WO 2008/132450PCT/G132008/001447 1 PROCESS FOR THE CARBONYLATION OF DIMETHYL
ETHER This invention relates to a process for preparing methyl acetate by reacting dimethyl ether
with carbon Y@ AtH&d&2#0%the presence of a zeolite catalyst. 5SMethyl acetRETEGCBIS/ MdStrially in
petrochemical processes, particularly as a feed for the production of acetic acid and/or acetic *
anhydride. = The commercial production of acetic acid is operated as a homogeneous liquid-phase
process in which the carbonylation reaction is catalysed by a Group VIII noble metal such as rhodium
or iridium and an alkyl iodide such as methyl iodide. The main drawbacks 10 of this process are the
use of iodide which E N R d3id REBSINS AT RONIOICDIIMETSEVE THERh separation of

SSFHENR GIIIN AR
the products and catalyst components from a single phase. Both of these drawbacks could be
overcome if a heterogeneous gas phase process using an iodide free solid catalyst could be
developed. EP-A-0 Bosisantivsrelpes ta ¢apmsspienstcpatne seetbylthestéebynyiatiop of 15 methanol to

produce ace( AR BHBERIR SRS 8l NP e RAICERUE £FIARL A igh temperatures and

pressures. WO '01/07393 describes a process for the catalytic conversion of a feedstock comprising

carbon monoxide A&y ARG iHuseddneestiaibain Ravedreatical dunets s erdisalarixasefedereof and

reacting carkfoptheQneuiegoy & gb@iatamgh@fepa@t;@@agj%ﬁg_ether 20 and mixtures thereof in the
presence of a catalyst selected, from er acids, heteropolyacids, clays, zeolites and molecular

olid su S
sieves, in the abse SW%%W’@'}%’@LO AtRlicsittitisperdrdamp bramgesnsaas ietdure sufficient to
produce at lqaatopertain edih teidaboit RHbNGsid6N1d CUXEKREHNE GRIuf MY thetsise of
zeolites to castacg/se hh .carbon% tion r§act[§n QSIS rao%exeggéified. 5WQ 2005/105720 describes a
process for Productior Sfa LArseutaadan dieigdigs sy P‘&F%@d‘?ﬂ@th@%%@é\’@&?ﬁﬂaﬂng an
aliphati¢Galcatichis precust wecdbeivstiv ithidde ohictiit reldadnoconosisleprobisulpdtantial absence of
halogens in f odified mordenite catalyst at a temperature in the.range 250 - 600 t
and a pressﬁ?‘% t?ég%gﬁcé%a%ﬂ%%bﬁ%%?%%églﬁ%pé?ad(ﬁ%se%ﬁylcgﬁg%% lglfgléﬂgfof&?ﬁ not exemplified.
30 WO 2006s1zkemiBageBotlbeSthess drewbais thraidrbeloetionnsf H dwercgkytastgasoftmdeower aliphatic

carboxylic acjg by carhoaylating.ypder fHRstaotally, / (o) nditions a lower alkyl ether with
carbon mon?xide in theg resence of aomorden?te or fe%%eaég%g'ZOOS/lBMSOPCT/G112008/001447

2 catalyst. Accordidd t-thi¥p aidrdesprihentsapenerbasp Brogksdar sho ceseoiy ltivarfemperatures at or

below 250 Crli-RIUAACY AL FRALHRNALL 180 olarainibise Y BradeLfgrgRation. I
Angewandte Chemie, Int. Ed. (2006), 45(10), 1617-1620, which describes the zeolite-catalysed

carbonylatioFFBPERHERI AP RASSHERS demonstrated that at 165 C, increasing the concentration of

dimethyl ether has woeifartion thecspase finryiald iR netiv-acriairiBrtutkdstriview of the
above-mentioned prior art, there rerﬁgins he need for a heterogeneousoggas hase process for the
é‘f}%ji‘ 4h

production of THEHRPSSERIB BEAYH YARO8ER 1 RTQERSs A deashrns okl cHhitshs using a
zer?lite catatl)yﬁbmk‘nf 'ehé?ﬁesiﬁra?doéatait%ec&ﬂnﬁrl a1 NEACRIBASI BiStin @aﬁb@@dthﬁﬁ%@b&b&ﬁ:ﬁﬁ@l?@mrai a feed. f
It has een foynd that if the carbonylation process is carried out at a temperature in the range o
greater'than d’&}t{c‘,‘%%%’%f?‘,’n‘{hél% é%sgﬁgee00?[‘:%?9@5%@%8&;8%%‘%%9@9%? ficentration of at least
1 mol% baséddtenopblyacitlsl fdaxc, higlits eathiytiechiacitwitic srate abidssedf a haBdepratingly, the present
invention prqyj S i m . acetate which process comprises
carbonylatin%%%%%?ﬁ%%%%%&%%& a‘?%%[}%jd%%tg @cs)%I ?t%ﬁ%lgngﬁr%gfﬂé/}lce ﬁérefaeseanv?/ﬁgacnaer 8 monoxide
in the preseﬁé@mch%/mb)gblﬂeaﬁrd eivperathersdf Heweegdhofugreefiecdhimn @50G1He356 C and in the
presence of g apaligiea RN on is not exemplified. ' ' '

25 WO 2005/105720 describes a process for production of a carboxylic acid and/or an _

450

ester or anhydride fhereof by carbonylating an aliphatic alcohol or reactive derivative
hereof 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 dimethy! ether as a feedstock is not exemplified.

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

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



20effective for said carbonylation, wherein the concentration of dimethyl ether is at least 1 mol% based
on the total feed.  For a process to be commercially viable, the space time yield (STY) of the desired
product muswée2efisaii2dbeeptable value. In carbonylation processes, carbegilyedamatielidgtypically
employed to carbonylate a reactant such as methanal or dimethyl ether. It has 25 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, increasilygttheaadignisahispatc apptivd o) ehd estbisa yitosFesRondingdicrease in STY.
30The dimethyl ether used as the feed in the,progess, of.the present invention ay, be substantially
pure dimethy %9 grra}et]‘rﬁegc?%orﬁg?(lﬁa %grgcgcé?%%eg‘fﬁaét 8?1@’6?5(}%8&8 Tﬁfﬁﬁé@atéllﬁﬂic conversion of
synthesis gagr(imixise dy-pfddtdgenasnd. carbon monoxide) over WO

20081132450PCT/ e j d | dehydration catalysts. This
catalytic co nversior? ﬁégﬁ%%gét %@ﬁ’%w@iﬁ%@ggﬁﬁg@uﬁ cﬁ.} nﬁgﬁéf’l ‘3?1%? %ﬁff ﬂ%r?aé)%lso contain
some me‘ih.ar?@pliwmb@dmhﬁhm@ipned&iniﬁhgmmmﬁte'scﬂmmhyﬂ@ﬂahhéeedlﬁﬂa‘*ﬁcomprise small
amounts of ”1@&?@98%RB%‘@Q&&L&G%H&%PHM&&PE&?%’L%' HERN éﬂ?tt SJEahiSgh 30 great as to

Sinhibit the carbonylation of dimethyl ether to methyl acetate product. It has been und that 5 wit% or
less, such asqeﬂ?b‘;&é?t?é%ﬁfefiméthanol may be tolerated in the dimethyl ether feed. The carbon

monoxide may be sybganiallicRIBR CABARDREBAYIGS: HRRMAIS F21AYA fegoxide typically

provided by suppliers of industrial gases, or it may contain 10 impurities that do not interfere with the

conversion of i ETREIHS Rt RRES PrRAss faE thaoductirn ol edad seslair fom dimsthyiatishe and/or

carbon dipxidgnder siibébatpiogestyatdhie orsesHs M¥BREORIMERERR RaK RS iRhsapasalrly or together
with the carboa}?rgonoxide. ijture%rgf h\églr %n and carbon monoxide are commercially produced by
- IR

the steam refSHAAG 6F R HTEEEB 5 ARS8 on of 15 hydrocarbons. Such mixtures
are commonly referlehimas byailfesisl gas iShnhebiagatoagrresss maelysadian monoxide and

hydrogen but may also contain smaller quantities_qf carb joxide. Suitably, the molar, ratio of
carbon monoXi gé 3 %&fir r(l)ng%lre\ e Be %ﬁe%g%%aﬁgfesqz éaﬁ%%?}% lgﬁ}ﬁ%fgsir.“ffoo%)é?'%oﬁ?f‘é’ﬂgmple, 1:1
to 4 : 1. 20In thinmibybethafchmpreston ofaeiien] thelBdrsed vatientahbfsed; hydlethertilytice feed is at
least 1 E@I%Jg@gg 0 tlaaﬁg{%hgaseous feed, The feed may comprise solely dimethyl ether, hydrogen
and carbon monoxide. However, as described above, commercial sources of carbon monoxide -

generally contain inAecgrtingl v tbh presanyinvention prvetesaphoassnivotepadddueinfimetyhlso be
present in the,fagl-diesedizainrRss daa N ARE ARG IR IS BRGRRRallg,(eed wil also

include any process streams recycled to the reéctor, such as unreacted carbon monoxide and/or
unreacted dirhéimgtsththesierdpiithrarkan prenpeidesin heprrspneneffbrdregen. @sademneribnen the range

of 1 mol% {piRO:umeles iacaxanalsb TPk te 1AIMPRE st @&t 19 OMAHsL -5 to 5 30 mol%,

based on the total feed (including recycles). = The molar ratio of dimethyl ether to’carbon monoxide
is suitadl§) in BYEGAYRATS2d eRAROgy!atiqey vikersin fhe,cpnsgniration of dimethyl ether is at least 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 carbonyle{tion processes, carbon monoxide is
typically employed to carbonylate a reactant such as methanol or dimethyi ether. It has

25  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 procésses employing

~ dimethyl ether, carbon monoxide and a zeolite catalyst, increasing the concentration of
dimethyl ether results in a corresponding increase in STY. | k

30 $The dimethyl ether used as the feed ip 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



WO 2908/132450PCT/GB2008/001447 4  The zeolite catalyst may be any zeolite which is effective
to Catalyse the carbonylation of dimethyl ether with carbon monoxide to produce methyl acetate.
Zeolites are ¥WREISIR3PHM commercial sources, generally in the Na, NHAKOWG Brobs/dawar of the
zeolite. The NH4 form can be converted to the acid (13-|-form) by known 5 techniques, such as
calcination at high temperature. The Na form can be converted to the acid (H-form) by converting first
to an NH4 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 kie irltercmnﬂnenoédymﬁthsl mitgaﬂ &féﬁkmb ﬁf_‘ﬁ@ﬁgtms@fa@ﬁ@Qﬁ%%ﬂ@ﬁ@ié@'ﬁ%@&‘?&ﬁisﬁft&?‘tges- The
ring structures are rajly 12-member rings, 10-member rings or 8 memper rings. A zeolite may
possess ringsg gocﬂgér@eﬁa%il}zlégeﬁ?g %a&tl{‘égq fg?g{]%{eef%ethéub\tégé}ﬁﬁgmé%ﬁl srare Fagihredintain at least
one channel Wiipreésssefitiepbysen Byveminb e fimeNyisitheefecabliytheniprise saher fingishannel is
interconnect L nel defined by a ring with 10 gnd/or,12 15 members. The window
size of the c%ﬁl{g{lﬁ gl{(s)ﬁ%nggfg%%u %%fj%%g?{ﬁxeﬁ%né}: AR |€'h%ﬁﬁ§/dlfl%‘?ﬁésr%8°c%aﬂb?§ Monoxide

moleculed catiifriithe feskopyiation dfitiokthy etetite fratindwortatSuritably, Hiewbaeomvisizenaf an

o member g GRRREAAKRR:A IgB6b 5 A ARGRY P, T IS Aler o fcalic Famenork Types

(C. Baerlocher, W. M. Meier, D. H. Olson, 5th ed. Elsevier,” Amste In anju ftion with the
web-based v&&on 20 (http://www iza-structure.oradatabasesl) is a compendium of topological and

structural details abprg g@gﬁfﬁﬁ@{&gwﬂgﬁﬁ peGsdingh esobringsik r ent in a zeolite
and the dimens'!ons of the channels defined by each rin%’ ype. Exampﬁegggé’e?(?ﬁ%(gaﬁslg?teéble for use in

the present i PARRAFRIGHIE PEided By Bmplse tiodustirlesasaspts imal@oitsitPER, such as
ferrieritel 0OF Emforitiathpléo atireiiefandiGMbe fervkRomme SMelifi mer (ERAIE AQaRsS of the

present invenstio}rlﬁ it isli%referig 1that the zeolite has a silica to alumina ratio of at ledst 5 but preferably

less than or Squal T L08R K YL-ATER8: FARGaRS A3dier Gerbandianiet0 to 30. Where the aluminium

atoms have been réplteguicoystrafmbeyntisamddifiariele ARG sLeRy 5 dad iparitisyeisssad that the .
ratio of silica %%X\%reor 31(6%?%(%% tﬂﬁ)&(\ ent element, such as aluminium, gallium, iron and/or boron, is
pre )

at least 5 an erably less than or equal to’ 160, QA AR s FABmEEiFiBle 10 to 30.
WO 2008/132a80rd Pia2esyoeining ofthphecerbiredinddnt the thatpilasdditioyention the zeolite

catalystjis a e zeglile. eni be.employed in the. acid form ( 14-mordenite) or it
may be?ptio%gjgﬁséébﬁgﬁglgg% %%%révq%%er Wi %)naeS s rtr%lg?ésﬁlagtg lrlTQ’J%‘F‘F§§Scopper, silver,
nickel, iridiurGORHSHRSHiaphtiPRTRenTasReNitn andduidetecs bue magtalstoemtitgnomtilermpomtéiite zeolite
may be exprgssg®dn &sas:of the fractional loading of the metal as gram atoms of metal per gram
atom of aluminium in the mardenite. The metal loading can also be expressed as a mole percentage

loading relative to atHRHHsmelarFrsieiehrasterswenoxids didrogehimainbelin tearmize [grAm atoms

Metal/gram atorss alyieinagm) x 400 19, FhusataprXampig 42 loading of 0.55 gram atoms of copper per
aluminri#m in the mordenite equa{es to a 55 mol% loading of copper relative to aluminium in the

morderfite.  SuitaBI§tREPFRRAF IS ATSIER &7 B n e coRgenERtop A elimatiketbeatveieo aluminium,

such as 50 tded@@ matist faneamstel ke bif Fasidasteab 1hd ZAdMAYestFRs@3otey0 110 mol%.
15The mord%pni{%tﬁr:i\ra%/}/c}{kdr@a in ﬁddi ion to the. iIi%{)n and aluminium atoms, contain additional
trivalent elements "sUch as borr i ShBIGIFIS: OWRNErRs s Tribrd ehecermmsEial least one
or more trivasewtcheofiesvbok, noeaxidta daerdingeimtiia matgesiteseanbargyprasseghinseims of the.

fractional loa&iH&Q%éﬂ%@ﬁ&%ﬂﬂ%@'ﬂs%t%nﬁe%fe r'f??nt?tl; eog% &;_ram atom of total trivalent elements in the

mordenite. The metal - \
25 Where the process is to be operated as a continuous process, the feed will also

include any process streams recycléd to the reactor, such as unreacted carbon monoxide
and/or unreacted dimethy! ether. '
Suitably, dimethyl 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 1.5 to 5
30 mol%, based on the total feed (including recycles).

The molar ratio of dimethy] ether to carbon monoxide is suitably in the range 1 : 1
t01:99,suchas2:1to1:60.



20 loading can also be expressed as a mole percentage loading relative to total trivalent elements in
the mordenite through the relationship : mol% Metal = (gram atoms Metal/gram atoms of total trivalent
elements) x YSD2H8dde4SE the carbonylation reaction is to be conducted sBEStERARPM4He absence of
water, ills preferred that the zeolite catalyst is dried pyior to use. The zeolite may be 25 dried, for
example by heating to a temperature of 400 to 500 C. llls preferred that the zeolite catalyst is
activated immediately before use by heating the z,eolite at elevated temperature for at least one hour
under flowing nitrogen, carbon monoxide, hydrogen or-mixtures thereof. The process is carried out
under substantially pthyerbigceshisitony beany telisovdhibsiarfitctivsencaabfsetiter. The carbonylation
of dimethy| Yoy MRl Y25 A1S VRS Dt CSRRIRIENAIRKI SibalAIRRS fegp found to inhibit the
carbonylation of dimethyl ether to form methyl acetate. Thus, in‘the process of the present invention,
water is kept as Wérobitssars 2usitpble frem sonsrouial aqusssyeensislhe isthrNgoNERdompiish this, the
dimethy! ethep afachCafaRn/B0MROIte NEBUGHTARBE SaHavish @r&pa%f&hg]@%&xm RHQWAO Introduction

into the p ocesgéHHowever small amounts of water may be tolerated without adversely affecting the

formatiort of i§ ngée%'é‘fé.%ﬁﬂﬁﬂ?}}%ﬁ%@%ﬁ%@ﬁ%&%%%ém%%ﬁ%%ﬁ&mts of 2.5
Wt% or less, aehligi-fsh) bydbhertagdirst td B NFJesE BY bR HIERARE RIBRtandsicarsgd out at a
temperature in the range af greater thgn 25Q C to 350 C. Suitably, the temperature may be in the
range 275 to%ﬁ%%%ﬁ%ﬁ’%&%ﬁ%%@@aﬂve& PG RRE LS PRSIk RNS/EINBh may be carried
out at a total rehotiprespressure 10 of 1 to 100 barg, such as 10 to 100 barg, such as 30 to 100 barg.
The Gas Hourly Spage,.Velocity (GHSV) is syitably in the range 500 to 40,000 such as, 2000 to 20,000
WI. The process of g(gl%/er%eggn fﬁls\?ean%o%le% éﬁ?& ye%a‘?’rlﬁecg ggaly b eb’ﬁ%&‘iﬂ‘@“&?&ﬁit‘ﬂxﬂ‘ Otither vapour
and carbdn rbrioxidyiemsihrcayitics finduas sifigigisddtbercagehclheolite dndatadyst mmiatdiped at the
required temperatire. . i Lot Ne,RLQGaSS: resent invention is carried out.substantially in
the absence of halideeg,rgbégh as io_cideé. B‘i? %%e?i%rﬁ%%%sﬁt‘ %I%Iﬁﬁolis{%rg%f’ ?ﬁ%ﬁs%%nﬁ%\ﬂ%e, for
example, iodfiEeeEReOf Mageliiesdar usesinclte pressmyietbrticarpfferdon sounmdt Bpstimacatalyst is

less than S0Q:pabl RS RKAREE B)aR S9R-RRE PR AR HANADRY Hhick Ghdhs aagess is methyl

acetate but small amounts of acetic acid may also be produced. The methyl acetate produced by the

process of theABda{nirresiinsqted wite ddssst/ens W%@WWWWH&@ tAerd4rtdiZcondensed to
aliquidis ThembeifyacaiatewisayRes econvened 3odmolhas SHEbueh ihmahe.fenyarded to other

chemical pror%esstgg v here the gwethyl acetate is recovered from the carbonylation 25 reaction
I

products, sofi&'d Ay BRMBPaREds me e caitifieng ekt e Rrtimksrditarbonylation
reaction prodiurhenayk Syiabdg dhovanyvelysisfingannbaasiic daitheanayales: baeafier. The
hydroelysis may, he carried qut by, known techpiques s as reactive distillatjon in the presence of an
acid catalyst.'gl'6 li\ngﬁ:rﬁgn %r%%%él)s;l?ﬁo & %%Jgrlﬁ 8we?§%e s’ é&:n&ﬁ?ﬁ%ﬁ?’o a%a’t‘é?f%r&: 'S,
preferably 3004sm, 68mtinBbesiprobestrddne, F00)ioros ureviol vettefedwelitbiefe renderio the following

Examplgs. \Waeh0Rb BadnaRtel GdAadBROR 4 L ipBIaINa! S RRAIEH0N 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
25 . 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 'gailium, it is preferred that the ratio of silica : X,0; where X is a
30 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.



Catalyst A - H-Mordenite 1-1-Mordenite (H-MOR) with a silica to alumina ratio of 20 (ex Sfid-chemie)
was calcined in a muffle oven (oven-volume = 18L) under a static atmosphere of air. The 5
temperature WRgi§¢84sed from room temperature to 500 C at a ramp raR€BEBEHH BHd then held at
this temperature for 24 hours. The mordenite was thgn 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 B - Cu-Mordenite - Cu(55)-MOR 10H-Mordenite (40 g) with a silica to alumina ratio of 20 (ex
Siid-chemie) was weighed into a 500 inL round bottomed flask together with 6.43 g of copper (Il)
nitrate hemipentahyldrere ¢B8vdiACHE)ditit prstiert ihentiBuihieieadliei@mibad iwates(aitt00 mL) was
then added t I ' ick slurr s gbtaipned. The top the(({)lask was then loosely covered
and the flask(%lé%‘ﬁg'ﬁ?ﬁhﬁé&%%ﬁe\%gg(p\)ﬁel?)iggale%en?glr%]eon| VDTS AU MENEEr reduced
vacuum usingiiieoadly/ievapetrangedbefotbdeisgldaited initironyenmort0fe@licudiRdeuppei he zeolite was

then calcinedgii,g idfile RYS OGS u%‘gt(l)%&ﬁ aﬂgﬂﬁﬁ]%%%?) tmosphere of air. The temperature

was increased from room temperature to it a ramp rate of 5C/win and then held at this
temperatdre for 24 Abgaetrhieadiogenthesmarienitmapalitonan toemmesssdimaed@aofittdie set using a

Specac Presmmam%diﬂg%ﬁﬂeaﬂ%%igiﬂi%ﬁﬁﬁfﬂfé‘ﬁl%éﬁg%ﬁ%?@n%%?nﬁd?éiﬂﬁmns- The
e rae

mordenite had a Cu loading of 55 mole % of the amount of Al contained in the mordenite. eCatalyst C

Ag-Mordenitd OK5pEs) MeretaHrading ran ase BFFRretanh ana mala aneptageiinetingrstation B except

that silver nittatg@8kimAGE ﬁoﬂ&lgtgmﬁgl@mrggﬂj&}mﬁg used instead of copper He nitrate 25
hemipentahydrate %?%A R% The mordenite sq prepared had a Ag loading of 55 mole % relative to
B! i

aluminium. Catalys OB 2y ek AlesaitEipLE) ed in the same way as for
Preparakibn Blmecéptdhansity e lcidiateof9D39ghki Slots®? @ ipelfg Marpanitihwashisaehinstead of

copper (II) nitrate 30 hepmipens ate (98% ACS).. The mordenite, so prepared had a Ag loading of
70 mole % reﬁg‘tll%gsgg gl%gmpflrﬂhﬁwz%@f&%@?ﬁ&%@é’ﬂ&tﬂ@gﬁmﬁi?’?ﬁ%@riment 1.-.

Carhonvlation of Mé&thtahb, the wksthipadingasaydrbornlatengwith icarbohmot¥iasidevintthe presence of
Catalysts A'tg D) and hydre o qﬁﬁpq lgtion reacti carried in.a pressure flow reactor
unit consisting of 60 id’entic%% pa}gle |soﬁ12¥n§)$%3§%c%%f§r?t%t%%ﬁ?(%egc f)é)é‘l éﬂlfg {%@5 described in,
for example, 233610118 moi¥fe reactors were arranged in 4 blocks of 15 reactors, each block

having 4 independgptirieRia i ERBHO MBI GAGRIMMAE d ARkl AXLMIEO litres of catalyst
(designed to give GHSVs corr'esé?onding to 8%(%)0, 40010 an%&é%%%g) Oljt{ r%%%g%ﬁ\lle y v;\i/%l)én foaded onto a

metal sinter KUiHY adfisienal savatepd slermeaihetesh ay beremalliemanihedrarere heated at a ramp rate of
5 C/ min. to 100 C ayAQeaHp arsletit RESAHIAULLL 6986 MAYANA @R WMl a6, atf flow rate of

3.4 ml/ and held at this temperature for 1 hour. The reactor was then pressurised to 30 barg with 98.8

mei% N2 andPI4ng e mondaniin saa R expiestadipdsrans of s drrespnahloadinmel thesnetsbavas then

changed frongrifieatézhabeinritapdl grenCambiivial cavaARTS ElerfchR MAle HoRARD TheRRge, 15.8
mole %zlaydr%%gp, 19.8 oke % nitrogen and 1.2 mol% hilium at a 15 gas flow rate of 3.4 ml/ min, and

the readtors Were neatéd ar a Pamp Yatdss EPHRiRerEs ing felaiveptetatfisalgitiem was then
held at this celaulitionifothd towdenikftirotiys tierééatimeatdpures of blocks 1 to 4 were adjusted to 275,

e RS L RS AN SRS e o
63.2 mole % Because the carbonylation reaction is to be conducted substantially in the absence ‘
of water, it is prefefred that the zeolite catalyst is dried prior to use. The zeolite may be
25 dried, for example by heating to a temperature of 400 to 500 °C.
It is preferred that the zeolite catalyst is activated immediately béfore use by
heating the zeolite at elevated temperature for at least one hour under flowing nitrogen,
carbon monoxide, hydrogen or-mixtures thereof. - 4
The process is carried out under substantially anhydrous conditions, i.e in tl;e
30 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



20 carbon monoxide, 15.8 mole % hydrogen, 14.8 mole % nitrogen, 1.2 mol% heligm and 4.9 mole %
methanol at a gas flow rate of 3.4 nil/ min. The methanol was fed as a liquid to the inlet of each reactor
where it evaBitaf8 1 4ile the afore-mentioned gas feed composition. TREBGBaiseNt¥as then
continued with the following gas mixtures. CO (molo/cg H2 (mol%) N2 (mol%) MeOH (mol%) He (mol%)
Start time (hr) Finish time lhr) 63.2 15.8 14.8 4.9 1.2 0 37.363.215.89.909.9 1.2 37.3 65.5 63.2 15.8

14.84.91.265.592.1
low as is feasible. To accomplish this, 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, water may be present in the dimethy] ether in amounts of 2.5 wt% or less,
5 suchas 0.5 wt% or less. , .

The process of the present invention is carried out at a temperature in the range of
greater than 250 C to 350 °C. Suitably, the temperature may be in the range 275 to 350 °C
such as 275 to 325 °C.. |

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

10 of I to 100 barg, such as 10 to 100 barg, such as 30 to 100 barg.

The Gas Hourly Space Velocity (GHSV) is suitably in the range 500 to 40,000 1",
such as 2000 to 20,000 h™'.

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

I5  catalyst mamtamed at the required temperature.

Preferably, the process of the present invention is carried out substantially in the
absence of halides, such as iodide. By the term ‘substantially’ is meant that the halide, for
example, iodide content of the reactant gases (dimethyl ether and carbon monoxide) and
catalyst is less than 500 ppm, preferably less than 100 ppm.

20 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

25 - 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

30 . as a continuous process. |

The invention is now illustrated with reference to the following Examples.



63.215.816.831.292.119563.215.814.84.91.2119.5136.163.215.89.99.91.2136.1 152.5
WO 2008/132450PCT/032008/001447 9 The exit stream from the reactor was passed to two gas
chromatograpbei3nextthese was a Varian 4900 micro GC with three calgmosiispecutar sieve 5A,
Porapak(r) Q, and CPWax-52) each quipped with a thermal conductivity detector. The other was an
Interscience Trace GC vvith two columns (CP-Sil 5 ahd CP-Wax 52) each equipped with a flame
5ionisation detector. Averaged STY results for 92.1 to 152.5 hours are shown in Fig. 1. STYacetyls is
defined as the STY for the production of AcOId plus the STY for the production of MeOAc multiplied by

MWAcon/ MWaRKE Preparation

Catalyst A - H-Mordenite ‘ )
H-Mordenite (H-MOR) with a silica to alumina ratio of 20 (ex Siid-chemie) was

calcined in a muffle oven (oven-volume = 18L) under a static atmosphere of air. The
5  temperature was increased from room temperature to 500 °C at a ramp rate of 5°C/min and
then held at this temperature for 24 hours. The mordenite was then compacfed 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 B - Cu-Mordenite - Cu(55)-MOR

10 H-Mordenite (40 g) with a silica to alumina ratio of 20 (ex Siid-chemie) was

- weighed into a 500 mL round bottomed flask together with 6.43 g of copper (II) nitrate -
hemipentahydratc (98% ACS) and a stirrer bar. Sufficient deionised water (ca. 100 mL) |
was then added to the flask until a thick slurry was obtained. The top of the flask was then
loosely covered and the flask left to stir overnight. The copper loaded mordenite was then

I5 - dried under reduced vacuum using a rotary evaporator before being dried in an oven at 100
°C for 12 hours. The zeolite was then calcined in a muffle oven (oven volume = 18L) under
a static atmosphere of air. ‘The température was increased from room temperature to 500 °C
at a ramp rate of 5°C/min and then held at this temperature for 24 hours. The zeolite was
then compacted at 12 tonnes-in a 33 mm die set using a Specac Press, and then crushed and

20  sieved to a particle size fraction of 212 t0 335 microns. The mordenite had a Cu loadmg 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
25  hemipentahydrate (98% ACS) The mordenite so prepared had a Ag loading of 55 mole %

relative to aluminium.
Catalyst D --Ag—Mordenite - Ag(70)-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 (If) nitrate
30  hemipentahydrate (98% ACS). The mordenite so prepared had a Ag loading of 70 mole %

relative to aluminium.



Fig. 1 clearly demonstrates that increasing the concentration of methanol results in 10 a decrease in
STY. Example 1 - Carbonylation of Dimethyl Ether Dimethyl ether was earbonylated with carbon
monoxide inW{E2B&IEHER of Catalysts A to D in the presence of hydrogeRCTI6SBzHAfAALioN
reactions were carried out in a pressure flow reactorémit consisting of 60 identical parallel isothermal
co-current 15 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. Into
each reactor tube 25, 50 or 100 micro litres of catalyst (designed to give (IHSVs corresponding to
8000, 4000 aEd ht'l re Sharbiiueluliamef dMethdmilto a metal sinter having a pore size of 20
micrometers. The ¢ les, were heated at a ramp rate of § 20 C/ min. 0. 100C at atmospheric
pressure under 98.§& r%ég%})oi\l%g]agﬁ PR g/om e go cl)l\}v(}’)}%}fé‘%f%. %{F?ﬁﬂ‘i?&ﬁ%@‘mﬁﬁ%
temperature #3rndiudrogie iductanborgdathmnreactionsised tarBedaangndthr@8ubeniioadidand 1.4 mol%
He and the sygiep el atiis (RAdIeR 15 N, as fee then changed from the N2 and
helium mix to a mixture (g)mprising 63.%mo1 %%gﬁg%%?n%ﬁg%ﬁ g,rvq%‘.%ﬁ:nﬁeo cg}?)rﬁﬁ%?éeggﬁ? 19.7 mol %
25 nitrogen adfseribedisideteimplar W 9380W7I8S Shardaniitnvarcathtized eadtosiwerd hieated at a
ramp rate 3 (i (e:ensmackatie ol A endthe MmN es dsh el Al Biacopdiion for 3 hours.
Subsequently, the temperatures of glocks 1pto 4 were Badjusted to §7'5, ge?% ?:gg §c

respectively, fraoditass o Gyt fdvsienedstaBine 1SS Mocamesnerding toi8Q98iA0SAtagst activation

was considergbearpigircandyeHasateacbues 3R6NaReeHiaA THYY S LO5pRESINg 63.1 mol %
carbon monoxide, 15.8 r%%\I?% h¥drogen 14.8 mol % nitrogen, 1.4 mol% helium and 4.9 mol %
fl

dimethyl ethdPSHRgIEEs i SAPRlEs Wiere PRas A ABTR B e S BiRdatdlSEat ca. 93 hours,

The exit Gtreamespherid\fe2008(hd e8P G51% B2 A8/00 WY, 12 e RAcRIVWES Rasped Lo two gas
chromatogragl%hcl)ggt %t ese was a Vagglgaérl 0 micro GC with three columns (Molecular sieve 5A,

Porapak(r) Q" &nd BB eRY t(N%i N HRIESISEte AR Pk her was an
Interscience TdowBENyitnd W& cudirnHe a0PHRisFsaendhelr athis ba)diach forUippad ThE A flame

ionisation defeciqr, ’;Sd ivity,dat s averaged over a 27 hour. period from 65 to 93
hours. Examgélééz ar%lo%n@lg |‘?)§r‘1?tl rc%%}?r&r%/ebtg V= %fmxgﬁi%)rﬁ&lé%acso ?g’ﬁgé‘%(? %%W&@og 100 or 200
micro litres ofaTaporoXide, dhd amelsibhydioges D& 06188 mitkogim. #adr BamAYbbeljiatiar reactions
the temperaneRal RGP 494 W CaAd S 2R0. A ARIAD A SSRRAINGL AlRR 2, ¢ hours the

following 10 éxperiment to test the effect of changing t conceritration was condtcted. At this

stage the gaisTapdaiis fciiprisethespgemmenthenhsbhaibinoriilitian fon disurhytifoythis 14.8 mol%
nitrogen, 1.4iRakhReliurBsdrditeR4Me04a W@@Q&Yﬁ&éﬁ%-ﬁg‘%5ﬁ?§§3ra‘i‘(§§ﬁilﬁ’@'d&%t&t?§9£§,n‘ue for 21.5

hours at which stage the gas feed was changed to 63.1 mol % carbon monoxide, 15.8 niol %
hydrogen, 172ihsevstemragalavadie siathilise fardamngtass Mehispairiaiglystaetivatien spstem was

allowed to rugbnidieedheseles diibne s 2&auEscainpkbiah siapeilesasdssgd viasahrnged to a
mixture.com rii)in 63.1 5&% 0/ngarbo oxide, 15.8 mol % hydrogen, 18.2 mol % nitro§en, 1.4

mo

mol% HeliunT ARG RORRE é?ﬁ{ﬁ%‘tﬁ‘gﬁfws%ﬁﬁlﬁ%ww%%%@miﬁ hs for 28.5

hours. STY datde Wemaharelged guefltherael@fan tilienpemae iegend e tee SR Yigartbsmt each of

5mol%, 20 2,5moal% and 1.5 mal% dimethyl ether. The STY results.are given in Tables 1 to 3 below.
e R 150 A STGRRECE B e BROieBon of

STYaceryis is defined arsetﬁ or the"produc 0
MeOAc multiphegxpgrimante@nibii/yational Fithithd fAdvdegS Bhacetyls (gileatihr) Snacetyls

(g/Ieat/hr) JGHeetyl I@!ibd‘l]’ill) st% BME T on He Start tme | Finish fime
(mol%) | (mol%) | (mol%) | (mol%) |(mol%) | (hr) (hr)
632 158 | 148 49 12 |0 373
632 158 590 |90 12 373 655
63.2 15.8 148 49 12 65.5 92.1
632 158 16.8 3 12 92.1 119.5
63.2 15.8 148 49 12 1195 136.1
632 158 9.9 9.9 12 136.1 152.5




2.5% DME 5% DME H-MOR - 50 pl 2.9 2.8 3.5 H-MOR100 pi 2.9 2.7 3.9 H-MOR - 200 pi 2.7 2.8 3.5
Cu(55)-MOR - 50 pi 7.1 8.2 11.7 Cu(55)-MOR - 100 pl 9.9 10.2 14.4 Cu(55)-MOR -200 pi 10.4 11.3
17.9 Ag(55)swOens/ 02490 11.9 12.9 PCT/GB2008/001447

The exit stream from the reactor was passed to two gas chromatographs. One of these was
a Varian 4900 rﬁicro GC with three columns (Molecular sieve 5A, Porapak® Q, and CP-
Wax-52) each quipped with a thermal conductivity detector. The other was an Interscience .
Trace GC with two columns (CP'-Sil 5 and‘CP/-Wax 52)' each equipped with a flame |
-5 ionisation detector. o _
Averaged STY results for 92.1 to 152.5 hours are shown in F ig.‘ L.
ST Yacetyss is defined as the STY for the production of AcOH plus the STY for the
production of MeOAc multiplied by MW acon/ MWneoac.
Fig. 1 clearly demonstrates that increasing the concentration of methanol results in
10 adecreasein STY. | .
- Example 1 — Carbonylation of Dimethyl Ether

Dimethyl ether was carbonylated with carbon monoxide in the presence of
Catalysts A to D in the presence of hydrogeﬂ. The carbonyiation reactions were carried out
in a pressure flow reactor unit consisting of 60 identical parallel isothermal co-current -
15  tubular reactors of the type described in, for example, W020061071 87.. The rez;ctors were
arranged in 4 blocks of 15 reactors, each block having an independent temperature control.
Into each reactor tube 25, 50 or 100 micro litres of catalyst (designed to give GHSVs
corresponding to 8000, 4000 and 2000 hr respectively) was loaded onto a metal sinter
having a pore size of 20 micrometers. The catalyst sampies were heated at a ramp rate of 5
20 °C/min. to 100 °C at atmospheric 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, 1 5.8 mol % hydrogen, 19.7 mol %

25 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

30 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 % dimethy! 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



16.6 Ag(55)-MOR - 100 pl 11.3 12.2 15.7 Ag(55)-MOR - 200 pi 12.0 12.9 17.3 WO

2008/132450PCT/GB2008/001447 11 Table 2 300 Deg C STliracetyls (g/leatilur 1.5% DME STY."tyis
cat/h/t/hr 2. 5%WOBME1RFNicetyk 5% DME ~ H-MOR.- 50 pl 10.8 13.3 18.0¢H/NI2Rs/@08pi 14.9 15.3

10

15

20

10

the reactor was passed to two gaé chromatographs. One of these was a Varian 4900 micro
GC with three columns (Molecular sieve 5A, Porapak® Q, and CP-Wax-52) each quipped

~with a thermal conductivity detector. The other was an Interscience Trace GC with two

columns (CP-Sil 5 and CP-Wax 52) each equipped with a flame ionisation detector. STY

and selectivity data was averaged over a 27 hour period from 65 to 93 hours.

Example 2 - Carbonvlation of Dimethyl Ether

Exandple 1 was repeated using 50, 100 or 200 micro litres of Catalysts A-D and a

“combined gas flow of 6.8 ml/ min. For the carbonylation reactions the temperatures of

blocks 1 to 4 were 220, 250, 300 and 350 6C respectively. After 154.4 hours the following
expériment to test the effect of changing the DME concentration was conducted. At this
stége the gas feed was comprised of 63.1 mol% carbon monoxide, 15.8 mol% hydrogen.
14.8 mol% nitrogen, 1.4 mol% helium and 4.9 mol% dimethy] ether. The reactor was
allowed to continue for 21.5 hours at which stage the gas feed was changed to 63.1 mol %
carbon monoxide, 15.8 mol % hydrogen, 17.3 mol % nitrogen, 1.4 mol% helium and 2.5 |
mol % dimethyl ether. The system was allowed to run under these conditions for 28 hours
at which stage the gas feed was changed to a mixture comprising 63.1 mol % carbon
monox'ide,' 15.8 mol % hydrogen, 18.2 mol % nitrogg:n, 1.4 mol% helium and 1.5 mol %
dimethyl ether. The éystem was then run under these conditions for 28.5 hours. STY data
was averaged over the relevant time period to generate the STY results at each of 5mol%,
2.5mol% and 1.5 mol% dimethy] ether . The STY results are given in Tables 1 to 3 below.
STY acetyis is defined as the STY for the productxon of AcOH plus the STY for the
production of MeOAc multiplied by MW acon’ MWineoac.

Table 1

. . STYacetyls STYacetyls STYacetyls

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

H-MOR - 50 ul 2.9. 2.8 3.5
H-MOR — 100 pl 2.9 2.7 3.9
H-MOR - 200 ul 2.7 2.8 3.5
Cu(55)-MOR ~ 50 pl 7.1 8.2 11.7
Cu(55)-MOR ~ 100 pl 9.9 10.2 144
Cu(55)-MOR - 200 pl 10.4 11.3 17.9
Ag(55)-MOR - 50 pl 11.9 12.9 16.6
Ag(55)-MOR ~ 100 pl 11.3 122 15.7
Ag(55)-MOR - 200 pl 12.0 12.9 17.3




20.0 H-MOR - 200 pi 15.2 17.6 19.9 Cu(55)-MOR - 50 ill 30.0 31.5 47.5 Cu(55)-MOR - 100 pl 42.2

48.9 67.0 Cu(55)-MOR - 200 pl 45.1 56.0 81.2 A(55)-MOR - 50 p1 43.7 43.1 56.7 Ag(55)-MOR - 100
PCT/GB2008/001447

pl 33.2 39.7%0.J#sg(B3FMOR -200 pi. 29.0 39.6 54.4

11

Table 2
STYacety!s STYacetyIs STYacetyls
300 Deg C (g/kcat/hr) (g/lcat/hr) (g/lcat/hr)
1.5% DME | 2.5% DME 5% DME
H-MOR — 50 ul 10.8 13.3 18.0
H-MOR - 100 pul 149 153 20.0
H-MOR - 200 pl 15.2 17.6 19.9
Cu(55)-MOR - 50 pl 30.0 31.5 47.5
Cu(55)-MOR - 100 ul 42.2 48.9 - 67.0
Cu(55)-MOR ~ 200 ul 45.1 56.0 81.2
Ag(55)-MOR - 50 ul 43.7 43.1 56.7
Ag(55)-MOR - 100 pl 33.2 39.7 57.3
Ag(55)-MOR — 200 ul 25.0 396 544
Table 3
) STYacetyls : STYacetyls STYacetyls
350 Deg C (g/lcat/hr) (g/lcat/hr) (g/lcat/hr)
1.5% DME | 2.5% DME 5% DME
H-MOR - 50 ul 12.8 15.1 19.3
H-MOR - 100 pl 14.8 17.6 22.5
H-MOR ~200 pl 12.3 15.0 20.2
Cu(55)-MOR - 50 wl 59.6 72.5 90.1
Cu(55)-MOR - 100 ul 58.5 71.0 . 101.3
Cu(55)-MOR — 200 pl - - -
Ag(55)-MOR — 50 pl 32.4 38.3 52.0
Ag(55)-MOR — 100 pl 38.3 50.6 65.0
Ag(55)-MOR - 200 pl 34.7 46.3 62.7
5 .
Tables 1-3 demonstrate that increasing the concentration of dimethyl ether results in an
improved STY.
Example 3

In each of Experiment 1 and Example 1, carbonylation reactions were carried out at
10 300 °C, using 5 mol% methanol and 5 mol% dimethyl eiher 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 acetyss is defined as the STY for the productibn of AcOH blus the STY for the
production of MeOAc multiplied by MW acon/ MW’.N;eQAc,

15 For methanol carbonylation :



Table 3 251111eif_Sgaihr STY.tylsi 1.5% DME STYacetyls eat/hr) STYacetyis (g/leat/ht) 5% DME
2.5% DME H-MOR - 50 pi 12.8 15.1 19.3 H-MOR - 100 pl 14.8 17.6 22.5 1-I-MOR - 200 pl 12.3 15.0
20.2 Cu(55)WADm8/5845059.6 72.5 90.1 Cu(55)-MOR - 100 pi PCT/GB2008/001447
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Selectivity = ((MeOAc]out + [AcOH]out) / ((MeOHJin - [MeOHjout — (2 * [Me20]out) -
[MeOAc]out)*100

For dimethyl ether carbonylation : ’
Selectivity = ((MeOAc]out + [AcOH]Jout) / ([DME]in - [DME]out — 0.5 * [MeOHJout —

5  0.5* [MeOAc]out)*100
From an inspection of Figs. 2 and 3 it can be seen that the carbonylation of 5 mol%
. dimethyl ether produces su_périor STY and selectivity results compared to a carbonylation

process employing an equivalent concentration of methanol. |

: Example 4
10 Catalyst Preparation

Catalyst E — H-Ferrierite
NHj-Ferrierite with a silica to alumina ratio of 55 (ex Zeolyst) was calcined in a

- muffle oven under a static atmosphere of air. The temperature was increased from room
temperature to 110 °C at a ramp rate bf 5 °C/ min. and held at this temperature for 2 hours.
15 The temperature was then increased to 450 °C at a ramp rate of 5 °C/ min and held at this
temperature for 12 hours. The H-ferrierite 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.
Catah@t F- Cu-Offretlte Cu(55)-Offretite .
20 To 0.3 grams of NH,-Offretite with a silica to alumina ratio of 10 (ex Smtef) was

added 430 micro litres of a solution containing 0. 3 grams of copper (II) nitrate
~hemipentahydrate (98% ACS) per ml of water. Addltxonz\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
25 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 étxnosphere of air. The temperature for
calcination was increased from room temperature to 500 °C~at a rate of 2 °C/ min. and then
held at this temperature for 2 hours. The 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
30  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.



58.5 71.0 101.3 Cu(55)-OR- 200 pi - - Ag(55)-MOR -50 pl 32.4 38.3 52.0 Ag(55)-MOR - 100 RI 38,3
50.6 65.0 Ag(55)-MOR - 200 IA 34.7 46.3 62.7 5 Tables 1-3 demonstrate that increasing the
concentratioY ORNBE4Y ether results in an improved STY. Example 3 IREEHEBWVE Idéiment 1 and
Example 1, carbonylation reactions were carried out1 t 10 300 C, using 5 mol% methanol and 5 mol%
dirnethyl 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. - STYaceiyis is defined as
the STY for the production of AcOH plus the STY for the production of MeOAc multiplied by MW/ -

AcOH - MeOAtatbémyistioihaf Dimeth@BiREeN :

Example 1 was repeated using 50 micro litres of catalysts E and F in the reactors
(designed to give a GHSV of 4000 hr"), at a pressure of 70 barg. After holding the

temperature of the reactors at 300 °C for 3 hours the temperature was adjustéd to 180 °C

5  and the system allowed to s;abilise for 10 minutes before 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 % dimethy! ether at a gas flow rate of 3.4 ml/ min.
The reaction was allowed to run under these conditions for 322 hoﬁrs before the
temperature was increased to 300 °C. Reacﬁon was then allowed to continue for a further

10 88 hourg‘ The STY results are depicted in Fig. 4.
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30



12 Selectivity = ((MeOAc]out + [AcOH]out) / aMeOH]in -OH]out - (2 Me20]out) - [MeOAe]out)*100 For
dimethyl ether carbonylation :  Selectivity = aMeOAcjout + [AcOlijout) / aDME)in - [DME]out - 0.5 *
[MeO1-11lout - 5 0.5 * [MK:IA/out)* 100 From an inspection of Figs 2 and 3 it can be seen that the
earbonylation of 5 mol% dimethyl ether produces superior STY and selectivity results,compared to a
carbonylation process employing an equivalent concelrtration of methanol. Example ﬁ gg'égtalyst
Preparation Catalyst E II-Ferrierite N1114-Ferrierite with a silica to alumina ratio of 55 (ex Zeolyst)
was calcined i&limsiffle oven under a static atmosphere of air. The temperature was increased from
room temperature to 110 C at a ramp rate of 5 "Cl min, and held at this temperature for 2 hours. 15
The temperature was then increased to 450C at a ramp rate of 5 "CI min and held at this temperature
for 12 hours. The H-fetrigaesswagrtierpeefupiaetet melyloapicivh g3 MR BIPISRig a Specac

Press, and thep, giished RNASIRVeR 13 AP ALK Dize AR A5 3d 1P RSBrRIGIanss HRIAJYSE F -
Cu-Offretite - Cu(55)-Offretite 20To 0.3 grams of NH4-Offretite with a silica to alumina ratio of 10 (ex

Sintef) wa$é addedruseraars sl capH TRt IR WaiFain o5 edipeh It HrthyL cther

hemipentahydiate, (88%0A6E) BN Rflvatar Addiionalwatendiaipake shatatahamagntabsolution
added up to ca. 700 micro litres) was added at the same time and the resultant slurry agitated on a

roller bench for 28 1628 RS PECER & tRGRAH AR, STREDE S 2K FERIRERIEH VAESHC for at

least 16 hoursitbepmnatddiienfer dihruisikeheresheingscaleined basemoiifie fusnagesdnder a static
atmosphere of air. The temperature for calcination was increased from room_temperature to 500 C at a
rate of 2 C/ mift-and tHeRISRISRGAR 4RI R PP PS RBURS SHIETH59884 g‘?ﬁgﬁ’tﬁ\ﬁi{grﬁen

compacted at 13 tenes 198 Baedoiresetdisirg.a Specac Press, and then crushed and sieved to a
particle 30 size fraction of 212 to 335.microns, The Cu-offretite had u loading gf ca. .55 mole %
relative to Al contained FARSHHEM P%?@&}Bb%ﬁ%ﬁ&%ﬁ%?%% éﬂ%r(%ggﬁ%&gif %%rsl?epeated
using 50 microilisresoihoialysisdoanitkinalhed®actors (designed to give a GHSV of 4000 hi'), at a

pressure of 70 parg. After hoIding thg.tem{i)erature of.the realc%org\% 3199ntt or %Oq%urcsoglrt\ael ter‘qperature
was adjusted t6'180 t 5 BIRSTHESGSIREILIELHS SEABHEE foroLd TS tas Befsreth

e gasnfse%d was
changed to a méxtuacohaphising & 1sriefifedchybor8mandadeints.8 mol % hydrogen, 14.8 mol %

nitrogen, 1.4 mSoI% heljum and 4.9 mal % dirpeth I&Héregia;[ a.9as go egarg% ofﬁaénreqlgsmin. The reaction
was allowéd to’run undePiE&R SR i%‘%gof%ra 395 Rours el?ore en%empel%fure was increased to 300
C. Reaction wastthemadloededith eohtistienfoctafueihdahoB8yhotirs Wik BTandésulmembepicted in

Fig. 4. 15 20 Zg 14M SLLg Claims Cil Era%giéjﬁ ?11‘8£ ‘t’%% rgsrqd%c i%;hggegl{wh%réyzle%q%aitses? [ﬁéghdprocess

A
. . 10 esse% COT ]ﬁlgt 8
comprises carbOnyIatln a dimetnyil e rree carpon monoxiae In the presence or nyarogen

from the group consisting of mordenite, ferrierite, offretite and gmelinite.
7. A process according to claim 6 wherein the mordenite is selected from H-

20  mordenite or a mordenite 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.

8. A process according to claim 7 wherein the mordenite is loaded with a metal
selected from copper, silver and mixtures thereof.

25 9. A process according to claim 7 or claim 8 wherein the mordenite is loaded with
the metal in the range 55 to 120 mol% relative to aluminium.

10. A process according to any one of claims 1 to 9 wherein the process is carried
out at a pressure in the range 10 to 100 barg
11. A process according to any one of claims 1 to 10 wherein the molar ratio of

30  carbon monoxide : hydrogen is in the range 1 : 3 to 15 : 1.

12. A process according to any one of claims 1 to 11 wherein at least some of the

methyl acetate product is hydrolysed to acetic acid.



5 under substantially anhydrous conditions wherein water is present in the dimethyl ether in an amount
of 2.5wt% or less, at a temperature in the range of greater than 250C to 350C and in the presence of a
zeolite catalyst effective for said carbonylation, wherein the concentration of dimethyl ether is at least 1
mol% based on the total feed. 2. A process according to claim 1 wherein the concentrati%%fL(éiwethyl
ether is 101.5 to 10 mol% based on the total feed. 3IA process according to claim 2 wherein the
concentration of diniethyl ether is 1.5 to 5 mol% based on the total feed. 4. A process according to
any one of claims 1 to 3 wherein the zeolite contains at least one channel which is defined by an
8-member ring. 155,A process according to claim 4 wherein the 8-member.ring channel is
interconnectg% Withpé. 83?sst‘§oanceg0(§%%%%q afeéﬁrﬁleid%yezraelr?n%evﬁ{ﬁcfésa{%8?&li(iomear%%£errsrfpga%rﬁrocess
according toimthe omezobERTIME 1 tto35 WHereiththeczeoliteo Fasatedtadiéroen]tireagdatip consisting of
mordenite. feyrieri. allietis and amelinite. 4 process acearding 1o claim 6 wherein the mordenite
is selected from ?‘:DIE mordenite or a mor en&e ilon- xchange(rfor otherwise loaded with at least one
metal selected from the group consisting of copper, nickel, iridium, 'silver, rhodium, platinum, palladium
and cobalt. S.A process according to claim 7 wherein the mordenite is loaded with a metal selected
from copper, silver and mixtures thereof. 259.A process according to claim 7 or claim 8 wherein the
mordenite is loaded with the metal in the range 55 to 120 rnol% relative to aluminium. 10. A process
according to any one of claims 1 to 9 wherein the process is carried out at a pressure in the range 10
to 100 burg 11. A process according to any one of claims 1 to 10 wherein the molar ratio of 30carbon
monoxide : hydrogenisintherange 1: 3to 15: 1. 12. A process according to any one of claims 1 to
11 wherein at least some of the methyl acetate product is hydrolysed to acetic acid. 15MC SL.LP
13.A process according to claim 1 wherein the process is carried out at a temperature in the range of
275 1 to 350 C in the presence of a mordenite zeolite and the concentration of dimethyl ether is in the
range 1.5 to 5 mol% based on the total feed.



