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PROCESS FOR THE CARBONYLATI ONOF DI METHYL ETHER Thi s
invention relates to a process for preparing By
WO2B¥(14449%by reacting dinethyl ether with car bBﬁT/G 2008/001447
monoxi de in the presence of @ zeolite catalyst.- Methyl
acetate is used industrially in petrochem cal
processes, particularly as a feed for the production
of acetic acid and/or acetic anhydride. The commerci al
pr o S
i g Q) v SHORFHECA RION 6 w
reaction is catalysed by a Goup VIII noble netal such
as odi um, or llrl di um and al kyl iodide such as
vgRtigRrelatestoapracess gmmg%meﬂml acqtate by seacting
dmt 1@% Rlth @B troMdk il it 2 pr&Rfkel gt GRbERTLEIYsPT OP! ens
the difficulties associated with separati‘on of the
pr oM@dW!;ame matsadl yshlstuaﬂp m;mmoshdmoath procisseg) mr@dfmgr as a feed
couJ e, overcone if a

f .the
forﬁbetpé?‘g 8&%85%"3 54&¢ ﬁ’é‘ O Brdic yqu%eng an i odi de free
sol Tkk (Sbﬂirﬂér)éﬁl produb bt el PR erﬁfédﬁsgh'é?rﬁ)ggg%us llguld-

descri bes a vagour phase process or the ca
phas¢ pieeess amwhichg ?)mb@méatamemc@oaes @talyseﬂtbe afbeup ﬁHH m»ble metal

B R

of thistpadegts dre GRnse bs iddidedfhigh taﬂ@sd @cd@n@gm IprSH1EEs SR fAen
ponoxi de and hydrogen to produce at | east one of an

dﬁéﬂﬂ&tﬂ% gpsocistedavitiyseparation of ths profuctsand satglysbeampangnts from a
sin @ a@a(}ﬂ%m@e ma%ﬁéﬂeco?fdl dﬁeo%%fco%qf el 'e%% 9hs phase

m xtures thereo resence
prooess ah;lg an pdidecfreecsolid eatabet éaﬁl$bﬁp&ﬁwbpedis

hetf‘fq3‘)‘2Bﬁﬁfﬁ%ﬁg@ﬁﬂé%ﬁpéﬁrompg%g Qb rarbamRancts
metfﬁfm&l %‘ﬁ%ﬁ@ééﬁc@h@&qd R ﬁéz) s@nc%lgf bl ﬁéd dhggﬁ'hﬁ% g&gly§tat high

| east one of an ester d, aC|
tempematunesandiphessere$.. However , the use of zeolites to

Vol T 93 Rt L piissnt B cainbile coaign ata faedtock

conﬁfr@ﬁxg,%tbéﬂ nnokideind ddirol g@n ﬁﬁir@dtﬁ:@ & Rﬁst@iﬁe %ﬁn@ hlcBhol, ether and
anhydri de thereof by ‘carbonylating an aliphatic

mlxgpg%uhgqeogand rsactingcarhpamengidgevith the at least one of an alcohol, ether
and mixtures thereof in the presence of a catalyst selected from solid super acids,

heteropolyacids, clays, zeolites and molecular sieves, in the absence of a haiide promoter,
under conditions of temperature and pressure sufficient to produce at least one of an ester,
acid, acid anhydride and mixtures thereof. However, the use of zeolites to catalyse the
carbonylation reaction is not exemplified. |

WO 2005/105720 describes a process for production of a carboxylic acid and/or an. _
ester or anhydride fhereof by carbonylating an aliphatic alcohol or reactive derivative
fher'eof 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 carbqnylating under substantially anhydrous conditions

a lower alkyl ether with carbon monoxide in the presence of a mordenite or ferrierite
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thereof with carbon nonoxide in the substanti al
absence of hal ogens in the presence of a nodifie

WORBdeH® e catal yst at a tenperature in the rgﬁﬁ/@%%/om‘m

600 OC and a pressure in the,yrange 10 to 200 bar. The
use of dinethyl ether as a fé&edstock is not
exenplified. WD 2006/ 12 1778 descri bes a process for
the production of a lower alkyl ester of a |ower

QX Iic acld b arb n ti under
cafiy b ARl O e Bt B EREO Aot Frn e,
tenipetdtues mtmrbem 050 ?te dnﬂ ptéfaamryemﬁﬂ a0 11 5@ tdEHRE N80 € @
ferrieritecatal yst. Accordlng to this patent

miniglse kaprodrct formationr bony! at i on process is run at

abont e eShdihicy i W R s RRAATIED Ty HEbes e

zedlite-oathliysual catbonflugienai dintetkl @ties, it islemokétratd PBRKGX 165 °C,
45(10), 1617-1620, which describes the
inceaging the. oreentiation of dimig ether bs st effiichen Hipispagertie yield to
denn d that at 165-0C, increasing the
%cent?gﬁdg%teof di met hyl ether has no effect on the
s pahewewmf tlya ablogte-neentivhdul/prica aet ﬁ:bm pmaihy the nded fmi ew of

hetp eSO e R B (Ao AU SGhy Gecipfrom ety ether

und®¥r @%&%’u@ﬂ'}{ %hjﬂ?&tﬁ%n«ﬁﬁ@ﬁsaﬁs‘fn% 4 200neH AR lwh%hh@ suptRideto the
substanti al I y "anhydrous conditions. using a zeolite
Otheaprapsssqs usirigehcdrsonylgiehle mactant atShefe@i her pr ocesses -
- usi a bonyl at abl eac as a ow
beell eSafl bpnieoRh B & hEPTbAPIARR sfoss Sk catied BT a "
fatir€ Gn telragde of @m&h@iwoe’om 350eCiankeprebendé 66k d
n?ﬁan 250 OCal?éoe 35gt(r) 0C, in thewpresencle ofphyedro nﬁg%gdenan

a dunefhyhethey consepaatiqnp{as estak melfo based on|theiotal Tord) bighersatlytic
qfeed, higher catalytic activities are
alctfmﬁ:tseve e%:cordl ngly, the present invention provides )
a pAomémgryo thetpresent indentiongowdidestiirbsdss firahaprodudticalvf methyl

conpri ses_carbonyl atl ng, . under substantially
acegar\ g@d&"‘@éﬁﬁﬂ“ﬁ’ﬁ”&ﬁ% Car IEM fﬁg’tghy‘ll eé?%@“f‘é‘&dmwywus conditions,

 a ARSI RRY AR { % béxf‘ﬁoﬁ’&ﬁ Gfre ?xfeséﬁxg ﬂgcggg%cafs‘aotegaggrature

tenperature in the range of greater t
in th€ramge of greaheﬂpnééeﬁﬁeo 850 %C arehhltheepresadnaé yE4 zedlitecdalys
ai d. .car,bon erein agoggpgentr ti.on. of

eff%q%xg ﬁﬁldecgﬂ)&ny agog,txglirx]éé%ig ghe,concentr imethy ether is at Jeast 1

mol% based on the total feed.

For a process to be commercially viable, the space time yield (STY) of the desired
product must be of an acceptable valué. In carbonylaiion processes, carbon monoxide is
typically employed to carbonylate a reactant such as methanol or dimethyi ether. It has
been found that in carbonylation processes employing methanol, carbon monoxide and a
zeolite catalyst, that, increasing the concentration of methanol produces‘a decrease in STY.

However, it has now been surprisingly found that in carbonylation processes employing

* dimethyl ether, carbon monoxide and a zeolite catalyst, increasing the concentration of

dimethyl ether results in a corresponding increase in STY.
SThe dimethyl ether used as the feed in the process of the 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
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nmol % based on the total feed. For a process to be

comercially viable, the space tine yield (ST
WOJUS132430 pbr oduct nust be of an acceptabl e val Béq'/qlﬁ%““smm““

car bonyl ati on processes, cargon monoxi de i.s typically
enpl oyed to carbonyl ate a reactant such as nethanol or
di nethyl ether. It has been found that in
carbonyl ati on processes enpl oyi ng net hanol, " carbon

' t al t. that,. | t he .
melTBR0 o0 o AR G b e BRECEl el st
a phknlnetv\elluch ustprhdxanmam)b@mﬂgw Efhei Bitithiy ﬁl@b‘ Béintﬁllﬁ%bm'e Bnethanol. In

car bony fl tion processes enpl oyi ng di met h et her,
the PERqesTHO n‘g‘ﬁ BIESEE 1nysatign Mlmﬁ@yw efi foerd maY n@meram smyplltameounts

of SRS A AHACTEl LR 0L 85U ok oo o

inhitst tht earbemdation difhhmplhgl:eth& dtofme&l%e a@d‘tfl‘ﬁ @Pdddcf] Vet ibeéh found that
bst re dime et her

5 %ﬂfﬁ%&f %‘Fﬁ ag %@y %u%‘%qﬁ@amtmmébe F(&eraﬁeédrm!@dhmythméher

feegat al ytic conversion of synthesis gas (m xtures of 4

hydrogen and car bon nonoxi de) over et hanol synthesis
andThecatkonomonietigemay be sutsemthspere cdibos nt(ﬂi)aidyl fio€ example,

carf SR SEh AL piovi bl FBPLsE: oAt Sales: ot e gpncin

impufitie§ thabd OGS iteftered With HeRSAVHrsibRYEME ldRRethiket r'T@H&M‘lyl acetate,
ether feed may conprise small anbunts of et

S“Cb%vlt@éﬂl,tmbﬂmt prgonsmoethanegind/oe corham Hiogidesent i n the

L Nt T

w1tb den:afbmnﬂﬂoddit&le Mixéudes@t hblmgen sidcdartsn thod{dddre L&hmercially
may_. be tol erated in the dimethyl ether

h |
Pfog!éfég%t Thsteasm HATRIBE OF hyrdrogashonseand by ébeapﬁrn@uqudapgn ef
h cﬁ@d’aﬂﬁ)ﬂ TRRA%hYred g;ﬁ%)c/ Su'agyere fefrdd o:ﬂ; gF[s Sggthesxs gas

typlca Ty provide iers o

congprises mamyy cobsrainonoxipeand hydsogeh dut ﬁhay alsb cbﬁthﬁlrs‘xﬂller quantities
vvlth the conversion of the dinmethyl ether to nethyl
3{,1’ é‘l‘ ®idesych as nitrogen, helium argon, nethane

an Cﬂlﬁfabﬁfaﬂféciﬁolgt‘ b O¢ carl)@n fn%ﬁ H@C o %{ Ih%eb : %gg?%ﬁge 1:3

i nventi on, hydrogen may be sep
to 13: tthltch@Sdarltthi()ndnﬁ)rledanle kt Utces: bf hydrogen and

o RO AT b Yo RS bl ke
feedfs at least 1 mol% based on the total gaseous feed. The feed may comprise solely
dimethyl ether, hydrogen and carbon monoxide. However, as described above, commercial
sources of carbon monoxide generally contain inert gases such as argon. Inert gases such’
as nifrogen and helium may also be present in the feed.

Where the process is to be operated as a continuous process, the feed will also
include any process streams recycle‘d to the reactor, such as unreacted carbon monoxide
and/or unreacted dimethyl ether. '

Sﬁitably, dimethy] ether is present in the feed at a concentration in the range of 1
mol% to 20 mol%, for example, 1.5 mol% to 10 mol%, such as 1 to 5 mol% or 1.5t0 5
mol%, based on the total feed (including recycles).

The molar ratio of dimethyl ether to carbon monoxide is suitably in the range 1 : 1
to1:99,suchas2:1to1:60.
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hydr ocar bons. Such m xtures are commonly referred to

as synthesis gas. Synthesis gas conprises nai njgf/
WO 2BHdHonoxi de and hydrogen but may al so coREHGB2008/001447

smal l er quantities of carbongdi oxide. Suitably, the

nol ar ratio of carbon nonoxide : hydrogen may be in

the range 1 : 3 to 15 : 1, suchas 1: 1to 10 : 1,

for exanple, 1 : 1 to 4 : 1. In the process of the

reg ' [ e ' -di.net hyl et her
TR TR B e D RO AR ML R O Rl e
carbardation dfeldethyhethérorith cmlorcmonsiidetog2bdicy kit tabathte.

s LH IR T BT BT G BrF g Samtses Esperaiy ihe RrdHk ferm or
H- §5RESh YedRd e NEL ®kh cgﬁ‘ﬁﬁ §?r§v‘éﬁl9d f5thd %&8 folifif f%ye known

gases such as nitrogen and helium may al so be pre
techmquasesiched calvinatien atrhéglpteopessure SThedNd formpan e ednwasted to the

e Rt i o B RARE Tty f BN T b i pane i agmoni sl
suchak GioRturs AfRA A[I&ﬂ%iivsl?, 2R mAY BeEIhilhe sl WShig Wlown

et her. Suitably, dineth ether 1S présent in the feed
techriqugsconcentrati on in the range of 1 nol%to 20 nol %

f 1, | % 10 | % 1to5b % :
or ' ZEARERS uneie 3 Ténta ndhe Revpth B P Blerporniee B Mty Sther
chanfelygstem} or Jhetidsaual ad Sdd-pockbtsdr I&Egelayl“heeﬁxligeﬁtrdcﬁggsadr@ 8éherally

nmonoxide is suitably in the range 1 : 1 to 1 : .
12-mgerbenmngs, 10 member ringgor §membeniingse Acgokiteyaay pasgespeings of

_ diﬂ%f%%%i%% Thé zgm{tg’fgt ﬁmsgﬁ% glfecﬁerfe%eg} ﬁ&e@ﬁoﬁ@lg?%?abw@onéain au least one .

carl atron o on “nonoxi
chahnelwhichiisaelefinedyy am8-etemtber rifg AVibstgsefarablyq il 8-mlehdef tigm
sour,ce ener al NH4 form or

. \ h |
chapel P argpnrepied setiat st opmhiamel Sﬁt’frﬁ%égaﬁ eIl & padfor 12
metnBers "BhedFirdo W3ideW e dinkdl Q?Qeﬂ& ﬁmﬁ'lcﬂﬁsﬁ:fch e liheal%%ctant

hi gh ure. The e

cal cination at high tenpera orm can
dimsthyy etheeehd arbdnemandxide rhokeouley canydiffosefesely mpnfliousof the zeolite

N f. ] i h ' ith ium salts such
franfvdti AT, e Ve St AR S g TRk Ae] Sy et 2.5 x
3.6 MiphiRGIaS. SE Athis dF ZKSIONFr drRshvrk 9355 (C. Baerlocher, W. M. Meier, D. H.

Olson, 5™ ed. Elsevier, Amsterdam, 2001) in conjunction with the web-based version

(http://www.iza-structure.org/databases/) is a compendium of topological and structural

details about zeolite frameworks, including the types of ring structures present in a zeolite
and the dimensions of the channels defined by each ring type. Examples of zeolites
suitable for use in the present invention include zeolites of framework type MOR, for

example mordenite, FER, such as ferrierite, OFF, for example, offretite and GME, for

. example gmelinite.

-For the process of the present invention it is preferred that the zeolite 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 such as gallium, it is preferred that the ratio of silica : X,0; where X is a
trivalent element, such as aluminium, 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.
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Zeolites conprise a system of channels which may be
i nterconnected with other channel systens or cavities

WO 2083240 si de- pockets or cages. The ring struBFHCH200§{081447
general ly 12-menber rings, 1Q-nmenber rings or 8 nenber
rings. A zeolite may possess rings of different sizes.
The zeolites for use in the present invention
preferably contain at | east one channel which is

o iR o En IR R Sre o e 3 B Gtk it < rontepice

zedlite Theansrdénitahayiedetiplofed inte ¥dill ordd) HAAG@ENi®Y or it may be
menbers. The w ndow size of the channel systenms should '
opfignadly don-exchangedor otheswish loadpdrnithypne o mere mpi@lscaelbancopper,

. j 'HH!? £5mC -@igf . | y; jin and out of
Sllﬁ’gggke%qult e ?l?aﬂnem’r@.gn Sul ’tﬂé%?(g}pﬁlﬁ?gxwwndow size of an
i;] nihb aretal MagirxgrAmee kno]lcnmznitb lege@ltte Ik:naijt% eiprss?_?dEn ﬁ:rr(n% of the
Sfrons. e Atlas of Zeolite Framewor pes (C . .
trage] 5emBE of (ErnetRs gram gfoms of cnerper giom e (bl in the
- . - . .
mofERite! MC@ﬂgﬁﬂ%\%ﬂFé}% H@&Lﬁéfgg&?d&% %}%}te\;%g%aggf(%g}% rglatlve

version fhttp: za-str

to dumpevnd iy theghordegite thrpugh itheaethtionshilet ur al det ai | s about

Litef IE Kk [ j the t .of rj '
=t ¢ DOl NERET B tonys el rosalbma Dl @ons o
This) €or@RanPR| & 168 {ngTd. IBYprd@Giorhd Hcobp@Ser EOAIRLESinGhe mordenite

zeolites suitable for use in the present invention
equates|ted 85 mlVq loading pf ¢oppaeislative ty plamindmn if the nsmiepite

nor ' : fier.rierite F.~nhQr eXxanpl e
 orr SOPE il PSR iy B0 b o1 T 2000 % R0
aluprisioms suchfas 50 eo PL@GELIY, foReemipleo50ith 116 mvl% 15586 120 &ol%,

he zeoljte I),aS'a silica to alumna ratio of at | east
such ag 39 1, | i @pbll y | ess than or equal to 100, such as in

t herhandRichid & ‘évsfele gneag)fﬁ‘ IRifiort dﬁmg )s/i%?m mﬁl&érﬁ&m atoms,

al um nium at ons n replace ranewor
contaio iaflditionad trévabertt elements, aghga bbionngalliimiagd/for #b&r r ed

th therati&) of siljca; X200 where X is a_ trival ent

el engiste the mordenite gpnfaing iahlﬁflst@aF PT Tefe trivalgntlmeyork, the metal

102818k G theinfor@bnile®af be expressel iefeih 8Bt %18 lﬁ%?tg?&ah ﬁﬁdﬁ‘{g o??béaljnetal as

to 100, such as in the range 7 to exanple
grammteos phmetabperrgrard iatnem of wial tinalort ekerentsiin enhoxanitd) @ he metal

eolite catalyst is a nprdenite zeaglite .The nprdenite
loafiB0 cin a6 B Bopt Bx SOt Cimeragunfa G BFvAen
eleiigits ethe pidr@stide|throusin tirelaasn@arh -or ot herwi se | oaded
with one or npre netal s such as copPer ,

mol% Metal = (gram atoms Metal/gram atoms of total trivalent elements) x 100

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

It is preferred that the zeolite catalyst is activated immediately before use by
heating the zeolite at elevated temperature for at least one hour under flowing nitrogen,
carbon monoxide, hydrogen or mixtures thereof. »

The process is carried out under substantially anhydrous conditions, i.e in the
substantial absence of water. The carbonylation of dimethyl ether.to methyl acetate does

not generate water in-situ. Water has been found to inhibit the carbonylation of dimethyl |

ether to form methyl acetate. Thus, in the process of the present invention, water is kept as
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silver, nickel, indium rhodium platinum palladium

or cobalt. The netal |oading on the nordenite zeolite
WOREP/ 18258 x pressed in terns of the fractional PORGBIYISEN1447

the netal as gram atons of tal per gram at om of

alumniumin the nordenite. The nmetal |.oading can also

be expressed as a nole percentage |loading relative to

alumniumin the nordenite through the relationship :

Y = .at ' ram at Qns, al um ni. X
o B . 1o ALl LA lSh Ao B8 3hd B HBaB i hegftants
(ardlapmbyst)aee preletablyideied priot todntiaudeion info 8@ YA6RSs. HowRvaD small
mol % l.oadi ng of copper relative to aluminiumin_the
amQpRty 8 WP@F“@M&’F&%‘FW‘? wighaywt adyersebnaffacting the formatipniafanethyl
_ 1 0 . o

acd A0l wafty F) SR M difhelil b adihus BT %6 orfess,

- such2 Orfowt¥% oslesh as 55 to 110 nol % The nordenite

f K in addition to the.silicon and ‘
2l i PO e Preshl HYRARAGS EATBIRGPUL 3R feBRTpture in the range of

gretﬁieeﬂﬁﬂtzso CSeS302E, B@EMY, ﬂ&%ﬂng&%@@f#ag e lif &@-r??{%gﬁg 19350°C

he nordenite contains "at | east one or nore t
suchrag 2éhtr k25 Che netal |oading in the nordenite can be

expressed interns of.the.fractional |oading af the

et S S0P D e VAR o e Gitisd] Gt ahe Brlecion pressure
of 1 td MBl tag, sELERETT ® 100 Hahle sudh d80ith €00 Bitg. Met al | oadi ng

can al so be exgressed as a nol e percent-age | oadi ng

r el &b¢ Gias Hourly Bpncet Yelocityd(GHSY dprawitably in theange pOfk o 40:000 b,
t -ationship : nol % Metal = (gram atons

Suckg%gpwgtroair%({@né of total trivalent elenents) x 100

BecEhksprotéss of diemesehainvamiondaaiiiably dasriédoud 8y @)beﬂ%ﬁiﬁi@glyl

substantially in the absence of water, it is preferre
ethetvapoynand cagionaonoxide aps througho fixed qsifluigisedpedns thergelite

b s ded nmpl e by heating to a

cat?gﬁpdé%ng?ﬁre&eagg%% u(ﬁ?gt{s C?roé "It is preferred that the

z eoPiefezabiptthe peicessof sl prosneiventionds edreiky otnefubstentitdl in the

Bl RS, SR 50 Bl P bl 8 e for
exafipI) Todide cdhYsHt @9 fHe redctdht $Ases REmbMGI &AEr and carbon monoxide) and
catalyst is less than 500 ppm, preferably less than 100 ppm.

The primary product of the process is methyl acetate but small amounts of acetic
acid may also be produced. The methyl acetate produced by the process of the present
invention can be removed in the form of a vapour and thereafter condensed to a liquid.

The methyl acetate may be recovered and sold as such or it may be forwarded to
other chemical processes. Where the methyl acetate is recovered from the carbonylation
reaction products, some or all of it may be hydrolysed to form acetic acid. Alternatively,
the entire carbonylation reaction product may be passed to a hydrolysis stage and acetic’

acid separated thereafter. The hydrolysis may 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, préferably

. as a continuous process.

The invention is now illustrated with reference to the following Examples.
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The process is carried out under substantiallyb
anhydrous conditions, i.e in the substantial abse
‘VO&WB%&%@P The carbonyl ation of di nethyl ethePCT6Hntm0“47
nmet hyl acetate does not generate water in-situ. Water
has been found to inhibit the carbonylation of
di mnethyl ether to formnethyl acetate. Thus, in the
process of the present invention, water is kept aslow

e. To acconplish this, the dinethyl ether
Calyicprt Qfﬁtﬂ)ln oxi de reactants (and catal yst) are
CapaledteX aBl-Moddesite pri or to introduction into the

I t f t :
ot B S CHOVIDRA o hGa ikt i o201 R b was

t ol
, t ) h
e e T
tenfpefaturedWasrindreassd frohreropnoemperaaire tchﬁ)(]tfma arthmp Rate of 5¥WYmin and

o B e B ARG, S b o 055, L 15 o
in zI m é{%%ﬁls'i@’a SfechOPLBE ahd ﬂ%ﬁ c%?s%e& el % §#ﬂ§ﬂxc?e351ze

75 to 325 0C.” The process of the present 1nven

’ fraﬁayl(lfélam%%uu@gms at a total reaction pressure of 1

0..J00 barg, such as 30 to 100
Yel ocity (GHSV) is suitably

in HhMof(ﬁﬁﬂe (@Og) wlth 4911@% DurkinaTh§d o220 @R SAdicheR S %%9

The Brocess of the@fresent i nvention is suita

-Wetgaéé inteja §11¢ miyroyad bpttem ﬂ@knggeﬂeqrmﬂl @ﬁpg of cepper (1) nitrate
ne R PROHAN Bl LS SRl 00 m

wad thep addedito ehe fRuiskfuatibthick dltrey pad 6bEme@ THEp Bf @i FMakk was then

t s carr e ou substantlall in the absence
loolgqqgf/ E«g\rqlr Lo g | |tq, gpﬁrcﬂye t Flee Q(@%ﬁﬁ loaded mordenite was then

driediHaRE ﬂ:ﬁﬁééﬂl \la\fu %s:ﬁgﬁ m&%ﬁpﬁﬁﬁr I?)@'}‘okéjﬁem% gﬁ?cﬁf:ta%%v%n at 100

I odi de content o gases
°C fomd 2 hentsoThezeodise was them chlciatdinysmuffie dvea $0\te|nmhﬁﬁ)@— 18L) under

a SR HA St B 11 R Rt NPT eBse [SATQomBIRRTrS 0 500 °C
at 238Mpirkte JE 5SC/ABY afd &n R ﬁgélfé‘?rﬂ)era-ﬂ'i}‘é ORI Ndur@ 98k 3 Qlite was

produced by the process of the present invention can
them gompaeirdeat 12ronries irf o33 dig setysing a Spetac Reess and éren crushed and

sw&eﬁ%‘ g'ﬂgﬁ%le s(fzeaﬁ'zllcn%h' I0‘13|212 to 335 microns. The mordenite had a Cu loading of
55 mole % of the amount of Al contained in the mordenite. '

Catalyst C - Ag-Mordenite - Ag(55)-MOR

This zeolite was prepared in the same way as for Preparation B except that silver

 nitrate (99+% ACS) (7.16 g for 50 g mordenite) was used instead of copper (II) nitrate

hemipentahydrate (98% ACS) The mordenite so prepared had a Ag loading of 55 mole %
relative to aluminium.
Catalyst D —Ag-Mordenite - Ag(T)-MOR

This zeolite was prepared in the same way as for Preparation B except that silver

nitrate (99+% ACS) (1.82 g for 10g mordenite) was used instead of copper (II) nitrate
hemipentahydrate (98% ACS). The mordenite so prepared had a Ag loading of 70 mole %

relative to aluminium.
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The nethyl acetate may be recovered and sold as such
or it may be forwarded to other chem cal processe
WORPI818245he et hyl acetate is recovered fromtﬁ@T/GBZOOS/001447
car bonyl ati on reaction produ%ts some or all of it may
be hydrolysed to formacetic acid. Aternatively, the
entire carbonyl ation reaction product may be passed to
a hydrolysis stage and acetic acid separated
her er~_.Jhe h;dro i be carried out by known
Expe of %in—CarE t iystillation in the
- pr e MuteRobivastarbsylhtédivth ¥aribon MyRoRIde HEthe ﬁi‘é’%)én&eof Catalysts A to
operated as either a_ continuous or a batc rocess,
erogen.y The carbemiationssentiops veresrrieinat | Imav Ewssmm flow reactor

RO SRR b SAROREL sty A8t e
desbhbhi m;efmlr emmwazom%m STHd reactéro mwaﬁﬁ@ea at & 8l0Rks of 15
aIC|ned in a nmuffle oven

reaffeese ﬁacb?ﬁ%@mmg@a)l Bfleny; temanerature sonwelphnse eachitubg 23, 50 or
T =)

O BBl 00008 ol BRI o900 o

20001} eespectivelyl) ovas 2daded onw. a bl sintec/Baviidga pore sideed 20

t t 12t 33 di ysi ng
miGRIREE Ehe XS TmPHS 1t bGPt FUmB Fag S 16y Hib. o 100°C a

| t
atnﬁ@?ﬁdri@_pii\?/ebs‘f%lg %n{wexag_st 48 ﬁl?l%sz?alia 1 m% eH%:at? b ?1?%» rg@g@ y &H min,
andgheld ati this teropextyrd foa 1 haur. d"hofream)r (wax tied-préssmiise)l tnd6 barg with

o SIS A o BB OR i) B he s

feed WQI&EShaxfg&d fons fHelNz&[ndkHd mixButeftd & hdRurdd@Ingtisifds3.2 mole %
was then added to the flask until a

carbcm @Rn@‘ll‘éﬁ r1§ &mgle dbhmrﬁém 198anelp §6 pitrogereartd b2 imal¥shelium at a
I 005E) LA RIS AE ARSI el AL i
tempedtarre bEA0CE Nmeysxmmnmerﬂxeﬂdaitam‘g cONdifeH ﬁir@rhdﬁﬁ Wf@r this

| 12 h
oS e St 0 B S e

anthﬁJ: SBnT whShlowie s ta"l’nl%g&l 10 ARIPRERS (fintafal eysIQ&grélBon was

‘tenperature was | ncrease fromroom t enperat ur

* consigered complete, and the gas feed was changed to a mixture comprising 63.2 mole %

carbon monoxide, 15.8 mole % hydrogen, 14.8 mole % nitrogen, 1.2 mol% helium and 4.9

- mole % methanol at a gas flow rate of 3.4 ml/ min. The methanol was fed as a liquid to the

inlet of each reactor where it evaporated to give the afore-mentioned gas feed composition.

The experiment was then continued with the following gas mixtures.

CcO H, N, MeOH He Start time | Finish time
(mol%) (mol%) (mol%) (mol%) | (mol%) (hr) (hr)

632 15.8 148 49 12 Jo 373

632 15.8 990 |99 12 373 655

63.2 15.8 14.8 49 12 65.5 92.1

632 158 16.8 3 12 92.1 119.5

632 15.8 14.8 49 12 119.5 136.1

63.2 15.8 9.9 9.9 12 136.1 1525
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at aranp rate of 5C mn and then held at this
tenperature for 24 hours. The zeolite was the

WO2HIRJdE458d at 12 tonnes in a 33 nmdie set usPﬁ?j/G&ZOOS/OOMM

Specac Press, and then crushgd and sieved to a
particle size fraction of 21Z to 335 microns. The
nordenite had a Cu | oading of 55 nole % of the anount
of Al contained i-n the nordenite. Catalyst C -

Ag- Ag( b5 ep LN
T e G Ly A
a Viirfah 4960 19Q6 BAGEh thrée £6luthnk (VMoRRuEir SBVEISA] Béth aw@sq and CP-

used i nstead of copper (I1) nitrate heni pent ahy rate

Waoad)eagyuipnykwith ?d’éﬁﬂmbc@éu?it%ak@tohaﬂl@th@' Wasaimln’rgrscwnce ,

el RO o Sl U5 Dol k0 38) ol EquiBoedinp fome
ionisatibindetsctoe way as Eor Pr epzi\r ggl onf Er e>1<c63ptrm: g:;l (o)
%L@é@&e‘i %?%’ésé‘?‘é}o/%@pcﬁé I(S(Zrﬁ l}oqlﬁ ue ghewn in Fig. 1.
S a& Ridahest 958 AEBloduliich SPANSH I BOSPYIBRE
ing o

at Ive
pr(dhctmnmeqz(EApmulnplmdb]yMW;a@MMWMa@Acon of Met hanol )
s ,carbonyl ated with carbon nonoxide in the )
pr eE@n g & le\é?ly 85'318???:{ Atageress ?]%}cswlonﬂ%énethanol results in
a dégedreySaYi on reactions were carried out in a .pressure
fl ow react or unit consisting of 60 identical parallel
Examplehbr Garbenylation efDimethyl Bthereact ors of the type

‘ 006107187, T t
%?@‘%&ﬁﬂ#@@% W e RRRled v Sebohnddoiide indfe hERERT
CatabéisgtoeD in mqﬁmdw&f Hy@rReh athe @rifoRRlatish reacib®s W@ Rarried out

tube 25 50 or 100 mcro litres of catal yst (designed
in 4 pregurEclaiTRAStos YRK cenBTIIE 9 60 idemtion pawdie%lsgthamm GO-Chrrent

ok BBEEL 15, K ORIy b, T T T 0 v

arrauged irhe bloeks oft lSareaetm, ¢azh dlogk haviighn Iiﬁd&peﬁdénﬂ@ﬁxp@ﬁtt&é control.
nder .98. 8 nol % N2 and mol %

Intg AR g B 350 Ol OB PHEACEAF (SRoHEIeAo EiF GHSVs
corke3PRHIR 1678900.2400b 289000 meregﬁ@g@ég@l 0 i oﬁ&grbfto a mefa(] /smter

pressuri sed to 30 barg wth
ham zamjre shze of 26 muonohetas. Jthe tchtialy scsantpildsi veere heated ateotamp rate of 5

0C/ mm f. 8300 °C at atmosphenc pressure under 98.6 mol% N; and 1.4 mol% He at a flow

rate of 3.4 ml/ min, and held at this temperature for 1 hour. The reactor was then )
pressurised to 30 barg with 98.6 mol% N, and 1.4 mol% He and the system held at this
condition for 1 hour. The gas feed was then changed from the N, and helium mix to a
mixture comprising 63.1 mol % carbon monoxide, '15.8 mol % hydrogen, 19.7 mol %
nitrogen and 1.4 mol% helium at a gas flow rate of 3.4 ml/ min, and the reactors were .
heated at a ramp rate 3 °C/ min. to a temperature of 300 °C. The system was then held at
this condition for 3 hours. Subsequently, the temperatures of blocks 1 to 4 were adjusted to
275, 300, 325 and 350 °C respectively, and the system was allowed to stabilise for 10
minutes. At this point catalyst activation was considered complete, and the gas feed was
changed to a mixture comprising 63.1 mol % carbon monoxide, 15.8 mol % hydrogen,
14.8 mol % nitrogen, 1.4 mol% helium and 4.9 mol % dimethyl ether at a gas flow rate of

3.4 ml/ min. The reaction was allowed to continue for ca. 93 hours. The exit stream from
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feed was then changed fromthe N and He m xture to a

m xture conprising 63.2 nole % carbon nonoxi de,
WOIM8E33 Ny dr ogen, 19.8 nole % nitrogen and 1. chﬁ/ﬁﬁ?@‘)smm‘m

heliumat a gas flow rate of;3.4 m/ m.n, and the

reactors were heated at a ranp rate 3 OC/ mn. to a

tenperature of 300 OC. The systemwas then held at

this condition for 3 hours. After this the

t ed t 275
R3S Btk Botat T ASL S8 80 mic
GGdeitbﬁ&de tclumha(Vbleselaf dévelsh Rofagak®. inndt(l‘P-W dx9$2)teach quipped
ﬂl yst activati on was_consi dered conplete, and the

. rawy cv@émwa&héfé%mro"fbe athst wWaran kgsseience J ram. GC wathdwo
AT A T B P o

andysedectivinywdata tveas tai/erﬁgdd oxtet a2 hourlpezioddtdna s ko MmBodred as
t he .inl of each reactor where it
ample. pnyla ¥HEMCENt i oned gas feed

b M%J@ﬁﬁé&%ﬁdﬂ@; ?:@Pzddlﬁ{br& AR Sedal t&'z\ Danda

~ the follow ng gas m xt exi t streamfro
combiaed gas flevs 0p6.8 eld min Ronthegrasbonhtatinn reagtionstthe teBperavdres of

ok Bl i B B0 ) RS g F ROSITS oo

exprhiRReE tedtliie Efdch6f ERahging MHIOMB/édntedlRitRA WS coldiRted. At this
other was an Interscience Trace GC with two col umms

stagecthe gpg fesd avqg compriged of 5B lamelfe eaybopmedoxide.H S8 mpBmbydrogen.
d fory 92,1 1
143 B EAORT 4TR0R neORERAPES mplob isBhY] Singe e feahiok Bys

allcﬁ&edt tbeostingeffor 21.h hoﬂ[s @dWﬁIch Qtage fhe%h@ﬂ:dﬂ' Wi dhh@gea-lf?/ 68 Qrmol %
producti on of QAc multiplied -

carbarymbao o hmaLHgRIEESh e 4 el 5 1iEbests | igneliehalium and 2.
mogge;&ﬁ@{fa;hep imte g&ﬁg{@:ag \?%d#oo Bﬂdéf tﬂeesgr GG uoﬂsnfor 28 hours'
at Whiohe sthgd thetgb.efeed/a}sas chartged yd anﬁctum d[c;mpmrdr%cﬂ?o ]nmnb%l aziebon

t t
mORGEOISTE o Wdagsivg Gt Fioh o Babesmohd mevEnElues pei 5 ol %

dnﬂéﬂlﬁ eﬂfe?mrs?st&ln%srtﬁépﬁlﬁ rlmﬂé'i-' thes8 @BRdifbAr 08. SQBurs STY data
dentical parallel isothermal co-current tubular

wa$ averagsd 9verf the nedevappimd psted tocgenenate the ST masultsat each of Smol%,
2. SV\D%/O & q71n8‘lgl'%) E metfl)?lae%} ' The'STY results are given in Tables 1 to 3 below.

STY acetyis is defined as the STY for the productlon of AcOH plus the STY for the
production of MeOAc multiplied by MW acon/ MWneoAc.

9)
o

3

&

Table 1

i . STYacetyls STYacetyls STYacetyls

250 Deg C (g/lcat/hr) | (g/lcat/hr) (g/lcat/hr)
1.5% DME | 2.5% DME 5% DME

H-MOR — 50 pl : 29. 2.8 3.5
H-MOR - 100 pl 2.9 2.7 3.9
H-MOR — 200 pl 27 28 3.5
Cu(55)-MOR - 50 ul 7.1 8.2 11.7
Cu(55)-MOR - 100 ul 9.9 10.2 14.4
Cu(55)-MOR — 200 pl 10.4 11.3 - 17.9
Ag(55)-MOR - 50 nl 11.9 129 16.6
Ag(55)-MOR — 100 pl 11.3 122 157
Ag(55)-MOR ~ 200 pl 12.0 12.9 17.3
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arranged in 4 bl ocks of 15 reactors,
ndent tenperature control.
50 or 100 micro litres of catal yst

an i nde

Wotzwgs%ge
to give GHISVs correspondi ng
hr"1 respectively) was | oade

each bl ock having
I nto each reactor

PELGBISH01447

{0 8000, 4000 and 2000

having a pore size of 20 mcroneters.

sanpl es were heated at a ranp rate of 5 0C mn.

onto. a net al

sinter
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tenperatures of blocks 1 to 4 were 220, 250, 300 and
Tabb() -9 erh6SRGEL th¥iShdreadiild BE cdménttadR Uit Byl Ghdrdd in an

improved STY.
Example 3

In each of Experiment 1 and Example 1, carbonylation reactions were carried out at

300 °C, using 5 mol% methanol and 5 mol% dimethy] ether respectively. The STY and

selectivity data for these reactions for the time period 65-92 hours are shown in Fig. 2 and

the selectivity results are shown in Fig. 3.
STY aceryls is defined as the STY for the production of AcOH i)lus the STY for the
production of MeOAc multiplied by MW scon/ MWpeoac.

For methanol carbonylation :
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experinment to test the effect of changing the DME
concentration was conducted. At this stage the gas
WORMSH3 conprised of 63.1 nol % carbon nonoxPHE,%Bf%‘).sém““
nol % hydrogen. 14.8 nol % ni typgen, 1.4 nol % hel i um and
4.9 nol % di nethyl ether. The Teactor was allowed to
continue for 21.5 hours at which stage the gas feed -
was changed to 63.1 nol % carbon nonoxi de, 15.8 nol %

Sl et Aodoh OO el BacbRfipt 6 aci0toun -
[MeOdeJout)hed® conditions for 28 hours at which stage the

gas_feed was changed to a m xture conprising 63.1 nol
% cheslimethyhetheriearbonylagions| o5 hydrogen, 18.2 mol %

R [.% ' %-di e I ,
SelhAGSAMED A1 b A P ADME R CPOMEIBL 07 IMeQiout -
0.5 dMaBAGoh)tr®). STY data was averaged over the -

the STY results at

rel evant time periqd to geperat ;
‘ eacﬁmﬁﬂ‘ a’SWﬁPWJ‘?’Q ngdgﬁ% X i can ﬁ%?ﬂ%‘dﬁlmfh‘iﬁfb%’ty kagipn of 5 mol%

, dim%!@d Sthér pRoAHEdsSu ,r%r%Waﬁxdi s@lezﬁ‘ﬁk}ﬁx%'sﬂitst&r%rageg{}g}ﬁ’i'cgrr?oglaﬁon

acetyls i1s defined as the STYfor the
propes©emplaying dreeqSivalént condentragionchfendtimmobf MeQAC
E mul fi lied by MMCOH MAMCOAC Tabl e 1Tabl e 2 Tabl es
.=X3m e‘ nonstrate that increasing the concentration of
Cadﬂig_eph#argﬁbﬁr results in an inproved STY. Exanple 3
I each o periment 1 and Exanple 1, carbonyl ation
Catalyst i nH<Feysieritear ri ed out at 300 0OC, using 5 nol %

ST e exiite MR A Hulpe EE8Es? BEATN Whcalalipa ina

- muffle®@epandert fdaicmbsphese dflaer. ThOwmperatire Gvas Incdded B8m room

selectivity results are shown in Fig. 3. STYactyis is
tempgrafuie tp !a’éy {(h#t agamprate of AsChHminy gad held ab thintemmpersiture fordehours.

\ ColLied by i
STkt s DAheL 0,0 s L8 s
temppieb@Afdr 12thoury, AbhOHHerrierité was filefdchinpacted AHQHbms in a 62 mm die -

| set :lsiLgNE %%c%lél tP)r‘es_s, zlnlxbtl%lcén%ﬂtegi tmc} gigved to a particle size fraction of 212 to

335 microns. _
Catalyst F - Cu-Offretite - Cu(55)-Offretite |
/ To 0.3 grams of NH,4-Offretite with a silica to alumina ratio of 10 (ex Sintef) was

added 430 micro litres of a solution containing 0.3 grams of copper (1I) nitrate

. hemipentahydrate (98% ACS) per ml of water. Additione\ll water (to make the total amount

of solution added up to ca. 700 micro litres) was added at the same time and the resultant

slurry agitated on a roller bench for at least 1 hour to ensure thorough mixing. The zeolite

was then dried at 50 °C for at least 16 hours, then at 110 °C for 4 hours before being
calcined in a muffle furnace under a static étmosphere of air. The temperature for
calcination was increased from room temperature to 500 °C~a‘_[ a rate of 2 °C/ min. and then
held at this temperature for 2 hours. The Cu loaded offretite was then compacted at 12
tonnes in a 33 mm die set using a Specac Press, and then crushed and sieved to a particle
size fraction of 212 to 335 microns. The Cu-offretite had a Cu loading of ca. 55 mole %

relative to Al contained in the offretite.
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For dinmethyl ether carbonylation : Selectivity =
QA f ut + [AcC]—|]out) / ([DVE]in - [DVEJout -
WO&&?@@P&"&% - 0.5 * [MeOAC]OUt)* 100 From an |H§H&&ZPQ§WOI447
of Figs. 2 and 3.t can be sgﬁn t hat the carbonyl ati on
of 5 nol % di net hyl ether produces superi-or STY and
selectivity results conpared to a carbonyl ation
process enployi ng an equi val ent concentration of

CrTEthanoI. Eﬁaaﬁielélcatalyst Preparation Catalyst E -
1 erite with a silica to alunina
- I at IFRaMplePwhrepiad l‘is‘iﬁé SO’\ﬁﬁch kel W&tdlystéiE THA TR & (RY RfActors

under a static atITDS(f ere of air. ete erature was
(dasigned tosgitie A (GHESY 0bAG0p B ratia pressuro oﬂ@bzﬁg Afterzholding the

Lhis t ture f .
retfuf o et 8 & i el o mckli s ssiedeo S0 c
anditheapRemallowed (Pstlilisdob 10Bfinited Befede thdpas tEIWE @HaH%&i toa

for 12 hours. The Hferrierite was then conpacted
mixtpre GoHEISing H3al Bl Hngashan @emoxm dg 8amdfe badropers d 4,8 Ianlo%

R 54 A0 o5 5l A1 Ly 3 b 25 0.4 i,
Therdabign Whe slkivddero Fan Gnddr gHese SorditidNSiford 2 2 Riuir Befdiethe a
silica to.alumna ratjo of 10 (ex Sintef) was added

tempefAtyRe Yas ingreased tq)¥00a G &%‘EWW%B%NHW?& to continug der afurther
ssﬁ&ﬁ@efrhé*slrklewl{s%@ PR PHN gfwdrate (98% ACS) per
wat er . Addltlona mater 6 o make the total anount

of solution added up to ca. 700 mcro litres) was
added at the sane tine and the resultant slurry
agitated on a roller bench for at least 1 hour to
ensure thorough m xing. The zeolite was then dried at
50 OC for at |east 16 hours, then at 110 OC for 4
hours before being calcined in a nmuffle furnace under
a static atnosphere of air. The tenperature for
cal cination was increased fromroomtenperature to 500
OC at a rate of 2 0OC mn. and then
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held at this tenperature for 2 hours. The Cu | oaded
offretite was then conpacted at 12 tonnes in_a 33 nmm
WOg3P/182450 ysi ng a Specac Press, and then crushBT/&H§008/001447
sieved to a particle size fragtion of 212 to 335
m crons. The Cu-offretite had a Cu | oading of ca. 55
nole %relative to Al contained in the
offretite. Carbonyl ation of Dinmethyl Ether Exanple 1
Q%‘ﬁ&- repeated using 50 micro litres of catalysts E and
n the reactors (designed to give a GiSV of 4000 hr
1), at a pressure of 70 barg. After holding the
tenperature of the reactors at 300 OC for 3 hours the
1. ¢ enplé PERcgssonthe predustion af msthyberetits whishiprecesseomeprises |
| . .
cap O B gteE el i e LB B e B iy arous
condititrsnatractemperdtire irbth8 range o¥gleattt dpaRS0 28 183 5®PC %ad in the
nitrogen, 1.4 | % hel.ium and 4.9 nol. % di net hyl ether
pregencg o 85"*‘?1!‘8&?“?&{5%" tige Jpr gl caibanylatien, pegrain Bi¢ cppgentration of
dirdthetbr 1<0at 1443t VRHORY, HallSoh hORAAILLQNS for 32. 2 hours
before the tenperature was 1 ncreased to 300 OC.
2. Reach pmeessarscarting talkclaomd dvliapein diret Gonventfation af Gl ethdBis 1.5

. ur The STY |ts are depicted in Fig. 4.dains

to l}?m F@P%§§§¢%[°?§lﬁ§edzr oduction of methyl acetate

3. Whi GA) pRIcEsBSora NG cBaf 16PN e lonBéhtatih BRAMERERRE is 1 to
feed with carbon nonoxi de under substantially

5 moltn/bpseden dedetal feedhs, at a tenperature in the range of
o d i
o T SRR 05 Sy O OE Slte5

to Svhpi%ibasddrom thetglfeedat i on of di nethyl ether is at ,
l east 1 nol % based on the total feed. 2. A process -
3- accdt BiOREFSAsCAIiiRR e anxprs fithe Preecdirelaims whqrein the temperature is
intﬂEFﬁ&QWS%W"d.S 1.5 to 10 nol % based on the total
feed.” 3. A process according to claim1l wherein the
6. condepiocessiaoeprding do amt drye ofehdiprecédinglclaimsSwinmeitthadiagthyl ether
n the total, feed.. 4. A process according to claim3
feol AR Aed Wt SHBIE AT SHORPL ATHHEERg] CAEPHERoPSXIde 83 bydrogen
over nf@ﬂ'lé)ﬁbp@ﬁlﬁ@fsﬁ inll AfethAbPAehy8@fon catalistBr 0OCESS accordi ng

to any orie of the preceding clains wherein the
7. t enpeprcens@c¢agding to any one of the preceding claims wherein the dimethyl ether

feed comprises methanol in an amount ﬁp to 5 wt%.

" 8. A process according to any one of the preceding claims wherein the zeolite

contains at least one channel which is defined by an 8-member ring.

9. A process according to claim 8 wherein the 8-member ring channel is
interconnected with at least one channel defined by a ring with 10 and/dr 12 members.

10. A process according to‘claim 8 or claim 9 wherein the 8-member ring channel has
a window size of at least 2.5 xv 3.6 Angstroms. _‘

11. A process according to any one of the preceding claims wherein the zeolite has a
silica : X503 ratio, where X is a trivalent element, selected from aluminium, gallium, iron
and/or boron, in the range 5 to 100.

12. A process aécording to claim 11 wherein the ratio is in the range 7 to 40.

13. 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.
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Syherfprocessacgordingde claimlg wheagin ghe mer

in the range 275 to 350 0OC. 6. A process according to

an% one of the preceding clains wherein the dineth
WO 2p

I
dP24%8ed i s obtained by the catal ytic conv@FyQﬁ%X‘lﬁOOl‘m
m xtures of carbon nonoxi de d hydrogen over nethanol
synt hesi s and net hanol dehydration catal ysts. 7. A
process according to any. one of the preceding clains
wherein the dinmethyl ether feed conprises methanol in
an ar . . [.0Cess cordin 0
147 WPtk e, st T M REB TR B Sttt fm T group
comsisting iofifhoddenite Abtriepine; offteritoahd phtkiditel s defined by an
8-menber ring. 9. A process accordi n%pt_o claim8
Riteis Ebmesdeanite.
Wi t angl [ L j 10
16 na b Pofs SRt (4R T TR Baralfd B St bichatiia,r
otherwis¢ adedwith at least ohé e sEladied froinrthe gfoap Rehsisting of copper,
. W .ndow si ze of | east 2.5 .6 Angstrons. 11. A
m"gil:lo{f@élgn’a%lc‘f B @q%“mdﬁé?ﬁp%d’éﬁﬁﬁ“WWéd sealedi ng cl ai ns

17\Wherg 'Plr@)_céﬁ %c@&@ih?ttg cl3@f 18 wilekdify gle: Iﬁ@%lfﬁa{g i r-e MG Rd Sr

is a trivalent elenent, selected fromalum nium
othgewibé leaded with a areddl selettod from ¢appeih silveaand niixtures Hfdeof12.

A process accorndi o ¢laima1ll rein the ratio is. v
18 PR BRP S gEeerhg 4 slan 36 35 gt L SRt Bl Tt ey i the
mofdtRitO bt 4 PAIAE &F BirAkkeCl R 100 419 Ridlivt bfaldfPihine has. a -

framework type selected fromthe group consi sting of
19.MOR A -PiRess @rpording topEim 48 whepinthe

er eh ite is selected fromthe group
to %%n’ﬁ@s/{%?}%w%?gﬁorgéhh e, ferrierite, offretite and

20.gmeAiprbdess ackbrdify @ dSiesH wheeindhd Daliag Of dethdd] WheaRirhge 55
denjte is Hnordenite. 16. A process according ~

- the r -
LY ]t2<9‘B‘ir’Tlg/? afiye fphaluglipiuthe nordenite is i on-exchanged or

2.5 AR W e 3509, SR 0
moslehite comprises gmmlpimnbnni_ixtumlthewjfu_m and cobalt. 17. A
O SO RE ) P b lh O BRHASR. b b
con¥&lt 8F 8ttty @iRef QAR mcHok iR and Btk Zbiife Wiyt RAE&Qhan 500 ppm.
23. A i)rocess according to any one of the preceding claims wherein the process is
carried out at a pressure in the range 1 to 100 barg. |

24. A process according to claim 23 wherein the process is carried out at a pressure in
the range 10 to 100 barg |

25. A process according to any one of the preceding claims wherein the molar ratio of
carbon monoxide : hydrogen'is intherange 1:3to 15: 1. ‘

26. A process according to claim 25 wherein the molar ratio of carbon monoxide :
hydrogen is in the range 1: 1 t0 10 : 1.

27. A process according to claim 26 wherein the molar rétio of carbon monoxide :
hydrogen is in the range 1 : 1'. to4:1. |

28. A process according to any one of the preceding claims wherein at least some of

the methyl acetate product is hydrolysed to acetic acid.

eadingofi the mytal és iolthe range 50



18. A process according to claim16 or claim17

wherein the netal is present in the nordenite at
WORWSEHPH3 i n the range 1 to 200 nol % rel ative PSTKHHNBN0“47

alumnium 19. A process aCCﬂ%dlng to claim18 wherein

the | oading of the netal is the range 50 to 120

mol % rel ative to alum nium 20. A process according to

clain119 wherein the | oading of the netal is in t he

6§ 55 to 12 nql relat% g al um ni um, A

pr odeBOCEBASPA LIS 10§ aé‘ﬁ;) SHECIBANGPIRFS 1519 % ata temperature

in B earile bf DS °C (ABFON # tAE plebidhcB B 8 &Idrd it 28Rtk 8RPthe

gallium ‘iron or mxtures thereof. 22. A process
congertgationgg digethyiletherds ur the rangp &ctedi mol% basedwn ietosil feed.

the total halide content of dinmethyl ether, carbon
nonoxi de and the zeolite catalyst is |ess than 500
ppm 23. A process according to any one of the
preceding clains wherein the process is carried out at
a pressure in the range 1 to 100 barg. 24. A process
according to claim23 wherein the process is carried
out at a pressure in the range 10 to 100 barg 25. A
process according to any one of the preceding clains
wherein the nolar ratio of carbon nonoxide : hydrogen
isintherange 1 : 3 to 15 : 1. 26. A process
according to claim25 wherein the nolar ratio of
carbon nonoxi de : hydrogen is in the range 1 : 1 to 10

1. 27. A process according to claim 26 wherein the
nmol ar ratio of carbon nonoxide : hydrogen is in the
range 1 : 1 to 4 : 1. 28. A process according to any
one of the preceding clains wherein at | east sonme of
the nethyl acetate product is hydrolysed to acetic
acid.29. A process according to claim1l wherein the
process is carried out at a tenperature in the range
of 275 0C to 350 OC in the presence of a nordenite
zeolite and the concentration of dinmethyl ether is in
the range 1.5 to 5 nol % based on the total feed.



