PROCESS FOR PRODUCING ACETIC ACID AND DIMETHYL ETHER USING A ZEOLITE
CATALYST The present invention relates to a process for the production of acetic acid and 5 dimethyl
ether from a feedstock comprising methanol and methyl acetate in the presence of a zeolite catalyst.
The most widei@ aed2indsistrial process for production of acetic acid is tR€ v@dHAati@A of methanol,
which is described generally, for example, in British patents 1,185,453 and 1,277,242 and U.S. patent
3,689,533. In that type of process, methanol is 10 reacted with carbon monoxide in the presence of a
rhodium- or iridium-containing catalyst, in the additional presence of a halogen (usually
iodine)-containind® BeRFR& FORRRARKCINErAGRTE proti ot RIMSEMHEBYErect synthesis from
a synthesis gas prepared by reformM8IN{IAEEBbH akTalsY&Ich as methane, or by the dehydration
of methanol. Among these, processes for producing dirnethyl ether by the dehydration of 15 methanol
is described, for example in EP 1396483, US 5,684,213, WO 2004/074228 and WO 2006/041253.
Typically, industrial processes for the dehydration of methanol to dimethyl ether employ alumina

catalysts, and are qagResai iR IERMBLIIYRI Y RICAL, AIIRMPEIAILES AR Exgess of 250 C. High
er to achieve 20commercially acceptable rates of reaction. For

temperat%res re @gg@%@n or )
example, in EP A TR &readsiest cRBBHSIPE rahLotans it AR iR B G REERB Y dehydrating
methanol in thesdibocatalysise in the presence of an activated alumina catalyst at temperatures,

disclosed as beinarhlsiEieblidh SueRT A £50 GV MSlEehly 290G 08 e n he lht of a

reaction rate. 25|t is also known, that diallc ers may be produced by dehydrating alcohols under
catalytic distilGiE HainmEmethasel rshis dererbed asagatisanaempls.ap Botsh pitsREcess for
producing dialkytsaheemdinQrmig siaetbypaties,dsy,ihe. delwdigpobratdbesoreaspaonding alcohol in
the presepce rogen in a distillation column reactor, The catalyst is said to.be a zeglite and where
the diallc?)g etr%efarglas{(Sj irlyg_}a‘t:ﬁr)lﬂogtﬁlgﬁot)ﬂeeﬁ?eﬁgrf’éﬁ %8%) | 3%@%’6? e’ﬁl e -Coﬁgv%l ecﬁtéyé{l‘sadvantage
associated with Hepdditianerpresstise @S akaogtor (predlydidindiresttailingtiserietar. methanol in the presence

of alumina or ZeO'itﬁiﬁ@%ﬁ&ﬁiﬁeﬁﬂﬂ%%&%cé&%ﬂ%ﬁ@?ﬁ @M§ﬁm£§i‘§¥ﬁﬁn®’%ﬁﬁg¥§n excess of 250
C), hydrocarbons ar%ﬁﬁzﬂ% co-produced together with the targeted dimethyl ether product, and then

form coke on HieREH R RSB AL H S Ut AT P R+ RS P R BRIWERHRE reaction rate.
It is suggestedfimethfiatt dhgral tinpcontsnstfonpestaliiiciperfornetiac eyahentetlifieaibnZE M-5 for

gehyaratian oherde metanld s ML ENas S OIRS S Ahalbepiah iRl A Genera

309 (2006) 139-143, that a metho ucing hydrocarbon formation at 270 C is to modify the ZSM-5
by exchange MQ@Q%W%'WO 2004/074228 describes a process for preparing ditnethyl ether in

high yield by empldipigatlydiaiuetnigest eata sty atandrdiabanetisdslitedintdalydmaied over a
10hydrophilic sgli id catalyst, such as 7-alumina; unreacted methanol is then dehydrated over a
hydrophobic ziﬁoﬁgféé‘%ﬁ%ﬁ%%%ﬁsa%“ﬁa%?%? ed,&‘?uarktjhlé?\ %?I§£§5a§rlfte§g 6?%%&[3% of y-alumina to
catalyse the dERpEREGHIBRItethahdi0i&GHdish opairaris fpdesphbie iamditn s astdekanol feedstock is
;equir_id 10 becyirtHatisBnidpatse igp@édﬁrrisgceﬁmiﬁ&%ﬁh{ﬁ%@ﬁ@%&@_@l@”&@@%i{m|1253 _
escribes a process for preparing dimethyl ether from methanol containing water irstly contacting
the methanol V%?ﬁr%%grﬁgﬁysgé%%m&%%%iﬁweﬁ& ydptinensnanpkin the gﬁSWed by
contag:ting .Withbasem@ywwMeﬂaﬁemWMmnaﬂ;ﬂimallamjnmnibﬁa defiyshhtidreisgconducted in
an adiabatic raeiRIpsicatal érsapvertienAlsRiliay el et el RISPRRGE phwater, methyl

acetate is hydrolysed to acetic acid and methanol. For example, there is described in US 5,235,102 a
catalytic distilEffon process for the hydrolysis of methyl acetate to produce acetic acid. The catalyst for

use in this processlidssaid kndwnaicadlBrRA NGB prRhcamprizmngatigidicabdaidgonolith, such
as cordieritea& Im ﬁ?a{)It is also. known from 1541991 that e hydrolysed to the
g(l:l%}lén tﬁle 100 GOHEI%OPS. ¥*vor examlg%Ntherelfso Sa(:ﬁ%? mﬁgéa%%z)é bﬁgmces}é

corresponding a resence of an ammoniuim sa ero rsuth'as an ammonium

salt of a phospfduedudng dellybethesslitnsludipstitirassiy] ethprobyrtherdehpdintionsotieas those based on

styrene divinyfaeeganeusOHebiB1ShS HresHal OnigRsingroH RSt laf X URRIR r&mAe s tm436WET
(available from the Rolun ‘gg‘?s 30,Company) can also be used to catalyse the hydrolysis of methyl

. acetate to acefEaSE V Frolife gt whih hetidabsrben i HmA F Osk b R e erature of
about 1580'C. #eolite srmbolimitent of US 6,521,783 there is described a process in which acetic acid, 3

methyl acetate, meihanok: AL SER ARSI SRR ARYUANESR iR pacior which

contains an ester hydrolysis catalyst and an alcohol dehydration catalyst which’can be the same or
different. The 1Y) e raBateaneirthemonmectt atniranh wdinasamsirietbrbidhracids, acidic

zeolites, titania or silica promoted alumina,



5aluminium phosphate or tungsten oxide supported on silica-alumina. The ester hydrolysis catalyst
can be selected from acidic ion-exchange resins, acidic gamma alumina, fluorinated alumina, sulphate
or tungstate promoted zirconia, titania or silica promoted alumina, aluminium phosphate, tungsten
oxide supportgdam stizasslumina, clays, supported mineral acids, zeolitagerdtammpadyacids. In an
example relating to 10this process, the reaction is2carried out at 300 C at 200 psia (1379 kPa). The
catalyst is not identified. It has now been found that the process efficiency of a combined methanol
dehydration and methyl acetate hydrolysis reaction can be improved significantly by the use of a
zeolite which has a 2-dimensional channel system comprising at least one channel having a

10'memb§red§’ig@n tﬁmlisa%an@m;&%&wﬁﬁm@inva;]&ﬁéylhpt%aid?ﬁh@msmgefetb@mpdugtiqnhof
acetic acid and dimethyl ether in which process. methanol and met cetate are contacted with a
catalyst comp%oéﬁlrgﬁuf’r%c/l 2% %%ﬁo‘ﬁébﬁ%tg’igﬁt?glg{ﬁ‘gl‘yﬁ?&ﬁwg‘fﬁhﬂ@ %’?5 FILGE 98 Bfoduce acetic
acid and dimethtglystiverfasheteth dedctivatalyist @2Gigenpbbicnredurgribesactientie.which has a
2-dimensional chanpglsysian GPARRINg,2 ﬁhnﬂﬁ%%}ﬁ&b&%ﬁbﬂ}ﬂxmf&&l%@%%%%&i“9- A

feature of the invention is that a zeolite which has a 2-dimensiorial channel system comprising at least

one chanriel h%%%é fondshydrativa iy rebassldy dimpitHe baraRRinBrrakim ¢hel process.
Surprisingly, itApaBedetan find: tGahdfae 309¢2008pigas R shhay ing Lo tistaiisianatehagivnel system
comprising at an Rpel havin 0: ered ring enhances the space time yields (STY's)
of the productgg‘%%ttrltqﬁ‘e;%rtr(r‘%?)Er)te,E éﬁﬁ%ﬁgégﬁs‘%%%e |ﬁ?§%/?é‘l%‘san e‘%@h?Sggﬁat lower temperatures than

typically used for th¥ @20 tie?8cterabaamptoveihforntehavinkdiistbytnjher tohieh tdefdion and without

the need to reglugRying AgidivaltibeZanliayfanempic BYiexairaas wiledpetakions. 30In the
process %the gresiﬂg |nveé1tlon acetic acid and dimethyl ether are roqﬁggl%gbﬁ 5Err)lgt_sdehydratlon and

hydrolysis of S¥ERRRIBEROY R S A S oA et R eRc st e #H§firation and
methyl acetatevydinlysiphebactianitecatnlys, repbesatiigdsby equations (1) and (2) respectively : WO
20111027105PCT/¢ %@pé%g&%gaée%gﬁé&jeﬂf?ﬁﬁ%gﬁé% %‘;%g% &/@g@gﬁg&j&% H20 dr- CH3CODH

CH3OH The dehydration and hydrolysis reactions are cata eolite which has a 2-
dimensional clgRBe ity cYmpRRsingydtoelilc snbterrmribnd fRsdsodos s Ebfing. 5Channel
systems in zeolitesigrakiekoiiadaslendif vallyd-deicgvalirensional. However, the zeolites found to
be usefulip the progass RfIHe PLESRRLIBNENIoN DOSSEss %é'd#}&% Sk%f&i" Cé‘o%‘“m%@é?ﬁem- The
2-dimensional channél System ¢an comprise Interconhectingehannels. Aternativery, the

2-dimensional‘€A@HYRS ptorchy Brthcennipeting Sitemeibhoel With apartially-ibstdpiadecting. 10The channel

systems of a zgalégHaty ROBRESTHAIRNAYNG, BISNEIH Eorftacting Witk ealdy & 4eMcld members, The
2-dimensional channel system, of the zeolite for use in the process, Qf the present invention has at least
FRLE 7 RREAL

one channel which FE Nt QD i ISR eI IR B BRIAEHG S5 Phe process of
the present in@aﬁ#@m@emaﬁﬁesﬁmmwammk structure types, PER (typified by ferrierite and
Z5N-35)4fEU 15 (il SUropilolieh RACHAchAIIRLVFS. forsxamplg gy 57, ST (o

example, stilbite), NES (for example, NU- of example, -22) and TER (terranovaite).

. » - 4 W . » » -
The three-lettiPE G tFgds esprbeddn 153 FOdF BRtHEp ETsFtR P dBfites using the
nomenclature yrdrphysiachiyidihg! lnisunoiiqneduée atidtAsRD Cindiealiridomaton thlkgué@iticture codes and
zeolites is avajjgple pn,t psite.of the 20International Zeolite, Association at ,4.iza-online.org.
Preferably, theggegiga 0%%&%?%%%#5&5%%ﬁ?,’é‘ﬁﬁg‘ﬁ%ﬁﬁﬁ%?g‘gln%ﬁ%% atless ﬂéyar\%\é channel having
an eight-memiseidigritmapdmsiiiples of such z,eolites are those having framework structure types FER

(such as frrierite apgs&EdAatinm b CRUCH B CHRARMQH R DR dR1FR AR A2M-57), DAC
(dachiardite) and STI (such ci(?.sti bite%.%ZSPa{ticularly preferred zeolites are %Rﬂose of framework

structure type efrtBdie PIESSPSR 813G BTt BN AROLRE ?‘i’f&aﬁfﬁ@ferred that the
zeolites are acigimoSiuitadaly oflacplrepliteisgiet dibtesiiqanistie, soiéferably practically entirely in the

acid form generallylsglfﬁﬁ@?g I&%,@?ﬁl{'ﬁ's' {9&% l?afséﬁ%&&%g%y éga f ggﬁggﬁz%@%%%ig%msuch as 30 the

NH4 form can be converted to the 1-1-form ining t orm at elevated

or exam
temperature. THELGIS %W@z@%lwm%%sﬁ%éw syaleblufrandiaRobm&iaagistributed

among thibvartuspaing Rae kByHe 136d Ro b BRe e hifeIN B alaly\Wtate to acetic acid.
2011/027105P1CT1/&11?2%0/Q,%1§§§1?econﬁentration of H+ s (tacie{s residin ir} n()/trr) 5ig lar channel
system can be determined y known fglcs’hﬁ?’(fuaeusm%(ﬁ%ﬁ"égq ?ré‘-lgeams%eé% ros?:o%’y.u e dégree of acidity
of the ze,olite can bt RafkiebRsdeDy AhE LREALAGRtbére Is dessiibedmypriancendarmpieh byeticetadions such as
the alkali metals, sodium and potassium. The greater the extent of exchange by the alkali




5 metal, the lower the acidity of the zeolite. Preferably, zeolites for use in the present invention contain
only trace amounts of alkali or alkaline earth metals. Suitably, the amount of alkali and alkaline earth
metals present in a zeolite is such that the zeolite retains at least 90% of its Bronsted acid (H+) sites.
For use in the present invention, the total amount of alkali and alkaline earth metals present in the
zeolite is suitably in the range 0 to 100.2% by weight of the zeolite.  Preferred zeolites for use in this
invention are aluminosilicate zeolites. The silica : alumina ratio of' a zeolite is preferably in the range 5
to 200: 1. If thensthgh acatatainsetidio hidnrabiitehxcead vaQ0 itHedtmalyidodlysisdich giesibecomes
negligible and its efficiengy to catalyse the methanol dehydration will be i ired. Thus, the silica :
Alamina rato CT S b e T SR e

zeolites are tymb@lyq@némt@t_iS»'@mh@ﬁd_iffﬁtﬁf@oﬁ@e&bg@ﬂid@la@mﬁdelcafalsystocsigbﬁfﬁsémtﬁdechanical
strength, its pragficalsanplicaionsaspdiniies Meshansalatendih GrIRe soniriaramazeolite by
forming a zeolite aggregate, for example, a shaped body, such as a pill or extrudate. An extrudate may
be formed by ekt tRbosphaSemtdIRien SredefsarsT b pRISH st ariRg ARE edfining the
resulting extruggdeslysicagiiiio Bato o scralities-the Ladayishcapasitionpre ety aamarises at least

one inorganic oxide binder. Examples, of suitable inorganic oxide binders are silicas, aluminas,
ammina-smcaf&&mﬁ&gﬂ@gmtgﬁie%t@%aﬂa AT ARG SNSRI RS I ARiEE Snd clays,
especially alumpiaaoaddrainaisdicatendfisticehbiptiers,. thxgampleside sujipble@dmlilioiudisnelade
boehemite typel alumina and gamm al ina.l.t Su'taFIi/ th&ing{%gnic oxide indirtma\?/ be present
in the catalyst%%?ﬁb%usrfﬁto)nffn an amoun Sith%Oelr%Sn%re St° pr?/ 516 nw%/axﬁpe?e?é E}tll % the range of
15 wt% tb060 Witkritvesed thr tetatineigltofaiealitettd BihdeZ)0 psia A diPg tdlihegiabse ng
invention, the B%‘?%éﬁﬁ% {hat is used as the starting material 30 for the production of acetic acid and
dimethyl ether comprises a mixture of methanol and methyl acetate. The methanol and methyl acetate
may be fed to the redétien xotidess depeddhatidprovessmtisiasacingkabogdirsdinnol The methanol
and methyl acg&@%ﬁdm@a{n%&qé&yﬂ%&%t AA9G4n BN AESIFPSL A SR @Y{ﬁé ratio of
methanol : methyl acetate is in the range 1: 0.1 to 1:10, suchas 1; 1to 1: 10, preferably 1: 0.2 to 1:5.
5The hydrolystsFe4&iee e tpéd hater ad i rasionHchanrer s peuprainad fdaithedenydration
reaction,jwhickipredueesinater (nritbbdieafarably, however, water is added to the reaction zone, The
amount of added water shquld nothtgre o) high as to substafégially reduc c%alytic actjvity. Suitably,
water may added in a%c‘é?ﬁ XnPFEIRYE 15 E 18 BHPRS| o,SparngFgﬁﬁ??ﬁ RRAMESRLE0 mol9s and,
more preferablyéridhaeidangbdmietBd tthenol%inasedooastotadttead] ot atbylyheetaie; methanol and
water. The meth a%e%nd{ r metthgll ?cetate fst*ed streams 1o the reatctign zone ma %ptipanalely comprise

CO? W a catalyslt Composi rOa 1 a reaction zone at a Cmé)ﬁrél l(l:f.e I ﬁ
other components. uch components can Include one or more of acetic acid, dimethyl e r and

water. A GHuent SUCH ssrandneriagets; foidxahiitacthiytagle amdhilisad vrigladso be fed to 15the
reaction zgne. ., 1 PIACEST JHEY: RS CAISHAUL %3 RRALRNGSE Alaffet it RIASS RIpgess. for
example, as a fixed bed process or a slurry phase process.  Where the process is opérated as a

vapour phase ﬁrk@é&@??f@%ﬁ%&@dﬁrﬁ@f@b@%‘%r@a&m) may, prior to entering the reaction zone,

be in the Liquid phasg. fdavever (Riiak taZacaniastwibiine.aaeltadhe liguidRhzse gpmpgnents
should be volatilised, for example, by use of a pre-heater. The process is tarried out at a temperature

in the range 14856 SOMRPIISHAsALISRS iPRS ChPRBE Bavies iperREredin 84T SHELTBOW 250 C, such

as 170 to 240GatMosefpreier abliic wheie dheupsaerssisiChilbdaaubimthg diquichbasectirdemperature
isin theé?ran e 170tg 210 C, suctpc(aﬁs 173 to %90 C, for.example, %70 t0,180 Howev? a liquid
phase process ARlso BECSAN AR TR R ASETRL PR TRR F5175E' 286 (B8 Whefe!the process
is carried out imtinebesgpiotn pbalsecesobe prefartbly, tebdte(SpETsitolfdalis mdtectartgeth@mia@50 C, such
as in the range 175 t for init 175,10 2 in the range 175 t0 200 C.
30The applicaﬁ%ﬁggg%ﬁgggg%?ﬁgl%%%d th%%tsarf? g‘gg"rﬁﬁﬁé&éﬁp t%w%%ge [{}3%%%? Ure g'aﬁséegsft Which are

particularly loviheHehydotiparemetihadypictl catyderatavels efpiogredunttierfistiy tndywitkrainot only
able to benefitfrom.ihe Usialt aRY NGRS 2 RPSEaLINg f’&r&%&,%9%1&9&%_%/@;@%@%%9&6413 7

process of a reduced temperature, but they also found the catalyst had surpr|S|n%¥ high activity at
such low3®mperaturd8.the prRessI oL RS PrREFHASHIED Bttt atid G8erBmeh SE0FRHBF at pressures

greater than aRQRrRREHS: WhRIeHIBHRAPERSH R RATERG PHFIR LS dicktichBhase, i dtpreferrgd to

operate
P methyl acetate. The methanol dehydration and methyl acetate hydrolysis reactions can

be represented by equations (1) and (2) respectively :



5the process at a total reaction pressure which is sufficient to maintain the dimethyl ether product in
solution. Suitably, therefore, the pressure may be at least 40 bar, such as 40 to 100 barg, suitably 40
to 60 barg. Where the process is carried out in the vapour phase, suitable operating pressures are in
the range atm&spAEHOBAB B0 barg, such as 10 to 20 barg. The gas hourly BpassreloitglGHSV) is
suitably in the range 500 to 40,000 WI, 10such as 2,000 to 25,000 WI, for example 2,000 to 15,000 h4.
The liquid hourly space velocity (LHSV) is suitably in the range 0.2 to 20, such as in the range 0.5 to
10 WI, for example, 0.5 to 5 WI or in the range 2 to 8 WI. According to a preferred embodiment of
the present invention, the operating conditions under which the process is conducted are maintained
such that the processdgypoperaiedin, thg ppour phase.  In ap embodiment of the process of the
present invention, the process is operated In the vapour phase at a temperature in the range 175 to
220 C, water is addedt-HaTBacts? o heQl i ther cd?ﬁprises at least one channel having
ahn 8-membered ringrRnRisdAGoe a@#;&mgygam&ﬁm%&haub@e@aﬁ bmﬁlhfesmﬂ@@ﬁe@mity (G HhSV) is in
the range 2 to 2025,00 l. In.a further embodiment of t rocess.of the. present invention, the
process is ope(rgg?gl(ljéll% \égﬁa"ﬁ%s %:tgrgec% %r’tsel?ﬁﬁte %ﬁsﬁr%%n%%e“‘%%ﬁ’é%éﬁé%ﬁﬁ%%r is added to
the reactioh zone aftaniedseitetheiz esliecfartvesotmprideingUledstlonelcdamensidnaling an

8-membered riggyane, it dLLREECIGuIRS 10 B e RAGEEARDNCHIE JIGHIG ROUHYSORER ¥BiREIDA 25 (LHSV) is

inthe range 20 8 WI,  The process may be operated as either a continuous or a batch process,

preferably as & CHRERRRNFE ShroReSY sten it limansions! Hhansr ST RAREIP % roduct stream
comprising acétieremidedtingetizayinel$ et tevaieveln) etb arihamibmée thyhad sjatenisprooimpast from the
reactant feed %Qﬂgm%{erqgmﬁ%g methyl acetate, and optional water. The acetic acid and

. g, . ‘g .
dimethyl ether may be recovered from the pro&uct stream by conventional purification methods, such

as by distlfation. Diffstriamee sy siameeirerephiipamcpessereings v dprsutmmlintad distilation column,

and the acetic ggithyili fynicaltmberseaveRa asishboiems Freinefiumdhacrimniiagether with
methyl acetate methgp&leand water. '[.he acetlf acid cgg be se{_)g,c 1;[ed fé(am these gom _onents by

further distillatiBcThe Fag SUBFRH B STEIR M AdF o S eharmshviuch pasad i memPeres Biks for the
production of methyExasepkieo gatiees saubiripouieringheprietaybéthepredtht davemsiomsomoxide. The

acetic acid maydag sl BRARHSAFAHE (788 IERIGHSQSHERMPINGISIESssURS the

manufacture of vinyl acetate or eth]yl acetate. . The invention is now illustrated with reference to the

following Exantpiigebnirimartioti-ha Edarhisrdioh AR GusaenlsseNs Pl talytic activity in
the production exkapéistilicid) N 3 (foethpnptb i ira M), Miwiv fer etanpibaviGhvéd)metifRacetate in the

juid pase. TRg-ARqIES MELURRIRG Y S DB TR SN MG RAREYAed on an

XCubeTM continuous flow reactor (ex ThalesNano Nanotechnology Incorporated) at a‘temperature of
170 C, a pressPréibrestitehrsging thsuemsachaisraeeosed syityedniematipgah AgolithoAeseeiriphising 50 mol4
methanol and 3tfnedienmesimdtacainieoddsiatid 28RN SrARYRLJHane esrasiaiavas collected after 50

hours on Heaﬂtgrggﬁgnql%ggldteuiisggc? gansaghromiatgggﬁgehoequipped with a CP-Wax52CB column
having FID for oxygené’tae analysis ang aled a‘gas‘%?numatoréfaph equipped with 1)13-Wax on open

tubular silica columAwitrRG theoreplitecionunglinsibe Migsenbinvistiohththersorprisssableagyionsn in Table 1
below. 20 25 \8fehRZd) hiKi/ A0S EH TEaid A A0 B4R ed ablGch Soaiiady st tharnglaystem Ring Size
Framework Type %%ritp&gﬁee&§;;¥§R (such as ferrierite and ZSM-35), HéU (such as
clinoptilolite), MFS (such as ZSM-57), DAC (dachiardite) and STI (such as stilbite).
25 Particularly preferred zeolites are those of framework structure type FER, HEU or
MFS.
For the purposes of the present invention, it is preferred that the zeolites are acidic.
Suitably, the zeolite is used, at least partially, preferably practically entirely in the acid
form generally reférred to as the ‘H’ form of the zeolite. Other forms of the zeolite, such as

30  the NH; form can be converted to the H-form, for example, by calcining the NH, form at

elevated temperature. The acid form of a zeolite will possess Brensted acid (H') sites

which are distributed among the various channel systems in the zeolite. The number or



(g/kg/hr) Acetic Add STY (g/kg/h r) Methanol Conversion (%) Ferrierite (SAR 17+ 20wt% alumina
binder) 2-D 10, 8 FER 1354 454 81.6 Ferrierite (SAR_55) 2-D 10, 8 FER _ - 1224 375 68.3 ZSM-35
(SAR 18) 2-D 10, 8 FER 1063 357 84.4 Ferrierite (SAR20 + 20wt% alumina binder) ., 2-D 10, 8 PER
1032 353 76.5WD0SbM1mw27105 PCT/GB2010/001648
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concentration of H* species residing in any particular channel system can be determined
by known techniques such as infra-red spectroscopy. The degree of acidity of the zeolite
can be influenced by the exchange of H+ sites by, for example, by metal ions such as the
alkali metals, sodium and potassium, The greater the extent of exchange by the alkali
metal, the lower the acidity of the zeolite. Preferably, zeolites for use in the present
invention contain only trace amounts of alkali or alkaline earth metals. Suitably, the

amount of alkali and alkaline earth metals present in a zeolite is such that the zeolite retains

at least 90% of its Brensted acid (H) sites. For use in the present invention, the total
amount of alkali and alkaline earth metals present in the zeolite is suitably in the range 0 to
0.2% by weight of the zeolite. |

Preferred zeolites for use in this invention are aluminosilicate zeolites. The silica :
alumina ratio of a zeolite is preferably in the range 5 to 200 : 1. If the silica : alumina ratio
of a zeolite exceeds 200, the amount of its acid sites becomes negligible and its efficiency
to catalyse the methanol dehydration will be impaired. Thus, the silica : alumina ratio of a
zeolite is more preferably in the range 5 to 90 : 1, especially, 15t0 60 : 1.

Synthetic zeolites are typically prepared in the form of powders. Since a powder has
no significant mechanical strength, its practical applications are limited. Mechanical
strength can be conferred on a zeolite by forming a zeolite aggregate, for example, a
shaped body, such as a pill or extrudate. An extrudate may be formed by extruding the
zeolite in the presence of a binder and drying and calcining the resulting extrudate.

In addition to the zeolite, the catalyst composition preferably comprises at least one
inorganic oxide binder. Examples of suitable inorganic oxide binders are silicas, aluminas,
alumina-silicates, magnesium silicates, magnesium aluminijum silicates, titanias, zirconias
and clays, especially alumina, alumina-silicate or silica binders . Examples of suitable
aluminas include boehemite type alumina and gamma alumina.

Suitably, the inorganic oxide binder may be present in the catalyst composition in an
amount in the range of 10 wt% to 90 wt%, preferably, in the range of 15 wt% to 60 wt%

.(based on total weight of zeolite and binder).

According to the present invention, the feedstock that is used as the starting material

for the production of acetic acid and dimethyl ether comprises a mixture of methanol-and
methyl acetate,

The methanol and methyl acetate may be fed to the reaction zone as separate feed



(SAR23 + 20wt% alumina binder) 3-D IC MFI 922 292 66.0 SUZ-4 (SAR 17) 3-D 30,8 SZR 832 220
60.7 Mordenite (SAR20 + 20wt% alumina binder) 1-fl 12,8 MOR 721 155 50.8 Mordenite (SAR 50 +
20wt% alumina binder) I-D 12,8 MOR 672 151 41.6 Zeolite Beta ISAR 20) 3-D 12 BEA 658 161 50.7
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streams or as a single feed stream,

The methanol and methy! acetate may be fed to the reaction zone in any desired ratio
but suitably, the molar ratio of methanol : methyl acetate is in the range 1: 0.1 to 1:10, such
asl:1tol: 10, preferably 1: 0.2 to 1:5.

5 The hydrolysis reaction requires water as a reactant. Water may be obtained from the
dehydration reaction, which produces water in-situ. Preferably, however, water is added to
the reaction zone. The amount of added water should not be so high as to substantially
reduce catalytic activity. Suitably, water may added in an amount in the range 0.1 to 50
mol%, preferably in the range 3 to 40 mol% and, more preferably in the range 5 to 30

10 mol% based on total feed of methyl acetate, methanol and water.

The methanol and/or methyl acetate feed streams to the reaction zone may optionally
comprise other components. Such components can include one or more of acetic acid,
dimethyl ether and water.

A diluent such as an inert gas, for example, nitrogen and helium may also be fed to

15  the reaction zone. ‘

The process may be carried out as a vapour phase or as a liquid phase process, for
example, as a fixed bed process or a slurry phase process.

Where the process is operated as a vapour phase process, the components of the feed
stream(s) may, prior to entering the reaction zone, be in the liquid phase. However, prior to

20 contact with the zeolite, the liquid phase components should be volatilised, for example, by
use of a pre-heater. »

The process is carried out at a temperature in the range 140 to 250 °C. Preferably, it
is carried out at a temperature in the range 160 to 250 °C, such as 170 to 240°C., More
preferably, where the process is carried out in the liquid phase, the temperature is in the

25  range 170 t0 210 °C, such as 170 to 190 °C, for example, 170 to 180 °C. However, a liquid
phase process may also be carried out at temperatures in the range 160 to 190 °C. Where
the process is carried out in the vapour phase, most preferably, the temperature is in the
range 175 to 250 °C, such as in the range 175 to 240 °C, for example, in the range 175 to
220 °C and in the range 175 to 200 °C. |

30 The applicants have unexpectedly found that by operating at these temperature
ranges (which are particularly low when compared to the typical temperatures employed in
the field), they were not only able to benefit from the usual advantages of operating a



(SAR30 + 20wt% alumina binderl 3-D 12 FAU 151 26 17.3 SAR = silica : alumina molar ratio. The
we/0 of binder is the wt% based on total weight of the zeolite and binder. 5 * Calculated from mols
acetic acid + mols water produced Example 2 A number of experiments were carried out to test the
catalytic activiijOoPigfdéife and ZSM-5 in the liquid phase production of &€8tleEaely @i timethyl ether
from a feed of methanol, methyl acetate and watef. The silica : alumina ratios of the ferrierite and
ZSM-5 10 were 20 and 23 respectively. The ZSM-5 contained 20 wt% alumina binder (based on total
weight). The experiments were conducted on an X-Cubem continuous flow reactor (ex WO
2011/027105PCT/GB2010/001648 10 ThalesNano Nanotechnology Incorporated). In each experiment

the reaction Wagceay Beseuilad RigmBRraIUietRd 1A GuadiRsE whadsbangsialicniigh hourly space
velocity of 8b?' and a feed containing 8.5 mol% methanol, 69.2 mot% methyl acetate and 22.3 mol%

water. After aBBrSA=TSY PYITHFEWEstream, the temperature in each experiment was Sraised to
180 C and the preskrerineseasgdécarfedary athenigphcrivquebpepacet pedesciss gredifeddicomposition

were unchanggg, Liguid R@ﬂ&%‘{ﬂ&%g&(?gr%@éﬁ" GUHSAOLUAS sollediad pliehaln idaRd

approximately 200 hours on stream and analysed using gas chromatographs equipped with an open

tubular silta dBRRAREEDEB M AT aCHIPRIEARI: Wighé sufteisntin o pnteirdsrdms BxbEhthents are given

in Table 2 belgwdldTheRheve exagyinerifwvasieneaias Msjg, Ataatélyisi, Axhbed)ssTM 36WET
resin (ex Rolun&Haas Ci ept that, owing to the maximum operatin erature of the
resin (150C) trlille é’)?rpgéﬁ%%%rw %@égcggr%%%’ou eg? éﬁﬁ%ﬁﬁ%ﬁéﬁ&%ﬁ%&%ﬁé& o ts Using
AmberlystTM 88w PretetigiypressuiEabte i e taneerabisrheCaiabsbargnfachrslteriiBis Temp. (C)

Pressure (barg) Dirpgthyk ES08Y sphee (@IVRE, A0aE9 SRty fombrdsersieritesbOobad, 50 236 874
10 suchas 2,000 to 25,000 b, for example 2,000 to 15,000 h™.

The liquid hourly space velocity (LHSV) is suitably in the range 0.2 to 20, such as in
the range 0.5 to 10 b, for example, 0:5 to 5 b’ or in the range 2 t0 8 ht.

According to a preferred embodiment of the present invention, the operating
conditions under which the process is conducted are maintained such that the process is

15  operated in the vapour phase.

In an embodiment of the process of the present invention, the process is operated in
the vapour phase at a temperature in the range 175 to 220 °C, water is added to the reaction
zone, the zeolite further comprises at least one channel having an 8§-membered ring and is
in the acid form and, preferably, the gas hourly space velocity (GHSV) is in the range 2 to

20 25,000h".

In a further embodiment of the process of the present invention, the process is
operated in the liquid phase at a temperature in the range 160 to 190 °C, water is added to
the reaction zone and wherein the zeolite further domprises at least one channel having an
8-membered ring and is in the acid form and, preferably, the liquid hourly space velocity

25 (LHSV)isintherange2 o 8 b™.

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

In the process of the present invention, a product stréam compriﬁng acetic acid,
dimethyl ether, water, methanol and methyl acetate is produced from the reactant feed

30  stream(s) of methanol, methyl acetate, and optional water. The acetic acid and dimethyl
ether may be recovered from the product stream by conventional purification methods,

such as by distillation. Dimethyl ether will generally be recovered as an overhead from a
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70 356 1066 Amberlystnd 36 50 140 50 49 661 100 140
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distillation column, and the acetic acid will typically be recovered as a bottoms fraction
from the column together with methyl acetate, methanol and water. The acetic acid can be
separated from these components by further distillation. The recovered dimethyl ether may
be used as a feedstock to a process for the production of methyl acetate by the
5  carbonylation of dimethy} ether with carbon monoxide. The acetic acid may be sold or may
be used as a feed in other downstream processes, such as the manufacture of vinyl acetate
or ethyl acetate.
The invention is now illustrated with reference to the following Examples.

Example 1

10 In this Example, various zeolites were tested for catalytic activity in the production
of acetic acid and dimethy! ether from a mixture of methanol and methy! acetate in the
liquid phase. The zeolites were tested in their acid form. The experiments were conducted
on an X-Cube™ continuous flow reactor (ex ThalesNano Nanotechnology Incorporated)
at a temperature of 170 °C, a pressure of 50 barg, a liquid hourly space velocity of 4 hr!

15  and a feed comprising 50 mol% methanol and 50 mol% methyl acetate. Liquid reaction
product from the reactor was collected after 50 hours on stream and analysed using a gas
chromatograph equipped with a CP-Wax52CB column having FID for oxygenate analysis
and also a gas chromatograph equipped with DB-Wax on open tubular silica column with

TCD for water analysis. The results of the experiments are given in Table 1 below.
20

25

30
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This experiment was carried out to test ferrierite for catalytic activity in
the vapour phase production of acetic acid and &methyl ether from methanol and methyl acetate,
Ferrierite having a silica : alumina ratio of 20 and bound with 20 wt% of alumina (based 20on total
weight) was sigyeghiasfarticle size diameter in the range 500 to 1000 nygtiges2daoméwishe ferrierite
diluted with 12 ml of silica and supported on a glass wool plug, was WO
2011/027105PCT/GB2010/001648 11 then loaded into a hastelloy tube reactor containing 48 ml of a
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3-D
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12

FAU
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26
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SAR =silica : alumina molar ratio. The wt% of binder is the wt% based on total weight of
the zeolite and binder.

* Calculated from mols acetic acid + mols water produced

Example 2

A number of experiments were carried out to test the catalytic activity of ferrierite
and ZSM-5 in the liquid phase production of acetic acid and dimethyl ether from a feed of
methanol, methyl acetate and water. The silica : alumina ratios of the ferrierite and ZSM-5
were 20 and 23 respectively. The ZSM-5 contained 20 wt% alumina binder (based on total

weight). The experiments were conducted on an X-Cube™ continuous flow reactor (ex



Ether STY  STY* (g/Ullr)  (g/L/hr) 4 Ferrierite 190 7735 494 279 5 Ferri erite 185 7735 471 237 6

Ferri erite 190 10770 661 349 7 Ferrierite 185 10770 621 287 "data based on (methanol converted +
acetic acid produced)/2
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ThalesNano Nanotechnology Incorporated). In each experiment the reaction was carried
out at a temperature of 170 °C, a pressure of 50 barg, a liquid hourly space velocity of
8 hr'' and a feed containing 8.5 mol% methanol, 69.2 mol% methyl acetate and 22.3 mol%
water. After approximately 170 hours on stream, the temperature in each experiment was
5  raised to 180 °C and the pressure increased to 70 barg, the liquid hourly space velocity and
feed composition were unchanged. Liquid reaction product from the reactor was collected
after 50, 100 and approximately 200 hours on stream and analysed using gas
chromatographs equipped with an open tubular silica column coated with CP-Poraplot Q
and a TCD. The results of the experiments are given in Table 2 below.

10 The above experiment was repeated using, as catalyst, Amberlyst™ 36WET resin
(ex Rohm&Haas Company) except that, owing to the maximum operating temperature of
the resin (150°C) the experiment was carried out at a 140°C instead of 170°C. The results
using Amberlyst™ 36WET are given in Table 2 below.

Table 2
Catalyst Time on | Temp. | Pressure | Dimethyl Ether | Acetic Acid
stream | (°C) (barg) STY STY
(rs) (g/\hr) (g/Vhr)
Ferrierite 50 170 50 236 874
1100 170 50 237 876
200 180 70 1393 1083
ZSM-5 30 170 50 197 ‘ 861
100 170 50 178 833
171 180 70 356 1066
Amberlyst™ 36 | 50 140 50 49 661
100 140 50 47 658
15
Example 3

This experiment was carried out to test ferrierite for catalytic activity in the vapour
phase production of acetic acid and dimethyl ether from methanol and methyl acetate.
Ferrierite having a silica : alurnina ratio of 20 and bound with 20 wt% of alumina (based

20  ontotal weight) was sieved to a particle size diameter in the range 500 to 1000 microns. 6

ml of the ferrierite diluted with 12 ml of silica and supperted on a glass wool plug, was



Example 8 In this Example the catalytic activity of zeolites having channels containing different 5ring
sizes was tested. The zeolites tested were H-ZSM-35, H-SUZ-4 and H-Beta. The silica : alumina ratios
of the zeolites were 18, 17 and 20 respectively. Prior to use each zeolite was pressed and sieved to
particle sizes waelemangre250 to 500 microns.  Example 4 was repeated-exmpidbabatemperature
of I80C and a gas hourly space velocity of 7735 Iftivas maintained throughout the course of each
reaction. The average 10space time yields (STY) to acetic acid and dimethyl ether for the period 150
to 170 hours on stream are given in Table 4 below. Table 4 Catalyst Channel System Ring Size
Framework Type Acetic Acid STY (g/l/hr) Dimethyl Ether STY* (gilihr) ZSM-35 2-1) 10,8 FEB. 219 437
SUZ-4 3-D 10, S7Ri6A 294 RelaidRb2BEA S1-86.7hassr o methaneleanyarien macetic acid

produced)/2 Example 9 15In this Example, the catalytiC activities of H-ferrierite, H-mordenite and
1-1-ZSM-5 weFasfe¥noliPlug stpaatsséhsenialysting thrmrodrd 1y vieoynpbsafsadinhidbmela on total
weight). The siligthy! atsmas aiiohrachd el iitoWwasapaxinaisly. 20 Riickianuseueach z,eolite was
crushed and sigyegl (o parlicle Szes i heands. 220 R 3P0 SIS BTG 4 e epeated except
that a temperature o and-a gas hourly space

S of 10 barg and a gas hourly space velocity of 2790 h™'. The reaction was allowed to

continue for 190 hours. The gaseous product stream was analysed by gas chromatography.
The liquid product stream was collected in a pressurised vessel which was let-down to
atmospheric pressure and the contents analysed by gas chromatography. Based on
methanol conversion and acetic acid make, the space time yield (STY) to dimethyl ether
10 was found to be 419 g/l/hr; the STY to acetic acid was 216 g/l/hr, The carbon dioxide by-
product make was found to be 0.03 g/i/hr. No acetone was detected.
Examples 4 to 7
Experiments were carried out to test ferrierite for catalytic activity in the production
of acetic acid and dimethyl ether from methanol and methyl acetate in the vapour phase
15 using high gas hourly space velocities. 0.7 ml ferrierite (silica ; alumina ratio of 20) bound
with 20 wt% of alumina (based on total weight) and supported on a glass wool plug, was
loaded into a hastelloy U-tube reactor containing 30 ml of a pre-bed of carborundum. A
glass wool plug separated the catalyst and pre-bed. The temperature and pressure of the
reactor was adjusted to the reaction temperature of 190 °C and a pressure of 10 barg. A
20  vapour phase feed comprising 10 mol% methy! acetate, 6 mol% methanol, 4 mol% water
and 80 mol% helium was contacted with the catalyst at a gas hourly space velocity
(GHSV) of 7735 h™. The reaction was allowed to continue for 90 hours at 190 °C. The
temperature was then reduced to 185 °C and the reaction allowed to continue for a further
70 hours. The prpduct stream was analysed on-line at regular intervals using a mass
25  spectrometer and a micro-gas chromatograph. The experiment was then repeated except
that the gas hourly space velocity was increased to 10770 h'! and the volume of catalyst
was reduced to 0.5 ml.

The results of the experiments are given in Table 3 below.

30



20 velocity of 7600 Il were maintained throughout the course of each reaction. The average 'WO
2011/027105PCT/GB2010/001648 13 space time yields (STY) to acetic acid and dimethyl ether in the
time interval 220 to 240 hours on stream are given in Table 5 below. Table 5 Catalyst Channel System
Ring Size Aceto AwidoST0% (g/1/hr) Ditnethyl Ether STY* (g/Uhr) Ferrieritep242:50018/8234¢98 Mordenite
1-D 12, 8 45 64 ZSM-5 3-D 10 62 100 *based on¥methanol converted + acetic acid produced)12 5
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Example 8

In this Example the catalytic activity of zeolites having channels containing different
ring sizes was tested. The zeolites tested were H-ZSM-35, H-SUZ-4 and H-Beta, The silica
: alumina ratios of the zeolites were 18, 17 and 20 respectively. Prior to use each zeolite
was pressed and sieved to particle sizes in the range 250 to 500 microns.

Example 4 was repeated except that a temperature of 180°C and a gas hourly space
velocity of 7735 h'! was maintained throughout the course of each reaction. The average
space time yields (STY) to acetic acid and dimethy] ether for the period 150 to 170 hours
on stream are given in Table 4 below.,

Table 4

Channel Acetic Acid

STY
(&/Vhr)

Ring Size | Framework Dimethyl Ether
STY*

(z/Vhr)

System Type

Z8M-35 |2-D 10, 8 FER 219 437

SUZ-4 3-D 10, 8 SZR 64 244

Beta 3-D 12 BEA 51 86

* based on (methanol converted + acetic acid produced)/2
Example 9

In this Example, the catalytic activities of H-ferrierite, H-mordenite and H-ZSM-5
were tested. Each zeolite was bound with 20% by weight of alumina (based on total
weight). The silica : alumina ratio of each zeolite was approximately 20. Prior to use each
zeolite was crushed and sieved to particle sizes in the range 250 to 500 microns.

Example 4 was repeated except that a temperature of 200°C and a gas hourly space

velocity of 7600 h™' were maintained throughout the course of each reaction. The average



50 168 313 100 169 309 200 162 301 WO 2011/027105PCT/GB2010/001648 14 Example 11  In
this Example, the catalytic activities of H-Ferrierite, H-MCM-22 and 11-Theta-1 were tested. The silica
: alumina ratio for ferrierite was 17. Prior to use each zeolite was crushed and sieved to particle sizes
in the range 280 toBMATmeIcrons. SExample 4 was repeated except that arem@ereturet&@B180C and a
gas hourly space velocity of approximately 7600 W were maintained throughout the course of each
reaction. The average space time yields (STY) to acetic acid and dimethyl ether for the period 150 to
170 hours on stream are given in Table 7 below. Table 7 _ Catalyst Channel System Ring Size
Framework Type Acetic Acid STY (g/Whr) Dimethyl Ether STY* (gnaw) Ferrierite 2-D 10, 8 PER 183

385 MCM-22 %@@tﬂn@%\é@%@@ﬂg%etic acid and dimethy! ether in the time interval 220 to 240

hours on stream are given in Table 5 below.

Tables
Catalyst | Channel | Ring Size | Acetic Acid | Dimethyl Ether
System STY STY*
| (g/Vhr) (g//br)
Ferrierite | 2-D 10, 8 301 498
Mordenite | 1-D 12,8 45 64
ZSM-5 3-D 10 62 100

*based on (methanol converted + acetic acid produced)/2
5 Example 10 ‘

This experiment was carried out to test the catalytic activity of ferrierite in the liquid
phase production of acetic acid and dimethyl ether from a feed of methanol, methyl acetate
water and acetic acid. The silica : alumina ratio of the ferrierite was 20 and contained 20
wt% alumina binder (base¢d on total weight). The experiments were conducted on an X-

10  Cube™ continuous flow reactor (ex ThalesNano Nanotechnology Incorporated). The
reaction was carried out at a temperature of 170 °C, a pressure of 50 barg, a liquid hourly
space velacity of 2 hr! and a feed containing 23.3 mol!% methanol, 49.6 mol% methyl
acetate, 26.4 mol% water and 0.7 mol% acetic acid. Liquid reaction product from the
reactor was collected after 50, 100 and 200 hours on stream-and analysed using gas

15 chromatographs equipped with an open tubular silica column coated with CP-Poraplot Q
and a TCD. The results of the experiment are given in Table 6 below.

20

Table 6

| Time on stream | DME STY Acstic Acid STY
(hrs) (g/t/br) (gh/hr)

150 168 313
100 169 309
200 T62 301




Theta-1 1-D 10 TON 1 27 10*based on (methanol converted + acetic acid produced)/2 Example 12
hi this Example, the catalytic activity of H-Ferrierite bound with 20% by weight alumina and a silica :
alumina ratio of 20 was tested. Prior to use the zeolite was crushed and sieved to particle sizes in the
range 250 to §a9mipsenss 15Example 4 was repeated using 0.5 tul of ferriericsand@iges hourly space
velocity of approximately 10,600111 was maintairiéd throughout the course of the reaction. The
reactor was initially adjusted to a temperature of 180C and maintained at this temperature for 90
hours. The temperature was then increased to 210C and the reaction was allowed to continue for a
further 75 hours, after which time the temperature was increased to 240C 20 and the reaction was
allowed to corﬁipauxg figrﬁ further 100 hours. The average space time yields (STY) to acetic acid and
dimethyl ethe in Table 8 below. WO 2011/027105PCT/G132010/001648 15 Tables
Catalyst Time Temg; hisdiremelel heersuliiaeibritieesdd{enisiry ISMOMBand Shidstc/i/hr) Ferrierite
70-90 180 304k dsRAieriQik30- dRthina ratio for ferrierite was 17. Prior to use each zeolite was

crushed and sieved to particle sizes in the range 250 to 500 microns.

5 Example 4 was repeated except that a temperature of 180°C and a gas hourly space
velocity of approximately 7600 h™ were maintained throughout the course of each
reaction. The average space time yields (STY) to acetic acid and dimethyl ether for the

period 150 to 170 hours on stream are given in Table 7 below.

Table 7
Catalyst | Channel | Ring Size | Framework | Acetic Acid | Dimethyl Ether
System Type STY STY*
(¢/Vhr) (g/V/hr)
Ferrierite | 2-D 10, 8 FER 183 385
MCM-22 | 2-D 10,6 MWW 58 103
Theta-1 1-D 10 TON 1 | 27
10 *based on (methanol converted + acetic acid produced)/2
Example 12

In this Example, the catalytic activity of H-Ferrjerite bound with 20% by weight
alumina and a silica : alumina ratio of 20 was tested. Prior to use the zeolite was crushed
and sieved to particle sizes in the range 250 to 500 microns.

15 Example 4 was repeated using 0.5 ml of ferrierite and a gas hourly space velocity of
approximately 10,600 ™' was maintained throughout the course of the reaction. The
reactor was initially adjusted to a temperature of 180°C and maintained at this temperature
for 90 hours. The temperature was then increased to 210°C and the reaction was allowed to
continue for a further 75 hours, aftér which time the temperature was increased to 240°C

20  and the reaction was allowed to continue for a further 100 hours. The average space time

yields (STY) to acetic acid and dimethyl ether are given in Table 8 below.

25



210 522 724 Ferrierite 230-250 240 562 724 , *based on (methanol convened + acetic acid
produced)/2 Example 13 In this Example, the catalytic activities of H-Ferrierite, H-Zeolite-Y and
5H-Clinoptilolite were tested. Ferrierite and Zeolite Y were each bound with 20% by weight of alumina
(based on totarousigh)7arsd had a silica : alumina ratio of 20 and 30 resp@EHeOIRB1EHhoptilolite
contained 1,2wt% alkali metal. Prior to use each 32olite was crushed and sieved to particle sizes in the
range 250 to 500 microns. Example 4 was repeated except that a temperature of 180 C and a gas
hourly space 10velocity of approximately 10,600113 were maintained throughout the course of each
reaction. The average space time yields (STY) to acetic acid and dimethyl ether are given in Table 9
below. Table Srgiatalyst Channel System Ring Size Framework Type Acetic Acid STY (g/I/hr) Dimethyl

Ether STY* (g[/hr) Eerrjerite 2.1) 10 8 PFR 283 592 Clingptilolite 2.1D
Catalyst | Time Temp. Acetic Acid | Dimethyl Ether
Period O STY STY*
(hrs) (&/t/hr) (g/l/hr)
Ferrierite | 70-90 180 307 611
Ferrierite | 130-150 | 210 522 724
Ferrierite | 230-250 | 240 562 724
*based on (methanol converted + acetic acid produced)/2
Example 13

In this Example, the catalytic activities of H-Ferrierite, H-Zeolite-Y and
5  H-Clinoptilolite were tested. Ferrierite and Zeolite Y were each bound with 20% by weight
of alumina (based on total weight) and had a silica : alumina ratio of 20 and 30
respectively. The clinoptilolite contained 1.2wt% alkali metal. Prior to use each zeolite was
crushed and sieved to particle sizes in the range 250 to 500 microns.
Example 4 was repeated except that a temperature of 180 °C and a gas hourly space
10 velocity of approximately 10,600 h”' were maintained throughout the course of each

reaction. The average space time yields (STY) to acetic acid and dimethyl ether are given

15

20

in Table 9 below.
Table 9
Catalyst Channel | Ring Size | Framework | Acetic Acid | Dimethyl Ether

System Type STY STY*

(g//hr) (g/Vhr)

Ferrierite 2-D 10,8 FER 283 592
Clinoptilolite | 2-D 10, 8 HEU 99 305
Zeolite Y | 3D |2 FAU 56 iy

*based on (methanol converted + acetic acid produced)/2
Example 14
This experiment was carried out to test ferrierite for catalytic activity in the vapour
phase producﬁon of acétic acid and dimethyl ether from methanol and methyl acetate.
Ferrierite having a silica : alumina ratio of 20 and bound with 20% by weight of alumina
was used as whole particle extrudates with a nominal diameter of 3.2mm. 2 ml of the

ferrierite, supported on a glass wool plug, was tested within a hastelloy tube reactor




10, 8 Hai 99 305 Zeolite Y 3-D 12 FALI 56 17 *base on (méthanol converted + acetic acid produced)/2
15 Example 14 This experiment was carried out to test ferrierite for catalytic activity in the vapour
phase production of acetic acid and dimethyl ether from methanol and methyl acetate. Ferrierite
having a silicaw@ahemieezrestio of 20 and bound with 20% by weight of alumtrcpasiosedsas whole

- particle extrudates with a nominal diameter of 3.2&m. 2 ml of the 20ferrierite, supported on a glass
wool plug, was tested within a hastelloy tube reactor WO 2011/027105PCT/GB2010/001648 16
containing 50 ml of a silicon carbide pre-bed. A glass wool plug separated the ferrierite and the
pre-bed. A vapour phase feed of 35 mol% methyl acetate, 21 mol% methanol, 14 mol% water and 30
mol% helium ' intQ. nd contacted the ferrierite at an initial temperature of
200 C, & press L S ant tb v AP BT he reacton

was allowed tG¥HRERTES: 5. 5ansur8hser Sred vl TRsEks mebaseets 26 mol%ouethansidia further 18

hours the GHS\IagaiBciea o612 haAf WaanskiaetamRe il YEs-ICESa s 49:43RC. After 6 hours the
GHSV was re(}gced t0.10 709aililreThe reactiﬁo&(y\é%s allowed to_continue for a further 18 hours after
If

which time the QHBY WAL Thial fempy US4 © ARRTEE M BHF MRS U SPABFC. After 4 10
hours undér tHessisotHtRNs0ERS AW RrswetuceddelbdO HWaihndiie fehbtion befisallowed to

continue for aRibp{A1ARHEALIRA RS AAHP RIS SIRATS AR ANAMERY Dhoas clugmatography.

The liquid pro%uct strgam was periodically collected in a pressurised vessel which was let-down to

atmospheric preddire ARt Tt CBPREAHE Meapsddotliss AfitshhessrisiH T evavefigedspace time
yields (STY) tacaltho atidraeeakiteetivk elisasd basengiveTon. Faer 10 halawsdabiecd meatalyst

Tem. (©) G Aol AT AN DIISHRL G STHYG G Bl 290 21400 1543
10 bours under these conditions, the GHSV was reduced to 10,700 h™! and the reaction was
allowed to continue for another 21 hours. The gaseous product stream was analysed by gas
chromatography. The liquid product stream was periodically collected in a pressurised
vessel which was let-down to atmospheric pressure and the contents analysed by gas
chromatography. The average space time yields (STY) to acetic acid and dimethyl ether
15  are given in Table 10 below.

Table 10
Catalyst | Temp. GHSV Acetic Acid | Dimethyl Ether
°C) ®h STY STY*
(g/Vhr) (g/V/hr)
Ferrierite |.200 21400 1543 2954
Ferrierite | 200 10700 1047 1769
Ferrierite | 220 21400 2091 3262
Ferrierite | 220 10700 1251 1685
Ferrierite | 240 21400 | 2654 3544
Ferrierite | 240 10700 1645 1866

*based on (methanol converted + acetic acid produced)/2

20



200 10700 1047 1769 Ferrierite 220 21400 2091 3262 Ferrierite 220 -10700 1251 1685 Ferrierite 240
21400 2654 3544 Ferrierite 240 10700 1645 1866 *bed on (methanol converted +acid produced)12 20
WO 20111027105PCT/GB20101001648 17 Claims: 1. A process for the production of acetic acid and
dimethyl etherWi®&Hice piScess methanol and methyl acetate are contactedTAGHRe ettt
composition in a reaction zone at 5a temperature ¥ the range 140 to 250 C to produce acetic acid and
dimethyl ether and wherein said catalyst composition comprises a zeolite which has a 2-dimensional
channel system comprising at least one channel having a 10-membered ring. 2. A process according
to claim | wherein the zeolite further comprises at least one channel having an 8-membered ring.
103.A process@aiipsing to claim 1 or claim 2 wherein the 2-dimensional channel system comprises
inter-connecting channels 4. A process according to claim | wherein the zeolite is selected from
zeolites haying framework structure types FER, HEU, MPS, DAC, STI, NES, MWW and TER. 5 A
process according tofchiferss fohthepothetizooiftecitisetittd dinathybetfiteschalicigpi&essramework

structure type highaldFerdaneldyifciiak £ BEAERRY JGAPLURAYQ SaiMNa e RAR Feqlilg s selected
from ferrleglte, ZSM35, ZSM-% and clinoptilolite.
a temperature in the range 140 to 250 °C to produce acetic acid and dimethy! ether and

wherein said catalyst composition comprises a zeolite which has a 2-dimensional channel
system comprising at least one channel having a 10-membered ring.

2. A process according to claim 1 wherein the zeolite further comprises at least one
channel having an 8-membered ring.

10 3. A process according to claim 1 or claim 2 wherein the 2-dimensional channel
system comprises inter-connecting channels
4, A process according to claim 1 wherein the zeolite is selected from zeolites having
framework structure types FER, HEU, MFS, DAC, STI, NES, MWW and TER.

5. A process according to claim 4 wherein the zeolite is selected from zeolites baving

15 aframework structure type FER, HEU and MFS.

6. A process according to claim 5 wherein the zeolite is selected from ferrierite, ZSM-
35, ZSM-57 and clinoptilolite.

7. A process according to any one of claims 1 to 6 wherein the zeolite is used in the
acid form.

20 8. A process according to any one of claims 1 to 7 wherein the zeolite has an alkali
and alkaline earth metal content in a total amount in the range 0 to 0.2% by weight of the
zeolite,

9. A process according to any one of claims 1 to 8 wherein the zeolite has a silica :
alumina ratio in the range 5 t0 90 : 1.

25 10. A process according to claim 9 wherein the silica : alumina ratio in the range 15 to
60:1. ,

11. A process according to any one of claims 1 to 10 wherein the catalyst composition
comprises at least one inorganic oxide binder.
12, A process according to claim 11 wherein the binder is present in an amount in the

30 range 10 wt% to 90 wt% (based on the total weight of zeolite and binder)

13, A process according to any one of claims 1 to 12 wherein the molar ratio of

methanol : methyl acetate is in the range 1: 0.1 to 1:10.



7. A process according to any one of claims 1 to 6 wherein the zeolite is used in the acid form. 208.A
process according to any one of claims 1 to 7 wherein the zeolite has an alkali and alkaline earth metal
content in a total amount in the range 0 to 0.2% by weight of the zeolite. 9.A process according to any
one of claims Win281wéeziein the zeolite has a silica : alumina ratio in the repgegimddisds 2510.A
process according to claim 9 wherein the silica : aldmina ratio in the range 15to 60 : 1. 11. A process
according to any one of claims 1 to 10 wherein the catalyst composition comprises at least one
inorganic oxide binder. 12. A process according to claim 11 wherein the binder is present in an
amount in the 30 range 10 wt% to 90 wt% (based on the total weight of zeolite and binder) 13. A
process according (o anc,olclaime U \gaieisindnemolorating melenal . melfyl acetate i in
the range 1: 0.1 t9.1:10. WO 20111027105PCT/GB2010/001648 18 14. A procegs according to any
one of claims I%&e% %r@ﬁoﬂﬁé’mcess is operated in the liquid or vapour phase. 15. A process
according to clédm 1AwheesindhedMgoesin openaieth Mdpoyapaiviehastiatia {apoperature of 175 to

240 C. 516.A QJOSESS 255 gipug to.claim 14 wherein the process is operated in the liquid phase at a
temperature oFfJJ160 toa1908é 1'7.0,£(ipl)$§or§e%s4$0a§éording to any one of claims 1 to 16 wherein water is

added to the rd&ctior*ZBpREss EEcodpiR tedsimctbrdierginghel ainsdswvisomintidspitedepsdstaperated in the
vapour phase iDafeafernperatuss ip the wange 175 to 220 C, water is added to the reaction zone and
wherein the zeglite further com?%[rii es at least one channel having an 8-membered ring and is in the

acid form. 19. A proleBO%EE BRAME S R 4018 SEAlarmL kel profe watds addsdiodNgas hourly space
velocity (GHSWattithedange 2 to 25,000 IC'. 1520.A process according to claim 1 wherein the process

is operated in the |inA%@%%&miW%%M%JH&Qﬁ fiN96.100.19 199 G VRle! isuadged to the
- R S A G

. . &
reaction zgne and wherein the zeolite further comprises at least one channe n'8-membered

ring and iL%in tREIERPREE B ihoranescblite 828 Hinyae drapdeadothrererstionezproseds is operated at a

liquid hourly 2Gepecie velaoiiye Uiy ddm s 882 dReBhkindl hdvdind S OSRSEREEdIGA0 any one of
claims 1 to 21 y%/ eﬁ%i cth%o&methyl ether produced is used as the fe,edstocic to a process for the

0 e

19

carbonylation imethy ther. 25
A process according to claim 18 wherein the process is operated at a gas hourly

space velocity (GHSV) in the range 2 to 25,000 h™.

15 - 20, A process according to claim 1 wherein the process is operated in the liquid phase
at a temperature in the range 160 to 190 °C, water is added to the reaction zone and
wherein the zeolite further comprises at least one channel having an 8-membered ring and
18 in the acid form.

21, A process according to claim 20 wherein the process is operated at a liquid hourly

20 space velocity (LHSV) in the range 2 to 8 h™'. ,

22.  Anprocess according to any one of claims 1 to 21 wherein the dimethy] ether

produced is used as the feedstock to a process for the carbonylation of dimethy] ether.

25

30



