CARBONYLATION PROCESS CATALYSED BY MORDENITE SUPPORTED ON INORGANIC
OXIDES This invention relates to bound mordenite zeolites and their use as catalysts in the ,
carbonylation sfaearbsmydatable reactant such as dinnethyl ether and metbamshoooMerdenite belongs
to the class of materials referred to as zeolites. The structures of a large number of zeolites, including
morclenite are well known and are defined, for example, in The Atlas of Zeolite Framework Types (C. -
Saerlocher, W.-M. Meier, D. H. Olson, 5th ed: Elsevier, Amsterdam, 2001). The web-based version
(httn://wwwdzastfttRBENYSOHENRROFES S CARAENEERR PBRENIESURRARTIRE! details about
10zeolites including mordenite.  ZeolitéNANJEREANIaQXIBESh used to catalyse a variety of different
chemical processes including hydrocarbon conversion processes and the carbonylation of alcohols
and ethers with carbon monoxide to produce carboxylic acids and/or esters. Mordenites bound with a

binder material have bEBRPHERSHiGHRPIE bR sdraeoitasrnd sl ermanmstalithibfscarbon
conversion proaéssgstbuc asatberyanaaliosation skaematichydiesatonsnasdescribed in US

6,486,372 and the,hydrocracking of high boiling hydrocarbon feedstocks, as described in, WO

97/13826%. us 4,6@%@%@8‘?8%%?8 me%@é%%%‘?n%é a%ée§%ﬁ%é%?68§%@sa§8§ ARG &5 Lomprising

contacting catbign mohexidecalitts imdwbng driedatcthot eehtaning dded @doarydn atoms in the

presence of agaysialine aluninosionts. 2ealls having, 3 ciisa. Aluning ajia ot atjpast about 6 and a
nde

constraint index withjn the approximate range of 1 to ra prgeséure of at 1eést one atmosphere.
Mordenite ha&%Rb betth Hisvissetiadesamaehintag dhbass bt/ bitisAwistizeses employing

climethy! ethefastcarhemytatable y eactantsdnanaxampisiotieitis deseribeddniRa e 2006/121778 a
process f8r the roduc?iio. of a I%wer alkyl ester. of a lower aliphatic carboxylic acid by carbonylating

under sulbsta% |al‘lt§’sanﬁ il/ s CoRditions a lower alkyl ether, such as dimethyl ether, with carbon
monOxide in the pfesiénc gizeraldraeriteronset tiecite!gatalysticThetdifkreat diseidsire in WO
2006121778 36 he s el yelsniisahish Jxhaundwiih s bindermatsrial, Jnorganie oxide binder

materials, such as ahuninas, silicas, silica-aluminas, titanias and zirconidas are generally considered to

be inert matefSHAY HErefsremnaipé expisrertbrtviostidnendfos stpst bound with a binder,

material would demienstiaieb W 36H0/0RBLAIREHGRZNUDIMAIQ atariderd Galal g activity
compared to the same volume of catalyst but having no binder material present. Surprisingly, it has
now bee?r%i fouhd %8'%@3@5 éﬂ)}%%é)rc I%O%g%gﬂﬂg’ﬁaﬁ%&%‘?ﬁf&ﬁmse SRS containing a
mordenite in theratidiohrrabrmsositéchmithdami&Esep86(378 mmdriipdedcekiraiofilsgives as a binder
results in impggﬂgg W&ﬁﬁo@%é@m%&%1&5%}%9&@\%6@%% @fcatalytic activity and/or selectivity

compared to the catalytic 'g\grformance achieved using the mordenite without a binder material.

Accordingly, the prEs&AtanFrtisrigsre vl ad s seddmpmane yrbpartiaepidsranbpviacetate and/or
acetic acid pragusisviicthprHieessLeMRHEeSs COM@cincasarkamdatablaraastaniselected from
dimethyl ether gnd methangl with carbon mqqogdde 'ﬁn the presence 10 ofa catagl%/stz wherein the
catalystis a. Fmordente Bouna Wit 8 rssoRoraus AR e At dh B 4l R uminas,
silica-aluminasymisgmtsiviat stchtbsundimmagresiain: alderiwithisilicatesoximTegppesdritinvention also
provides for t[@dﬂggrgfp%gﬁg%qg{%%tmgg%ggﬁ%épve the catalytic performance of H-mordenite in

the carbonylation of a ctubonylatable reactant selected from clitnethyl ether and methanol with carbon

monoxide, in whic¥dsEnAaabe seralisclnsedions geerloatingss rhastorabandasion merertresaid binder
and wherein gagbiyidetis sejeetbel Honkblisagadenilitan: Sitea:alupiasnagaesisn;silicates and
magnesjum ' licates. he,catalyst for use.in the present invention comprises a
ot S Bk R Tl ie T AEP CRIEL e e e L eI
Silica-alumina@“bma@masf&bﬂ @ﬁbm@MQ mﬂ_rstam'alw amﬂnj;dromilmm&ons HemeatdBagite (also knqwn
as the acid fm.ouydiogepdorl naidele) Iz semmatanlv-axiladie ﬁgotg;%&%réps of mordenite

such as the 'sodium form or amimonium form are afJSO avai commercia e sodium and

ammonium fEFEBE Priaksb Nl iedn mobeclastian M A sdidasies ty wekiamoadaihniques. For

example, the;ammRBiHm i £anhs canrygrted to the 1i-form by calcining the ammonium form at high
temperature. The sodium form can be converted to thﬁ H-form Ry converting first to the ammonium

form by’ibn exchaRGEAMEPERGHER e S RRIRS it stieanir e dirifhg the
ammonium femhzathigh ierpesallyeoafdysically metdeniflbasaisiisarcalumpinayatio in the range 10

to 100: 1 and such morclenites are suitable for use, in the present inventjon. Preferably, however, the
silica : alumiﬁgFgE%%gaﬁg%%gﬁﬁﬁa#ggﬁggﬁ %Brlégcel%trflr?v%rh 8%014!3#%8%?& 10°to 40: 1,




WO 2010/058149PC1/G112009/002410 3 such as 15t0 30 : 1.  Preferably, the
Brunauer-Ernmett-Teller @ET) surface area of the If mordenite is in the range 100 to 500 m2/g as
measured by nitrogenabsgrption. The measurement of BET surface area jg-glessiib@dlaCharles N.
Satterfield in Heterogeneous Catalysis in Practice, 5 McGraw-Hill Book company, 1980 p. 100-106.
For use as a catalyst in the process of the present invention, a H-mordenite is bound with a
mesoporous binder selected from silicas, aluminas, silica-alurninas, magnesium silicates and
magnesium aluminum silicates. The bound H-mordenite may be achieved by combining a H-mordenite -
with a binder esadéeraatividycinondeniteairdts dmmoniveuforof t@atyaybbehevirtinédddth a binder and
a bound H-mordenite is acp@/e%%al%ﬂég% h ece%%kgmgglﬁqry@W?Omggq%gﬁ@mggr mixture.

The mesopor(lflﬁaéEe lﬁ%éers O Use'in present invention Is selected from at least one of the group of
silicas, aluminefslisitibatathenmasstheaghexitanistic atedenia mprsidUpmarmmpatipisiitates. Aluminas

or silica-alumipas,gre paricularly.uselh-Examples o hxisuiiable alumioasinalige boulunite type

alumina and gamma alumina. Where a silica-alumina is used, jts silica content is gref&rably in the
range 5 t6 40 RESRBHIEAONITAIBALTHNGE™S RF SRS, 2 Praferaniyt PR LIHEE SSIHRRTSA 1 Bforphous.
Preferably, thedsndienisrorfefioctonidnargsniciaxitednih Widbihte iiodganitearide is stable at high

temperature, and, in particylar.is stable at temperatures which m ! inscalcination of
the catalyst, such é;? Y ’i%lﬁ%'értg ﬁ?%f%ﬂ‘é%%%@éo&lﬁgra f(cgzr%%le%,}( ﬁ%ﬁw%%%%%%%%@ange 400 to
550 C. Thedoitderfdlouseiiv thisl prederitiiiantiorsss (oSt prsr o2 FBe theahurbsedcof this
invention, amesopare is ARG NRYING A diAmelghibuhs13neeAb M50 rRBRMEIIassanG the

expression ‘rnesoporosity’ means the sum of the total surface area of the mesopores 25and the
external Kurfagbacidals st (HecEdar seahshis SR RIS RS EFISUREISRP IS Wi porosity of the

binder is in thedangerbiosaRaindehinaPsaierabinithe hindesithasididows microgorsity. For the
purposes of th?é‘pr.esent invention a micropore is a pore having a diameter of less than 2 nanometres

and the expre8 @W“Fﬁi%}bcﬁtg%sity' means the total surface area of the micropores of the binder as 30
measured by nitrogén BE&ETmtSuitabiy the mivrdpofoshy ekthieabnsseromaterizd s HIRE S nge Ito 100

m2/g, preferably, ciﬁaﬁ%crgé}gﬁr&gl@eoomlﬂro}-MimgE&%Qf@@ﬁfoﬁ/B@b&@@l%ﬂdﬁ%@dﬁbﬁiﬁ catalyst
may vary but the amoUnt is WO 2010/058149PCVGB2009/00241Q 4 Su?ﬁgg th%t Xvﬂﬁh achieves a

maximur carbelagRstiErTiEsthvh e e BRhyaiERe A HO B REBRF e b EBYESERYIn an amount
in the range ofb%s iaB0X tycuvalieh ofithedesialysindretaralblybiinithenawheadt 20%411de66% by weight
of the catalyst oy in the range 20 to 65% by.weight.of cat ng?t.: In Rarticular the binder is present in the
catalyst, in an%{%lc egb% i’ Cgsfgnué%mf‘g’tsoﬂécg % ig\?\?é%ﬁ% 0 cataly:gt. Suitably?gwhere the binder is an
alumina, suchassrarboeiinitesalumina, the binder is present in the catalyst, in an amount in the range

35 to 65 % by weight.ofcatalystuse Ik Rasreen: iavasishabRinderawhich comtaisdaatevels of metallic
impurities such as iron and the metals of Grqup | and Gmge{%Z of the Periodic Table.of Elements, for

| I
10 exampfle, sBHRAHTFOPLEYE Rndsy SlFRShd IR AgHTaLiA A SRS R present
invention. Thugjipreferablydihsitatallaniount i atetallic impurities present in the binder is in the range
greater than 0 (o 10, %6 and. dare RIGIEIERlY 0 Ne.(APAG AT AR Adpidhittf 6. In a preferred
e e Di

embodiment of the pfresren?lm ntion, nder is an aluminaor a 15 silica-alumina which has a
mesoporosity ftiweereinigeasa b0 then fgrmsmienersisrasisporae te todir o FH i ZREHEESroup |,

Group 2 and irgn mefals kaaeht ibomitAkamoun: Qiute haviimpralerablys bT adatalianaunt of 0 to
0.2 wt%, and wherein the binder is present inj%g catalyst in an.amount in the range 10ftq 80% by

weight oP&ataRstomiegiEn & &l eadeatinbe voiiea R i S8 IhTRGR LA BE B A d by forming
an 20 intimategmixteenoftbetbine ar-guieh the dalofiginmtns anmmoiinnfoforet o mengermtacbyhfor example,
slurry mixing or dry mixing of the binder and. mardenite X he.haynd
mordenite maﬁagé%%{;%%riﬁle&? I‘?%%%‘é?%?fﬁ c%lm%gt%ﬁ?& Z%a%rn_eg 5@%%}&21@}1%%%%%% the (rg#rr\]ge 400 to
500 C but highen terhpesatiite smmaynbencaifi oyehs sumas vanmieriaard shap ee $EBePrior to use, the

calcined catalyst Mefm% hGiHsRed.apd 25sieved to form aggregates. One method for
preparing the ca:%'trg%yst of the presgentii'!r%éention consists of slurr@rn{ixing the mordenitc?]%v%/gi%h the binder.

Slurry mi8ng may Banrats:FedByteiiasfeBisAo AHERRS HiR defietargaibhieddduat®y period

necessary to qhiaiAdelomeRsReousiRasigeislumeTihe. Sutisiihacvived fosisxample, at a
temperature in the 30 rangg 80 to 120.C for several hours to remove an){ exces t%grﬂd all or

substantially aft@nipR! ABrmegdsRie o A BhAS SRS BY eiviad 8t hgilfﬁnér%pv a%t)mospheric

pressure or under reduced pressure. Optionally, prior to drying of the' wet paste or slurry, it may be



WO 2010/058149PCT/GB2009/002410 5 shaped by pressing, extruding or granulating to produac
pellets, extrudates or beads. The dried slurry or shaped form of the slurry may then be calcined at a
temperature inghe range, 400 to 550C for a period of from about to 10 ho f%r @? talyst.
Alternatively, the catalyst may be formed by dry mixing of the mordenite ;%E]%{&n %rar}/ %c?ﬁponents.
Dry mixing may be performed by intimately mixing niordenite powder with dry binder to form abound
mordenite. The dry mixing may be carried out by any suitable mechanism, such as by tumbling or
rotation. The bound mordenite may then be calcined. Calcination may be carried out a temperature in -
the range 400 1ob501Ctt030a: period of from about 1 to 10 hours to form the catalyst. 10The catalyst is
used in a process flg)lr he production of meth ét acetat /or acetic a%:g r%duct_ carbonylating a
carbonylatable reactgllgr?tr %@k&gﬁfgﬁﬂﬁ%}ﬁyfﬁ%& n Sélff%ﬁﬁo Wi %%r b%%%ﬁ%?(ilaérf Where the
carbonylatablehegaearObteipRethy! etharcatwisayy belisodsstabiaiiopu fhommay gontad BEA levels of inert
impurities. In %W&@Jsm&%%dd;mméﬁm95@&@@@%&@%@6&%&%@% fOBNMERRIoN of

synthesis 0%as é(mixtures of hydrogen and carbon monoxide) over methanol synthesis and 'methanol
c

dehydrati fefyere-HilfiS el sl etdion $8d%s in a product which is predominantly dimethyl

ether but it may alScentain seriesmethapekdoslse jfsihe prrsess, of theRresrRAlIByYeRtion the
dimethyl ethermlj1 g may comp ise small ?T%unts of methanol provided that the amount of methanol
20present in tha Tead s o0 5o Gragt S8 Bl ther A R AS R SR R PABE WP methy! acetate
product. It hasstiesairsfounuagresBwininlessilsath. §8dbatdd b-lesdoaimetydralcitayedbitolerated in
the dimethyl eEBﬁ%fﬁﬁga@ﬁ@%@ﬂﬁb’wﬂm%ﬁﬁx&%%(t&@(é@a%%ﬁﬂ?&%ﬂ%@ i@i&'%%@u?ﬂoﬁ%i“ab'e

y

source, such as dimethyl carbonate. For example, liquid dine carbonate may he contacted with

25gammalalufRfi &6 WeiBTTHEs ahinder et i P e e denin irctplyiceth dy apalaaaida dioxide.

Suitably, the congamiatinnehdisnetad etsnde-the.gaseous feed is in the range of 0.1 to 20 mol%,
based on the total xi}gseous.feed Q]nc udé'n%an recgcles .. The carbon mo oggide r{]\ay be substantially
ple B0t B &

n
pure carbon monoxide, forexample. s P S R G T BEHEFS of industrial
gases, or it majiboptain aiplicties!theinen siokiaterfers, withthduoornliessiomohthgmednnonylatable

reactant to the,carhonylation-pragyst, sushaas.nitkeden be 'Mcﬁagy?%mﬁ?% Bggr carbon dioxide.
WO 2010/058149PCT/GB2009/002410 6 Optionally, the carbonylation process of the present

invention! naySB&bisrtiieied iRciRéoredarit orrErierndSaraphA iErefofdiuse editson monoxide
feed may alsoagemtain bydregesi Mixikies obhydegen apd cadon NPREXIGaiamyGammercially
produced by the st efgrming.of hydrocarbons and by the partial oxidation of hydrocarbons. Such
5mixtures arerén&%%%ﬁg?gfé‘rirégf ok ’styﬁt%{é"éré%raﬂé‘.lﬁs‘gﬁfﬂ °Yeis comprises mainly carbon

monoxide and hydPoéeﬁbbuﬁm@@mmm@mwm@gmmiﬂeswhcmn idiogide: oxiGuiisably, the
molar ratio of garhopnangxide.i¥dragsn ﬂﬁ%t@% ieg' s@&ﬁlé%?&?nﬂ;eiﬁxﬁ%s]@ﬁihhsﬂ%‘l%s 1:1to010:1.

Where hégrogen is present in the process,’it ma present at a partial pressure of at tOleast 0.1

> Intr y
barg, such asTRPBYBARGAICIpHE RS IBE catidy 8 BitbeirrisBImsiatiBasichipth IRt abidoeactant is suitably

in the range lexhi®19% tehnsatetnasi? thd HALA0 1o shere the carbonylatable reactant is methanol,
water will be gene i siéu by the dimerisation of the methanol tgj%tlﬁrs or via eg'%rification of the

ted in-
methanol with ace |ceaéf1§€f Blfcl%ﬁé%t é’é%%er%td?WngPﬁ%ﬁeﬁ%’%)&@ P HIBIRENGI 8%d. The
amount of waieveatided maypiecsischpthabthimgclanretticindtioref g eft faind 0 nwatereiseinatide range 50: 1

fo 2: 1. The walermay;be 46d:550RAP L0 HO0R IS WD IS mEb analJBsE nERS yater may be fed
either as a liquid or as a vapour.
and the external surface area of the binder as measured by nitrogen BET. Suitably, the

mesoporosity of the binder is in the range 1 to 500 m*g.

Preferably, the binder has a low microporosity. For the purposes of the present
invention a micropore is a pore having a diameter of less than 2 nanometres and the
expression ‘microporosity’ means the total surface area of the micropores of the binder as

30  measured by nitrogen BET. Suitably, the microporosity of the binder material is in the
range 1 to 100 m?/g, preferably, in the range 1 to 10 m?/g.

The amount of binder which can be used in the catalyst may vary but the amorint is



The carbonylation of dimethyl ether to methyl acetate does not generate water in-situ. 20Water has
been found to inhibit the carbonylation of dimethyl ether to form methyl acetate. Thus, water is kept as

low as is feasiblg, Rrefrrakly, therefore the carbonylation of dimethyl ethenisgepsidsinesas an
anhydrous process. To accomplish this, the dimethy} ether, carbon monoxide and catalyst are

preferably dried prior to use in the process. However, small amounts of water can be tolerated without
adversely affecting the 25formation of methyl acetate. Suitably, water may be present in the gaseous

feed to the process in an amount of 2.5 wt% or less, such as U.S wt% or less based on total gaseous
feed (includinguiedyyés) whidlhechioee s suefithenp redeny inientitnimiby csditatipiisa esdied. out at a

temperature in e g 61400.G 10.400.C, 5525 16019.390 Gy A0 Toe(mipeshal the present

invention may be carried out at a pressure in the range 1 to 100 barg, such as 10 to 100 barg. The
Gas Hourly Spalelyversditebbrsessgebi) it tahye sei 8 o Beuveny, vk range 20
2010/058149RCdy65 B2 QRHADLALN K s S e Do B o2 HGOMedt is prederst thadithe catalyst is
activated immediately before ,itse by heating the catalyst at glevated temperature for at least one hour
under flowing ARPEGER, tEﬁfB%e%%Wo%dz,%ﬁg&eﬂgeﬁte%[%ar@?&tt’usrlé%aﬁlr’ér‘go‘?ires%?e élflgf)hs?,afhe process of
the present invamniian, isidassied otitnsitddtarnitialiidbithlerdbsenes of thalidesssuchmsniodidén By the term
'substantially is meant that tal halide ¢ ample, iodide content of the reactant gases
R A e

(earbonylatab ant and carbon monoxide) and catalyst is less than 500 ppm, preferably less than

100 ppm. The prodédesdfegrelpiraddint hivdris shinh songialevels stmsiplbs deRy E5F55HY Bitable 10

reactant vapoyp, Carben ManRxiee aas aadk oRignadythydrapen Tas. tTeughadited bed, fluidised bed
or movingﬂged of the catalyst maintained at the desired tempendure Eim(ij pressure If desired, the ca

honylatabfe reSRfaRENTA HE-GSEIEY St ERd B e S RaH S Lorratny BRsaiately before
the bed of catalysitibbTHeiprmdfetdef finaepabaassndbiveepitis énpinivienticreaténtisthidacstate and/or

acetic acid. Wherg Ine carbanylalanis. eeciant s melbangl e Rieromipant cabamyation product il

be acetic acid'bu ounts of methyl acetate may also be produ epending on the degree of
conversion of wikthanol. Where the carbonylatable reactant is dimethyl ether, the primary product of

the process is methyl.agetaie buhsmallAme watsefiPaceticoacid-payaisabalipratdused. The acetic
acid and/or methyl acetate produced by the {}éroces of the present.ingention.can be rempyed in the

form of aWapctheartiRBTE SRR ER ATSRBPIBS IR 2R PP A ditioN (6 AERE R and methy
acetate, the plegubtstreartdronh theGronpds Sohithz apksentieabtiorrhimadise soaitisé0unconverted

dimethy! ether oy upeanysicd Fomelianalso Wi agetaie-andlar acvifiacismaybe recovered

from the product stredm by co ventional techniques such as distillation. The methyl acetate may
be sold as sudh e fahiie wrmRrudd o ddmila i seidiof egpléample, at least part of the

methyl acetate progugtipay, be bydrplysrddoi3dagatientidentioltentatieyrat bedstpiag of the entire
Py crolysiciadi Tl W AL OO o OLe Ao C UM bO 0 & M 4 Boquonty
separated theesfrapde, slurry mixing or dry mixing of the binder and mordenite components. After
mixing, the bound mordenite may be calcined. In general, calcination is carried out at a
temperature in the range 400 to 500 °C but higher temperatures may be employed such as
temperatures ﬁp to 550 °C. Prior to use, the calcined catalyst may be pressed, crushed and
25  sieved to form aggregates.
One method for preparing the catalyst of the present invention consists of slurry
mixing the mordenite with the binder. Slurry mixing may be performed by mixing a
mordenite, binder and deionised water, for a period necessary to obtain a wet
homogeneous paste or slurry.. The shurry is then dried, for exarhple, at a temperature in the
30 range 80to .1 20 °C for several hours to remove any excess water and-all or substantially all
of the physi-sorbed water, The drying may be carried out either at atmospheric pressure or

under reduced pressure. Optionally, prior to drying of the wet paste or shurry, it may be



Hydrolysis of methyl acetate may be carried out by known techniques such as reactive distillation in
the presence of an acid catalyst. Acetic acid which is recovered from the product stream of the present

invention or whigh, isysiARgeguently produced by hydrolysis of methyl. acetaje can he.pisifigd using
conventional purification techniques, such as distillation.  The process of the present invention may

be operated as either a continuous or a batch process, preferably as a continuous process. The -
invention is now illustrated with reference to the foflowing Examples. 10 Example 1 Catalyst
Preparation A series of catalysts comprising 80 wt% H-mordenite and 20wt% binder based on the
total weight of thepehialystsaeseprepard by CdtthesoPreparativitlethodadaroCatadysTiRreparation
Method 2 as d [ ' bi . e type and sources of the binders are
given in Table %ﬁ%%ﬁv&}gﬂh%gi?s g\%@&%é&?’&%&ﬁ%ﬁsﬁgg %Flwgléngf?ﬂ/ ér%léllpg r&l\%enl?n Tabig"2: Catalyst
Preparation M&WHd8 150 *Ggrorngri etheidenuphonidrire Hiteowitkp dasitichetertdlitiina ratio of 20 (CBV21A

ex Zeolyst) was mixaewithdg ef-aindemnSufficisntdsionised.viater wes added tomake A 20thick

slurry andsthe mixture stirred thoroughly The slurry was dried in an oven at 110 C for at least 20 hours
before beihg cAEIREMF arrHUERHNIAY BeeHe A SEpHEra ey MMt rerisaerionaydsamidy out by
increasing thederpekatarefronbsontmedypéaraliredy HkiGyaha tanpateof 8'Glymaand held at this
temperature f%& Qurs. '[1h t rature was then increased to 110 C at g, ramp rate of about 0.6 C/
mm and held at thl?si }&grr%’ge%gtﬁgyggﬁﬁyﬁ %%rulr(g? ina Iy? Ognterrxﬁ%re?gfﬁrgl%yaéﬁ%%gecﬁﬁs%n éo 500 C ata
ramp rate of abBIHERIBTLATIRcaaE hé i thirpreripe Fathresfre 3 Hblors WeTordbeingaidved to cool to

room temperatiyg. S2h@ 1R Usadhe eAcined calalyst was compacted at 12 tonnes in a 33 nun die set
using aﬁecac Press, ?\?Fgfthen crushed and sieved to a particle size fraction of 250 to soo. microns.

30Catalyst Preparatior fotdded It ar s gr Rt fitacilithasssite A4 AIafia ratio of 20
(CBV21A cx Zetlystdnripvedsofotaimwascmixeginiticlgoha bindexindhb08mdRBuginawder drying

WO 2010/058 %glgncﬁir{y%goggéggz%lodg flask and rotated at 100 rpm at ambient temperature and

pressure for 1 hour. The mixture was then calcined according to the procedure described in Catalyst
Preparation MethodVReatiboeabrianaisblsectstasticiiedtiodtathyst ivmscorsphetetaly iRtormes in a 33

mm die set using, 3 ARGERNTERTS LA hERLIHEh e Rcthsiever ieRPaiCE Rizgdraction of 250 to 500

5 microns, Table 1 Binder Or(i%%)in_/Source ype Acti-Gel 208 Active Minerals International magnesium
)

alumina Sflical&BUFAL &1308 S SATHAS SRhITANGED 2EE RIS PR Byfregrmiis GARAA silicate

monoxide) over methanol synthesis and methanol dehydration catalysts. This catalytic
conversion results in a product which is predominantly dimethyl ether but it may also
contain some methanol. For use in the process of the present invention the dimethy! ether
feed may comprise small amounts of methanol provided that the amount of methanol
20  present in the feed is not so great as to inhibit the carbonylation of dimethyl ether to methyl
acetate product. It has been found that 5 wt% or less, such as 1 wi% or less of methanol
may be tolerated in the dimethyl ether feed.
Alternatively, dimethyl ether may be generated in-situ from any suitable source, such
as dimethyl carbonate. For example, liquid dimethyl carbonate may be contacted with
25  gamma-alumina to decompose the dimethyl carbonate to dimethyl ether and carbon
dioxide.
Suitably, the concentration of dimethyl ether in the gaseous feed is in the range of 0.1
t0 20 mol%, based on the total gaseous feed (including any recycles).
The carbon monoxide may be substantially pure carbon monoxide, for example,
30 carbon monoxide typically provided by suppliers of industrial gases, or it may contain
Impurities that do not interfere with the conversion of the carbonylatable reactant tothe

carbonylation prodrct, such as nitrogen, helivm, argon, methané and/or carbon dioxide.



Chinallll 100 Amberge Kaolinwerke aluminosilicate clay Chinafill 200 Amberge Kaolinwerke
aluminosilicate clay Benton'te Aldrich silicate clay Kaolin-Aldrith Aldrich aluminosilicate clay ,udox
Aldrich silica Magtsnqrillonige 1(10 Aldrich silicate clay 'CATALOX HTFa.- 304 gasnldeealmite alumina
CATALOX Id | a- 01 Sasol boehrilite alumina Puralox TH100/150 Sasol boehnute alumina Puralox
SCFa-140 Sasol boehmite alumina Siral4O Sasol silica-alumina Sual20 Sasol silica-alumina

10

15

20

25

30

Optionally, the carbonylation process of the present invention may be cbnducted in
the presence of hydrogen. Suitably, therefore, the carbon monoxide feed may also contain
hydrogen. Mixtures of hydrogen and carbon monoxide are commercially produced by the
steam reforming of hydrocarbons and by the partial oxidation of hydrocarbons. Such
mixtures are commonly referred to as synthesis gas. Synthesis gas comprises mainly
carbon monoxide and hydrogen but may also contain smaller quantities of carbon dioxide.

Suitably, the molar ratio of carbon monoxide : hydrogen may be in the range 1 : 3 to
15:1,suchas1:1to 10: 1.

Where hydzogeh is present in the process, it may be present at a partial pressure of at
least 0.1 barg, such as 1 to 30 barg.

The molar ratio of carbon monoxide to carbonylatable reactant is suitably in the
range 1 :1t099:1,suchas2:1t060:1.

Where the carbonylatable reactant is methanol, water will be generated in-situ by the
dimerisation. of the methanol to ethers or via esterification of the methanol with acetic acid
product. If desired, water may be added to the methanol feed. The amount of water added
may be such that the molar ratio ratio of methanol : water is in the range 50 : 1102 : 1. The
water may be fed separately to or together with the methanol feed. The water may be fed
either as a liquid or as a vapour.

The carbonylation of dimethyl ether to methyl acetate does not generate water in-situ.
Water has been found to inhibit the carbonylation of dimethyl ether to form methyl acetate.
Thus, water is kept' as low as is feasible. Preferably, therefore the carbonylation of
dimethyl ether is conducted as an anhydrous process. To accomplish this, the dimethyl
sther, carbon monoxide and catalyst are preferably dried prior to use in the process.
However, small amounts of water can be tolerated without adversely affecting the
formation of methyl acetate. Suitably, water may be present in the gasebus feed to the
process in an amount of 2.5 wt% or less, such as 0.5 wt% or less based on total gaseous
feed (including recycles). 4

The process of the present invention may suitably be carried out at a temperature in
the range of 100 °C to 400 °C, such as 150 to 350 °C. ‘

The process of the present invention may be carried out at a pressure in the range 1 to
100 barg, such as 10 to 100 barg.

The Gas Hourly Space Velocity (GHSV) is suitably in the range 500 to 40,000 ',



Sinn Sasol silica-alumina S ral 5 Sasol silica-alumina Kaolin-Zeochem Zeochem aluminosilicate clay
Pansil 400 Tolsa magnesium silicate WO 20101058149PCI/GB2009/1.102410 10 Table 2 Binder
Mesoporosity (i-21/g) 120 Microporosity (in2/g) 55 Total metal" impurities &Wt%g 5.01 Actigel
M97015 111 33667 B4 sB 274 <10 ; PUT/GE2009/002410

"~ such as 2000 to 20,000 h™.

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

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

The process of the present invention is suitably cairied out by passing carbonylatable

10 reactant vapour, carbon monoxide gas and, optionally hydrogen gas, through a fixed bed,
fluidised bed or moving bed of the catalyst maintained at the desired temperature and
pressure.

If desired, the carbonylatablebreactant may be contacted with a~bed of alumina, such
as corundum, immediately before the bed of catalyst.

15 The products of the process of the present invention are methyl acetate and/or acetic
acid. Where the carbonylatable reactant is methanol, the predominant carbonylation
product will be acetic acid but small amounts of methyl acetate may also be produced,
depending on the degree of conversion of methanol. Where the carbonylatable reactant‘is
dimethy! ether, the primary product of the process is methyl acetate but small amounts of

20 acetic acid may also be produced. The acetic acid and/or methyl acetate produced by the
process of the present invention can be removed in the form of a vapour and thereafter
condensed to a liquid.

In addition to acetic acid and methyl acetate, the product stream from the process of
the present invention may also comprise, unconverted dimethyl ether and/or unconverted

25  methanol.

Methyl acetate and/or acetic acid may be recovered from the product stream by
conventional techniques such as distillation.

The methyl acetate may be sold as such or it may be forwarded to other chemical
processes. For example, at least part of the methyl acetate product may be hydrolysed to

30  acetic acid.

Alternatively, at least part of the entire product siream of the present process, and

which comprises methyl acetate, may be passed to a hydrolysis stage from which acetic



0.19 Chinafill 200 <10 <10 2.94 Puralox TH100/150 134 <10 0.05 Puralox SCFa-140 126 <10 0.14
Siral 5 332 <10 0.14 Siral 10 347 <10 0.14 Siral 20 376 <10 0.05 Siral 40 457 <10 0.05 Catalox

HTFa-101 80 <42 9.98,Mpptmorillonite K-1(1 250 <10 PCT/GB2009/002410
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acid is éubsequently separated therefrom.

Hydrolysis of methyl acetate may be carried out by known techniques such as

reactive distillation in the presence of an acid catalyst.
Acetic acid which is recovered from the product stream of the present invention or
5 which is subsequently produced by hydrolysis of methyl acetate can be purified using

conventional puriﬁcation techniques, such ag distillation.

The process of the present invention may be operated as either a continuous or a
batch process, preferably as a continuous proéess.

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

10 Examplei
Catalyst Preparation

A series of catalysts comprisihg 80 wt% H-mordenite and 20wt% binder based on the
total weight of the catalyst were prepared by Catalyst Preparation Method 1 or Catalyst
Preparation Method 2 as described below. .

15 Details of the binders used, the type and sources of the binders are given in Table 1
below. Physical and chemical propefties of the binders are given in Table 2.
Catalyst Preparation Method 1

8g of an amnionium-mordenite with a silica to alumina ratio of 20 (CBV21A ex

Zeolyst) was mixed with 2g of a binder, Sufficient deionised water was added to make a

20  thick slurry and the mixture stirred thoroughly. The slutry was dried in an oven at 110 °C
for at least 20 hours before being calcined in an oven under a static atmosphere of air.
Calcination was carried out by increasing the temperature from room temperature to 90 °C
at a ramp rate of 3 °C/ min. and held at this temperature for 2 hours. The temperature was
then increased to 110 °C at a ramp rate of about 0.6 °C/ min and held at this temperature

25 for 2 hours. Finally, the temperature was increased to 500 °C at a ramp rate of about 3.3
°C/ min and held at this temperature for 3 hours before being allowed to cool to room
temperature. Prior to use the calcined catalyst was compacted at 12 tonnes in a 33 mm die
set using a Specac Press, and then crushed and sieved to a particle size fraction of 250 to
500. microns. ‘ ‘

30  Catalyst Preparation Method 2

4g of ammonium mordenite with a silica to alumina ratio of 20 (CBV21A ex

. Zeolyst) in powder form was mixed with 2g of a binder in 2 500m] Buchi powder drying



4.35 Pansil 400 237 <10 4.70 Kaolin (leochem) 10 <10 2.01 Chinafill 100 <10 <10 4.42 Kaolin (Aldrich)
17 <10 0.86 Bentonite 42 24 7.09 Ludox 163 <10 0.96 ...... * metal impurities are Na, K, Ca, Mg and
Fe. NB for those binders wtucti are magnesium silicates or magnesium alumina silicates, magnesium
is not considet® W& Y Metallic impurity. 5Carbonylation Reaction Eack of (2B d8nite catalysts
prepared from each of the binders identified in Table 1 above were used to catalyse the carbonylation -
of climethyl ether as follows. Hmordenite (calcined CBV21A, ex Zeolyst) in the absence of a binder
was also tested. The carbonylation reactions were carried out on a pressure flow reactor unit

comprising 16,1Qteaciars. A Hasteliaveacis Whedited with andiiesral pleeticalheating jacket was
packed with 0.6 ml of a catalyst anid 0.2g of a gamma alumln&]ﬁaegé;ibg% The reactor and heating jacket
et R

were installedghiae sfitirl £ weEteg Babmeecrhuadfipdied BRAysioBdde#as tontrolled by
the integral hgafiagrasket ardHhelamperaiyie wistbapebes wassentioled Bythe heated cabinet.

Th e s sttt mosphge R ic el s 1310w SLAUBRGL 8 A9 e e
5  microns.
Table 1
Binder Origin/Source | Type
Acti-Gel 208 Active Minerals | magnesium alumina
' International silicate
Pural SB Sasol boehmite alumina
MOQ7015 BASF | magnesium alumina
silicate
Chinafill 100 Amberge aluminosilicate clay
Kaolinwerke
Chinafill 200 Amberge aluminosilicate clay
Kaolinwerke
Bentonite Aldrich silicate clay
Kaolin-Aldrich Aldrich aluminosilicate clay
Ludox Aldrich silica
Montmorillonite K10 | Aldrich silicate clay
"CATALOX HTFa-101 | Sasol boehmite alumina
CATALOX HTa-101 Sasol boehmiite alumina
Puralox TH100/150 Sasol boehmite alumina
Puralox SCFa-140 Sasol boehmite alumina
Siral40 , Sasol silica~-alumina
Siral20 Sasol silica-alumina
Sirall0 Sasol silica-alumina
Siral 5 Sasol- silica-alumina
Kaolin-Zeochem Zeochem aluminosilicate clay
Pansil 400 Tolsa magnesium silicate

10

15



feed gas was then changed to 80 mot A carbon monoxide and 20 mol % hydrogen and the system
ggfo%?ésilﬁsg _l'E(/)GZé) barg/ The gas flow rate (GHSV) for these and all subsequent WO
2009/002410 11 steps was 5000 V. The reactor wa Catara
rate of 3 C.! pé¥ TRt HAY the reactor maintained at these conditions forsgtgv?oﬁiﬁo%@%%%or which t|mg
the carbonylation reaction was started by |ntrodu0| % a gaseous feed of 76 mdle % carbon monoxide,
19 mole % hydrogen and 5 mole % dimethyl carbonate into the reactor. A constant flow of Sreaction
off-gases was taken from the high pressure side of the reactor, let down to atmbspheric pressure at a
temperature qf@ée}gast 130 C and passed to a gas thomatograph for anaIyS|s of aeetyls products

(methyl agetateand-aceticacid),— Fhe results-of-the Carbon“ s are given in Table 3
below. The space time yield (STQI}QO acetyls giuctso\{vgs c pws : 10 Acetyls STY =
AcOH ST 13;;;?@0;3/1;34 *11/1€0Ac S ﬁ? ‘é‘t?/?% 1 geas(ﬂ ased on the total weight
E]; Ir—]lqcr)r:do;d - Aciizg &binder ¢ hzq; e ';*fg Acetyt :- tgkgm A LJY based on the weight of
2010/058 %SM%UéJzoBe/Uouoéﬂibui: "]:;;u’l; Bind Cj?’mmu' OB e arat WL) thod Acetyl
eatd hah LI Acote ST do kel 14t 26 Bt gatalyish geparation Method Acetyls STY (g
Zggaz . AL O TAGEIS SH{gkgriqzrhdhat /_uymvum: »12.91 orcrenitegnly) 181 181 Actigel 1
>8 F Puraiox TH100/150 134 <10 0.05

Puralox SCFa-140 126 <10 0.14

Siral 5 332 <10 0.14

Siral 10: 347 <10 0.14

Siral 20 376 <10 0.05

Siral 40 457 <10 0.05

Catalox HTFa-101 80 <10 0.08

Montmorillonite K-10 250 <10 4.35

Pansil 400 237 <10 4.70

‘Kaolin (Zeochem) 10 <10 2.01

Chinafill 100 <10 <10 4.42

Kaolin (Aldrich) 17 <10 0.86

Bentonite 42 24 7.09

Ludox 163 <10 0.96

* metal impurities are Na, K, Ca, Mg and Fe. NB for those binders which are magnesium
silicates or magnesium alumina silicates, magnesium is not considered to be a metallic
impurity.

5  Carbonylation Reaction

Each of the H-mordenite catalysts prepared from each of the binders identified in
Table 1 above were used to catalyse the carbonylation of dimethyl ether as follows. H-
mordenite (calcined CBV214, ex Zeolyst) in the absence of a binder was also tested. The
carbonylation reactions were carried out on a pressure flow reactor unit comprising 16
10 reactors. A Hastelloy reactor tube fitied with an. integral electrical heating jacket was

packed with 0.6 ml of a catalyst and 0.2g of a gamma alumina pre-bed. The reactor and
heating jacket were installed on the unit in a heated cabinet. The temperature of the catalyst
bed was controlled by the integral heating jacket and the temperature of the pre-bed was
controlled by the heated cabinet. The reactor was heated at atmospheric pressure under a

15 flow of nitrogen to 130 °C in the heated-cabinet and maintained at this temperature. The
feed gas Waé then changed to 80 mol % carbon monoxide and 20 mol % hydrogen and the

~ system was pressutised to 20 barg. The gas ﬂqw rate (GHSV) for these agd all subsequent



1 346(a) 433(a) M97015 1 206 257 Chinafill 200 1 253 (b) 317 (b) 232 Chinafill 100 1 186 Final SB 2
357 446 Chinafill 100 2 186 233 Kaolin (Aldrich) 2 210 262 Kaolin (Zeochem) 2 258 322 Siral 52 412
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steps was 5000 hr. The reactor was heated to 300 °C at a ramp rate of 3 °C per minute and
the reactor maintained at these conditions for two hours, after which time the carbonylation
reaction was started by introducing a gaseous feed of 76 mole % carbon monoxide, 19
mole % hydrogen and 5 mole % dimethyl carbonate into the reactor. A constant flow of
5  reaction off-gases was taken from the high pressure side of the reactor, let down to
atmpspheric pressure at a temperature of at least 130 °C and passed to a gas chromatograph
for analysis of acetyls products (methyl acetate and acetic acid).
The results of the carbonylation reactions are given in Table 3 below. The space time
yield (STY) to acetyls produéts was calculated as follows :
10 Acetyls STY = AcOH STY + 60/74 * MeOAc STY
Acetyls STY (g lcgca{l h'l) is the STY based on the total weight 6f H-mordenite and binder
components
Acetyls STY (g kegnmor™ bl is the STY based on the weight of H-mordenite in the
combined H-mordenite and binder mixture.
15

20

30



&rat 10 375 469 Siral 20 2 292 365 Siral 40 2 318 397 Puralox TH100/150 2 338 422 PuraloSCFa- 40
2 342 427 Catalox HTFa-101 2 367 459 Montmorillonito K- 0 2 317 396 Pansil 400 2 370 463

Bentonite 2 277 346055140 PCT/GB2009/002410
12
Table3
Binder Catalyst Acetyls STY Acetyls STY
Preparation | (g Kgear? B (g Kemon™ nt
Method at20 h at20 h
None (H-mordenite 181 181
only) -]
Actigel 1 206 258
Pural SB 1 346 (a) 433 (2)
M 97015 1. 206 257
Chinafill 200 1 253 (b) 317 (b)
Chinafill 100 1 186 232
Pural SB 2 357 446
Chinafill 100 2 186 ' 233
Kaolin (Aldrich) 2 210 262
Kaolin (Zeochem) 2 258 322
Siral 5 ‘ 2 412 515
Siral 10 2 375 469
Siral 20 2 292 365
Siral 40 2 318 397
Puralox TH100/150 2 338 422
Puralox SCFa-140 2 342 427
Catalox HTFa-101 2 367 459
Montmorillonite K- 2 317 396
10
Pansil 400 2 370 463
Bentonite 2 277 346
TLudox 2 310 387

(a) This result is an average of two carbonylation runs
(b) This result is an average of three carbonylation runs
In addition, a series of carbonylation reactions as described above were carried out,
5 in which the carbonylation reaction was conducted in the presence of a binder with no H-
mordenite present. No carbonylation activity was observed for any of the binders tested.
The binders tested were Pural SB, Siral 5, Siral 10, Siral 40, Chinafill 200, Puralox SCFa-
140, Kaolin, Montmorillonite K-10 and Pansil 400.
As can be seen from the results in Table 3 above, H-mordenite catalysts which

10 contain binder have superior catalytic activity to a H-mordenite catalyst having no binder.



Ludox 2 310 387 (a) This result is an average of two carbonylation runs (b) This result is an average of
three carbonylation rwas In addition, a series of earbonylation reactions as described above were
carried out, 5 in which the carbonylation reaction was conducted in the presence of a binder with no
Hmordenite prESeL & rbonylation activity was observed for any of th8 DiffefFY8LEY. The binders
tested were Pural SB, Siral 5, Siral 10, Siral 40, Chi]r?afill 200, Puralox SCFal140, Kaolin, ‘
Montmorillonite K-10 and Pansil 400. As can be seen from the results in Table 3 above, H-mordenite
catalysts which 10contain binder have superior catalytic activity to a H-mordenite catalyst having no
binder. WO ZQ,JLTQ_{Q@%49PCT/GBZOOQ/OOZ410 13 Example 2 Catalyst Preparation Catalyst A -
[I-mordenite Og of ammonium mordenite of silica : alumina ratio of 20 (CBV21A, Zeoiyst
5International 0 C for 3 hours in static air to obtain H-mordenite. Catalyst B -
H-mordenite: Ranalys £k {80:20)-denBg of ammonium mordenite of silica : alumina ratio of 20 (CBV21A,
Zeolyst Internationgl) and 2qg of Pural SCE binder (Sasol) were j ilehi der drying flask.
The two powders vf\?((%é) ?ﬁlénn O%H%e%%%nét?oot%grl%%ldp%?erﬁ%lra zr;lai%lf()eéazr(? ;@n%rl%’%lﬁ%\évlo ambient
temperature dnhtprsiosabevahelolartiad Mnithtnid b worderiredbirddtavas-therlegléined for 3 hours at

500C under ap.atmosphere of skalisaiiQ citainghiegatalyst. Pural SCE is a boehmite alumina of
rnesoporosity 237 mZI?. microporosity of <10 m2/g and a total metal irnv)urity level of 0.02 wt%.

Catalyst C - H-mo BRSSO SO) herhe BrabaraiR At oP A5 4L FEpeated except that
|0Og of ammoniugmaastssaite 1f silicaal stumbinacraiasof) 22(GRVRIA ZRulyspintésnational) and |0g of
Pural SCF (Sasal) were used. Catalyst D H-mardenite;Siral 5 (50:50 The pre ion of catalyst
5 was repemt Bl p AU B b e B s Ao AE BEPREL  oa
Zeolyst liternatibieat)tempeidyohSimpicSbindbe (Sasol asreniga dChripdirie wasiherdenite: Sirai 5

(20:80)  The preparadion.of calpliet Bass sReaisdexeoRkitiatic gnlammeniuys: mardenite of
silica : alumina ratio of 20 (CBV21A, Zeolyst Internatlonfgé) and 8g of Siral 5 Sgggg) were 25used.

CarbonylationSSFdiideRreielmipaemsresran/std i At WAL sy bt tRérbonylation of
dimethyl ethEEMB@Q[@@@@QQM@%H@HM@WSEHCE of hydrogen using the apparatus and method

described bel rior to.use OJS%o{)ea % ng as compacted at 10 tonnes in a 13 30mm die
. -~ H- e:Pur 150 . . . .
setusing ap ) to a particle size fraction of 125 to 160 microns.
The carbidnylation Teagtieprsaiienet artdtydt uties aepratdunediihrebegef gpionium mordenite
of silica : alumina ratio of 20 (CBV21A Zeolyst International) and 10g of Pural SCF

(Sasol) were used.
Catalyst D - H-mordenite:Siral 5 (50:50)
The preparation of catalyst B was repeated except that 10g of ammonium mordenite

20  of silica : alumina ratio of 20 (CBV21A, Zeolyst International) and 10g of Siral 5 binder

(Sasol) were used.
Catalyst & - H-mordenite:Siral 5 (20:80)
The preparation of catalyst B was repeated except that 2g of ammonium mordenite of
silica : alumina ratio of 20 (CBV21A4, Zeolyst International) and 8g of Siral 5 (Sasol) were
25 used.
Carbonylation of dimethyl ethex
Each of Catalysts A to E was used to catalyse the carbonylation of dimethyl ether

with carbon-monoxide in the presence of hydrogen using the apparatus and method
described below. Prior to use 0.75g of each catalyst was compacted at 10 tonnes in a 13

30  mm die set using a pneumatic press, and crushed and sieved to a particle size fraction of
125 to 160 microns.

The carbonylation reactions were carried out in a pressute flow reactor unit



WO 2010/058149PCT/GB2009/002410 14 consisting of 16 identical reactors of the type described in
WO 2005063372. Prior to the loading of a catalyst into the reactor, a 5cm bed of steatite of sieve

fraction of 100-%2)0{$%18\§§§£90Iaced in the respective catalyst holder. A 5cinzepgghsassgym of sieve
fraction of 125-160pm was placed on top of the steafite bed. On a dry mass basis (determined by loss

5on ignition of the relevant sample measured by heating the catalyst from room temperature to 600C
at a ramp rate of 30C per minute) a 0.625g sample of catalyst was then placed on top of the corundum
bed. The catalyst was covered by a 5cin corundum-bed of a particle size of 125-160 p.m. A 5cm zone
of steatite of sieusiftagtioil 6id00:350urvwas thiarpeldssridpdh HEOCHIUNGER beltiE e Hezone was

concreted via fiting.opvbIANG 96! Asiable s10 ed aad.a definekstastion gl e catalyst

zone. The catalyst was then pressurised to die a reaction pressure of 70 bar with a CO/H2 at a molar
ratio of 4 : 1 arferalesedrinéheranertiTreiahtaheidias dr8nAened Qo Bise AhEYS HaR0iRG

temperature of{2206 yhers ﬂ?']lél&!@é hielshior Bhassaand. tien @nped tdoQktadbddeddsimin,

followed by a dwell time of 3 hours. The gas feed was %hen crﬁgng?% to mixturetof cart%\cl)rrg monoxide,
hydrogen Y5arftf bﬁﬂi@ﬂ%ﬁfé]ﬂﬁé?%‘f%toﬁgf‘gﬁ%@ﬁ?%. X QSRR AT TR gsggﬁfﬁ?%oﬂh?r&ﬁ%r%gen gas was
introduced at alvatibl et ratexpf 1860 31Mpertmiacealises e pmpsmécsmmgvbeth@e@ﬁﬁ@h@% reactor
exits. The exit §tre% efro%rrrlm1 K 5ea§et§.rﬂ§|% aqﬁr?gtqgégoc&g@g mgg}ﬂ%m%ﬂ%%%@e

concentration ofreactants and car onylatiori products. The reaction was allowed to continue for 169
hours under co¥litiBn35otB00T A7 bcharonmef aitstitenbsiayeSosHar el AR (DI FERIGEAS75 iii, From
the gas chromaiggraphyoanalysiseal thereasteraffivanidon metvhacetatede@he) thexspace time

yield (STY) of methyl acetate product was determined as grams of methyl gcetate per kilpgram of
catalyst pt hoti FHEAASBGAIATES Eﬂ?ﬁ%ﬁef? f%%\?ﬁ?@ﬁ%?ﬁ‘a oA ?ﬁ%@%&g ,f%fi‘)ﬁ%%‘%y%gma||
amounts of acelicaaeidtheipgprodutetibdheites (S/H the walboniitatioh: reactiefiewratehbivn in Table
4 25below. Table 4.shows the results far I t tSre W0°C, where i
%&&%%%78855 tflgnl e%ec%?é% Xséﬁﬁn%g ﬁfﬁﬁ%@n@% Bre HY'9 where 1t

2010/058149PCT, 4 able 4 Caiiiyst Binder Binder! wt. % IVIeOAc STY / g kg-lof
catalyst h (a 198:119ielont wmy g Kisa srrRedde AR’ e P B HarGihein, fpggwed by a dwell time

of 3 hours. The gas feed was then changed to a mixture of carbon monoxide, hydrogen

15 and diniethyl ether of molar ratio 72 : 18 : 10 at a flow rate of 4.275 I/h. Nitrogen gas was
introduced at a variable rate of 0~50 ml/min to equalise the pressure swings between the 16
reactor exits. The exit stream from a reactor was passed to a gas chromatograph to
determine the concentration of reactants and carbonylation products. The reaction was
allowed to continue for 169 hours under conditions of 300°C, 70 bar, and a gas hourly

20 space velocity (GHSV) of 4275 h. From the gas chromatography analysis of the reactor
effluent for methyl acetate (MeOAc) the space time yield (STY) of methyl acetate product
was determined as grams of methyl acetate per kilogram of catalyst per hour. The
carbonylation product was predominantly methyl acetate, with only small amounts of
acetic acid being produced. The results of the carbonylation reactions are shown in Table 4

25 below.

Table 4 shows the results for catalysts A to B after 140 hours.

30



B Pural SOP 20 753 941 Pura]. SOP 50 780 1560 D Siral 5 50 640 1280 E Siral 5 80 284 1420 a)
STY expressed per kg of catalyst, including both the H-mordenite and binder components b) STY
expressed per &g of,blapffenite-per hour, excluding the binder compon (?EEG@E’JSJ 4& P&)WS that the -
combination of H-mordenite with either Pural SCF ar_Siral 5 binder markedly improves the activity of
El-mordenite compared to H-mordenite having no binder. Example 3 Catalyst F - Copper Mordenite
1020g of ammonium mordenite of silica : alumina ratio of 20 (CBV21A, Zeolyst International) and
Cu(NO3)2.2.51120(3.56 g) were added to deionised water (50 mL) and stirred for 12 hours at room
temperature. 'Ilh@ls@lutlon was concentrated in vacua at 80 C and then dried at 110 C for 20 hours,

before being .u. 3 ||| anaimesp tieradt oL te-had a copper
loading of ap, e % 1]§re aﬁive t{o %m{?m%d in f &nolroM n?mor Y$t:G - Copper
Mordenite: Pural SCF (80:201 159 of ammonity rFm e br silic umln(%)ratlo o 20 (CBV21A,

L) and
20 and

Zeolyst Interi
stirred for 12

2.2.51- ézu (27677) We&eégluueu to UEIUIIIbELfggdLEI (40
hours at nroom temperature.The solution was concentrated in vacua at 80 CC

then dried at
relative to Al

TI0% for
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2@ hauessEl n
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d to obtain a

wder dryigrg flask with 29 of Pagral SCF (Sasol) and
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*mpgiiaiure a

for 3 hours u
Siral 5

WO 2010/058149PCT/G.132009/002410 16 speed of 100 r.p.m.

nd pressure. The blengid copper| loaded mzs@enite/binder was

nder an atmosphere of static air.
80 284

rotated on a frotor evap,
for 1 hour at lambignt te
then calcined at 500 C
B

1420

" a) STY expressed per kg of catalyst, including both the H-mordenite and binder
components
b) STY expressed per kg of H-mordenite per hour, excluding the binder component
Table 4 shows that the combination of H-mordenite with either Pural SCF or Siral 5 binder
markedly improves the activity of H-mordenite compared to H-mordenite having no
binder.

Example 3
Catalyst F - Copper Mordenite

10 20g of ammonium mordenite of silica : alumina ratio of 20 (CBV21A, Zeolyst
International) and Cu(NO3),.2.5H,0 (3.56 g) were added to deionised water (50 mL) and
stirred for 12 hours at room temperature. The solution was concentrated in vacuo at 80 °C
and then dried at 110 °C for 20 hours, before being calcined at 500 °C for 3 hours in an
atmosphere of static air. The mordenite had a copper loading of approximately 55 mole %
15 relative to Al contained in the mordenite.
Catalyst G - Copper Mordénite:l?ural SCF (80:20)

15g of ammonium mordenite of silica : alumina ratio of 20 (CBV21A, Zeolyst
International) and Cu(MNO;3),.2.5H,0 (2.67g) were added to deionised water (40 mlL) and
stirred for 12 hours at room temperature. The solution was concentrated in vacuo at 80 °C

and then dried at 110 °C for 20 hows.

20 The mordenite had a copper loading of
approximately 55 mole % relative to Al contained in the mordenite. 8g of the dried copper
mordenite was gently milled to obtain a free flowing powder and then added to a Biichi

powder drying flask with 2 of Pural SCF (Sasol) and rotated on a rotor evaporator with a



Carbonylation of Dimethyl Ether 5Each of catalysts F and G was used to catalyse the carbonylation of
dimethyl ether using the earbonylation method described in Example 2 above. The results for catalysts
F and 0 compargdincadalysts A and B after 140 hours reaction time are givemiobabiesobelow. Table
5 Catalyst Binder Binder / wt. % Nlordenite catalysy gomponent Acetyls STY J/ g kg-lof catalyst Ic' (a)
Aeetyls STY/ g Iceof mordenite If 1 (h) Selectivity to MeOAc / % (e) A None 0 H-moidenite 164 164 93

Pural SCF 20

3peed of 100 1.p.m. for 1 hour at ambient temperature and pressure. The blended copper
loaded mordenite/binder was then calcined at 500 °C for 3 hours under an atmosphere of
static air.

Carbonylation of Dimethyl Ether
5 Each of catalysts F and G was used to catalyse the carbonylation of dimethyl ether

using the carbonylation method described in Example 2 above. The results for catalysts F

and G compared to catalysts A and B after 140 hours reaction time are given in Table 3

below.
Table 5
Catalyst | Binder | Binder/ | Mordenite | Acetyls STY | Acetyls STY/ | Selectivity
4wt % catalyst / g kg'of to MeOAc/
o component g kg™ of mordenite h” " %
catalyst h” ' (b) (©)
(@)
A | Nome | 0 | H-mordenite 164 164 93
B Pural 20 H-mordenite 610 763 95
SCF
F None 0 Cu-mordenite 805 805 92
Pural 20 Cu-mordenite 644 805 88
SCF
10
(a) STY expressed per kg of catalyst, including both the mordenite and binder
components
(b) STY expressed per kg of mordenite component per hour, excluding the binder
component
‘15 (c) Selectivity to methyl acetate bé.sed upon dimethyl ether converted

From an inspection of Table 5, it can be seen that the combination of H-mordenite
with binder (Catalyst B) markedly improves the activity of H-mordenite (Catalyst A)
whereas the inclusion of binder in copper mordenite (Catalyst G) reduces the activity of the

copper mordenite.



H-mordenite 610 763 95 F None 0 Cu-morclenite 805 805 92 Pural SCF 20 Cu-mordenite 644 805 88
10 (a) STY expressed per kg of catalyst, including both the mordenite and binder components (b) STY
expressed per [igongomgtgﬁgite component per hour, excluding the binder component 15 c% Selectivity
to methyl acetate ased’ upon dimethyl ether converted From an inspectlljcgjnT ST able ,ll can be
seen that the combination of H-mordenite with bindelr7(CataIyst B) markedly improves the activity of
H-mordenite (Catalyst A) whereas the inclusion of binder in copper mordenite (CatalystO) reduces the
activity of the copper mordenite. WO 2010/058149PCT/G132009/002410.17  The high selectivity to

methyl acetate is retainegdiarpiRNer demite catalystAliizcombineshwitbrbindeniGatalyss B),
herees o cop OISO (Rl comord i e (Cate oL e ol o
(bound 5coppesiniondé mite) lehdwstinally thetwice calaly sty havetsymitatagctivitiesdout Catalyst B is
significanty more S}?&%ﬁgkfrﬁc}r‘%@@&%lﬁg %ggeﬁysl,‘:f)@ rﬂ%lgné H-mordenite) with Catalyst G (bound
5  copper mordenite) shows that the two catalysts have similar activities but Catalyst B is
significantly more selective to methyl acetate.
Example 4
A number of experiments were conducted to determine the impact of the amount of
binder on the catalytic performance of H-mordenite in carbonylation. A series of catalysts
10 containing 10 to 80 wit% Pural SCF (ex Sasol) binder were prepared in accordance with the’
method for preparing Catalyst B (in Example 2 above) and sieved to a size in the range
125-160 microns. The performance of these catalysts and Catalyst A (H-mordenite as
prepared in Example 2 above) was tested for the carbonylation of dimethyl ether. The
carbonylation reactions were carried out as described in Example 1 above using 1.95g of
15 catalyst and a gaseous feed containing 6 mol% dimethyl ether, 0.5 mol% methyl acetate
and carbon rnonoxide and hydrogen at a molar ratio of 4 : 1. The carbonylation reaction

conditions were 300 °C, 70 bar and a GHSV of 4000 hl. The results after 140 hours

reaction time are given in Table 6 below.

Table 6
Catalyst Binder | Binder /| MeOAcSTY /| MeOAcSTY/ | Selectivity to
wt. % g kglof g kg™of MeOAe
catalyst h* (a) | mordenite h™ ! %
(b) (c)
A None 0 140 140 96.0
H Pural SCF 10 279 310 97.2
I Pural SCF 20 322 403 98.1
J Pural SCF 35 446 686 - 98.6
K Pural SCF 50 445 890 98.6
L . Pural SCF 65 437 . 1249 98.3
M Pural SCF 80 232 1160 - 979
20 (a) STY expressed per kg of catalyst, including both the H-mordenite and binder

components



A number of experiments were conducted to determine the impact of the amount of binder ot. the
catalytic performance of H-mordcnite in carbonylation. A series of catalysts 10 containing 10 to 80

wit% Pural. SO§, 8e% @iﬁg binder were prepared in accordance with the' rpg&l]@gzgg;/&rﬁp@ring

Catalyst B (in Examp ove) and sieved to a size jn the range 125-160 microns. Thc performance
of these catalysts and Catalyst A (14-morcienite as prepared in Example 2 above) was tested for the
earbonylation of dimethyl ether. The carbonylation reactions were carried out as described in Example
| above using 1.95g of 15 catalyst and a gaseous feed containing 6 mol% &methyl ether, 0.5 mol%
methyl acetate an¢hyarhospresaxideland Hyedrodent apa molarxatidiof the: lndehecayborylation

reaction conditionﬁ(%ferle %91? C(-:d g@é)ﬁggng GOI;% fC%O\(,)egtlciLl. The results after 140 hours reaction
time are given in & 6 Delow. Table a él@st inder Binder / wt. % MeOAc STY / g leof catalyst Icl

(a) MeOAC STYA# gakdofsworienitiable (b pStlestivitpitofMadsdy s (ejalXib G629 1aec08i0 H Pural
SCF 10 279 3109 %%bﬁ%ﬂé %Qﬁy@@c%ﬁo%@?}t %Bd increases, to a maximum at approximately 65

5 wi% binder.
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J .Pural SOP 35 446 686 98.6 98.6 K Pural SOP 50 445 890 L . Pural SCF 65 437 1249 98.3 M Pural
SCF 80 232 1160 97.9 20(a) STY expressed per kg of catalyst, including both the H-mordenite and
binder components WO 2010/058149PCT/GB20091002410 18 (b) STY expressed per kg of
H-mordenite per hour, excluding the binder component (c) Selectivity to Meakefsased’upon DME
converted As can be seen from Table 6, as the amountIéf binder in the catalyst increases, the activity
of the mordethte catalyst component also increases, to a maximum at approximately 65 5wt9/0 binder.
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Claims

1. A process for the preparation of methyl acetate and/or acetic acid product which
process comprises contacting a carbonylatable reactant selected from dimethyl! ether and
methanol with carbon monoxide in the presence of a catalyst, wherein the catalyst is a
H-mordenite bound with a mesoporous binder selected from silicas, aluminas, silica-
aluminas, magnesium silicates and magnesium aluminum silicates.

2. A process according to claim 1 wherein the binder is selected from aluminas and
silica-aluminas.

3. A process according to claim 2 wherein the alumina is a boehmite type alumina.
4. A process according to claim 2 wherein the silica-alumina has a silica content in
the range 5 to 40 wt %.

5. A process according to claim 1 wherein the binder has a mesoporosity in the
range 1 to 500 mz/g as measured by nitrogen BET.

6. A process according to claim 1 wherein the binder has a microporosity in the
range 1 to 100 m?/g as measured by nitrogen BET.

7. A process according to claim 1 wherein the binder contains the metals of Group
I and Group 2 of the Periodic Table of Elements and iron in a total amount in the range
greater than 0 to 10 wt %.

8. A process according to claim 1 wherein the binder is present in the catalyst in an
amount in the range 10 to 80% by weight of the catalyst.

9. A process according to claim 1 wherein the H-mordenite is bound with an
alumina in an amount 35 to 65 wt % based on the total weight of H-mordenite and
binder.

10. A process according to claim 1 wherein the H-mordenite is bound with an



10 15 20 25 MCSLLP 19 Claims I.A process for the preparation of methyl acetate and/or acetic acid
product which process comprises contacting a carbonylatable reactant selected from dimethyl ether
and methanol with carbon monoxide in the presence of a catalyst, wherein the%i%iygt isa
H-mordenite bound with a mesoporous binder selected from silicas, aluminas, silicaaluminas,
magnesium silicates and magnesium aluminum silicate¥) 2. A process according to claim 1 wherein
the binder is selected from aluminas and silica-aluminas. 3. A process according to claim,2 wherein
the alumina is aebBeimreWise-alumina bl proges D seanEist et FoamRE8rain (s a-alumina
has a silica content in the range 5 to 40 wt %. 5. A process according to claim 1 wherein the binder
has a mesopordBiffdAHE rahiges thanstb e g0 Astiret Byt SLEH BR T, GrAHrR¥EE Yt cording
to claim 1 wherein the binder has a microporosity in the 15range 1 to 100 in2/g as measured by
nitrogen BET. ﬁ%&%é&@é’é@&@@r&?ﬁé"t’&)defdﬁﬁrfﬁﬁﬂéfbmetﬁ%t??ﬁﬁé? EBHfoﬁglﬁer Hetdié BY Group 1
and Group 2 of the Periodic Table of Elements and iron in a total amount in the range greater than O to
10 wt %. 8. A pr6EBEsChcatiditg to claim 1 wherein the binder is present in the catalyst in an
20amount in the range 10 to 80% by weight of the catalyst. 9. A process accordin claim herein
the 11-mordenitblis bo(rd VRH AQAHRRLIR AP SUKESE 8% 1@,%%1%@&1 %%l ‘f%é%dfé‘ ight of
H-rnordenite and binder. 10. Aroro ess ac orcgrég to clairﬁ{é \ggherec'g ;?e kl-mf?ﬁenite is bound with an
MOS L 1..P 20 HRifid BF SMRASRIHEBihARY FARELhBE o1ty #Pth & r 5 gRSBE o 500 m2/g, a
microposity of less than 10 inn2/g and 0 to 1 wt %.in total of Group 1, Group 2 and iron metals and
wherein the bindér is preREERT AIEULIAR/ S FP4R b fﬁ‘?ﬁ%l?ocg’tg%n% Rﬂ)@f@ﬁ?%f%ﬂ&f}é‘ﬂ% HA
process according to claim 10 wherein the binder has 0 to 02 wt % in total of iron and the metals of
Group 1 and Grbtif2 of the Periodic Table of Elements. 12. A process according to claim 1 wherein
the carbonylatable reactant is dirnethy| ether. 13. A process according to clainé 12 wherein the
process is carriéd out a5HACEBRARTIFBHS t&&‘@é@s.2l‘ﬁl}%eﬁ}6§8§’§oéeé RIFG 8 A in which
process hydrogen is present. 15. A process according to claim 1 wherein the product of the process
comprises hethyHREBRIEPIASCSY least part of the methyl acetate product is hydrolysed to acetic acid.

15 14. A process according to claim 1, in which process hydrogen is present.

15. A process according to claim 1 wherein the product of the process comprises
methyl acetate and at least part of the methyl acetate product is hydrolysed to acetic
acid.

15



