSlB}OAﬂkﬁlcmﬁﬁte@&oﬁMZ%ﬁ'aﬂﬁed to load 100g -

of Figabiiaits itasiiftato Sumitisay of Fbfen - Chetiikamighe peulting
co@ﬁ:ﬂdlag{:cly T 8&%51&,5;%5 &Q&n&hﬁ)r A6 (Pngﬂfé;agﬁgb Qe(f 2 'VE QAc

aﬁd stdih v Mm‘delilt er inthe initial absence

o LG L BN e O AR S g e v
nitf@P04 9 ACSSex . ARiridh Pidstedd SNID. £ty Wasised tdlodd 90.6¢ Bi- kiﬁ?drﬁemte

in accordance with the experinmental procedure

withessilitate alumingsasiopif 20 ie@%@ﬂrgherm@f) apd tlxemultmgt sélver lpaded
stem ha 0 urs at a tenperature of
m é’(futﬁ(‘yas %lgmtegg% radolﬁsegtgﬁoﬁbcks lto Brrpvvas

Catalyst I — H-Mordenite

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

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

1000 microns after calcining. Catalyst G, Catalyst H and Catalyst I were used in Examples
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adjusted to 180, 300, and 350 OC respectively, the gas
feed was changed to 63.1 nole % carbon nonoxide, 35.5
worpios/19488 t rogen and 1.4 nole % helium and t hECHGBR@B001414
was allowed to stabilise.for]310 mnutes. At this point
catal yst activation was considered conplete, and the
gas feed was changed to 63.1 nole % carbon nonoxi de,
30.6 nole % nitrogen, 1.4 nole % heliumand 4.9 nole %
5, ﬂaﬂaejﬁéyﬂecﬁ{,élyr at a gas flowrate of 3.4 m/mn. The
reactlon mas allomed to contlnue for ca. 85 hours
. fehimethyl ether t he gas feed was changed

Lo BBl A S0, A g it
1 nﬂ lg[&i bodds. éIHé&éacﬂtbr tabg@as fmoaiited & the dbwistéear leg bﬁa stainless steel
These condi ti ons were then mai ntai ned for ca.
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mass spectrometer and gas chromatograph for analysns From the gas chromatography
analysis of the reactor effluent for methyl acetate and acetic acid the space time yield

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

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

grams of acetic acid per hour per.litre of catalyst.

Examples S5to 9

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

products are also shown in Table 1.
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anal ysis of the reactor effluent for nethyl acetate

and acetic acid the space tine yield (STY) of acetyls
wWee@dng3s was cal cul ated as the nol ar equi val ePCT/GBR@RN01414

of acetic acid correspondi ngsto the sum of the nethyl

acetate and acetic acid produced expressed as grans of

acetic acid per hour per litre of catalyst. Exanples 5

to 9 Exanple 4 was repeated using each of Catal ysts G _

E, Flonfa 85lp Anso;{ e Egduﬁpleﬁ BLRS 5 (14RE %@&ﬁhﬁtﬁn&@ﬁs‘ﬁiﬁh@hydrogen

gas at NTP) of di nethyl ether, carbon nonoxide, helium
paraaidartgmneagmwamd sebstantiok mbremees prodect SBY. | Furthamhore, increasing

ven n.Table 1. The cal cul ted

the 3 RET UL Sreyary s R h Jetent 05t e iR 15 2E BRI hetivity. In

Exa\(rh%k q (étSEé/)uganr g&&genﬁaaam Qté@hﬁe)aﬂﬁ caiagelcsabﬁ hifffer 210 hours
Table 1Fro

. m a conpari-son of l e and
on ptreannis 66% efctbe cathlytic aeitvigafiend) howss,Hypd rrggéﬁmmaﬁt(wah the lower

R o BB O ABAERR S e

theRE@EBLARer 20 heliisS Sintllad effees 8RSeer by ¢dipariageh®feshlasst Bxample 6
catalytlc activit In Exa ngle 4 (at the higher
e

withyFaxamgler et the agsulis eEBxanaple Bxample i ¢ activity
after 210 hours on streamis 63% of the catalytlc
activity after 20 hours, but in Exanple 5 (with the
| oner hydrogen partial pressure) the catalytic
activity after 210 hours on streamwas only 36% of the
activity after 20 hours. Simlar effects are seen by
conparing the results of Exanple 6 with Exanple 7 and
the results of Exanple 8 with Exanple 9.Clains 1. A
“process for the production of nethyl acetate which
process conprises the carbonyl ation of a di met hyl
ether feed with carbon nonoxi de under substantially
anhydrous conditions, in the presence of a zeolite
catal yst effective for said carbonylation, wherein
said carbonylation is carried out at a tenperature in
the range of 240 0C to 350 OC and in the presence of
hydrogen. 2. A process according to claim1l wherein
the tenperature is in the range 275 to 350 0OC. 3. A

- process according to claim1 or claim2 wherein the
nmol ar ratio of carbon nonoxide : hydrogen is in the
range 1 : 3 to 15 : 1. 4. A process according to claim
3 wherein the nolar ratio of carbon nonoxide :
hydrogen is in the range 1 : 1 to 10 : 1.
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5. A process according to any one of the preceding

clains wherein the hydrogen is fed to the process as a
wae@anames stream 6. A process according to anRCDO82@R/001414

clains 1 to 4 wherein the hy@grogen is fed to the

process as a mxture with carbon nonoxide. 7. A

process according to claim6 wherein the m xture of

hydrogen and carbon nonoxide is produced by the steam
cifigform ng of a hydrocarbon or by the partial oxidation

of a hydrocarbon. 8. A process according to any one of

clains 1 to 6 wherein the process is carried out at a

hyd tjal in.th ge 0.1 to 50 .barg.
1 o) A praesde UE prrieian e Hralc parpiocescoppriaLee
carbénylaiohiofd dHbthHL etRer T¥ell WHE BarBaA hriofbxiBé Afider sEbstantihile

range 3 to 30 barg. 10. A process according to claim?9

anhyidenus iconditienspinotbe preserceod gizeelite gatalyst effectiyaifon gaid carbonylation,

artial pressure.in the ra 5tq 25 harg. 1 0 °
whlBit uBLAR R P gt AR E et o Mo Sra g Gao 350
and\hGhEpresdnde oPhRii8geh. i S carried out at a carbon

nonoxi de partial pressure in _the range 0.1 tq 50 barg.

2. 12. Anpioeessaseording &e ehaiy 1tvhessiy thefemperatureisip thedangsg 7> to
6Ioéi ms wherein the process is carried out at a total
préssure in the range 1 to 100 barg. 13. A process

3. acc pioagsstaocartiaigno tRinit eir elaim 2hehepein tiesimolas ratiarof cartion
out, at a total pressure ipt ange 10 to 100 '

mopgxige 1 ydragen1s ipthe rapge ) d?%yéeb{-cl ai m 13 wherein the

4. PT OCRSRcks é@@({rﬁfn%% Qlim 3twikrdif R mPaLESil o€ carBod Bfonoxide : -
range 38 to 100 barg. 15. A process according to claim
hydrégerhis irethe rarige Iprbowelds: i.s carried out at a total

ressure in the range 30 to, 80 barg. .16. [.0CeS L
5. Becch BIREPSABeaiPEdh ot poe Hang PEB g o B RS RIS Bydrogen i
fed B Pbedss bk s&pabite Gadatin nMonoxi de to di methyl et her

Isintherange 1 : 1 to 99 : 1. 17. A. process

6. acc ok giosgsstagcardingdmeny one dfeclgime ddatrghessin theshysiregeaiinfed to the
L feed i s _obtained by the catalytic

t he di rretﬂxl ethF’eb 2d ok .
ProcasiAs ASMEHI S VI OGP I8 € ar bon nonoxi de and hydr ogen

7. OVerA pRicBanRtording!th CRirf 6aMtkréR thvamXture @ iigkiragdnand carbon
- catal ysts. 18. A process according to any one_of

maposide & prgduded ibishewieare reformpiag gf abydrpearboher by the parttigleoxidatioh
of a hydrocarbon. | _

8. A process according to any one of claims 1 to 6 wherein the process is carried out
at a hydrogen partial pressure in thé range 0.1 to 50 barg. , |

9. . Aprocess according to claim 8 wherein the process is carried out at a hydrogen
partial pressure in the rarige 3 to 30 barg. A

10. A process according to claim 9 wherein the process is carried out at a hydrogen
partial pressure in the range 5 to 25 barg.

11. A process according to any one of the precediﬁg claims wherein the process is
carried out at a carbon monoxide partial pressure in the range 0.1 to 50 barg.

12. A process according to any one of the preceding claims wherein the process is
carried out at a total pressure in the range 1 to 100 barg. '

13. A process according t6 clairﬁ 12 wherein the process is carried out at a total

pressure in the range 10 to 100 barg.
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feed conprises conprises nethanol in an anount up to 5

wt% 19. A process according to any one of the
weemsast4eg cl ai n8 wherein. the zeolite is | oadeRCTUGBR008/001414

one or nore netals. 20. A prigcess according to any one

of the preceding clains wherein the zeolite contains

at | east one channel which is defined by an 8-nenber

ring. 2 1. A process according to claim?20 wherein the
14.8- MA'BBkeds 'ae&r&iﬂgw@ﬂaim $3 WHERIC MR %?&.‘e%s%ﬁf@d Bt 4t@astal
- one channel defined by a ring wth 10 and/or 12
pressardiartbe radge 3Atpitbag. according to ¢laim20 or claim

2 1 wherein the 8-nmenber,ring.channel has a. wi ndaw.
15.5; 5 & Bpogs eeetline 0 B 44 AR ghRcess3 afieflalf § ¥ ota
pregsggé)ﬁ,qh@gmtg@wwg@eﬁ of the preceding clains wherein

the zeolite has a si Igi ca: X2@3 ratio, where Xis a |
16.t r i Viapronessakearding te anyonccf the presesding elaiss wheseipithe molar ratio of

| uni ni u | | j,um.. boreon.and iron, . idy.the range 5 to

carfonoByibicme Tt udts PRt S o 57 1 he”

17.Pr eQepiodess Geedrdingth aneorie dffike greeddifeclhiass whdreianksdifethyl ether
type selected fromthe group_consisting. of MOR, FE%

feedrobsaineddnethextalyticcopyassien g mirtaen gf casben moppxide and hydrogen
wher:ej [ ' he grou

ove B! DARER Tl piethhof EngataRtn bARETE 80V e

18.gnelA piocess akEordihgno aneers @thopieding daimhsawhergih thdhdimethyl ether
the nordenite is Hnordenite. 27. A_process according

feed ompHpes comPRises BFthanal & 3B ER 19 & Wtéh- exchanged or

' t hgr.wj i .
19.?heﬁr cdss 5&%%9% W 4dy df?'k ((:)g g'%?ge&ﬁﬁlgr@zhﬁﬂs, bk HRGeblite i

roup consisting o , hickel, indium

~ loadéd with one boohormmetalsat i num pal | adi um and cobalt. 28, A

procgss accordi.ng to claim27 wherein the rdepite..ts
200 o A PR GEROIE P AR o (6 mifBiris PRin WARER The Aot
cortfih€&t 1855t Hho BhaaPPRKich & defiféd Bysh Bindmbiee singher eof . 29.
A process according to claim27 or claim28 wherein

21t he Avptaskssi ascondingdaclaim 20vherain therfi-member Ang ehaanelds i n

. .the range .l tq 200 | % ralative t R

it e et oo it Se Bl A0ty 72 mefhoers.

221 oadi Behcess dcBordity to @R@A 260r tRin 20 whetdin el Siiesnbet xing channel
alum nium 31. A process according to any one of

~ haga windowdze of atdeaghdp i3 ApgstoMEnewor k of the nordenite

2359MP ip?o%%s@a%%’ﬁin({g%@%#k gg% of the Predbdifl} ?fa%iﬁ?%h&@ﬁlr ﬂé@fzcolite has a

32. "ATprocess accor 0 any one e precedi ng
silich aKZ©3whes, aitieré Kes b afvalenbealemdat selected from at least one of aluminium,

gallium, boron and iron, in the range 5 to 100.

24 A process according to any one of the preceding claims wherein the zeolite'has a

framework type selected from the group consisting of MOR, FER, OFF and GME.

25. A process according to claim 24 wherein the zeolite is selected from the group
consisting of mordenite, ferrierite, offretite and gmelinite.

26. A process according to claim 25 wherein the mordenite is H-mordenite.

217. A process according to claim 26 wherein the mordenite is ion-exchanged or
otherwise loaded with at least one metal selected from the group consisting of copper,
nickel, iridium, silver, rhodium, platinum, palladium and cobalt.

28. A process according to claim 27 wherein the mordenite is ion-exchanged or

otherwise loaded with a metal selected from copper, silver and mixtures thereof.
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content of dinethyl ether, carbon nonoxide and the

zeolite catalyst is less than 500 ppm 33. A process
wa@emsnsti4eg to any one of the preceding clai ns MEGBRVS/001414

at | east sonme of the nethyl |gcetate product is

hydrol ysed to acetic acid. 34. A process according to

claim1l wherein the carbonylation is carried out in

the presence of a nordenite zeolite at a tenperature

in the range 30 arg and a carbon nonoxi
motdgditoaterioadihgin therangedfto 200 molYarelptive tb, al@Biniyvinpr ocess

'29.1 N WGob&S Q'é‘co?din% g&%lgﬁé 29 0B8R0 E8 whkreth the hidkal | AESAEh the

3025 G0 b FFAD GRS SR B S e o

12PmbBARG4tRe 46 Glunfinfulie range of 275 0C to 350 0C, at a
total pressure in the range 30 to 80 barg and a

31.hy dopfesesp apqording b amsenestickimp 26 tatywhereinghe framgygrk of the

mordenite comprises boron, gallium, iron or mixtures thereof.

32. . A process according to any one of the preceding claims wherein the total halide
content of dimethyl ether, carbon monoxide and the zeolite catalyst is less than 500 ppm.
33. A process according to any one of the preceding claims wherein at least some of
the methyl acetate product is hydrolysed to acetic acid.

34. A process according to claim 1 wherein the carbonylation is carried out in the

presence of a mordenite zeolite at a temperature in the range of 275 °C to 350 °C, at a total

~ pressure in the range 30 to 80 barg and a carbon monoxide : hydrogen molar ratio of 1 : 1

to4:1.

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



