1 CARBONYLATI ON PROCESS FOR THE PRODUCTI ON OF METHYL ACETATE Thi s
invention relates to a carbonyl ati on process for the production of nethyl
acet at e Swbyoregmttoong di met hyl et her with carbon nonoxi ®#€TiGB2MWNRPIIEsENCE
of added methyl acetate and/or acetic;acid and a nordenite catal yst. Liquid
phase carbonyl ati on processes such as the carbonyl ati on of nethanol and/or
reactive derivatives thereof in the presence of honpbgeneous catal ysts to
produce acetic acid are operated commercially. Gas phase carbonyl ation
processes enpl ayi.ng e, aﬁ% 0, AR i et h ot he i r QQengeous
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process for the carbonyl ati on of mAdEIWIEt O produce acetic acid at high
tenperatures and pressures in the presence of a nordenite catal yst which
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WO 2005/105720 describes a process for production of a carboxylic acid and/or an

ester or anhydride thereof by carbonylating an aliphatic alcohol or reactive derivative
thereof with carbon monoxide in the substantial absence of halogens at a temperature in the
range 250 — 600 °C and a pressure in the range 10 to 200 bar in the presence of a mordenite
25  catalyst which has been modified with copper, nickel, iridium, rhodium or cobalt and has
as framework elements, silicon, aluminium, and at least one of gallium, boron and iron.
WO 2006/121778 describes a process for the production of a lower alkyl ester of a
lower aliphatic carboxylic acid by carbonylating under substantially anhydrous conditions
a lower alkyl ether, such as dimethyl ether, with carbon monoxide in the presence of a
30  mordenite or ferrierite catalyst.
A disadvantage of conducting carbonylation reactions in the presence of a zeolite

catalyst such as a mordenite is that selectivity to the carbonylation product methyl acetate



5f or exanpl e, xyl enes. Thus, it would be advantageous if such
by-product formation in nordenite catal ysed carbonyl ati on processes to
produce rEOiY10/@tBPat e coul d be reduced. It has nowPb&&iB2benededshat i f
t he carbonylation reaction is conducteg in the presence of added nethyl
acetate (that is, nmethyl acetate which is in addition to that produced as a
10 product of the carbonyl ation reaction between di nethyl ether and carbon
nonoxi de) and/or acetic acid, the formation of by-products is reduced.
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added to at | east one of said reaction zone(s). 30The process of
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Thus, the present invention further provides for the use of at least one of methyl
25  acetate and acetic acid in a carbonylation process to reduce the formation of by-products,
wherein said process comprises carbonylating dimethyl ether with carbon monoxide in one
or more carbonylation reaction zbne(s) in the presence of a mordenite catalyst to produce
methyl acetate product, characterised in that at least one of methyl acetate and acetic acid
is added to at least one of said reaction zone(s). _
30 The process of the present invention is a carbonylation process in which dimethyl

ether is carbonylated with carbon monoxide to produce methyl acetate. The dimethyl ether

may be substantially pure or may contain small quantities of inert impurities. In



Suitably, dinmethyl ether is introduced into a reaction zone at a
concentration in the range of at least 1.0 nmol%to 20 nol % . for exanple,
1.5 nol %W 200/06016% such as 2.5 to 5 nol % based on t h@CT&IBAIYHRI@OUS
feeds (including recycles) to the reaction zone. Wiere 15 nore than one
reaction zone is enployed, the concentration of dinmethyl ether introduced
into each reaction zone can be the sane or different. The di nmethyl ether
introduced into a reaction zone may be fresh and/or recycle dinethyl ether.
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reaction zone may include nethyl acetate, acetic acid, hydrogen and inert
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Sui t abl y, ace ate may {o a reac n an anount of 5
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Preferably, methyl acetate |s adde (g in an anpunt jn the range 0.05 nol %to
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t ot al gase cl.udi ng.re | e Where acetic acid is added,
it reacts? OPﬁteE‘?H’E‘E"I%X ctnap W@%ﬁ‘ﬁf’“ﬁ% a reaction zone to generate nethyl
acetate and mRithanQlimeSyl bk 1}!mtltolflﬁcéﬂrlﬁﬂérl{reéﬁtloﬁ%ﬁéja@&&)fn'c@nt?a@]bg il el N the

range (greater than 0 1 nol % based on the total cigaseous f eeds

fo
(i ncl udi mangeeafyat leass)l. 8m@i% XA mol’%, for axande.rlahgel’0 ta 19 enadvegsusblas.5 to  The
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di rethyl ether to a reaction zone. acetate may be introduced
into a rdROIRENTAGHRD 2080 canRnhesaRg Pr @éfge ext- ﬁhf }a%lret%eg iptEedRePEIniRt hy |
acetate. reacnon'%bﬁeerhﬁﬁbé Yx%élyarfa?orqgéiicfe'&?ﬁ@ﬂhwethé‘fm hyl acetate product from
one reaction zone nay be added to"a successive reaction zone.

In addition to dimethyl ether and carbon monoxide, the gaseous feeds to a reaction

zone may include methyl acetate, acetic acid, hydrogen and inert gases, such as nitrogen,
20 helium and argon.

In the process of the present invention, at least one of methyl acetate and acetic acid
is added to at least one reaction zone. Where more than one reaction zone is employed,
methyl acetate and/or acetic acid may be added to some but not necessarily all of the
reaction zones employed.

25 Where methyl acetate is added to a reaction zone, the molar ratio of methyl acetate to
dimethyl ether is suitably, in the range 1 : 100to 5 : 1, suchas1:10to3: 1.

Suitably, methyl acetate may be added to a reaction zone in an amount of 5 mol% or
less, based on the total gaseous feeds (including recycles). Preferably, methyl acetate is
added in an amount in the range 0.05 mol% to 5 mol%, such as 0.5 to 5 mol% based on the

30 total gaseous feeds (including recycles).
Suitably, where dim_ethyl ether is introduced into a reaction zone in an amount of 5

mol%, methyl acetate is suitably present in an amount of 0.5 to 2.5 mol% based on the



The nethyl acetate and acetic acid may be fed to a reaction zone as a

vapour or they can be fed as a liquid to a pre-vapourisation zone, where
t hey are weporvesewopri or to contact 15with the catal yst PCT/GB200%102696

preferred enbodi nent, at |east 2 reaction zones connected in series, such
as 2 to 30 reaction zones, are enployed and di methyl ether is introduced
into one or nore of these reaction zones as fresh di nethyl ether together
with at | east one of fresh and/or recycle nethyl acetate and acetic acid.

20The carpanRRREs ((RY IS SR3dsgntial |y pure carbon nonoxide, for
exanpl e, car %on nonoxi de typically provided by suppliers of industrial

gases, or it Where eeaticacrd is apdad; tiresststwitht didwthybethenpreseheine mittiontdoge to
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car bon nonoxi de and hydrogen may be fed to a reaction zone as a m xture.
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contain smaller quantitjes of carbon dioxide. 30Suitably, the nolar ratio
of car borACRdM¥HY B8Y De figrrenaaiclnigy ohéogether wathdinglylisthes tg g repstion gonesych as
1: 1 to 10: %Iy 3 %a0Rk Saavle i s : r, i in the
process, it %}?gﬁh}gr ese%t agt eé&tégcgltc?%fnjc%? g{&ggﬁe%ég agtg% %@tb?f SRR
2010/1061 1:68RCH¢ (82C0 cfi}26&Hatb. | east 0. 1 barg, such as Ito 30 barg. The

nmol ar ratio of car.baon nmonoxide to dipethyl ether.is suitably in the range
T 6 60, iteGilinel T3 Aoy Gty Seefhle e e otrges ipnieS pieg B o
t he presefiied RVERktQBive SeadtibPssigni te zeolite. The 5structure of nordenite
is well known and defined, for exanple, in The Atlas of Zeolite Framework

Types (C. Badhroutisf acapate pnd pestieacidmaybe fefl sonreastidn zege afh yepdusor they
Anst er da The . web- version . .
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and sitsr uowith the catatysi.| s about zeolites including nordenite. Mordenite is
commercially avail abl e as Na-nordenite, NH4-nordenite or H 10nordenite.

For use as t hd2BHiersrambadimen. #dsasbhigasionprnss enesgedm eHes rdisasr to

I nventi oM reaction zones, are employed and dimethyl ether is introduced into one or more of these
reaction zones as fresh dimethyl ether together with at least one of fresh and/or recycle
methyl acetate and acetic acid.

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

The process of the present invention may be carried out in the presence of hydrogen.

25  Suitably, carbon monoxide and hydrogen may be fed to a reaction zone as a mixture.
Mixtures of hydrogen and carbon monoxide are commercially produced by the steam
reforming of hydrocarbons and by the partial oxidation of hydrocarbons. Such mixtures are
commonly referred to as synthesis gas. Synthesis gas comprises mainly carbon monoxide
and hydrogen but may also contain smalier quantities of carbon dioxide.

30 Suitably, the molar ratio of carbon monoxide : hydrogen may be in the range 1 : 3 to
15:1,suchas1:1to10:1, forexample, 1:1to4:1.

Where hydrogen is present in the process, it may be present at a partial pressure of at



nordenite is preferably used in the Hformor ion-exchanged or otherw se

| oaded with one or nore netals. The anmmoni um form of nordenite may be
convert edwbaotoms1tdof or m by wel | - known t echni ques such a®CTtaiBR200vA0RER at

hi gh tenperature. The sodium formof n®rdenite can be 15 converted to the
acid form(Hform by converting first to the anmmonium form by ion exchange
wi th ammoni um salts such as ammoni um nitrate. Alternatively, the
nordenite may be | oaded with at | east one netal, preferably selected from
copper, Shsy 01 bao®lsfeh 44 C6€l0.batd 1 di um rhodi um platinum pal | adi um or
cobalt, nore preferably, selected fromat |east one of copper and silver.
20The | oadi nd hefmalireran® p tesmbanemonaxiderte tdiinethiesihdses sratabiyan theurangsgyl ahte known
met hod suygh as the wel | -kngwn t echni ques of ion-exchange, wet inpregnation
and i nci E?‘J;-nﬁ%\%’t ez\éfl tol#) ‘ﬁhe nordenite is to be ion-exchanged up to 100%
of the cati orpRexahARROGRH & i aste@biithepatnteivehtor By iedaxehesigedrivi t h
metal ions using well known techniques, It is preferred that any remaining
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If the ammonium formis used, it Ls preferred to calcine the nordenite
after thelitgRalpsieel apd pgprtwaldsimlg sbaitzRoltReIngbdmednedenifeen conpl eted. 30The
metal | oadi ngyéRedifs IR ARALAR &R IR NRERIA e NHL SdHBerdE of fie racti onal

| oading of the netal as gram atons of netal per gramatomof alumniumin

t he n®r demotdeniteT lier neetaa lthd @sdysh o thanarhbsydatie mressesfthd pesert impngoper cent age
| oading relative to 2010/ 061169PCT/ (B2009/ 002696.6 al um nium.in the

ror dent t APREBIGH P DT GEhI IO b o s RRETESa 21 o PaArSIPaate Yt 819 gr am
atons al Wimbrdmletais. 100 Thus, for exanple, a |oading of 0.55 gram atom of
copper per alumniumin the nordenite equates to a 55 mol % | oadi ng of
copper r el at iKhe amaneniyniferinued merdemite may beegnvertedin the Haformdy wistl-knesiled i n an
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selected froma Hyordenite, a copper nordenite and a silver nordenite.
10For useXchanggeviflapmauiugsalihich A aBRON R/ B[N it is preferred that the

nor deni t € hasy)@matively, the mordenite may be loaded with at least one metal, preferably

selected from copper, silver, gold, nickel, iridium, rhodium, platinum, palladium or cobalt,
more preferably, selected from at least one of copper and silver.

20 The loading of thé mordenite with metals may be carried out by any known method
such as the well-known techniques of ion-exchange, wet impregnation and incipient
wetness. If the mordenite is to be ion-exchanged up to 100% of the cation-exchangable
sites on the mordenite may be exchanged with metal 1ons using well known techniques. It
is preferred that any remaining cations in the exchanged mordenite are protons hence it is

25  convenient to start the exchange process from the ammonium or hydrogen form.

As an alternative to ion-exchange, the ammonium or hydrogen form of the mordenite
can be impregnated with a solution of metal salts and subsequently dried. If the
ammonium form is used, it is preferred to calcine the mordenite after the loading or ion-
exchange with the metals has been completed.

30 The metal loading in the mordenite can be expressed in terms of the fractional
loading of the metal as gram atoms of metal per gram atom of aluminium in the mordenite.

The metal loading can also be expressed as a mole percentage loading relative to



silicato alumna ratio of at least 5 but, preferably |less than or equal to

100, such as in the range 6 to 90, for exanple 10 to 40. The process of
t he presenoO 20mshtoPon is preferably carried out under sBOTIGBROAIREP6
anhydrous conditions, i.e in the subst@ntial absence of water. The

carbonyl ation of 15 dinethyl ether to nethyl acetate does not generate
water in-situ. Water has been found to inhibit the carbonyl ation of
di mrethyl ether to formnethyl acetate. Thus, in the process of the present

i_nventiOrlrludi\f?ﬁ&ﬁiﬂ&e%ﬂﬂ@lexﬁétlln‘é\ﬁglﬁﬁleiﬂatﬁ&@ﬁiitpb' e. To acconplish this, the
di ret hyl ether and carbon nonoxide reactants (and nordenite catal yst) are

preferably drimed ‘oMl +t (graim oot ttiabgramatens demprivogsd 00 However, smal |

amount s of er be.tolerate i £ hout  20adver sel ffecting,the
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The process of the present invention (rj;ég suitably be carried out at a

t enpedat ur e inmetabmeay hgdoagpd MOM amqust @50e ragge of 1 to 200 mylferghatviedes of t he

present inventi b Ly re.hn the ra .1 tao 25100
baro, such RS To Bl 2000 Sl B & B BP0 Rl el e AEMMRbedle ™
sui t abl y théimbh&nitange 500 to 40, 000111, such as 4000 to 10, 0001-11.

Because the process of the present invention is preferably carried out in
t he subst ant S#itakip<Bagerdmmitgastalyst fpx usedn Begreseplggveniion is sraeckssh faunp at

cat al yst rh&rdgﬁi-{e?gC%}Jephlotr(?enﬂé?nc}lggll\g%ﬁ‘gg%tn@&ys_t may be dried, for exanple

by heating to a'tenperature o It is preferred that the
nor ddei t e caffat ystinitle @otdsy af thd prasenedinahsby it hefrofeered stent the theenitghdshe

catal yst at el evated tenperature for at.|east, one houyr er flaw ng
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m xtures hiereefoo, for exaipRil@naby., the process of the present invention is
carried out substantially in the absence of halides, such as iodide. By the

term ' subst aihpatdogss dfsheprasent intvamtianHe prefdratle cartied ovtendsf subsfaptitlie cont ent
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t han 100 pp}’n process o present Thvention I’s suitably carried

out usi nglimethiyX&Herl6 thetliyl dtalits ddedard geierat® wiateg il €ich. W atédters Boeddnhd &
catal yst. The process of the present invention may be carried qQut in a
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ether and carbon monoxide reactants (and mordenite catalyst) are preferably dried prior to
introduction into the process. However, small amounts of water may be tolerated without
20  adversely affecting the formation of methyl acetate. Suitably, water may be present in the
dimethyl ether feed in an amount of 2.5 wt% or less, such as 0.5 wt% or less.
The process of the bresent invention may suitably be carried out at a temperature in
the range of 100 °C to 350 °C.
The process of the present invention may be carried out at a pressure in the range 1 to
25 100 barg, such as 10 to 100 barg.
The Gas Hourly Space Velocity (GHSV) is suitably in the range 500 to 40,000 h',
such as 4000 to 10,000 h™".
Because the process of the present invention is preferably carried out in the
substantial absence of water, it is preferred that the mordenite catalyst is dried prior to use.
30  The catalyst may be dried, for example by heating to a temperature of 400 to 500 °C.

It is preferred that the mordenite catalyst is activated immediately before use by

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



heati ng nmeans may be applied between reaction zones. The primary
product of the process of the present invention is nethyl acetate but small
anount s ovoaemtdeticaci d may al so be produced. Mt hyl acetrarTsE@dweddsmay be
renoved in the formof a vapour and thgreafter condensed to a liquid. 15The
met hyl acetate may be recovered and sold as such or it nmay be forwarded to
ot her chem cal processes. Were the nethyl acetate is recovered fromthe
carbonyl ati on reaction products, some or all of it nay be hydrolysed to

f or m acetdagb@AGhéhoxflel Bydidden\® mixtutdd@n&Bsfi re carbonyl ation reaction product
may be passed to a hydrolysis stage and acetic acid separated thereafter.

The hydr ol ysiPsefamblybtheparacbseaf theiprebgnt krvemorn ie chmied votsubstaftialy iROreeact i ve

distillation in e, presence.af an.acid catal yst,., . The pr s.may be
oper at e rehsk B b fLBRTRRafe Bud ot SRbinfRlicys moprli f 8T

cont i NUOUsafipRC R¥iSde content of thd feattift dak@UingTatalsOidN&s hadepO Hh, Efa:eerms’;\ce tine
yield (STY) to nethane in g/l/h versus tine on stream for carbonyl ation

carriéd dats than HWOompabl % 0. 05% ol % 0. 625 nol % and 252. 5 nol % net hyl
acetate. Fig pi $ {. | . ; t ing/l/h
versus time %%gﬁcgganfg%efp%%gbgﬁ% gotnl 1%%@1&%;}5;3&%&?6&%%5@ ﬁq%e(?rg%&) and 1 nol %
met hyl acffidisal wddcbr Zndvingbboditiehbidenied uealystFi gure 3 depicts the
selectivity t%Fmat hyl acetate versus tinme on streamfor 30 carbonyl ation
carried out WERQseHATTHERIESRt IYPORPINRY Pe GEehew Uhpgingledeaplpnzong iRy |
ether. DI2QL0/06FH6IRSTFRANQBHA02896, 4 27 155058 BRIl On
carried out wt ﬁ 0 a%g 1 r(r)DI % et hyﬁ% acet aat e ag’g 2. 51&%?[%09 I met hy lr'aet her .
Fi gurl® 5 rdagiontzendsmeaysipdmesdd ime syighd da¢tBhvested Ifrd¢shradecoblingyéd ddditionelr sus
time on .Stream for carﬁ%{%eltati on carried out with the addition of 0
0

mol % 0. RSN e PE WEL feactipn;zgnes. The invention is now

i I'lustrated whehrhRLpRBER of qletﬂ@@cefs@&ﬁtﬁw'ﬁf@erﬁxmh&ﬁs rtyTRE&atd but
Car bonyl ati on of di nethyl ether Thi s Exanpl e denonstrates the effect

of enpl oyt anavsiswf acetoeiimgy JsebspiodoseloMeHty! acakateplogietandite acetate in
the feed r&%o%}}gilpgfggeﬁ)%%lfgt\)aﬁ)&rgﬂd ﬂ{e%tﬁgy éon%%&%{i td'h hQunSa rbon monoxide in the

presence o .
15 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 séparated thereafter. The hydrolysis may be carried out by known techniques such as
20 reactive distillgtion in the presence of an acid catalyst.

The process may be operated as either a continuous or a batch process, preferably as
a continuous process.

' In the Figures, Figure 1 depicts the space time yield (STY) to methane in g/1/h versus
time on stream for carbonylation carried out with 0 mol%, 0.05% mol%, 0.625 mol% and
25 2.5 mol% methyl acetate.

Figure 2 depicts the space time yield (STY) to methane in g/l/h versus time on stream
for carbonylation carried out with 0 mol% and 1 mol% methyl acetate and 2.5 mol%
dimethyl ether.

Figure 3 depicts the selectivity to methyl acetate versus time on stream for

30  carbonylation carried out with 0 mol% and 1 mol% methyl acetate and 2.5 mol% dimethyl
ether.

Figure 4 depicts the space time yield (STY) to C,+ hydrocarbons in g/I/h versus time



Each carbonyl ation reaction was carried out in a pressure flow reactor unit
consisting of a single hastelloy reactor. The reactor contained 55mlL gl ass
beads, l1ovoloyaemoal um na and 5ml catal yst all separ at @ATHB2g09A9269%%00| .
The catal yst consisted of a nordenite g5 (Zeolyst CBV21A) | oaded with 55
nol % copper. Prior to use the catal yst was conpacted at 12 tonnes in a 26
mnm di e set using a pneumatic press, crushed and sieved to a pellet size
fraction of 500-1000 microns. The catal yst was pressurised with heliumat a
f1ow rat @nQfredd-fer dbbnylafiod cAfidg bhORitP) 856 Vi1 % mafyRRktahdeRogat ed to
100C, where it was held for 17 hours. Subsequently %/he t enperature was
ranmped t dliBethy ether3 deg. ¢/ min at which point 20helium carbon nonoxi de and

hydrogen were.intgqduced at a mol ar LQ . of 4 He : CO H2) to

mai e o GrEbF SSHEE M et OR AT Einedaie i bl 1 | qui o
di met hyl sga4rh d6redacbongitibn tardidd 6@dvitinthe atldidon 600 h %! 0.39@5197 alde.62 90l %

di net hyl ether. \Wiere used, nethyl acetate, dissolved in the dinethyl

car boRat énQl® 3968 p&dui red anount, was al so introduced into the reactor with
t he amount o b QUi [ - ' [ | %._d] hyl ether. The
flow rates o;thta F]@‘éhfg I{ﬁ%oagg#%%ﬁeqn\%ﬁlo%?%@@@gréofé@%‘,m% iéﬁgmﬁg' et her and

met hyl adddaaipge were sufficient to maintain a GASV of 4000/ h. Were net hyl
acetate was used, the heliumflow was reduced to naintain the GHSV at
4000/ h. faxrbgpylation of dimethylethers 1 eact or was passed to a liquid collection
vessel mai Nt §hRGHadtol & frfontihiENnE RTARRT EApldYhe O AUl ROAAYSE 9. c2bHRER
products were anal ysed at regul ar mtervaps by gas 30chronat ography to

det erfii nend Bé molie ewthyhtcatate of the fagditelthecadoapniaomoiidiinethyl dtheawitlonarbart i on
reacti onérg)rodudct.s The renni.ni.ng vapour stream was anal ysed by online GCto
det er mi n@YREEIRNGRTPEPFLH BAT®EXct ant s and car bonyl ation reaction
products. Th ﬁaé}ﬁ@mdrgﬂmtmseacablh QuBehrtied 6@Nh b PrRsuB lo® dRAoNMHH ®nbBGey
condi tions of 300C, 30 bar, and a gas hourly space velocity (GHSV) of

4000/ h. of a singjgchastelloy reacior. Ehigaeasoy contpmed Shinklags kdady, 10 gnlreammee

by- produ | .9 i I . of

mei byl aciyBnE R Sy B scrhen @ bl Ll dodt 7Y LRl PR BREALS
produst i ¢Aeddfst @R VEIE). lodded Mathes 2mol@acdppey [Paior @nuseftheltataydyas edbtpdcted t h 1

nol /0 met hyl acetate The carbonyl ati on of dinmethyl ether in the presence
of a cat &l i//%fone‘c*ﬁfgias%q G YE SHYFHE AIPREITSEIITGSt C@%wfm Sieyeed RAIERSIES ol %
copper WascG& bf K- 00 rhidrdhs PIIRS AR #8 hRWuHSALH AR hiilih 2CLASK $4k 39 of 16

i dentical reactors of the type described in WO 2005063372. Reactors with an
i nt er nal 1di2dffeten reattion presauramsi3® tanpidthen hedittetod®AiC evisie & aeh helddot B was
fitted with i rnal tuhe .of dianeter 3.2 |BL.0 i ch,a thermcoupl e was
ol aced. " Bp: " FPens B o Sr O zarar BN 3t ek Colaa SRR, ©1oem
bed 0f coelndUsardn Hbeedd dradlydRige® veledhtrd@Rddav@monl agRMb (11N 4 he(teat al yst
hol der. On a dry mass 15basis (determ ned by |l oss on ignition of the

ASS. y rt
cat al yst GRaBertednaiytamen®Hy afH8O¥hden 3 aqurs.r dfiet bbhrs.apparcantetdiqus 600C at
ara”pr‘"i‘ﬁrﬁtﬂgl RG REh ALY fkg the 2486, A }+¥ R h&e 125 to
160 m cr ons? |‘T%utoeng vq\;lyt h té rr %{% of " Gor u%&un% peﬁq e?ﬁosl(%’zeﬁlf%l @6&160
m cr ons) Whae phai; actioh atadgie,afissblved aothedththyiedrbokate o O rédugred aneantabove was
concreted vi hitt(ing. . o . .
was also introducéd into the reactor with the amount of liquid fed adjusted to maintain 5
25  mol% dimethyl ether. The flow rates of the helium, carbon monoxide, hydrogen, dimethyl
ether and methyl acetate were sufficient to maintain a GHSV of 4000/h. Where methyl
acetate was used, the helium flow was reduced to maintain the GHSV at 4000/h. The exit
stream from the reactor was passed to a liquid collection vessel maintained at 20 °C which
condensed the liquid products. These pfoducts were analysed at regular intervals by gas
30 chromatography to determine the concentration of liquid reactants and liquid carbonylation
reaction products. The remaining vapour stream was analysed by online GC to determine

the concentration of reactants and carbonylation reaction products. The reaction was



or vibrating to get a stable bed and a defined starting height of the

catal yst zone. The 20dil uted catal yst was covered by a ca. 13cm corundum
bed of a Wwarplodoele8i ze of 125-160 um The catal yst was PCELHR0949%960 a
reaction pressure of 70 bar usinga 2 9 1 CO: H2 mxture at a flow rate of
12 1/ h. The catal yst was then heated at 0.5 deg.C mn to 220C, where it was
held for 3 hours. Subsequently the tenperature was ranped to 300C at 0.5 '
deg.C mn, followed by a dwell time of 3 hours. The carbon nonoxi de and

hydrogen f|Redd2ouainhd8p i Y60 Khiefulder Borlitidnd b 360°CC 80 BANaAPNRA }Q)ﬁlrly

2 b b

hydrogen, dinethyl ether, nmethyl acetate, argon and nitrogenwith a
CO H2/ di npeegyvelentye(GHSY hefi4p0/hacet at e/ N2 ol ar ratio of 54/29/2.5/5/1/8.5

at a flowratge of 12 h ith both di hyl . et her t 0.30 1/h nd met hyl
Scetate. at  drttpor pEFTE Sl sireliy iy Wil iredesicRenipn FE 0.

acet at e/ dA§eighy kel neHowsathePrésendd 6 th@h@lacéteedn o 1o B3Weicdetpndn a nol ar
basis. In addition, nitrogen gas was 30introduced at a variable rate of

0- 150 3l /sigmfi¢antl gedacesstbe prasluptiesefunethangi ngs bet ween the 16 reactor exits.
The exit fromthe test reactor was passed to a gas chromatograph to
determ neg%il"g&%ngncentrati on of reactants and carbonyl ati on products. The
reacti on @abonY¥ridh b aihdthoPRberlwitBA0A61°60 M2dhd atetadd | owed to continue for
150 hours under conditions of 300C 70 bar, a gas hourly space velocity
(GHSV) rel at iN% cegopviationefdipethybethergnsheprarenee of asatalist gpnrattigiof

et her/ Ar/ getibyite @esil atER R A / Lol L i ot al

f eed. Expelrei ﬁl - Car %ﬁ?ff atflﬂggg)gjfowicrgr@éeﬁylgse{u#g?o?tnhﬁ%&g Itseence of
met hyll0 acfidvateactobfi@ecbnsisting oEk@ideheca? resators dpkatyped desexbepin Wiat net hyl

acetate t.-present in. the feed fo the bonyl ati on reaction. The

car bony| s Paly TeRer oWl in G dfui e L BN oo | thyigen,

di met hyl A& rea@bORis MR With [REGRA tWbd &F Bark&t 29 BMEAAS ANhPhaindBhple of
54/29/2.5/5/9.5 at a flow rate of 121/ h. 10The results of the carbonylation
r eact i onswasfpl@ednprier tp thplpading of theeoatal yit inteeash oeastarm & g9cmped of 4. The
space ti el d ST t Vi duct thane and hydr ocar bons are
shown i nn%lr%dsd.% Ot{as%(y%a%tgosnpec 2?vle 5/‘8] %Seﬁ %%?é%?lleV?? )i;y S{ }(%(%ar;gt )hG;/ agré'eT?ftse
product itssislideterminedtydoss3on Baitioa T earatdl st heassesibyf icathgttgsatalysafidm4d t he
presence of nethyl acetate in the feed 15 to the car bonél ation reaction
reduces t"REMIFBRFRVET o PP fare AW Tete-o1 15300 aFyBIYte) | Fdde elicadhmpdPelftt o t he

anount prs%ulcz%q? o ﬁlgcﬁoﬁﬁgﬁgﬁg vith R 'BY&or?Iﬁﬁﬁr?ﬁ)alétr&izteHQSrt@?@(s ' %}0{1 ed.

As can be seen from Fig. presence of net acetate in the ed to

t he car boras rdaded on tepeftthoporpndum ted  Bachiafpraosds delve etas vortyetbd viagttipp

acetal e progic0uek £ st 306N SYSh Nt i, RRSTOERC LRl Il ApTate 11
20 diluted catalyst was covered by a ca. 13cm corundum bed of a particle size of 125-160 pum.

The catalyst was pressurised to a reaction pressure of 70 bar using a 2 : 1 CO : H, mixture
at a flow rate of 12 I/h. The catalyst was then heated at 0.5 deg.C/min to 220°C, where it
was held for 3 hours. Subsequently the temperature was ramped to 300°C at 0.5
deg.C/min, followed by a dwell time of 3 hours. The carbon monoxide and hydrogen feed
25  was then switched to a mixture of carbon monoxide, hydrogen, dimethyl ether, methyl
acetate, argon and nitrogen with a CO/H,/dimethyl ether/Ar/methyl acetate/N, molar ratio
of 54/29/2.5/5/1/8.5 at a flow rate of 12 I/h, with both dimethyl ether, at 0.30 I/h, and
methyl acetate, at 0.12 I/h, fed as a vapour, to obtain a CO/Hy/methyl acetate/dimethyl
ether ratio in the total feed of 54/29/1/2.5 on a molar basis. In addition, nitrogen gas was
30  introduced at a variable rate of 0-150 ml/min to equalise the pressure swings between the
16 reactor exits. The exit stream from the test reactor wa\s passed to a gas chromatograph to

determine the concentration of reactants and carbonylation products. The reaction was



Car bonyl ation of dinmethyl ether with 5 nol % nmethyl acetate The

carbonyl ation of dinethyl ether in the presence of a catal yst consisting of
nor deni t eVO288/068169 CBV21A) | oaded with 55 nol % copper WRSTER2099%82@at i n a
pressure 25fl ow reactor unit consisting of 16 identical reactors of the
type described in WO 2005063372. Each reactor had an internal dianeter of
3.6 M Prior to the |oading of the catalyst into a reactor, a ca. 5cm bed
of steatite of sieve fraction of 100-350ttm was placed in t he respective
catal yst q1gh#lo cchiifide foPT5 RORE ufor EORHIANBIA00SE SHEbT AELIIRNIPEpakeS-
160pi n was placed on top of the steatite bed dry nass basis

(det er ni rvebbelty (GHSY) oalatB@ tb ¢hrei databyst of 4Q00é with al@@ﬁzmahylaﬂhdn@krhwhylng t he

it ) . s6FiaoRy oAby ¢ Bl UG 0B B 160 i orone) vas bl aced on

top of t@X%EMWMMJDOI{geus@bﬁhmh@h&qﬁ%@dbmc@opﬁet%me@aeundum bed
WO 2010/ of a particle size o Am A ca.

5cm zbone fedd steatite of si eve fraction of 100-350um was pl aced on top of

t he corundum_bed Jas concr et ing or VI i 0 get a
stabl e bed a éalgplﬁgra‘fv?ﬁs rﬁpeat 58t Haig gyoafce@ﬁew%srf {3t efﬂgtcat al yst
was pressHibofigdtibOredctic@aThé @ﬁb&{y@z&ﬁ)ﬂrfeedoéonmteb@lf alnﬁik!ﬂxge & c‘érboi; n@omddz

m xture at a flowrate of 54.275 1/h. The cataﬁé/st was t hen heated at

0. 5C/ ni n hyérogemalimeihy! ¢therpegan apdnitipggpwith a (i ¥ He/ DME(QgiN1apldr pgp 08 hours.
Subseque anped to 300C at 0.5 deg.Cd mn, followed
by dwelrslt4 2)téjég]/% %t‘ﬁag%ﬁﬂ&;’%gﬁﬁsggr bon nonoxide and hydrogen feed was t hen
changed t 0 aTeerddRltdofithe bzyrbo@tlzhem réatidnobdf Pdngsle 2 ahd Exp@inddt Arathewif | ow
rate of 4.275 1/h, with a alg é eth e apo feed rate of 0.4275 1/h.

Ni trogen”@jgbgs\/\%go 415 Sﬁﬁieﬁ’cn?‘iﬂ:l &g’ toat leé ustsmethansran8 (3 m /nin to
equal i se 1 BR RHLBISAE ShéWh DOS gD St N edddBrvdy. rm%ra&n@ey th ?netﬁghﬁc&ﬁ‘tbt stream
froma reactor was passed to a gas chronmat ograph to déterm ne

concent r grodet sfshewaaot Bigt 3 and car bonyl ati on reaction products The
reaction was ,al d,to continu hour s unger ndi.t.ion f 300C 70
bar - gas. noaerS Gk Be SR et Fiet asth g PG Sad TRl B0 R PG st

et hen smoli@the’@ttiodylatioh Feactis @buckbtiRethdint 62mibhddand L eydibédbhiaur s t ot al
reaction tine the feed was switched to CO H2/di methyl ether with a nolar
ratio of pr&fuced sompated todhe amewnt prodicebinge esepesnimetbylrasetag in thet her 49

hour s. Af%&'h ? ghours total reaction time, a co-feed of nethyl acetate was
i ntroduced t e carbonyl ation reactor, the reactor being fed with

CO H2/ di rret hwys cet he séemetdmy Figad dlicqireseate af methgr acettd io thd feg@fdltBé 5/ 5 at 300C,

gﬂ 23\; d tcar gg)aﬁ];parggelele%qnsﬁoy ?5[2 ag)\e/l?rlp%g\lfeﬂﬁﬁﬁsgﬁvslw to%ethy Zlgétgte p-rroh uctroev%? %}{a?n nas
20  achieved in the absence of methyl acetate in the reaction feed.

Example 3
Carbonylation of dimethyl ether with 5 mol% methyl acetate

The carbonylation of dimethyl ether in the presence of a catalyst consisting of
" mordenite (Zeolyst CBV21A) loaded with 55 mol% copper was carried out in a pressure

25 flow reactor unit consisting of 16 identical reactors of the type described in WO

2005063372. Each feactor had an internal diameter of 3.6 mm. Prior to the loading of the

catalyst into a reactor, a ca. 5cm bed of steatite of sieve fraction of 100-350um was placed

in the respective catalyst holder. A ca. 5cm zone of corundum of sieve fraction of 125-

160pm was placed on top of the steatite bed. On a dry mass basis (determined by loss on
30  ignition of the eatalyst measured by heating the catalyst from room temperature to 600°C at

a ramp rate of ca. 30°C per minute). 0.625g of catalyst (pellet size 125 to 160 microns) was

placed on top of the corundum bed. The catalyst was covered by a ca. Scm corundum bed



After 242 hours total reaction tinme the nethyl acetate co-feed was ceased,
and the feed to the reactor changed to CO H2/di nethyl ether with a nolar
rati o of we208/w1®P» 300C, 70 bar, and gas hourly space PeraB2090/002#46V) of
4275/ h. The reaction was allowed to cqntinue for a further 74 hours. The
results of the carbonylation reaction are given in Table 251 below. Table 1
Time / hours DVE feed / nol % MeOAc feed / nol % STY Methane / g 1' hi 194
506 22355 <2288506

of a particle size of 125-160 um. A ca. Scm zone of steatite of sieve fractibn of 100-350pum
was placed on top of the corundum bed. Each zone was concreted via hitting or vibrating
to get a stable bed and a defined starting height of the catalyst zone. The catalyst was
pressurised to a reaction pressure of 70 bar using a 4 : 1 CO : H, mixture at a flow rate of
5 4.275 U/h. The catalyst was then heated at 0.5°C/min to a holding temperature of 220°C,

where it was held for 3 hours. Subsequently the temperature was ramped to 300°C at 0.5
deg.C/min, followed by a dwell time of 3 hours. The carbon monoxide and hydrogen feed
was then changed to a CO/H,/dimethyl ether feed of molar ratio 72/18/10 at a flow rate of
4.275 1/h, with a-dimethyl ether vapour feed rate of 0.4275 1/h. Nitrogen gas was also

10  introduced at a variable rate of 0-50 ml/min to equalise the pressure swings between the 16
reactor exits. The exit stream from a reactor was passed to a gas chromatograph to
determine the concentration of reactants and carbonylation reaction products. The reaction
was allowed to continue for 148 hours under conditions of 300°C, 70 bar, a gas hourly
space velocity (GHSV) of 4275/h with a CO/Ha/dimethyl ether molar ratio in the total

15  feed of 72/18/10. After 148 hours total reaction time the feed was switched to
CO/H,/dimethyl ether with a molar ratio of 76/19/5 and the reaction allowed to continue
for a further 49 hours. After 197 hours total reaction time, a co-feed of methyl acetate was
introduced to the carbonylation reactor, the reactor being fed with CO/Hy/dimethyl
ether/methyl acetate at a molar ratio of 72/18/5/5 at 300°C, 70 bar, and gas hourly space

20  velocity (GHSV) of 4275/h. The reaction was allowed to continue for a further 45 hours.

| After 242 hours total reaction time the methyl acetate co-feed was ceased, and the feed to

the reactor changed to CO/Hy/dimethyl ether with a molar ratio of 76/19/5 at 300°C, 70
bar, and gas hourly space velocity (GHSV) of 4275/h. The reaction was allowed to

continue for a further 74 hours. The results of the carbonylation reaction are given in Table

25 1 below.
Table 1
Time / hours | DME feed/ | MeOAc feed /| STY Methane /
mol % mol % gl'h!
194 5 0 6
223 5 5 <2
288 5 0 6

Table 1 shows the results of the impact of the presence and absence of a methyl

acetate co-feed on the production of methane by-product. As can clearly be seen, the



Table 1 shows the results of the inpact of the presence and absence of a
net hyl acetate co-feed on the production of nethane by-product. As can

cl early beoemmeitehe WO 2010/ 061169PCT/ GB2009/.002696 12Cpraaresno®2@®t net hyl
acetate in the carbonyl ation feed supppesses the formati on of nethane and
that in the absence of nethyl acetate in the carbonylation feed, the
production of nethane increases. Exanple 4 5This Exanpl e denonstrates the
effect of enploying O nol% 0.3 nol % and 0.625 nol % acetic acid in the

car bony! giré@Rcedff nibtR a0 heh BRI carbbR§1aRb P FRH 'éﬁ;?)r%%%ﬁsdthb AR b Emd RS

repeat ed except that” nethyl acetate was replace y 0.3 nol % or 0.625 nol %
acet i ¢ aaind that in the alifesce elsubthyl asktatchie tIBTCAri@ybation feadethy peldiytieofiret hane

by- pr oduct ﬁlre.shovvn in Fig. 5. 10As Fig. 5 clearly shows, the addition of
acetic adld™"§ PH&SFeaction, significantly reduces the production of

met hane. %5@@825 WO 2010/ 061169PCT/ GB2009/ 002696 13 Cains 1. A process
for the production of nmethyl acetate, which process conprises carbonyl ating
di net Ryl et hdhisdixampleadapemsigaoiie ¢éectof emplayingnbmel % at-bowfYoand Orb25eact i on

[535 ggﬁi t i r}n(gll%eac%{ig 288 (i:neth%fcar%orrlr)qgtciioenn(i)ft (ﬁm%ﬁlltyﬁel:t}{gg Tflé) pI%E:g W gseg‘% EXellmSI%qt ate
was repeated except that methyl acetate was replaced by 0.3 mol% or 0.625 mol% acetic
acid.
The results of the STY (space time yield) to methane by-product are shown in Fig. 5.
10 As Fig. 5 clearly shows, the addition of acetic acid to the reaction, significantly reduces the

production of methane.
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characterised in that at | east one of nmethyl acetate and acetic acid is
added to at | east one of said reaction zone(s) . 2. A process according to
claim1l wNeneiwmeitse process is carried out in the preserce/GH0iwmeegen.
103. A process according to claim1 or 1glaim2 wherein the nolar ratio of
met hyl acetate to dinethyl ether is in the range 1: 100 to 5 : 1. 4. A
process according to claim3 wherein the nolar ratio of nmethyl acetate to
dimethyl ether is in the range 1: 10 to 3 : 1. 5. A process according to
any one @fj,glsains 1 to 4 wherein nmethyl acetate is added to 15a reaction
zone in an anount in the range 0.05 nol%to 5 nol % based on the total
gaseous feeds (including recycles). 6. A process according to claim5
wher ei n thyl acetate is adde action égge in an anount in the

| dt
rango 0.8 ol o PHoES g b prdicion s lrh i 3FdrCuwBISh POPSERTRIRL | udi ng

recycl es)karbéfyiatingas cBeERTHCABoh hoabYide e orGhéte BBrbdnyMidh h&IcAI N
nmet hyl acetate is added to a reaction zone as fresh and/or recycl e nethyl

acet abe a@nu¢san thesprpsesdeiet a merdeyite eatdysitte prodgee methybacstate predentdi ng to any
one of clains 1 to rei.n nmeth cetate jis jintroduced, to.the r tion
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dimethyl ether is in therange 1 : 10to 3 : 1.
5. A process according to any one of claims 1 to 4 wherein methyl acetate is added to
15 areaction zone in an amount in the range 0.05 mol% to 5 mol% based on the total gaseous
feeds (including recycles).
6. A pro.cess according to claim 5 wherein methyl acetate is added to a reaction zone
in an amount in the range 0.5 mol% to 5 mol% based on the total gaseous feeds (including
recycles).
20 7. A process according to any one of claims 1 to 6 wherein methyl acetate is added to
a reaction zone as fresh and/or recycle methyl acetate and/or as product methyl acetate.
8. A process according to any one of claims 1 to 7 wherein methyl acetate 1s
introduced to the reaction zone on start-up of the carbonylation process.
9. A process according to claim 1 or claim 2 wherein acetic acid is added to a reaction
25  zone in an amount in the range (greater than 0) mol% to 1 mol% based on the total gaseous
feeds (including recycles).
10. A process according to claim 9 wherein acetic acid is added to a reaction zone in an
amount in the range 0.1 mol% to 0.8 mol% based on the total gaseous feeds (including
recycles). |
30 11. A process according to any one of claims 1 to 10 wherein the mordenite catalyst is
selected from a H-mordenite, a copper mordenite and a silver mordenite.

12. A process according to any one of the preceding claims wherein the process is



14 carried out in 2 to 30 reaction zones connected in series. 13. A
process according to claim 12 wherein dinethyl ether is introduced into a
reacti on woneliwifeeesh and/ or recycle dinethyl ether. PCT/GB2090092696
according to claim 13 wherein dinethyljgether is introduced to a reaction
5zone as fresh dinethyl ether together with at | east one of fresh and/or
recycle nmethyl acetate and acetic acid. 15. A process according to any one
of the preceding clains wherein nethyl acetate product is hydrolysed to

acetic aciyfhied! it fiv2 &3FRaction zones connected in series.
13. A process according to claim 12 wherein dimethyl ether is introduced into a
reaction zone as fresh and/or recycle dimethyl ether.
14. A process according to claim 13 wherein dimethyl éther is introduced to a reaction
5  zone as fresh dimethyl ether together with at least one of fresh and/or recycle methyl
acetate and acetic acid.

15. A process according to any one of the preceding claims wherein methyl acetate

product is hydrolysed to acetic acid.
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