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PROCESS FOR PREPARI NG CARBOXYLI C ACI DS AND DERI VATI VES
THEREOF The present invention relates to a process for

w@e@sani’ag an al i phatic carboxylic acid and/ or PCT/GB2005/001202
derivatives thereof by reacting the corresponding
al cohol or a reactive derivative thereof with carbon
nmonoxi de in the presence of a netal | oaded nordenite
catal yst. The preparation of acetic acid from net hanol
and carbon nonoxide is a well known, carbonyl ation
process and is one which is carried out conmercially.
On a commerci al scale the manufacture of acetic acid
may be operated as a honpbgeneous | i qui d-phase process
in which the carbonylation reaction is catal ysed by a
sol ubl e rhodi unifi odi de conpl ex and an al kyl i odide
such as nethyl iodide. The main drawbacks of this
process are the use of iodide which can |lead to
corrosion problens and the difficulties associated
wi th separation of the products and catal yst

PROCRSS MOR PRIPARENQIE SRBISSELIGACIDY ANIEBERIVATIVES
drawbacks coul d be overcone If a heterogeneous gas
phase process using an THEREOFree solid catalyst

OL’Htl he Bhe%er% 111\%98?& g%lat(e;Bto n‘p$ %g'essg fg g;gaag%gsapca?gf)% C car lfox\}/hc

acidnBiak demekived thgreoNbe reaahm@the&pﬁes"ponmhg didarmlzm@ ﬂemdivlﬁtm
supported on a w de range of carrier materia
deﬂY%ﬁB’lelﬂéﬁfﬁgf vgith ¢asban maneifinasthe prespisr of 2 paséa]; 1@9&§d rpgrgenite
cMa@ﬂ d polymers. These multiphase catalysts are taught as
ei'ng useful in the heterogeneous gas phase
c arlihe pydpatation of hcatietabainfodm tmethimei ael @chah mondxide is a well
presence of a halide pronoter, A simlar rocess LS
knop-§bgR a1 AgPregess SRS is %etﬂaﬁgﬁ ATt Copameiially. Ona

com§EPERl schik &% Ifilélﬁlfh'&ﬁrecgf 2B &R dcﬁ@ﬁxa& Be %H&Qteé aPh @16§§J§enel€]§s

4612387 di scl oses a process for makihg nonocar boxylic
liquileplohse prodess st whs:hdhcrparbmmqlamnacamnlmgatdwdddry asmade de

rho%r&ﬁocﬁdgggrgﬁgg gullcf an al?(oplodldlg as}lléhngs metgyrfrl] iodide. The main

drawbacks of this process are the use of iodide which can lead to corrosion problems

and the difficulties associated with separation of the product.s and catalyst components
from a single phase. Both of these drawbacks could be overcome if a heterogeneous gas
phase process using an iodide free solid catalyst could be developed.

GB 1185453 discloses certain multiphase catalysts comprising a catalytically
active metal including inter alia copper, rhodium and iridium supported on a wide range
of carrier materials including silicas, aluminas, carbons, zeolites, clays and polymers.
These multiphase catalysts are taught as being useful in the heterogeneous gas phase
carbonylation of methanol to acetic acid in the presence of a halide promoter. A similar
process is disclosed GB 1277242, although neither patent exempiiﬁes the use of zeolites
in such a process.

US 4612387 discloses a process for making monocarboxylic acids and
esters comprising contacting carbon monoxide with a monohydric alcohol having from

1 to 4 carbon atoms in the presence of a crystalline aluminosilicate zeolite having a
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1 to 4 carbon atons in the presence of a crystalline
alum nosilicate zeolite having asilica to alum na
WO 2605003720 at | east about 6 and a constraint i NPERGB2005/001202

within the range of 1 to 12 under a pressure of at

silicd RAShminaahi®SPRAELt 2TNE 6ARS b cPARftiEdkxA8Bih 1@Srange of 1 to
according to this definition are ZSM5, ZSM1 1,

12 ug@vpmesszlgmfgglmﬁdl FONEIEBeN ThE @ng,ef@gj:d@eohtes according to

d
this eg{/néﬁ(gl %rgns %EH &g%(SI\Wq,FZ QSM §§ éﬁ(c?g Igf?%e gflt?xSZSM@ l%'f'ng

partibxianyp peefdfed. LMoﬁﬁnM@ eype zediged) yxdndglmefamomtmm inteovet 0.4,
not to be c’atalg}tlcall effective. preferred
are rgisgiefl te @ Braanple S aviad) yhasdhe hwog%l Oﬁwaﬁébaw ngt to be

catal rig#igrrérfgé i The/Befirellz Eaht@%a&@lpref&fab%sﬁf 8% iiﬁgén%)orate a

IS copper. Si's 233-43 (
Groufi B3 13 dV B treViiEmen, of mmcmethe otosoprefpedtis agpepy ( ESCA)

cat ST SneT (S0 pLbYISHs FiGe G BPar YT RGOy
(ES%@; Read i Ofhe %Ltl\ﬂ? Ml)dﬁlﬂl R6Rfchie 8@h1Yst A8 ARD&GRrted

i scl oses a proces for the preparatl on"of acetic
rhodaoh datalystshywails etrhbrylatnay ofmethanst by hcesic heid. by

S e R 5B B0 e OB} B R0

“acetf0 Bh@oP ekt kel S? cBboB AR df ESanhl%eds WetHan60 Bkityl acetate

salts. The carbonylation is optionally carri ed out in
and/phéinpitled sthee inothe ardsendedd cotrfiecqptainiag raeliteeey Fopbites grised

with, co§>01|§ (s)ag?sd e car%on aP {) ekg@@%%ﬁ (¥]1&§z eol(ﬁ seﬂg\g &F a halide.

nterne

The Me@é&zdbﬁf&i a@fﬂﬁﬁsdl@@idlats ®sinX odliteh péamsil gpeoime pore sizes are
emstry Letters pp2047-2050 (1984) .is concer ne
intennprgliaje peirec Hik 6f 2abison erdks o end sad replies K and ﬁ%n%e
Othefnbsence of a hal ogen pronoter. Table 1 of this paper
refers to three exanples carried out at 2000C and 10

bacmﬁﬁmﬂ@te&mmn@nom (Ir98g e concatesd weh dredvapopp@rase
o AR it 885 R 5 v
e
morédriifehatlicoppamborgdiieciravied abyatelystsadn ah ghrencasbe plebls vere low
relatlvert%as%itl{le\l/reexggrrnl'n\é ts gr\ﬁ%loypn%raegél\/fl\g Ease %gtg yrgt monoxi de,

EP 0596632 Al discloses a process for the preparation of an aliphatic carboxylic
acid by contacting an alcohol or a reactive derivative thereof with carbon monoxide,
substantially in the absence of halogens or derivative thereof, in the presence of a
catalyst consisting essentially of a mordenite zeolite which has been ion-exchanged or
loaded with copper, nickel, iridium, rthodium or cobait, characterised in that the process
is carried out at a temperature in the range 300° to 600°C and. at a pressure in the range .
15 to 200 bars.

Thus there remains a need for an improved heterbgeneous gas phase process for
preparing carboxylic acids and/or derivatives thereof from alcohols and/or reactive

derivatives thereof and carbon monoxide using a metal loaded zeolite catalyst and

which is carried out in the substantial absence of halogens or derivatives thereof.
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substantially in the absence of hal ogens or derivative

thereof, in the presence of a catal yst consisting
weswenoizad |y of a nordenite zeolite which has PERGB2005/001202

i on-'exchanged or | oaded with copper, nickel, iridium

I hRGheAdW be&PRANE that AR @atmici26kke i(Rerbiatied RerIA6 @SS
is carried out at a tenperature in the range 300 to

mords00©) wahigh hes beepreedfipdta inclhfemetalga addifmnite sigon peg s .

" Thus. . re [ e I ' ST
atomf i3 ih 068 Bah VB RaLES A ATRIRERY 10 acetic acid or
derivadin&okyledd apdiod snlamdédeatalestistabilityes t hereof from

al cohol s and/or reactive derivatives thereof and . .
cafBedmgho KR eirat Myl RatraYidponBIOgess doY preraring 2 3jippatic

. e . a0y . . ‘
carb @ Holdihloy BT Lo LHbp DA En T PR B OODANRE of
estertdrahhypdriveribenof whizk obinpeses ventet e arnealiphefie alcelbl thaviag n

nordeni te) whi ch has. been dj,fied to includ .al s.
carb ARt AAFRCASE QPSR LRGP Tl P B HO e ey e e
abseREOY tHEBa16 PIRNE QB PAHRAY Heredh& T the bieséd® AGRhtaGysast A

or derivatives thereof) and/or enhanced cat al yst

tempstakinielin the. range2rHEOHY Candtahe presewe it the parget i00a 290 deisdes

a_proces r ring,an al.iphatic carboxyl.i.c acid
chariafisfg I ek PecriBhe dharen TePL ok e R B
framBwoAEl &R BNt i RShE Aluiiniamhind lohe er frives 60al\ith Clhoron and iron,

congrlses contacting an aliphatic alcohol having n_
and whichdns heasrienerckangeder ¢thervdserlpydedi wigh e9rPes élﬂclqﬁf fiidium,
car bon noxi de substantially in the absence of the
rkmdﬂgﬂ}@gﬁgﬂm‘derivatives thereof and in the presence  of

a qat plotsss dtth@prlesdp arvahticreutilives b enddifitglem3GRnHOCa gt
~at a pressure in the range 10 to 200 bars, . |
highderaperetusssi a9d Pressuieh i Profceoed Virdds lgreagylic acids and |

. £ i.alky ' ' . ..
den\ga]%z?rgﬁtelge’oksilﬁ l%:;a% g%ndsgxﬁid%ﬁl | uir?]%g% ?‘?% hnéﬁlg)rvgﬂg{ggiwgﬁf Hlectivity and
enhagadd ¢avaiystaibdity amilbée achicvedibgt witisiop amasrdb@gwhich has been

modi RS SO0 hh TGBHAIY £THB: BPbeasd TP EREeBPseni
mod flﬂe\f %fgiﬁe%&g Wk b3R8 Rk BRAkA, 86hnpREARI hRrdRiR Y Sihg flicon

gh tenpératures and pressures to produce good Viel ds
and alfimimninosythe onlydiads:vamld elements.

In the process of the present invention an aliphatic alcohol or a reactive
derivative thereof is carbonylated with carbon monoxide. The process is particularly
applicable to aliphatic alcohols having up to 6, such as up to 3, carbon atoms. A
preferred alcohol is methanol.

Reactive derivatives of the alcohol which may be used as an alternative to, or in
addition to the alcohol, include dialkyl ethers, esters of the alcohol and alkyl halides.
Suitable reactive derivatives of methanol, for example, include methyl acetate, dimethyl
ether and methyl iodide. A mixture of an alcohol and the reactive derivative thereof, for
example a mixture of methanol and methyl acetate, may also be employed.

In one embodiment, where methanol is to be employed as the alcohol, the '
methanol may be used as such or it may.be generated from a source of carbon monoxide

and hydrogen, such as the commercially available synthesis gas, in the presence of a
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derivatives thereof. It has been surprisingly found
that inproved product selectivity and enhanced

w@a00al195e0 st abi | ity can be achi eved by utili siPgr/aB2005/001202
nordenite whi ch has been nodified by the addition of

A sultaﬁ’l@ %lc@ﬁol@%ﬁleﬁg caalyki. LHﬁltaQ}érrﬂéth syrfoedis dat APRYBeklescribed,

fier "elenents) as a franmework el ement, conpared to

for emﬂﬂniﬁ deiVOIFIBBBAGNE WO OdH7ANY Alspeaific examrleoha seitrbje
meth?’ﬁ({j émv{ﬁ%sﬁks cear%:ﬁgec %a?pper}g q% gé&?yg? trvétgcs v%h%ﬁ? B aluminium
pronf@s] Taé iﬂéﬁlathsryﬁﬂfesis Snz@ﬂj’mwddahﬁﬂl yitut br igar sl@pdﬁ ate reactor

nonoxi de. The process is particularly applicable to
fromah¢ ?ﬁﬁb@r}}’éat&nd@?@ﬁ%oﬂé‘@ PH§efANYERie: such as up to 3,

I

Re ac Sg? fhvega%%gﬁnuf} ﬁ? ﬁ%egsq{g%hg whi %ﬁﬁgérbg)éylbcsae%d
and 128y &lfo &bﬁl@ﬁsreahd: vszertc!f thosliphatiadaboxydie dcal. tFe ealamphobvhere

i ncl ude di al k ers, esters of the al cohol

the algoRg1s Hsﬂthaaels%e B TREE {4508 D) SPAD gitbrise metby!
|

acetagg rr@?%% beeag)%galtneg tro] ;?@él%ﬂﬁh@@irﬂ&%l%f&ﬁﬁcg&}gl?nogﬁ methods.

The piocesk @Ift}mmesehelnweam may dev b aprilied to Hersyothesis of propionic

xanp e of. met.hanol and nethyl acetate, ma
acid O%etié@ozﬁ’g}é uta’il?fcaﬁlg Q%Bdﬁrwn}? \M);ere net hanol iys
t oTREL SR B hASriiEo RS AR PreschdteorabRARG abRYcHES water.

used as such’or it may be génerated froma source of
Wheoma troctiventesivaiies sl ah gl pféigfefﬁ ansthek, 18ysadns thofaedr watal Iy

e G0 7, AL DS a5 B RERES) e e

feed Wﬂ%ﬁ@ $1s® fed@icathy $daStian, @uelesciniabeder fdimetyhomeemoleratidof
99/ 38836 andWD 01/07393. A specific exanple of a

grea’@gthaa@tg lfrﬁétﬂmrﬂélqu%lﬁ@ Aesis catalyst is a copper/zinc
ol Pl 80 L) RSO S
althd h a i5 epsifaBledto ruea gﬁs:;mxfhnemnt\hlach aarbom ;ﬁoabxrda ipthe memsm
the present invention. pr oduct
compenent nl;heanrp%ﬁacw%%@&arﬁwt% 15}?11&@%%&3& natgﬁg&a)@pﬂ fhe noble
gasegginﬁb ?e t?d?f ! Hhktﬁ?esto@ @ar@&‘i ﬁfon@fud% tﬁ‘ﬁad ﬁ&lc‘iﬂé@éﬁ AsC
carboxylic ac exanpl e, where the al cohol Is
prodﬂleéch@nthh réfbﬁnmg@d parttlabmnmtlcmed hydecadoas (synthesis gay) may also
so conpri se “

thyl . :
_ be used 1 the process of H}% pré/sent invention.

The catalyst used in the process of the presént invention is a modified mordenite
zeolite which has been ién—éxchanged, or otherwise loaded with copper, nickel, iridium,
rhodium or cobalt. The structure of mordenite is well known and defined for example
in 'Atlas of Zeolite Structure Types' by W M Meier and D H Olson published by the
Structure Commission of the International Zeolite Association in 1978. It is further
characterised by having a constraint index of 0.4 and a silica to alumina ratio in the
range 8:1 to ‘20': 1. Tt is well known to those skilled in the art that the silica to alumina
ratio may be increased by using de-alumination techniques, for example, by hydro- |
thermal treatment or acid leaching of the mordenite. Mordenite also possesses a
characteristic X-ray powder diffraction pattern which will be well known to those

skilled in the art. For the process of the present invention it is preferred that the
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acetate. The ester may be converted to the aliphatic
carboxylic acid by known nethods. The process of the

w@e@sanmi720 nventi on may al so be applied to the BgNGBe®S©01202
of propionic acid from ethanol and al so butanoic acid

mordén@@ThAs QEmgﬁﬂpémmmerat% QLGS SarFBR: PR AT rp‘rﬁ@ra@l&' ini the fdnge
- presence or substantial absence of wat er. \Wiere a

10: lrteé@tllanérd@ltpxﬁé‘trﬂkyle' i thelramge Bnl 86528k or an ether, is

; egg? ?rgﬁlewlgg? mg Ig n{)walt RﬁZg@Lef eﬁ?ﬁn%n@o Roﬁ)ﬁﬂa geé fjhgs ,

intrddeed t0aBk friv@tRorki s alysont@diohsl Ihélaelsf factianiple, Shemosdenite
in a water : dinmethyl ether nole ratio of greater than
may@etsasnﬂhé%gedtuﬁm syHallg prrcursgrsifor tesilisgp Wma?flumr?é €alwgh
S [ al
von JROREL 0 a0 PR B EORE S Al bl en)
mor€@iite Oy reacting tdgethar 4 mixtwaicompasipgientd sifibe gelesentmternd
smal | anmounts of inpurities such as nitrogen and the
SOdlﬂ@tﬂhémEj%Eees can be tol er ated. In addition, mxtures of
r ?@P&e?‘%% gﬁh@?ﬂ:s &Bn &3s ?f @é}%ﬁﬂa‘ct{ﬂe }d€denite has a

eformng or part oxi dation of hydrocarbons
ratio sfisiilfdags ite aadss ofitlye fdrsew o mebfer aernérds fgreotpé@snf ehllivhe

.present invention t f
oxidB G5t R nR HORAEKBh T G HbAPT) 0o PHEHTES 13 6 RPE
20:181500 Qﬁ@nﬁ?@ﬁef&iﬁl?h@ﬁ@@ﬁ%@ 300K toQfghEr Wi Se Ioaded Wit h

copper, nickel, iridium rhodiumor cobalt. The

st e tfranewotk modifen ictemensiswpatferabhogailizmd Thes, iihie grefered that

e.in Zeo St r uct T
e REREPShr 5P el RS s T BT B g ety in
the ﬁﬁgmm&@ﬂo -0f addBorepr&fenidly N radgeoBo neeraom ation in
) is further characteri sed bé havi ng

omstiuse a9 merisly st tho prdeieds i xehangsd ar Qikeruise laded
Wlthlscf(nop%)? € cﬁ@lgﬁh %mjm tlggﬁg} r]xi1 btht fschg\ﬁ{okdelﬁpg Wt 1511? Q§ﬁlanged

e art |ca um na rat
up tﬂey%ttff th\etwasaohangabls isigs cﬂetha kzestite atay b ekel&imrged{m e.g.
exanpl e, by hydrothermal treatnent or. ac]

Cuzﬁeﬁé’h oRBhST 1Qfﬁéls%r"6?éﬂfnt°é"n ARSIt & 1npede gidbes a
remgl!ﬂ?{g"’%hgﬁg 1?%1{6)2&5 (ﬁqg{lteddrg b AGH HRAcPRES &R eNBAGH start
W e well novvn o those

the exchange process from the ammonium or hydrogen form.

As an alternative to ion-exchange, the ammonium or hydrogen form of the

_mordenite can be impregnated with a solution of the salt of the metal and subsequently

dried. If the ammonium form is used, it is preferred to calcine the mordenite after
loading or exchange. The amounts used are preferably such as to produce a catalyst
having a metal content of 0.5 to 10% by weight based on the total catalyst.

Preferably, the mordenite catalyst is activated prior to use by, for example,
subjecting the mordenite catalyst for at least one hour at elevated temperature under
flowing nitrogen, Acarbon monoxide or hydrogen.

The process of the present invention is preferably carried out by passing
methanol vaﬁour and carbon monoxide gas through a fixed or fluidised bed of the
catalyst maintained at the required temperature and pressure. Such a process is carried

out substantially in the absence of iodide. By substantially is meant that the iodide
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skilled in the art. For the process of the present
invention it is preferred that thenordenite has a

Ww@RIsaes72® al umina ratio in the range 8:1 to 5BCWGB2005/001202
preferably in the range 10:1 to 30:1 and nost

conté?ﬁ %f %@é e%a‘ses iﬁaﬁzafa@ﬁ;g BreliSss khdrP5 @Rpm antiRefef AFPWRY than

fier enent s lium boron and/ or |ron) may be

lOOppmroduced to the frarrevvork by any conventional neans.

exa enite y

he
o T PER FeedEn P G rhfea B IR 3ng ey 54 REGh G f8teravty

250 1@alobP) randl alt aprangt of theeme 10a6R00®atss peferbl® 10 to 150 bars,

framework, such as, for a gal | i um nodi fi ed nordenite,

SUChByzﬁé(a&Q(?hfgStoget her a m xture conprising fumed

s JF L& ﬁl’o]ag?&HWWafBotnrrﬁ‘é&X%dco %ﬁé%héﬁ& %l sldmalﬂg?ﬁ the'r gﬁ%et Ne+to

process o resent rnvention 1t 1s pr erre

60: 1t1{]1efe]§abﬂydenltbsohamoat praferablp?: 1sbl1i0cla Iifcﬁedtbeh@mtaigst b@ﬂ in
the framework nodifier_el ene tot al [i um

liquig fpra (DOBIBH %Wfbés%a VG Sk Pisy) of ind e geipoutd

preferré)olgg

g%%%r »in the range 20: 1 to 50: 1, and
preferably in the range 30: 1 to 40: 1. The

fr ﬁhembmmchcfd eodwled g ribe pmcwerﬂf éreahbgcngmlvbmtm can be
referred, that .t he

Thgs S sil.ica,.
remag 3510y TNPS G5 SRR R b HEC PRRE 1b TORgE dfieatbofie
acid Qﬁﬁﬁ@ﬁﬁﬁécﬁehﬂy Pﬁﬁﬁé@%@g gd?)veﬂtldrﬁl ﬁ:th%uesaﬁQhrﬁ@ Idestillation.

preferably he range 30: 1 to 40: 1. Before use as

a The aivybstllqn wﬂbncrm beldhistrateil svithantessash anedodpwing Examples.

ot IPGI‘WI se | oaded with copper, nickel, rhodium iridium
obalt. If the nordenite is to be ion-exchanged up

Morli&hi®®medesishe cation-exchangable sites on the zeolite

Cor ﬂ':._~ e pinplenmyina VioFE@amitg

may be exchaned with e.g. Cu2+, Ir3+ or Rh3+ ions
gthesis j s preferred that the

fryetﬂgﬁ aﬁ%g)nqﬂ% b'r&nfdla TE%@@%Z %a?ﬁ{sg&(}%& fn Rgof distilled

pro?ons ence I'S COﬂ start the exchange

walcPBAG R a0l duETIBI 263 ol funedige mcamoﬁSﬂ)qs iatg of
distile} WGT. THOTHOIB R Mrecart Do GGHAEd AGOTHaR O sodtum
hydrgg f%gs'q?%)q% ﬁbg%f ﬁghhe@&?ttep%ag@cﬁ@d 18k Fuby SV @REhiXture was

e"amoniumtormis used, it is preferred

thentstirredfaiane hohe Abedbnipesgodh selution of galllum nitrate was prepared by
dissolving 7.53g of gallium nitrate in 70g of distilled water. The gallium nitrate-
solution was then added to the silica shurry and the resultant gel stirred for a further 1
hour. The gel stoichiometry was calculated to be:

25.2 Si05. 1.0 Gay0s. 5.7Na,0. 3.0TEABr. 1054H,0

The gel was then transferred into a stainless steel autoclave and heated at 150°C

for 16days. After this period the autoclave was cooled and the contents filtered and
washed with copious amounts of distilled water. The white solid was then dried at

120°C overnight.

X-ray diffraction analysis showed the material to be highly crystalline and have

a mordenite structure. Chemical analysis revealed the material to have a framework
composition of Si0,/Gay03 = 31.1.
Example 1: “Low Al” Ga/Al Mordenite Synthesis
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| oadi ng or exchange. The anmpbunts used are preferably

such as to produce a catalyst having a netal content
wo@2008/16572®@ 10% by wei ght based on the total caPel/g82005/001202

Preferably, the nordenite catalyst is activated prior

t 0 AUS6rdBYite §yRthBXaIPlvEs pephkeatdondng BethRBRERAd bLComparative
catal yst for at |east one hour at elevated tenperature

Examgplge’ exdepihate mittpsgdmallive mEatemd seiige Jemmad vaeslded to
the rggc(r?lrog oy %ﬁl‘?‘% 'gltus RXJ}E a@l&@&‘e% ddﬁ}ﬁ%rbt V%a@l'i‘mh %np & g&{l@&‘l %.02¢g

assi ng ne han our car
disséToebixi 3bg djjzaﬂ]etl Iwmg bndba §ddxed ahl‘rmﬁhta Isd]uﬂeﬂ ((bédg Gissdlel in

st maintained at the required t t. d
TR L P A R L e e e
b
the xp R pRERARRE BARTied B AEmelyo S BRIRALE Bhd Hedyd HABONC for 11
daysaﬂelelgeSﬁoichﬂ)méi@@mnamthteﬂaer ably less than | OQopm

process is earned out at a tenperature in the
126. f‘%@e“@@@ﬁ@1@0@@03p?%16]§?é%ll§ 25‘&6&?%536%@ Oand at a
&Jﬁﬁs béh&dﬂtﬁ gBydRad &&&Pamhé coﬂPcEﬁE ¢l @RldYnd Qvamed
ars 5to 100 bars. he nolar ratio of
w1thco®phﬂl§1 afifonnis iofl distiledretteanBhe Whits snlida\bhsythem dtibatr 1268€

1:1 to 60:1, preferably 1:1 to 30:1, nost preferably
OVelegiltto 10:1. If fed to the catalyst bed in liquid

' t
4'*%%3[0]{1«311[' éxgaéé{#y §ﬂpo§r6wg§ ?&glfﬁgﬁé - 6 :b%)htl é}ﬂ'ﬁ%taﬂfne‘ 48 have
a m(ﬁden'lﬂ?e&tmairub@ x@hérﬁicalcandlypls Mﬂ:aked thymbhienise zﬁéﬁs toocfontdmeboth

present i nvention can enmoved in the form of
fran{F e T M ERPLET B OHE IR E S N SOGICGHEORE S0 CazOs

_3§@5&p§g§02¢A9@%dlggq be subsequently purified using
conventi onal techniques, such as distillation. The

Exanmlem f‘nglvw\Jl’r Gaow Msrddﬂlms&s’mah@ck with reference to

Cotp B B BoRE e T DS e G maetd

amount of framework aluminium. The procedure of Example 1 was repeated except

that the amount of sodium aluminate added was increased from 0.50g to 2.88g. The gel
stoichiometry was calculated to be:
48.5510;. 1.5Ga,0;. 1.0 ALOs. 29.6N2,0. 15.2TEABr. 5276H,0

The resultant g;:I was heated at 150°C for 14days. The resultant crystalline solid
was filtered, washed with copious amounts of water and dried at 120°C overnight.
X-ray diffraction analysis showed the material to be highly crystalline and have a
mordenite structure. Chemical analysis revealed the mordenite zeolite to contain both

framework gallium and aluminium and have the framework composition of Si0,/Gay 03

=39.2 and a Si0,/ALO3=19.4.

Comparative Example B: “Low Al” Mordenite Synthesis

' A “low Al” mordenite was prepared by acid leaching. 30g of a commercially
available mordenite zeolite (ex. PQ, CBV20A, SiO,/A1,03=19.4.) was refluxed for 2
hours in a hydrochloric acid solution prepared by diluting 24ml of concentrated |
hydrochloric acid with 76ml of distilled water. After this period the solid was filtered

and washed with copious amotmnts of distilled water.
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Tetraet hyl ammoni um brom de (TEA)(9.47g) was dissol ved
in 30y of distilled water and then added to a slurry
w@20032028g of funmed silica (Cab-OSil) in 150gPGf/GB2005/001202

distilled water. The resultant m xture was thoroughly
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tzﬁé?xﬂ% élt80°é 1 C@e’f&'efﬁ@ﬁﬁ’ &arﬁ}’ RS Sbht ratio of th

e or n@te synt e@logrsge was pr par e aggcordl n raloﬁ ©
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th vi t Af t t
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st gak falSwAakE prRcane Witaledel td @Qfﬁpfaﬁilhvé Exdayk B The
gel stoichiometry was calculated to be: 126.4Si Q2.

illusdratiaefiie caprer Rpgog, progedenga 28044 sf the Eaproniwp7grR Of the “low

AT” mordenite prepared in Comparative Example B was added to a solution of copper

nitrate trihydrate (6.33g) in 140g distilled water and stirred vigorously. The solution
was evaporated to dryness by heatinwg at 80°C. The blue solid was the calcined at 500°C
for 2 hours. Chemical analysis revealed the material to contain 6.6wt/wt% ‘Cu.

The catalysts were then pelleted by crushing the copper loaded zeolites at 10tonne in an
infrared press and the resultant tablet broken and the material sieved to a size range of

250 — 850microns.

Methanol Carbonylation

" Fach of the catalysts of Comparative Examples A to C and Examples 1 and 2
was used to catalyse the reaction of methanol and carbon monoxide in a single pass
high-pressure microreactor. The catalyst volume used was typically 10ml. A pre-bed
of carborundum granules was used to provide efficient preheating of the reactants prior
to contact with the catalyst. The catalysts were activated under flowing nitrogen

(100ml/min) at 350°C for 16hours and then reduced under carbon monoxide

8
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Example 2

"39.2

19.4 3 96.8

2.0 | 44.8
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29.8

6 97.0

4.2 3.1

49.2

42.9

Reaction Temperature = 350°C, Pressure -= 25barg, GHSV=4400, CO/MeOH = 9,

15

LHSV=0.9

(i) HC = hydrocarbons

containing gallium (Comparative Example A) is capable of catalysing the non-iodide

The results in Table 1 demonstrate that the catalyst having a mordenite structure
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It can be seen from Table 2 that high activity, as evidenced by low DME
selectivity, and high selectivity to acetic acid and methyl acetate products can be
achieved with the Ga and Al containing mordenite catalyst (Example 2) when compared
to an aluminium only system which gives relatively high selectivities to hydrocarbon
by-product at high framework aluminium content and low activi’gy (as evidenced by the
high amount of DME produced) at low framework aluminium content.

Table 3 demonstrates that considerable acetic acid and methyl acetate sélectivity

is retained for the catalysts of the present invention even after 70 hours on stream.
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Catal ytic Performance of Cu/H (Ga) Mordenite and Cu/ H

(Ga, Al ) Mordenites for nethano

Tenperat ure 3500C, Pressure

car bonyl ati on Reacti on
25bar g, GHSV=4400,

CO MeOH = 9, 15 LHSV=0.9 (i) HC = hydrocarbons The
results in Table 1 denonstrate that the catal yst
having a nordenite structure
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contai ning gallium (Conparative Exanple A) is capable
of catal ysing the non-iodi decarbonyl ati on of nethano
w0 eooaaei’ee aci d. However, the catal ysts of Exapgi/es2d5/001202
and 2 where both alum niumand galliumare present in
the nordenite structure nuch higher activities and
selectivities to acetic acid and nethyl acetate
products can be achi eved. The benefit of utilising
bot h al um niumand galliumin the nordenite franmework
on product selectivity is further denonstrated in
Tabl e 2. Table 2 Conparison of Product Selectivities
for CuZzH (Al) Mordenites and CuZH (Ga, Al) Mordenite
Catal ysts Reaction tinme = 6 hours. Reaction
Tenperature = 350C, Pressure = 25barg, It can be seen
fromTable 2 that high activity, as evidenced by | ow
DME sel ectivity, and high selectivity to acetic acid
and nmet hyl acetate products can be achieved with the
Ga and Al containing nordenite catal yst (Exanple 2)
when conpared to an al um nium only system which gives
relatively high selectivities to hydrocarbon
by- product at high framework al um nium content and | ow
Chg{;ivity (as evidenced by the high anount of DME
produced) at |ow framework al um nium content. Table 3
denonstrates that consi derable acetic acid and nethyl
acetate selectivity is retained for the catal ysts of
L.t heh prasswdpr pispaiing dnalphatic erpeylivackldipvingdmt1) carbon atoms,

. f et ‘ )
on LA TP P S B e
confpadtOritactifg ah kigitmlic Alcoholtmyink.n drprrogtess ahd/or a reactive

der PR SHeR N CoBh GiooKe SFLY TR a0 U <Pepmet O Blossar or
deri®SR5 t1RfreARARY W ﬂfégﬁéslaﬁée‘%ﬁfa R 2K &ﬁgﬁﬁanggg@me%ﬁﬁ & 250-

contacting an aliphatic alcohol havin on atons

| 6003@ dndat spressact inthe thage VAta V@D bdrgrehafcteribddl inahdidie catalyst

nonoxi de ,substantjally:in.the absenc f the hal ogens
confe G B1 < SRPei Yo 4o s BRERHRH: Shmeny oiheon
alurfidhiih ¥8d o 0rBnbRIIShBHT, BotoR ahb SrohaRdrwRRA ha$PPGoaNd
at a pressure in the range 10 to 200 bars,

‘ exclgmgedior ethegase Joadadharth eomper anckiel siidium, rhodium or cobalt.

2. A process according to claim 1 wherein the framework elements are silicon,
aluminium and gallium.

3. A process according to claim 1 or claim 2 wherein the mordenite is ion-
exchanged or loaded with copper.

4, A process according to any one of the preceding claims wherein the mordenite
has a silica to alumina ratio in the range 10 : 1t0 30 : 1. |
5. A process according to any one of the preceding claims wherein the mordenite
has a ratio of silica to the oxides of gallium, boron and iron is in the range 20 : 1 to 50 :
1.

6. A process according to claim 5 wherein the ratio of silica to gallium oxide is in
the range 20 : 1to 50 : 1.

7. A process according to any one of the preceding claims wherein the mordenite is
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consi sts essentially of a nordenite which has, as
framework el enments, silicon, alum niumand one or nore
w@toogabi7eum boron and iron, and which has beePCT/GB2005/001202
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actn?z@edprloﬂtOuS@ : 1. 6. A process accor d| ng to claimb
wherein the ratio of .silica to galliumoxide is in the
1. v arfyrosess: acgordeds {al@ 107whegeig Fl&@é@%e%wwﬁwssbe/&oaﬁﬁtmg
e e T G oMb e DR LE gr ourat.
ekwamdaabahauw@ A process according to claim7 wherein
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precedi ng clainms wherein the catal yst has a netal
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clajm 10 wherein the catal yst is activated by
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15. A process according to claim 14 wherein the methanol is generated in-situ.
16. A process according to any one of the preceding claims wherein dimethyl ether
is employed as the reactive derivative.

17. A process according to claim 16 wherein a mixture of methanol and dimethyl

~ ether is employed.

18. A process according to claim 16 and in which water is used as a feed to the
process.
19. A process according to claim 18 wherein the water : dimethyl ether mole ratio is

in the range (greater than 0) to less than or equal to 1.

20. A process according to any one of claims 1 to 17 wherein the process is carried
out in the substantial absence of water.

21. A process according to any one of the pr,eceding claims wherein the process is
carried out at a temperature in the range 250 to 400 °C and at a pressure in the range 10
to 150 bar. |
22. A process according to any one of the preceding claims wherein the molar ratio

of carbon monoxide to methanol is in the range 1:1t030: 1.
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12. A process according to any one of the preceding
cl ai ns wherei n carbon nonoxi de and net hanol vapour are

wo e@stibgreugh a fixed or fluidised bed of the cRCHIGB2E05/001202

substantially in the absence of iodide. 13. A process

23. ACHOEEHs APcdr@in@ iy a1 \6neaff tﬁé‘ﬁﬁ@&ﬁﬂ?é’ﬂaﬂﬁs ®héabmshyhefed Rourly
noli .

the aliphatic al cohol is netha 14. A process

spage e dtyRf neshachisin e wAgt @O0 2he net hanol s

generated froma m xture of carbon nonoxi de and
hydrogen. 15. A process according to claim 14 wherein
the nmethanol is generated in-situ. 16. A process
according to any one of the preceding clains wherein
di met hyl ether is enployed as the reactive derivative.
17. A process according to claim 16 wherein a mxture
of methanol and dinethyl ether is enployed. 18. A
process according to claim16 and in which water is
used as a feed to the process. 19. A process according
to claim18 wherein the water : dinethyl ether nole
ratio is in the range (greater than 0) to | ess than or
equal to 1. 20. A process according to any one of
claims 1 to 17 wherein the process is carried out in
the substantial absence of water. 2 1. A process
according to any one of the preceding clains wherein
the process is carried out at a tenperature in the
range 250 to 400 OC and at a pressure in the range 10
to 150 bar. 22. A process according to any one of the
precedi ng clains wherein the nolar ratio of carbon
nonoxi de to nmethanol is in the range 1 : 1 to 30 :
1.23. A process according to any one of the preceding
clainms wherein the Liquid hourly space velocity of

nmet hanol is in the range 0.5 to 2.
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