WD 2011/ 027105PCT/ GB2010/ 001648 1 PROCESS FOR PRODUCI NG ACETI C ACI D AND

DI METHYL ETHER USI NG A ZEOLI TE CATALYST The present invention relates to a
process fwo 2bh@2proeducti on of acetic acid and 5 di net hylpcetdso10iooosmsa

f eedst ock conprising nethanol and nethyl acetate in the presence of a
zeolite catal yst. The nost wi dely used industrial process for
production of acetic acid is the carbonylation of nmethanol, which is

descri bed general Ig/ for example, in British patents 1,185 453 and

1,277, 242 arRROCESS EORPRORUGING ACEHC AGID ANR DIMEJH ETHER { hano! i s
10 reacted with carbon non&SING AZEQKITE CAIALYSFE a rhodi um or
iridiumcontaining catalyst, in the additional presence of a hal ogen

(usual l'y iodine)-containing pronoter. D net hyl ether can be produced,
for exanple, by direct synthesis froma synthesis gas prepared by reformng
hydr ocarbon materials such as nethane, or by the dehydration of nethanol.
Among these, TPhagesaeiavémionpelards el 1grodésseirhihd protilion Y addie adhwdr at i on of
15 net hangl is described, for exanmple in EP 1396483, US 5,684,213, WO
2004/ 674 25Bethyleti foopo 8 fesdstogacomprisingryethangl pyd methellasetateain the presensesf f or

t he dehydg[%toh&rba&{ys_ thanol to dinmethyl ether enploy alum na catal ysts, and
are carried out at” high tenperatures, typically at tenperatures in excess
of 250 C. | :—Ii gmdmme\gfl&lyluml iadle}frdepfdcedalfer Ibrﬁdt&ltidﬁ!bfﬁdlétiaﬁc’ﬂﬂ@/me 20

comrerci a accept rates o eaction. For exanple, in EP-A- 1396483
there is ‘iﬂ‘é@"é‘i” aB%‘gogmﬁt?‘G%‘gs%h‘F'éis wthsd igaeeral ity rmple i Brisish ak)dr at i ng
met hanol j i 1 e i ha

Catal yat Y DAY 2235 U Sl HESEETE an A BRcRERI B RBMTIT, 50
C, nolle peadted with garB@Omenariderprtbe presdrive of 2 giotlivaf- oa indd@nidootainiag eatal@hl t i s

| so k .. that. dial kyl et b duced hy. dehydrat i | cohol
nder cat Byt M isnalirrienes b Tl v ALY OB B ubIng PRIRUFE [ o descr i bed i
US 5, 684, 213, Dandikyd €86 cdnie (RbARYE, 108edhplK By dﬁw%_{;xﬁthesﬁm&ﬁ@ismh@imﬁt hyl

W efres )
ether, by the dehégl,r ation of the correspono’ll ng al cohol in the presence of
hydr ogen 8as peepdicd oy refarming hydiogarhon pateriels sudthas methatleyert byi the delivdrationbe a

zeolite re ial kyl e is ,di.nmet.h t her h referred
Zoveol § ¢ a8 A thl Moo SiTor b MTES M PABEY 1y b8 R BieBAShicE
dehydysat i methawil ibadiscritea dfot exanil© tUEP NIPGABRIEINY 84D Iz rwbrou/arsdngl in the

presence | umi na_or zeolite catalysts is that at the WO
2011/ 0271\?@@9%@%&30/ 001648 2 reaction tenperatures enployed (typically in

excess of 25 TaloacTe 0= pth the
targeted di neo%‘%?aug%/ﬂgr pr1 861}%%5%5 goﬁgﬁétjﬁégkxﬁ@ggnmgf;@%g&goﬁ t‘% ﬁg‘g(t: t%ﬁhg%st surface
whi ch deamiploptlemirtaatatystsahydsire amdicl entce highderaparatubs, typieslly ain rate. It is
suggested in "Effect of y-al um content on catalytic perforpance of

modi f | _eddt%ngﬁfusesf“a F’_“‘&é%%//fo&é# Eoﬁ‘?%* (PR AFBROLE & %ffiﬁ’ettorﬁ?{‘rl%é? her" shin
Dong 2§ M @mridreiafpRdcefidbleditad ¥Sesctidn, KRR&ARPI AT R0PD648BBieléi3, that a

met hod of reduci ng hydrocarbon fornation at 270 Cis to nodify the ZSM5 by
exchange dgseribed gdreness for prodvging diugthyl 48 byl dehydiatisg metipnokiedke Yapoupr epar i ng

di et hyl her i.gh vield..b | oyi ng,a,dual - char ge at al yst. system
Vet nanel SESE it orbt et G vited B Al B B A RER e B D Bk 2l vt
such as yprafetublyiaexceds 0AZ$EW, iRdrd predérabl§ 2801 €0 o RIYSh AREHLH Gk réhchididlr ophobi ¢
zeolite catal yst, such as ZSM 5. A further disadvantage of the use of

y-al umi nd@ cat al yse the dehydration of methanol, is that y-alunina is

hydr ilic t [ j i I
annydipus | n e eV, DAL EANSS A5Y Heprd R PR By i Shide

descr i bescatalyicaligglstibocormitemarFargxatnplef thyde ieddseribeldrio MSNEE3ERIG, a proeeRi ni ng
water by firstly contacting the nethanol with a partially substituted

hydr opho OEPPUhfing @Fh@EE‘hefgsm dlzsmfs?tgflcﬁtvrreé\%adh%9‘316/8%9@9 B with a

cat al yst f z ] Ik d S 1 A I%nﬂﬁ{@ L.ONn is
conduct ed&?ﬂgﬁ?ﬁﬁ%&aﬁ%&%ﬁg%&%ﬁ%ﬁg@??@dy fPil(l) gmélg%\?g-rg'? I ona X(?élgt grmal
react or. gilystistseiddo bs azedite indvahere thendiblkyl etler é ditretliys ethyig ttel prafeded 0 aceti c
acid d nef anol . Fgr exanple, there is described in US 5, 235,102 a

cat al 3t i cZAMSHT PPEPBS process for the hydrolysis of nmethyl acetate to
produce acetiHor&ved a difilvamhgd 48dcidie whB Betiydrdiidh fndMidds G fof l%ah@ln%O be a
catal yst-packing material conprising a rigid, cellular nonol Pth, stuch as
cor di eri tdimghu! ethér frane metlgnel inghepresenksofimiuriing or GMlitGentdgsts shbat aeteer s may
be hydrolysed to the corresponding acid in the presence of an ammoni um salt
of a heteropolyacid, such as an ammonium salt of a phosphotungstic acid or
a silicotungstic acid. Pol yneric resins, such as those based on
styrene divi nyl benzene copol ynmers with sul phonic acid groups, for exanple,
Anmber | yst Tn86WET (avail able fromthe Rohm&Haas 30 Conpany) can al so be used

I o " o, .. v .



met hyl acetate, nethanol, dinethyl ether and water is fed to a

hydr ol ysi s/ dehydrati on reactor which contains an ester hydrol ysis catal yst
and an alwoholi/detvgdr ati on catal yst which can be the sawreTwmB2diddoessent. The
al cohol dehydration catalyst can be selected froma solid acid,

het er opol yaci ds, acidic zeolites, titania or silica pronoted alum na,

al um ni um 5phosphate or tungsten oxide supported on silica-alumna. The
ester hydrolysis catal yst can be selected from acidic ion-exchange resins,
acidic gamma al um na, fluorinated alum na, sul phate or tungstate pronoted
zi r coni a, retdtioa némpevdtures bmpRypd QyEitally ialensasnef 2591 °@)) hiduraiboas pleakeallyt ungst en
oxi de supportgld&ean silica-alumna, cl agyl supported mneral acids, zeolites

or het er opoP) togethsr with dhefargeted dunat r?&‘efﬁr"tdﬁ?tsaf&‘é@eg%m keonthction is
carried fied. It
has Inow é%% oun%ggl hlgtha%eﬁ&%r%?{eegcg tal’%}? ?ﬁeﬁgi&gy L n%&t%ﬁggeﬁelt hanol
dehydrati on akhds smrggés;eld mCEffatt@f hyadxmhg/eorﬁem eacathl@nc parﬁorhfancdrmﬂmuchﬁed

signifj use qf ze Ii s a_2-di nensi ona] channel
sygterﬁ %M %6 ra“eaa? Bﬂ% Frt rlduﬂé}%g#%wa
15Accor di Rgheq cid %d&f RSGEﬁerél'?ﬁ@girdO@ 1339" PAVJ %%aﬂl So%“r?gt%ﬁia @%h&ﬁ%c%g uction

of acetic acid a di meth whi Ch proces
acet at e afoenaimmtaa@t(e%CvatbmwlﬁyaheaZS'Mt-S by)wpﬂmmgerwxm sadiwan.r eact i on zone at a

tenperature i 0 250 C roduc ic acid an i met hyl
ether wher ei n%@?@%@qg&/é SCHRFALPIEFY rB s gle i%@?‘i ipdighny! aﬁ%ﬁas a

2- di mensi Qié'ﬁbyrﬁ@@'ﬂﬁﬁ%h&%@&@EEhB'QtrEPEtbﬁ' Ntaholl i€ fstalBRhfdaRABeAVI Ng a 20
10-menbered rin feature of the invention’is that a zeolite which

has al®- dlilmﬁkﬂlbmlld @ﬁd@n@lyséymh@mrcabrrpmsumgmw rheshanol rikercdehpdretedhavi ng a

10- nrenber n th t for use in the process.
Surprisin g\%ra'hp?ro lzosﬁ’“gg”ﬁ cguaflycft, SHC ta%%/ltie of zeolites having a 2-

di mensi onal chdurier diyétaarge onfeiusé Qy-alumliasca@ eﬂha@nﬁiratttﬂ;vafng a
10-menbered_ring 25 enhances the space tine yiel STY's) of the products.

Fur t her mofet a@ﬂh&ﬁ@éﬂ'abﬁd%lsthywpwléladé t*&‘ﬁ@l%ﬁpbﬁ? taek is gpuired ©bser at ur es
t han typi anol, with only low |evels
of by-proﬁﬁh for t"?ﬁ?‘%&ﬁ%‘gmﬁ‘%gﬁ?‘%ﬁ@eﬁé‘e {ng reduce the aci di ty of the
zeolitke, for VAaRQIGA41R$3 desclibusgepraddshiomptephringdismetyh ethbefrpmagaamobf t he

present invention aceti.c acid and |rret hyl . et her ar duc d 30 by the
dehydr at i GIRtaLNAE Rpler BY PLstly cgptagtin O](%‘ﬁlb?P%‘?‘ﬁ‘g}’ ﬁ'@ﬁ and et hyl

acetate. HhRopmebRaRMire AKBY M REIZ8M @nftntm DY) cARELRA %1@?’%&%?’%&6&590“ ons

can be regresent ed by equations (1) and % respec
2011/ 027106RGTIEB26 DO Aihcd-6ldhina. mwmmndumm(mm adHPABOCH3or H20

CH3COCOH +. 2 . The h d at i on and hydrolysis reactions are
cat al ysedm%‘s%ae%qnlv?gm\ﬂ%iléﬂg?é? Y0 4i mensi onal - channel system conpri si ng
at |ezst one GhaepRkerRawr Mated, rﬂahﬁeea@kedhydragsedﬁs;a@ém%dsmahmbn

zeolites are described as being - 3- di nensional. However, the
zeol i t es Ferprampls, @@%%éﬂ’s@ﬂb‘tﬁmt%s 83%&%@le}"tlhélsblﬂﬂé@@moqeﬁﬁ/@htheon possess

a 2-di manﬁﬁrcf(?eglgls Spﬁ@t?tﬁ ac% :Pr?duagg%tlg' FRNBAS, ﬂly{t?@ﬂgg g)t?ly LS ERAN

conprise In conhec terhat i ve Y, fsronal’ channel

syst em casuid tortera @mlyst@mleﬂlgmmnslrcoarpexsmg a-rigd, el anaeiolitlg.sudi¥dshe channel
systens of zeolrte y possess rings having, for exanple, 4, 5, 6, 8, 10,

12, 14 or SoFgicHisARd he 2-di nensi onal channel system of the zeolite for
use i the pragess, tlodde Igrcq@e 99 It channel which
has a 10- nenber e% rIr&Erog S egsuloP \zﬂg‘gH%S 3’."?‘28% %F"Otﬁge in the

process ocortdspoqdumnt mrt}wpnesanocr obarcarmmohiunesalt lof e hatgropo yaeidpsuch 8¢ anuct ur e

t ypes, |f ferrjerite ndZM35) HEU 15(typified by :
dinoptil erhoéf efe@aerﬂhahaat@)acadw f°8F“n§§é i% zSM 57), STI (for
exanpl e, stil bbl{yﬁt)enc bRis( §ukh a8 HRSPbRed M%e dMﬁ?’l@n%ne%?Si?ﬁ?rsW 22) and

TER (terranovai The three-letter codes such to the
f r amewor ksulphomit mcegmynzﬁefm‘fexamplezémbeﬂﬂ §WTgT (alvellabdmﬁmlthﬂ Rolem@Haposed by

the | atron atr n.a t structure codes

and zgé) i 8'§‘pf“§y ﬁ%ﬁ h %seArsﬁ @%PY‘L’ %’ IS g@'l P?F?ag? IaAsetnafd zeol it e

Associ at | Dgpisdlly\ibwéven-saet tesis Bhe a Bﬁﬁhﬁhﬁ@eﬁﬂn’gh&ng&@tﬁi‘éﬁ ab@it 159eci n the
present invention further conprises at |east one channel having an

ei ght - menber e#n &1 ¢ipbodineniof &S ©3521sTf3theredd daseribedracpro¢ess in wkioh acptit meidewor k
structure types PER (such as ferrierite and ZSM 35), HEU (such as
clinoptilolite), MFS (such as ZSM57), DAC (dachiardite) and STl (such as
stilbite). 25Particularly preferred zeolites are those of framework
structure type FER, HEU or MS. For the purposes of the present
|nvent| on, |t |s preferred that the zeolrtes are acr d| c. Suitably, t he

o, Y T T M



WO 2011/ 027105PCT/ GB2010/ 001648 5 concentrati on of H4- species residing in
any particul ar channel system can be determ ned by known techni ques such as
i nfra-redvepectneomsopy. The degree of acidity of the zeelirteB20amobes

i nfluenced by the exchange of H+ sites by, for exanple, by nmetal ions such
as the alkali netals, sodiumand potassium The greater the extent of
exchange by the alkali 5 nmetal, the lower the acidity of the zeolite.
Preferably, zeolites for use in the present invention contain only trace
amounts of alkali or alkaline earth netals. Suitably, the ampbunt of alkali
and al kalmaﬁyleeatte MBhalol, Ame&9Nithérind waRlid fe@ td & h§atelysishRhyddigorzeol i te
retains | east 90% of its Bronsted acid (H+) sites. For use in the
present |rm¢&ttwfmh comteenwmter hr‘dmh’SlS@ﬁtah/ISk@dl anginphel dehydnaorentallistnet al s

Phe: zool 1T e sefug & BHLET N Aot Selo ARG Exbsr o af bed P s

al um nosisblig adi€, tiea%pdlﬁexdsﬁwnskédma iltaﬁl'&ld)'i’rlslml@a F@tﬂdaedOatluxamaeahﬂntxﬁums
preferabldiléln t he range 5 to 200 : 1. the silica : alumna ratio of a

zeol i P gbats o dmesten exisdgsupported on ts%w@rétumga {las egerctyideelysieeatalystishe and
its effi (o] ai.red. Thus,
the silic %e%?l%gtfxﬁ ?m&a&&dl%/ﬁ)% JXP hy g?getzlgt{(%r iﬁ“ﬂg 8 rmr!au%%flév:‘delro gg?tedaﬁmt"ﬁe range 5
to 90: 1sulphpeot aingytate PpohotedRircchia, Hyunid@isilitapesthotb@aluaig, h&lﬁitﬂl@hﬂ

prepared in the form of powders. Since a powder has no significant

mechani c Ahoghaknpnasten exdde supppitechon uliea- tleamaoﬂgyaﬁ@pprtﬁﬁ pareral geidpani cal
strength b | h te, for
exanpl e, Zgélg( ﬁa&e @%&? §a%gdjgﬁ %S&gx‘ﬁ le r?lagér(g {e()%l rgdaegS H%ﬁgéecilt% ?E%%Eﬁ cglamsty be

f or rd@ byoutaatt}OOdCrtg20(B|psxé>,0fhze@atal)tsels|nnt tdhmtlﬁndesence of a binder and drying
and calcinin he resul tin xtrud n.additiopn to the zeolite, the
cat al yst con%&é‘?st‘toé‘hbeﬁPé‘P‘ﬁ‘%a t)}h"d?fﬁf)"rsﬁ sfficieney Pg%tg‘tm}b‘ﬂfe‘{]‘inﬁg‘?&gni c oxide

bi nder . ReAp@RhRsh 2d Iﬁahﬂaal@ttaelhp@to%m 1€a@6h @8 Bé PEISROFedi Enifitdnkl§ 89 thédl um nas,
alum na-silicates, nmagnesiumsilicates, magnesium alum nium silicates,

titani as,usepf envliswhish hay ay-dimesisosl <a1a1nyel &yem nemprdingratieass piha chaneel or
silica binder s of suitable 25 alum nas include boehemte type

al um na é‘%g 5310 rﬁgg)re(?rmg Sui tably, the inorganic oxide binder may be
presdast in theccoatiaglyshe fREFOHVehtdsh providss 2pTdYers forthé PR duaNGRfAtetik0 W % to
90 wt % preferably In the range of 15 wt%to 60 wt % (based on total weight
of zeol i tasidand dimpidskther in which progesymetharpl ad methypacsiaie areicaviasted with a he

f eedst oc r tion of
oot o acriiakopripaR 9 chidfoe et RebdiRkAbleHh uddah @ 14005 2RO REE L T8, Dy
acet at e. prbducaatdimraoid amddhmethht;dthea&&te&hmsamtyathigstfoempbgubxlﬂeompr&mts hon zone as
separate feed V\lBZOl 105P ‘\ GB2010/ 001648, 6 streans or as,a Single
feed str&alite which haga Zydimensignal g ayrsg?m Criging atispstnwechannebhaving 2
reactjoon gofembéte@pigdesired ratio but suitably, the nolar ratio of

met hanol : net hyl acetate isinthe range 1: 0.1 to 1:10, such as 1 : 1 to
1: 10, pref ertatﬁftayuri ofthe m‘(ﬁanISIS tbéthezeh}ytdrvdm;tsha ar2edmtenmnarlehmmebsyswm er as

a reactant be ned fr drati r tion
pr oduces ?ﬁé’tpnlsmgﬁt gcg%ltt?.n alfr '%Wg?regﬂé{gésreq‘ 0%61383}’%‘%?@ ?reactl on
zone. Theusa Do prozkssaBopeisinglyeit hsﬁwhdommttha&haasemfabomés HRirpubst antial |y

reduce catal ytic act|V|ty U|tabl , water may added in an anount in the
range 0. Mdimgnsignahghapnel ;fwétp@rcampgﬂsma at lgast oap glangelthgvipg arﬂ&-%eah@red FBE e

pr ef eysabl B f

acet :{ e, ér{rleh{“[tbgng‘% S ?\%qﬁn/a%%l%ﬂs %ﬁre“l’gn%%ﬁf@ﬁ% or %rlg{’cﬁg’l ngl%gei JE?@@’;
streans tyeldhare mekievddan lovostgempayatafes itlmmay;hyaltmmed fc&@h@ddh@draﬁ@ﬁrbﬂ nents. Such
corrponents an mcl&ﬂe one or re of acetic¢c acid, dinmethyl ether and

wat er . dhanol wigh efly {3k {evels of byrprogduct ﬁ?gpttl‘ljla?éld Vflgtoubt)baﬂﬁ?%to reduce figen and
hel i um e, The process may be
carri edng%t&gzﬂa V;Bgféfto?ﬁ%%%ﬂgrﬂy:%‘éﬁdn I qul gﬁptﬁase'process, for exanple, as
a fixed bed rimhep&cms oﬁtt&lpwsem iphaien peaicesil an\ﬁsyaﬁhethylt&‘.heﬁraﬁa:maudeﬂ
operated as,.a p ocess,. t.he conponents t he feed strearr(s)
may, 33& d thp g éa#wﬂ@nﬁl?f aiplysisof 8 feesaioek CoBPriSng e Qj@pélnmttaf acetyipnever
prior to mxﬁaﬂiﬂt‘)@ﬁew&zﬂloﬁl%d aRaly %&tat& B§drbi H'rgacﬂg &n%gqggﬁgs%meﬁ houl d be
vol atilised, for exarple use ‘'of a pre-heater. rocess Is carried
out at a Qqehmlsdilmd(ilhrespfetwdytge 140 to 250 C. Pr ef er ably, it is carried
out at a tenperature in the range 160 to 250 C, such as 170 to 240C. More
preferably, where the process is carried out in the |iquid phase, the
tenperature is in the 25 range 170 to 210 C, such as 170 to 190 C, for

exanple, 170 to 180 C. However, a |iquid phase process nmay al so be carried
out at terrperatures in the range 160 to 190 C. Were the process |s carrled
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7 process of a reduced tenperature, but they also found the catal yst had
surprisingly high activity at such | ow tenperat ures. The process may
be carri e¥O30t1/087105t nospheric pressure or at pressures GCELIRPININHHS

at nospheric. Wiere the process is cartied out in the liquid phase, it is
preferred to operate 5the process at a total reaction pressure which is
sufficient to maintain the dinethyl ether product in solution. Suitably,
therefore, the pressure may be at | east 40 bar, such as 40 to 100 barg,
suitably 40 to 60 barg. Where the process is carried out in the vapour
phase, suitablx e stCHOCHLsENOEs are in the r@npge atnospheric to 30

barg, such as 10 to 20 barg. The gas hourly space velocity (GHSV) is
suitably in t@@@@%ﬁ(ﬁzgo‘;@ﬁﬁ%@w,cﬂﬁgﬂch a2) 2,000 to 25,000 W, for

exanpl e 2,000.to0, 15,000 W, .The .liquid [ | OGI LHSV) i
Suit abl y in e @ﬁ?ﬁ%‘é“%‘? %“dt'%?/dé‘d,ys‘%{ﬁ’é%‘-“’lgg%‘:eﬁa{aﬁue‘# g%éggﬁff%%ggﬁ%é %\?( oy
exanpl e, fimendiéhad cVhn@ll'systemidamptioing at [ast OnSchdhnel having a 1Bcaahbiredria@ a

preferred enbodi nent of "the present invention, the operating conditions
under Swhi ch t Gkanpelowystems iinzeobited @t degerihed apbeing 8i. ded- oudhdimeasiondhe process

is 150pergted in, the,.vapour, pha . n 1L RE . cess of
the proselP Fivant PO tRa SRRt i te piBe Lo B R BlucBliod SRaRE970S2

t enper at Uz-girhehsioh®l cham@e systen. tThe 220mensidval Elianhél sgstek@dtah Qompwser eact i on zone,
the zeolite further conprises at |east_ one channel hEvi ng an 8- nmenbered

ring and ingreannediing ghannelsoflematvely the dupngionglchanpiek sysin $ap OPWEEE vel ocity
(GHSV) is ﬂap%élp%hfcﬂg&eno%-ﬁl&r&%g’ctﬁgow' In a further enbodi nent of the
process of e present 1nvention, the process is operated in the liquid
phasel(at a t eTpecahtlayitems bita zedhigemdyGibstess fifgs @vingaferexampladtdd6t® t he
reaction zone and erejn the zeolite rther conprises at Jeast gne
channel th/ilﬁgl oF 1 -’H%’H%?é? e!2|‘ @eaﬂ?)‘l”iflghqnﬂf Sﬁgelgéﬁfglef@f’ﬁﬁeafjﬂrd‘fseb? erably,
the liqui gmb&%f e PPAER iMEnA6h hifs A Feablldre Vharkr®l Which Es 4 2GR mbeted rfheW -

The process nmay be operated as either a continuous or a batch process,

pref erabl y asEsamples ofiueolitss puitablesfor use in thelpmoaepeoighopresent giventian 35¢ esent

i nvention roduct. stream.conprj sin ceti cid,.. di net wat er
net hanol éﬁ?giter%é‘ﬁwg %rélglgfvgﬁ%st{ugf%$ dtfe ggﬁf(fy@hﬁetdﬂ)é' t?fergcr:l%ea%dr%gel\g%tsgg{%ltjr ean(s)
of mibang&%ﬁe&bﬁmlm@aﬁélmﬁ D A0 (Ha6RbidReR M6 exahpr Z8Mt379, SKi(fbrand

di net hyl ether nmay be recovered fromthe product stream by conven‘[‘ll onal
purificat f:wmtshéﬁg),, NfifcforexamplegNE§ 7)) MRYWr(fOTIEXﬁ@PWyMWT?@P agg FER

general ly r i d, f

Jo11/ o2v i R F R OLR A G P IR SL PR, Rter e framepork sructureype

wi || typi 6ffhk yedlizesgupuhe acmarlaure pidposs] By tae Intanationah¥ édize Asdogramrion.oget her
with met hﬁ acet ate, nethanol .and water.. The glcetiﬁ ac'%g cg(rt}] be separated
from t hesSfprmabonahewt skyctprscofesandizeqlitey i pyalablepndhe Webspe ol theyi net hyl et her

may bgy usﬁﬂelﬂgticglaf 2&fRe Rgéﬁcfaﬂoﬁawh%aﬁo@lﬂ{eé&%}e production of nethyl

acetate by t carbonyl ation of” ] er with carbon nonoxide. The
acetic aci d miyeféreblyothd zeoliterfor useinthepresent invemtéah furthert dogpriges at daasicanm

processes,, such as the.manufacture of. vinyl acetate. aor efhyl, acetate.

The. | nventhBHel e g gn R PREE e RVBrET eiee: BETIREs BEVOHTIE Bxapl es.
Exanpl e 1 fh@kRotldbt@icfareypbLFER duR iSfez@fitt ARSZ9WE35) IEBUqshchag catal ytic
activity in the production of acetic acid and Irmthl%lr{ ether froma mxture

d
of met hanelineptitplitiex MHS (sechtastZSM-37), RAC (dschigrdifgband ST{suchasstilbite). wer e
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Si ze Framework Type Dinmethyl Ether STY * (g/kg/hr) Acetic Acid STY (g/kg/h
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ZSM 35 (SAR 18) 2-D 10, 8 PER 1063 353 84.4 Ferrierite
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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 jons 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, 15 to 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 aluminium 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 presenf 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



(SAR20 + 20wt % al umi na binder) 2-D' 10, 8 FER 1032 353 76.5 ZSM5 (SAR23 +
20wt % al umi na binder) 3-D 10 MFlI 922 292 66.0 SUZ-4 (SAR 17) 3-D 10, 8 SZR
832 220 6WO20NYRAWAI t e (SAR20 + 20wt % al umi na bi nder) 1POT/GB20B/Q0R8721 155
50.8 Mordenite (SAR 50 + 20wt % al unmi n& binder) 1-D 12, 8 MOR 672 151

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:1to1:10, 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 zeqlite, 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 to 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
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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 comprises at least one channel having an
8-membered ring and is in the acid form and, preferably, the liquid hourly space velocity

25 (LHSV)isin the range 2 to 8 h'l.

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 stream compris;ing 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



(gNnr) Acetic Acid STY (g/lihr) Ferrierite 50 170 50 236 874 100 170 50
237 876 200 180 70 393 1083 ZSM 5 50 170 50 197 861 100 170 50 178 833

171 180 AYOI8H/02DVE PCT/GB2010/001648
8

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
S carbonylation of dimethyl 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 dimethyl 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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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



Tenp. GHSV Di net hyl Acetic Acid (C) (11-1) Ether STY STY* (g/L/hr)
(g/L/hr) 4 Ferrierite 190 7735 494 279 5 Ferri erite 185 7735 471 237 6

Ferri eri tWOR200/0201070 661 " PCT/GB2010/001648

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™ 36 WET 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
(hrs) (g/\/hr) (g/Vhr)

Ferrierite 50 170 50 236 874
100 170 50 237 876
200 180 70 393 1083

ZSM-5 50 170 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 : alumina ratio of 20 and bound with 20 wt% of alumina (based

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

m] of the ferrierite diluted with 12 ml of silica and supported on a glass wool plug, was
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Aceti c A}hg&@%ﬁ&%@'ﬁ‘g%@ﬁ%@%hhﬁ grﬁg%g@@r dn8N¥0 o1 % Mg WasindOducBa FER 219

437 SUZ-
into the reactor and contacted the ferrierite catalyst at a temperature of 175 °C, a pressure

5 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/l/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% methyl 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 product 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



12 BEA 51 86 * based on (nethanol converted + acetic acid produced)/2
Exanple 9 15In this Exanple, the catalytic activities of Hferrierite,

H nor deniWe 28HP2HZSM 5 were tested. Each zeolite was bE8GREBATIW02@S, by

wei ght of alunmina (based on total weilght). The silica : alunmina 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 m crons. Exanple 4 was
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vel ocity of 7600were nmintai ned throughout the course of each reaction. The
average ‘P¥pje@11/027105PCT/ GB2010/ 001648 13 space tine yields (STY) to
acetic acid and dinethyl ether in the tinme interval 220 to 240 hours on
stream [gFxamplger Gatalyab| ¢ Tsmpe| ofwHSVb| ¢ Pimethyd| yistAcetadedd {System R ng
Size Acketic Acid STY (g/ URQ) Di { ffébhyl Ft helEthemY* ( g/ UBFY Ferfrierite 2-D
10, 8 301 498 Myrdenite 1-D 12, |8 45 64| ZSMBY3-D {10 @2L/AO0O

(¢/L/hr)
4 Ferrierite 190 7735 494 279
5 Ferrierite 185 7735 471 237
6 Ferrierite 190 10770 661 349
7 Ferrierite 185 10770 621 287

*data based on (methanol converted + acetic acid produced)/2
Example 8
In this Example the catalytic activity of zeolites having channels containing different
5  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
10 space time yields (STY) to acetic acid and dimethyl ether for the period 150 to 170 hours

on stream are given in Table 4 below.

z‘:lt);:y:t Channel | Ring Size | Framework | Acetic Acid | Dimethyl Ether
System Type STY STY*
(g/Vhr) (g/Vhr)
ZSM35 | 2D 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
15 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

20  velocity of 7600 h were maintained throughout the course of each reaction. The average
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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 (based on total weight). The experiments were conducted on an X-

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 velocity 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

chromatographs equipped with an open tubular silica column coated with CP-Poraplot Q

and a TCD. Theé results of the experiment are given in Table 6 below.

Table 6
| Time on stream | DME STY Acetic Acid STY
(hrs) (g/l/br) (g/Vhr)
150 168 313
100 169 309
200 162 301




183 385 MCM 22 2-D 10, 6 MW 58 103 Theta-1 1-D 10 TON 1 27 10*based on
(met hanol converted + acetic acid produced)/2 Exanple 12 In this
Exanpl e, WRaHARAIGtic activity of H Ferrierite bound wWPECH/GRIHNPI6H8| ght
alumna and a silica : alunmina ratio Yf 20 was tested. Prior to use the
zeolite was crushed and sieved to particle sizes in the range 250 to 500

m crons. 15Exanple 4 was repeated using 0.5 m of ferrierite and a gas
hourly space velocity of approximtely 10,600 |11 was maintai ned throughout
the course of the reaction. The reactor was initially adjusted to a

t enper at uUEgam@pleI80C and mai ntained at this tenperature for 90 hours. The

t enperat ure mﬁfhﬁhen I ncreased to 210C and the reaction was allowed to

continue for rpapley thecaalydic aghides oith-Epmieritee Hr MEM-@Rpnd B Thasa-has
i ncr easedw&x% tgs{léﬁcfﬁgmﬁg‘g Jllh}ﬁm% ?ﬁﬁtfop%@% gjf%o?y\qql& ?o r«lagach :%é hie a further

100 hours he average space t 0 acetmc acl nd™di met hyl
et her ar ecrgshedand meﬂ'@ibb@ar&ch&i@ywn the\Eanze 230 @25000hiEeshs GB2010/ 001648 15 Tabl e

Acetic Acid nmet hyl Ether Period (C STY STY*
E(BhrC(:; {;; | ;nthanepgsrtTH /vﬁllsgr:eei‘neated except that a tem%erature of 180°C and a ggs ourly space

velocity of approximately 7600 h™" were 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 7 below.

Table7
Catalyst | Channel | Ring Size | Framework | Acetic Acid | Dimethyl Ether
System Type STY STY*
(g/V/hr) (g/l/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-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 500 microns.

15 Example 4 was repeated using 0.5 ml of ferrierite and a gas hourly space velocity of
approximately 10,600 h™' 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, after 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



Ferrierite 70-90 180 307 611 Ferrierite 130-150 210 522 724 Ferrierite
230- 250 240 562 724 *based on (nethanol converted + acetic acid produced)/2
Exanpl e 18O 20H/RM0§ Exanpl e, the catal ytic activities oPCHERIIVBIGBe,

H Zeolite-Y and 5H-Cinoptilolite wer¥® tested. Ferrierite and Zeolite Y
were each bound with 20% by wei ght of alum na (based on total weight) and
had a silica : alumna ratio of 20 and 30 respectively. The clinoptilolite
contained 1.2wt % al kali nmetal. Prior to use each zeolite was crushed and
sieved to particle sizes in the range 250 to 500 m crons. Exanple 4 was
repeat ed EXBE[Q_I that a tenperature of 180 C and a gas hourly space 10

vel ocity approxinately 10,600 1f' were gpintained throughout the course
of each Ga&&lysén | Time averlagw- spadeeti¢ Awidyi nDétsethSMhero acetic acid and

di et hyl | et her ang en Table el ow. T, Cat al yst Channel System
Ring Size Fr arrewmkgi?épe ACE)tIC /§%&pSTY (g Sf%r) Di met hyl Ether STY*

(g/l/hr)Ferrieritgrsg-D 10,8 PER|28§np92 C w,l)l olite

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

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

System Type STY STY*

(g//hr) (g/l/hr)

Ferrierite 2-D 10,8 FER 283 592
Clinoptilolite | 2-D 10, 8 HEU 99 305
ZeoliteY | 3D 12 FAU 56 17

*based on (methanol 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 dimethy] ether from methanol and methy] 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

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



2-D 10, 8 HEU 99 305 Zeolite Y _ 3-D 12 FAU 56 17 ased on (net hanol
converted + acetic acid produced)/2 15 Exanple 14 This experinent was
carried MNP 20D/ ferrierite for catalytic activity i RCFKS2AHIYL48phase
production of acetic acid and di met hyl® et her from nethanol and met hyl
acetate. Ferrierite having a silica : alumna ratio of 20 and bound with
20% by wei ght of alum na was used as whol e particle extrudates with a
nom nal dianeter of 3.2mm 2 m of the 20ferrierite, supported on a gl ass
wool plug, was tested within a hastelloy tube reactor WO
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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) () STY STY*
(g/V/hr) (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



Ferrierite 200 10700 1047 1769 Ferrierite 220 21400 2091 3262 Ferrierite
220 10700 1251 1685 Ferrierite 240 21400 2654 3544 Ferrierite 240 10700
1645 1866WORAEAR7WA (net hanol converted + acetic aci d pPed§IRANWPI64HD
2011/ 027105PCT/ GB2010/ 001648 17 O ai n¥§: 1. A process for the production
of acetic acid and dinmethyl ether in which process nethanol and nethyl
acetate are contacted with a catal yst conposition in a reaction zone at 5a
tenperature in the range 140 to 250 C to produce acetic acid and di net hyl
et her and wherein said catal yst conposition conprises a zeolite which has a
2-di mensi Elginschannel system conprising at |east one channel having a
10-nenbered ring. 2. A process according to claim1l wherein the zeolite
further conprises at | east one channel having an 8-nenbered ring. 103. A

process agcor diRgodess fok aﬂerﬁrédueﬁor%@dce&h@aa{@%cﬁdlﬂwi Eethedh VAR R9&ss channel

system conprises inter-connecting channel's 4. rocess according to claim
1 wher e| nmﬁ@ﬂd@@ﬂ imeghyil gcesate arctoontadted mltilemataisess cdmmsng)nfm anmssookzaeratict ur e
types HEU  MES,  DAC

accor di ng® fegpgraé?rﬁlﬁtﬂﬁﬁ%%% ?%g%z%eco%&fcg ageg-Ré‘E{deaé‘didi“Bﬁ‘ﬁ)fle"éfP)qut%S‘i havi ng
15 a franahereh said dagdlyi eoﬁlymlo%%mpHEéé 2RAiMwhich Bas 22-BnRESSRal*0&REAI N9 tO
claim5 wherein the zeolite is selected fromferrierite, ZSM35, ZSM 57 and
cl i nopt i | &fsfemecomprising 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 having
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 ratid 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 clains 1 to 6 wherein the zeolite is
used in the acid form 20 8. A process according to any one of clains 1 to 7
wher ei n tWe 20HYRIE has an al kali and al kal i ne earth neP&l/EBALENE648N a
total anmount in the range 0 to 0.2% by wei ght of the zeolite. 9.A process
according to any one of clains 1 to 8 wherein the zeolite has a silica :
alumna ratio in the range 5 to 90: 1. 2510. A process according to claim?9
wherein the silica : alumna ratio in the range 15 to 60: 1. 11. A process
according to any one of clainms 1 to 10 wherein the catal yst conposition
conpri sesléat | Apsicesrrecondoganny omxoftéaims hdet3 wherein thd Proclssis opesed in
accordi ng tg. claimi1l erein the binder is present in an anount in the 30
range 10 WEHIHFY BFRRWPPBSsed on the total weight of zeolite and bi nder)
13. A progess ' - aj c e nmol ar
raii 0 of  pot hangoe R T4 Fhe P kel dls e GERPHE G T
2011/ 027 1plEeeay G RO ABUS 18240 3@. A process according to any one of
clains_1 13, wherein the processg,is operated in the |iquid or. vapour
Shases 188 A AareSiitaudbelp RETRI Aothsr it reters PR gt e dguidBRGner at ed
in the vaaod&@m?g}gﬁﬁe@ftl@tgqg@e@ature of 175 to 240 C. 516. A process
according to claim 14 wherein the process is operated in the |iquid phase
at a tenpéf.at up@resessi®gondingltd @ngCone dfxclaims priode sderacwrtdr isgpddal tartye one of
clainms 1 to t16 wherein water is added to the reaction zone. 18. A process
accor di ng" " WA M 1 wherein the process is operated in the vapour phase
10at a temper ahpictesdadchRingab @Rirk 15whePeir &R frocddisWpetafeddfl 4R apSurtph8se
reaction zone and wherein the zeolite further conprises at |east one
channtl hahA tegperatuge igheangel 175 w2281, weter is added edhelrepetian zongand A process

el oci ty Py B Robie MEREL IS BIAEGR i BREHRE SlncbutBR biabiy 157

cl ai m 1 wisdn etierncidforpr ocess is operated in the liquid phase at a
tenperature in the range 160 to 190 C, water is added tqo the reaction zone
and wher efr t hé PFESHS RoRdingtstaina dfpyhersan theprocessis opprated phmdes howdlyi ng an

8- menber edhkk DA GHES VY inkhErafgd Qtofﬁ(mg ht 21. A process according to

claim 20 wherein the process is operated at a liquid hourly 20 space v
vel ociiy RQHSV)Aiprocesseaccandge t@ claom 8 Wherein £1i2.préceps s opeated dn drediguil fhaseany one
duced is used as the

Feedst ock? e BPEABEE R BEt RED BioBoby AT 5riaBre i et oA 25
wherein the zeolite further comprises at least one channel having an 8-membered ring and
is 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. A process according to any one of claims 1 to 21 wherein the dimethyl ether

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

25
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