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WD 2007/ 116201 PCT/ GB2007/ 001095 1 PROCESS FOR THE
PREPARATI ON OF CARBOXYLI C ACI DS ANDY OR DERI VATI VES

W RBRECRE0TThi s i nvention relates to a process fBCT/GB2007/001095
preparing an aliphatic carboxylic acid and/or 5
derivatives thereof by reacting the correspondi ng
al cohol and/or a reactive derivative thereof wth
car bon nonoxi de |n the presence of a c%t al yst

HEi ARA RBG A

from rret hanol and@WMa wel | knovvn
carbonyl ation pro h is carried out
commercially. On a comrercial scale the manufacture

of acetic_acid may be operated as a honogeneous
| i Hus dveniienaelatesip e deecsss for prepeting e m&\a%ﬁa}rb@mh@r@md and/or

e RSO0y SRUBRIELC RS HONE) WY ML iy
-thereﬁﬁwmh darbod avkexidé it theq:rq&&m&ﬁ' % caalyst tdmeprisdeg fefridriteli de
whji.ch can |ead to, corrgsion g nd the
i o

di ¥ie RIeparatin of sefis apidgompgthang sponpﬁ%ls a well known -
carbo%‘o/{%ﬁHﬁ Pﬁ)c@&danﬁ‘ﬁ éﬁé\/l\ﬁrhlc el gﬂ{m& cBﬁlﬁ{Qﬂﬂal% nIG#) Q gB&ﬂﬁfclal

hese dra e over co
scalelilet mamgecteus apatmmmag bagpaated asla Hemb gemeoas:]idlldd -phase

oSG ) ootk e dovel 0pcd .08, 1120458, (SK B8

compftéd @ldydnl :ﬂl@}h liydidCiches MRty iodidC | Tl finldRivbacRs bfthis process
copper, rHhodiumand iridi'umsupported on a W de range

are thgfuse af quede whiel eari lghd to qertosion pepbdérhs andsthe diffionltissassociated

with PR ot Bl Al e i nJERGHape. Botpigfthese

. drawb&%kS Qe B OVErcaMs iPNRGrogéhebad FrOB4E Aking An Mddide frbegdid

to acetic acid in the presence of a halide pronoter. A
catal:sﬁtmulélbe dpvedereds is discl osed GB 1277242, al though

sL Cl% qgﬁ%{%g@%gosgﬁgg%ﬂi Egl&@)hél x: éésjéog{ﬁ% i f@at%lglrically active

metahiakludiggimeoslar doppyt, rleodan dad atdure sﬁp;mted onparwisle Range of carrier
cont a bon nonoxi de w tgiea nonohydrj c al hol

r
materialy ;rw&dﬁ%ﬂﬁwst s 08 RO HeBr AT R LGS ¥ of
multi ha?s@éaraEJths' a@@taﬂgﬁ{"%s%ﬁfglds%f ft @Hétbfo%eﬁ%‘ﬁé QQS aklica

o alum’na rati | 'east aout a-co stralnt
carbangliézn wf misthanolhte acetivgeeidin the prsde ofia heludemrpme&su Assimflar

oo P B RS, Sonmin el s Ph W o i
such §9Mcdss. ZSM 38 and ZSM 35 wi t h ZSM'5 being

parti cul arldf/ referred. 30 J Catal ysi's, 71, 233-43
( 198461358 ¢l swg?esss 2 p@cg@efox)malpngmbe@b@wcgpsbtan@scopy

esters comprising contacting carbon monoxide with a monchydric alcohol having from 1 to
4 carbon atoms in the presence of a crystalline aluminosilicate zeolite having a
silica to alumina ratio of at least about 6 and a constraint index within the range of 1 to 12
under a pressure of at least 1 atmosphere. The most preferred zeolites according to this
definition are ZSM-5, ZSM-11, ZSM-12, ZSM-38 and ZSM-35 with ZSM-5 being
particularly preferred.

T Catalysis, 71, 233-43 (1981) discloses the use of photoelectron sﬁectroscopy

(ESCA) to determine the activity of a thodium mordenite catalyst and other supported

rhodium catalysts towards carbonylation of methanol to acetic acid.
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(ESCA) to determine the activity of a rhodium

nordenite catal yst and ot her supported rhodium
weaaliyevs t owar ds carbonyl ati on of net hanol tBCHCB200¢/001095

aci d. WD 2007/116201 PCT/ GB2007/001095 2 Angew. Chem

Int. Ed 2006, 45, 1617-1620 descri bes di nethyl ether

carbonylation to nethyl acetate at | ow tenperatures

in the presence of certain halide-free zeolite _
c ahugeys ChemThitsEp 2006, 48x6i 511620 descrihes digngthyl sther carbonylation

b | at | f dineth th t f
to e vt 2t leRbeing iR e Breniivg bttt bAERTH el
catal@d) %is%?&%x@ﬁib[iﬁ% {he By drousbarb&aBeaRa Adiféthel &B&Sn the
process tor the preparation of an aliphatic carboxylic

preseaes of mordewita anst the gnhrdlreis sathonylafiomot dimethyl ethgepsingfermasite.
) ¢ . ol in t .
ot hrioogs 4] FRIGH BRREE B ofARANE P iddicbiBonic

acid by eagatiag ah aRohéll dlatsictive dadvasive tgred et dagbdymoioxide,

nor deni te zeolite which has been ion-exchanged or
substpgfiadlydn et absence gb Brlogens k derivative thegenls nbripissnge of a catalyst

r r i i ry: L ot S i i d with
cons§RPLprg R LR 0k Sl IE LBEPERR AfR6d ko v
coppart nizkely Eilsum erhodiutrher cobalgehdiactedsed(0 theatle. prodssss dafréadeout at

remai ns need for an inproved heterogeneous pro
a tempgratige gbtilr: r#ge 308r BoSSH’t@ng &t dBres vy rih Bnes 4pit 00 bars
i _ I . . . .
| PO Gfrd AR €000 5, B0 A SRR AR A Ko
carbdxlpht acidhatdésratpeivetives thaedfdron alcolwis pidicassctarplenyitivgs a

15 ferrierite z@glite (hereinafter referred to as
therep @rhongnongxideat al yst provi des si gnifi cant

Sef E&I ﬁol‘(a'/ Eée%sfog@% ﬁxg; %?&gx]g%éﬂegﬁs @Jrﬂ%‘?attﬁng%r?f‘ess employing a

carboxyl'i ¢ acl vatives there
ferriefite protiten@kseinafteeraferesskintas iferviente) asrcapalyst peddes significast

| selec{i}(z)]iiiig trog w%ggg@%&\\%ﬁgﬁé%ﬁmﬁg}rﬂ%ﬁ&}%%écggr?c.\egi‘ygﬁ%eisggereoﬂ.

anglékdiafly ok Preseht indéHisd Fp'tdi@ders RgrERks Mipedpasinf Rk bligifatic
~contacting an aliphatic alcohol having n carbon atons
carboxglie aeif beviag (eblotcathondeams, ahetean islgainiggerwptip 6 ardjerpn ester or
oxid der hydrous [ L] I: f
anhyGRPCHHEE MRS g P& Eon B ARl Bfol R R H ook atoms
and/cratradcyivt detivdtive tidrosfosish @rbdmaouxedemider hydiots conditiving fin the
selectivities to carbonylation products can be
presegeh pEA, Sarigiite gatekys- hydr ocar bon by- product for mati on
S o] = @ﬁﬁﬁ o .
aﬁggr}g ?egg %ryl/tg?a%ggér%ons. uégxla ?g&t% %eﬁg?eo@ggs ow%%ihgﬁ’%jgh
selecfivitise tut carbongtdtion praductl dap be hchieed owitolovoly drocaghat hyrproduct
derivagiv hereof i.s carbpnylated with a caybon
formifin RS Crfes fkotssaeres pa beie Gy P L pRATaBY Gopsbons.

- alinRhabicte R T A e sdnR HiveRtidhPan dipRatiSaEdhoRor A BeacBvederivative
carbon atons. A preferred al cohol is

thereof is carbonylated with a 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 alcqhol, include dialkyl ethers, esters of the alcohol énd 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



10

15

20

25

30

met hanol . Reactive derivatives of the al cohol which
may be used as an alternative to, or in 30 addition

wo eoovhes2al cohol , i ncl ude di al kyl ethers, esterBCDGBRIVE/001095
al cohol and al kyl halides. 3 Suitable reactive
derivatives of nethanol, for exanple, include nethyl
acetate, dinethyl et her and nethyl iodide. A mxture
of an al cohol and the reactive derivative thereof, for

- examplo m@ampémihapdwr@awbyl/@mwgmy slse bawpiptoyadni xt ur e

f .
SUHRAREb P MG b Ry LB RE ARy ad
and/o hh@&&tr betmahbhatw dagbax@li€l acidnBbi0dxatriple, @dkrrthehlcbhe is
al i phatic carboxylic acid. For exazgl er’ﬁ vvhere t he-

methgol itchroduct predomaHBILY CHBPHIEAGRIC 45 Hahlpg comprise some
methireoe[gﬁl;fé e\ﬁh cehle mf(s;r gprgdﬂct 1{ mg?ge @dﬁ@rt&?i&hé éclﬁre%ﬂgﬁdlﬁ%

ace ate an €s I's a product,
carboxghw ecid &g khowh neetloasy fes ﬂcamblel gy hpdrolysis yising reccitite ﬂ;stlllatlon

¢ AT CDP PISRER G eHUTh s GrRdaud vifer yogs fenifons. The

feed écﬁf{ﬁ{bﬁﬁgoe[h dISHOR slef Qr QHr #RHE E:orﬂbﬁ%ﬁ’dﬁth@fé@?‘intay @BitainWoder.

d comprising an al cohol, ester or ether or any

Smtabkyn‘whnatamicohhbmbfas meshagolris ased amh@ﬁeed tBuimo by lrgtl,o of Water to
the.f

a5 RSl P Lo 3-8 B Ppub e

derivh@dich Bs meﬂayl chiate ol difié@yl @theﬁ is uséd ad tht fee<ﬂ the%@lﬁﬁra@ﬁ of
ester or ether reactive dérivative such

wateriogsiar of eiherds Mt indbauangs 10 Litl: Louehes 2 oandi e 1
t
PR B e 8 regBhhechyh OF e whth Y kol iy d/BPekgrvd

derivdiive. Bh¢ eateiBiayle prédntsiapanit @lwips form.t oget her with
the al cohol and/or reactive derjvative. The water y.
g{@l—sm

beAlsraaibisly. depandig o e nytursAfithe fsedn water mpy be seperajed 1
for e%gﬁgr g{{ g'% BRetifiEionF chhcﬁffeecittP%tk{gz?secﬂ’vﬁ/‘%tt@rfﬁéXﬁXn Bfmethanol

In-situ, or exa nerisation o
and aaétivodedd proded. Saoitaeblivahs amr)unttlaf gemara'ed fvateamayrbesiich that the ratio

o S S BT B Eher B Ll 08 g

to 1. 0f al kyl groups derived fromthe al cohol or ester or
~ether feed to water is less than or equal to 1. 20
Thﬂéhegmrnty of the cmrben mnnbmde meethig ndedagmed to be aspecidbp prtical. The
eC|a The carbon nono

carba R P B Oh Lt P e s R R e o gpinple, carbor
mond?ddﬁ'fﬂ?bi%allye@fobm&d bR aSHiceCoft iMistdd] laiseR bO ikt dRyain small

suppliers of industrial gases or it may contain sma

amougifRfrimpurties syph af Ritlegen agncihe §oblp gawy é‘fhl‘éh‘ép ’F%én‘ﬁtfﬁlleé”lth the
con GRREB R, B BBy N B
may Bdresedan hédmixnomra exihdeydrogen. Suitably, the ratio of CO : H; is in the range 1 : 3
to 15 : 1 on a molar basis , such as 1 : 1 to 10 : 1. For example, mixtures of carbon
monoxide and hydrogen as produced by the reforming or partial oxidation of hydrocarbons
(synthesié gas) may also be used in the process of the present invéntion.

The catalyst used in the process of the present invention is a ferrierite zeolite.
Ferrierite is a member of the aluminosilicate zeolite class of minerals with a formula
generally given as Nag 8K 2Mg8Si;5A130360H,0 or (Mg,Nas,K,,Ca);-sMg[A15.751 27.5-

31072].18H,0. It is available from a number of commercial sources of such materials. It is



10

15

20

25

30

25 may be used in adm xture with hydrogen. Suitably,

the ratio of CO: H2is intherange 1 : 3 to 15 : 1
worio/1n2bar basis , such asnéil 1 to 10 : 1. FPET/GB2007/001095

exanpl e, m xtures of carbo nonoxi de and hydrogen as

produced by the reform ng or partial oxidation of

hydr ocarbons (synthesis gas) nmay al so be used in the

ess of the present inventio taI st used in_,
furthen phapctseieelbiphaibia GOTSTaHL iRy ahS- 2ON'S i ik tp Ghreins Ftio
in th&faﬂ%él b&60. #s GRll rldngfvh'{@th!o e Q(ﬂ'l'@?ffﬁ%e af thtahﬁ‘xe s111rc]:a to alumina

nosilicate ze te class mnerals wt

ratio frauyfbe lincreaged by abing dg-lahmnnam)nNadmﬁl(@s Iy Siattpkd, dodFdaHhermal

or ..Na2, K2, 3. 5My[ Al 27. 5 31072), 18H2Q.
treatrp@nt@’gg@'iﬁcﬁé@r‘%m o EEERerisE AsgpasEaien Lyt EgegF-rey
powc&b' A AR A Jab®: whikh b Iwfill VOWARALA B2 bseskilled in the art. Additional
CT/ GB2007/ 001095 further characterised by having a
mform@h@n om ifermemtn gaix be fougd 2n tles websitg ofthsilntemational fleghitena
tio th nge 20-60. It is well known to those
ass""é‘aﬂ“r “8"i %a Og%mg ‘that the silica to alumna ratio

MeBorilke procese ds e pyseHsintetiba-ibik proferadd that the &hﬁeﬁw éas a silica
for exanple, by hydro-thermal treatnent, or aci

to alyraing FIoky Taio infhe ramgﬁ« il@ylitp 80: Irmopt eterablaindhe Fee ééslég 251
" ORORSEL T RN o 0 LR Do
galliviadidn, bowhn, coppbn sitedr] goid,aricket rcobat, umciiumamdhfhodlmnnﬂuaim

hevve3|te of. the Internation (Jolte spc)
elemvmwraaz € BEISERIN dfp dramegiorks gromay E‘%@ég nte the a%?f&léfh y
meaﬂgW@r%&hﬁ?le‘ thel fSrrfRbied Iﬁﬁi efl 2dd18bn fol'k‘?lufoﬂra'hﬂ%[dnhﬁuﬁﬁ‘étoﬁls

um na no ratio 1n the range 10:
contaif fitthenelstepts éfi &5 flbingwork. Sheh framgeorkSnadifier el@mqms m_’@& be

sl R o, 1 S BT R e TG e
fram&%ﬂ%‘?fy conlériRhal HEhds, fBr‘éK&hgle%‘?bﬁHiothérfdaﬁéYhme@i@ dSuitable
rhodi dm Such elements ma resent in it

preparationsiggiquss arm@esmquoﬁm @uamnlﬁom Eha-33r i55andatalysis Today
110 élgﬂ” paggse?%s SI S‘g%eﬁé(gn % ohbl%o&l{f' ejr’{ e(fsé& ?hé%erit@ may suitably
have faufidlineratie lo€ 5ikiBA fo the okids of ﬂ&rfmmr%rk Suﬂiﬁe‘r fefammean® irkthe range 10
nodi fier elenents nmay be 15 gallium iron or boron.
: 1 toTH¥® :flr amewor k nodi fi er -el ements nmay be introduced into
t ; I
ny e ETRARERY ol RO SR A o TRICRORE toddbll oHHASHE oF e
metaisenbinagicsppen sﬁv&igmckelhedxuni @obaikanhbdipmi. ThERaAI2Af thb5

S TN ICRC TN O I O

" of 10§Jék$}ﬁ9gé/ 1&12&‘@ﬁa@od@1dth1f3ﬁh{ RebssSifthCRIAGitE 'Ibeto%'l&ﬁ of

fier elenment in the range 10 20 1
exchanged @9 to 100% Tfghef @npn@mhmgaiﬂy sitdson theferderite mdqqrgaefdhanged
se |.oade

with Gl BRECAloR G Rl B 2Py TR lar PG p B e

cation§' B the 8gdABg & fetritRite are protons hence it is convenient to start the exchange
process from the ammonium or hydrogen form.

As an alternative to ion-exchange, the ammonium or hydrogen form of the ferrierite
can be impregnated with solutions of one or more metal salts and sﬁbsequently dried.
Preferably, the ferrierite is calcined , for example, in air, at high temperature such as 500-

600 °C, after metal loading or exchange. The amounts used are preferably such as to
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ferrierite by one or nore netals may be by any nethod
such as the well-known techniques of ion-exchange,

Wo pragizat i on and i ncipi ent wetness. |f the ferei/eB240g/001095
is to be ion 25 exchanged up to 100% of the
cati on-exchangabl e sites on the ferrierite my be
exchanged wth the netal cations using well known

techniques. It is preferred that the renaining
producstd etadyst havinga @maiamgféat dfdk Q0 1etp 46 6% by weitaht bmd o8 lecetotal

b ROMESERBY A 1B IR BDESEN bst n

the basiflofosehaii@eble Em iehIs peneddllytylebhag ®8 efdr alesif tottiiemoles of
ferrierite 30 can be | npregnated with sol utiaons

f
alumigiiem per it ¥olme aF perapicweight of dersisrise Abe ety ﬂ@émg may suitably

) | te is calcined, for exanple,
bﬂﬁ):}ﬁgﬁ?a/!’?f%%cg%%egﬁn%gﬁéﬁ ure such as 500- 600 C, after

neTlad fetrivanié cgalgst iexahated griof treusa vy pfor exameld, subgecting the
preferably s to WD 2007/116201 PCT 0Q7/ 001095
fem%ﬂw%@@f&tefoaatﬁs%sapwoqﬁawlﬁwgat%{ EPERIES HP‘i?ﬁG%ZB‘Fn%n 9gen,

bérﬂnﬂf%ﬁ&@&% ht based on the total catalyst such
ear as 0. 01- 30%})8@%%& ght. Alternatively, the netal

ohlcprm;pcn@ythb earbmprlsasam‘ocﬂss, it ey b@émrablfe te xrah dhregfentisiide

catal 4 gttt S LR G i A BB R i foions

empl\ﬁ?é(ﬂilﬁtth@ﬁrof:@sfsrSlﬁﬂh'tﬁﬁenﬂbﬁlcr{ﬁb @&nth&@ddrrtﬁ &Wuhﬂig' y
be to 100 nol % of exchangeabl e sites.

substfames ag weil @s m&a%mateglalaéwlvw Sél@pamrucefbowdu@e by, for

oGO RS e Bhel ok Tplihs (b ARl be pass
ﬂlrodghtafrﬁ’%ﬁd focaihple apRobEddE gamntayﬂmﬁgapat rémmnaahpmm@

the carbonyl ati on process, it nmay be desirable to mx
t hEhe @ppgse of the prasontiaventipads Pic{GHALLY CATFER Pkl B7FIRE Methanol

vapoﬂpéngﬂak%nrrﬁéﬁ(ﬁﬁ%as gﬁohé\fﬁ hgoP %?&éé%@(tﬁ %ﬁ@f of the catalyst

t1 ons process teria
malnltaﬁnﬁdwﬂehesdesirbtbten@emtumahdjpmsdwe occurri ng subst ances as
wel | as |3ﬁ?8anic terials. such as si

PGl Rt DB GRIR Hroseat It f SRt 6o BAaNLY in the
abseReRIT hh (‘f‘escﬁfcﬁlab’ Hdidd. |B‘§I sﬁ’ﬁ&g}ﬁﬁﬂl_y 1§Tﬁ¥arﬁ%aﬁ’ ﬂﬁeslﬁ‘d#ldetﬂaf @)kb@ﬁble

a pre-bed, for exanpl & a pre-b ganma- al umi na,
1od1de®antlenmf the frsd igates aad catBlystase b:ss)th@s §06115pm hed predesably leSS than
100 invention is preferably carried out by passing

PR® hanol vapour and carbon nonoxi de gas through a

f | Riedprobdsy i lésaBly GariBd\duf 8t DRehpefatird én GR@igesI00 to 600°C,
mai ntai. ned at the desired tenperature and pressure.

prefepgtdy PGt 400°Che process of the present invention is
catfd ey ABATAIIE N ol P BRERGEs B

prefefgtly de o {30 baxsuph as 25 to 100 barg.

The molar ratio of carbon monoxide to the alcohol, such as methanol or reactive
derivative thereof is suitably in the range 1:1 to 99:1, such as 1:1 to 30:1.

The Gas Hourly Space Velocity (GHSV) is suitably in the range 500 to 15,000 h',
such as 2000 to 10,000 k.

The process may be carried out either as a fixed bed, fluid bed or moving bed
process.

The process may be carried out as either a continuous or batch process, preferably
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20 iodide content of the feed gases and catal yst are

| ess than 500ppm and preferably less than | OOppm
wab@7pt@eess is suitably carried out at a tenpRCEHGBR@7/001095

in the range 200 to 600C, ®Preferably 250 to 400C. The

process is suitably carried out at a pressure in the

range 10 to 200 barg, 25 preferably 10 to 150 barg,

such as 25 to 100 barg. The nolar ratio of carbon
COHU#BWXl de to the al cohol, such as nethanol or reactive

eééf&?ﬁdl thtegﬁﬁc%%f isla sggg!é&&s%%é(ceg\}vﬁﬁg ﬁﬂ&% frig infrStuced in

eltheir/litlmdlolr gadeGiSHhase andprotiadys withdratvihers IgasegeTEaOﬁrlt@y]hﬁpﬁ)OO
such as 2000 to. 10,000 h7 0 The, process,
prodiels gy SHea By dp eReied 388 cPdeRied) Wilsre P LACKets igp Product, it

can Heéﬁgtd%greg%m lLesRDn &E\a aﬁﬂﬁ GrolR¥d REfPATELRachH ITha cetic

cont 1 nuous ocess, preferably WO
acid 263015@’ mmmnmurmommga@mmonﬁ tedhmiquesisueh as distillation.

nt| al | r D
Bt Puiahorligohe S8t vin SR D i g5 Fhdmples.
C ﬂ@ﬁg@@h@ﬁe and products w thdrawn as gases. The
car ony ation products may subsequently be cool ed and
anatienek MO rrethyl acetate is a product, it 5 can
5(¥ @fover tg {eg(rq"o&o ﬁ? e{é/t(i)rpgcap s1§glmt%r§ﬁﬁga tio gf fQj %gsetgeated

with @msmi&lﬁflcw ppdd hitfatelknbi ﬁbrﬁ&xﬁl@dw esxt AJdrigh) dlmmﬂdw 66ml of
such as dlstlllatlon The i nvention w || now be

water. | Anpseximetely Wimhofrvegter wicaddedto the migiuretei fpn emphile shury. The
mlxtg%t 5T eE E}?&&% e%) %’b&%ﬁlgﬁ% 6cﬁﬁt181f1 ogﬁr FdR n]f Qi uQHQ a

eni aving a silica : um na
magﬂi@iﬁ:lsﬁnﬁf batQap}ﬁ&utrta&dij 2@0rpm). tﬂmrﬁn@ﬁrﬁmmmueﬁ for 6mmars at ambient

nltrate hem _pent ahydr at e (ex solved in
tempgripre Fhe IgatlRe mREBREo¥SHREEANe reion i ot e vartanger until

a pow@er Wi, dﬂteﬁ%é{f §ht g% ﬁafrrﬁfé AR a2 1 U for 3MBursTh 4l %Ifowed by

was stirred thor avoi ding the introduction of
calciaation a1t560%Chfor r214>hbmrseAftsn wyling theesgtid materil IWIaS preSMrusmg al2

ly,.20
tonn, BERR i} & HrBmAt ScDP B ustice PRGIRY Ry P
partlwl@%mteg‘ Sf‘O g Vit Iﬁdlr&erﬁﬂed:oﬁﬂ‘auﬁd m%%rdbpﬁéif(@@ hﬁﬂ%fcopper as
until a powder was obtained. The powder was th

detemrinedibyaindudtively erupBdimasns abﬁomtmn pRsiciroseeny WP))
Preparation of H-FER

Approximately 50g ammonium ferrierite (ex Zeolyst International, CP914C.)

having a silica : alumina ratio of 20 was dried at 110°C for 3 hours in air followed by
calcination at 500°C in air for 24 hours. After cooling the solid material was pressed using
a 12 tonne press and a 32mm die set, then lightly ground using a pestle and mortar to yield
particie sizes of 0.5 to Imm.

Preparation of Cu-H-FER

50.27g ammonium ferrierite (ex Zeolyst International, CP914C.) having a silica :

alumina ratio of 20 was treated with 0.033 moles of copper nitrate hemipentahydrate (éx
Aldrich) dissolved in 50ml of water. Approximately 10ml of water was added to the
mixture to form a mobile slurry. The mixture was stirred thoroughly avoiding the

introduction of air into the mixture using a magnetic stirrer bar (approximately 200rpm).
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calcination at 500C for 24 hours. After cooling the
solid material was pressed using a 12 tonne press and
w@2@2/ma20i e set, then lightly ground using a peSL/GB2@NMM01095

mortar to yield particle sfzes of 0.5 to | nmm The
nor deni te cont ai ned 4w % copper (40 nol % copper as 20
determ ned by inductively coupl ed plasm absorption
spectroscopy (I CP)). Preparation of H FER

Stirriag maszomtatued yorsDpwasatoam bient tmpar@met TEhe{ wsultiog nyisture was then

arcdy BT a1 S e e ont § O Sy FoBper vas then

driedf M i@“@eﬂr BYoufsah GirFolldvaed Bt caﬁ@l@éﬁoh At 800°CfiArairdér Mhthﬁs After
After cooling the solid material was pressed using 2

coohag the sobid matqsiabsgs aressed wWigm 1@ tenncpresstang e I2myndigset, fren
e 0 0 Ry b3ty 81 s R

Pre mﬂlﬁi HI-FER ite (ex Zeol yst | nterna_ti onal ,
ot St WM LR 2488
alumﬂﬁ%tﬁ’@ Qf AW ﬂéaqed ﬁﬁh Owlmq; éscd'f)sﬂ%rﬁt?ité’ ek Aﬂr@%ss@fved

Appr oxI mat wat er was added t
in 50m1 >of wa&:rt’ﬂlefmmnmra was lstitred ghorouglly aVbeimg the umtmdma'son Of air into

o ! S M YL L ) BRSNSl O B

for 3 (RBRTE ¥ mBRhE g%%ﬁr@ Mhe MQUBRDHAHE 2, then dried W1th the aid of a
PCT/ GB2007/ 001095 7 Stirring was continued for

rotarh omp@rz&@r wntih e @owdeewpeotdtined ThﬂpQWﬁl@s\MaSt theiy dmd@tdrl 8°C for 18

nour i 50 At peonath 8167 ARl AREPRRLRL e sl

mateﬁﬁl' Wik bssdd Béin @1 330kRWrsss lafd @BRmiPdie Q¥ theBYightly ground using
calcination at " 500C in air for 24 hours. After

a pestloehd myriahie Weldipartinht sresalf 0o Igmessed using a 12
Meth O L& nd a 32nm di e set, then 5 lightly ground
—%—E@—E—%’@i?ﬁe—and nortar to yield particle sizes of
P. "Phe @rﬂdﬁylanoﬂrremmbﬁs {vem cohdudtedn RERigle tubB dixadrbediteactor of
errierite (ex Zeol I.nt erpational , 914C. ). having ..
apprexigpfelye i3 mm éaamﬁeﬁaﬁ( I&pshhreatliony % W&%@S@Pﬁa in 8 ¥atio of
1: 5%&%&3@5‘?&%&5%& brtz &fuivalent ?&rﬁcl@%i&e% E’ﬁéu?@éon%l%t%%ﬁ(ﬂl‘é In

wat er e mXxtu was stirred thoroughl
Examaples bHr(buttrive Examplediag b igemmatalaninaipnd-bed of apipeoxngtelyr é)ml in

ol TR b 5 2 A SR AT RIERY o

reactbl‘E @Ebefeﬁét%}f ®as Jﬂ%@su&@&ﬂﬂotrbaﬂﬁoﬂ}ﬁ@sb&h@ (YPSark R dittoden whd h
he aid of a "rotary evapora until a powder was

subscxmeaﬂylbcatedmeremm@mmstutd{éﬁo e de eatalystdedrwas then pre-
treat?cgwltli 331%8181 I‘(rgono%&dte é’lwe@‘é%% ;?{gslsfu!hena%tglo?rﬁ%cqﬂguéeog)§2 h%u%'. After pre-

“treatment, hydrogen, carbon monoxide and methanol were fed to the reactor and the

reaction was left to run for up to 24 hours. After this time, the feed gases were stopped and
the reactor cooled by nitrogen and then vented. Water was generated in-situ by the
dimerisation of the methanol to ether and by esterification of methanol with the product
acetic acid. |

Gaseous products were analysed online by an Agilenf 3000 gas chromatograph

' fitted with 3 Agilent column modules and 3 thermal conductivity detectors. Liquid

products were collected in a liquid collection knock-out pot at 7 °C and analysed at
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materi al was pressed using a 13 tonne press and a 32mm

die set, then lightly ground using 15 a pestle and
worrate2dp yield particle sizes of 0.5 to 1nmm PCT/GB2007/001095

Met hanol Carbon | ation The &arbonyl ation reactions

were conducted in a single tube fixed bed reactor of

approximately 13 mm di aneter. For each reaction 5 m

of catalyst was diluted in aratiqg o

) f .1:.5 W1Q;é§
intervals @3f 2 Ehiomnack £X980Q gaschomaipgaph Hied withe Ghrompagk CP-Wax 52
X In 20 Exanpl es 1-4-(but not
com&&%ﬁf‘rﬁﬁe}g‘?gﬁnggaggﬁn}%@g@ﬁm na pre-bed of approxi mtely
10Rdchireactivmvasearviad oengil309e GHSA bt with adatigofofOt: eethanol of
catal yst (and where used, the pre-bed) into the
-lreactor, the reactor was pressurised to reaction
pr his Ard il 09 B R Mol SHOBRASER iV dies to
he%gl?%%?gaegt g%}mt@%t%rpfee{%t ure (300 Ce) .- The catlal lf/agt
acetylgstotmss whercapuited aceadany taitheformnlaon nonoxi de at

(eSS NN E A SR AL 5B bEocion

+ [Affgoh@ﬂ PEOMEoB + QQ[EtQAkl}ﬁn ﬁ@%ﬁ&&&or@ t R mx [€RCE Qﬂbr?gﬁs

t to run for up to ours. After this tine, t

wherteed gases were stopped and the reactor cool ed by

i.trogen _an n ve d. 1 70 Sd .
ncofl} RS LA S O OB S T e
AcHESiRtalddhgad i EWIH iRdthaaiob| AlVednipdnbsts prexelipedssedainaholes.

acid. 30 Gaseous products were anal ysed online by an
Agil ent 3000 gas chromatograph fitted with 3 Agilent
col um nodul es and 3 thermal conductivity detectors.
Liquid products were collected in a liquid collection
knock-out pot at 7 C and anal ysed at WO 2007/116201
PCT/ GB2007/ 001095 8 intervals on a Chronpack CP9000
gas chromatograph fitted with a Chronpack CP-Wax 52
colum and a flane ionisation detector. Each reaction
was carried out at 3000 GHSV and with a ratio of CO:
met hanol of 9: 1. 5 The results of the experinents
are given in Table 1 below. The selectivities to
acetyls products were cal cul ated according to the
formula : ([AcOH out + [MeQOAc]out + [EtOAc]out) X 100
/| ([CH4]out + [AcOH out + [McOAc]out + [AcHout +

[ Et OH out + 2x[ Et CAc]out + 2x[ Acetone]out + E (nx [Cn
= 2 to 1210110 where 10 AcOH is acetic acid; MQOAcC is
nmet hyl acetate; EtOAc is ethyl acetate; CH4 is

nmet hane;



AcH i s acetal dehyde and EtOH i s ethanol. All
conponents are expressed in noles. 15 20 25 30 WO -
wQo@7n1626201 PCT/ GB2007/ 001095 9 Table 1 ExanpCEGBR0¥2/001095

Met hane Hydrocarbons MeQAc AcOH Acetyls on (g/l/hr)

(C2-C12) (g/llhr) (g/l/hr) (g/l/hr) Selectivity

stream (% (hrs) 1 HFER 3 1.7 4.2 68 20 75 12 0.4

0.3 36 893 24 0.20.1131921aHFER3 1.5 4.5 66
TabldQ 75 (no pre-bed) 12 0.5 0.3 36 8 93 24 0.2 0.1 17

.00 2 Cum e i i . :
Exanggle 24 (. limg g detheny, Hysrogarhongpr 3MeOfg AcPH 1dglyls |
12 0.3 (.1 32 897,124 6 : ,

10 31 64 B 12 Py L5 @) O Yol (AR, Bekeltviy

10 WO 2Q@#édkd 6201 PCT/ GB2007/ 001095 (%)
, (hrs) |
1 H-FER 3 1.7 4.2 68 20 75
12 0.4 0.3 36 8 93
24 0.2 0.1 13 1 92
la H-FER 3 1.5 4.5 66 20 75
(no pre-bed) |
12 0.5 03 36 8 93
24 0.2 0.1 17 3 95
2 Cu-H-FER {3 0.7 73 62 11 64
12 0.5 - 2.8 | 58 11 80
24 0.1 1.9 24 4 74
3 Ag-H-FER |3 1.5 8.2 77 15 66
12 0.3 01 - 32 8 97
24 0.2 0 20 3 64
4 Cu-H-MOR |3 3.8 40 31 64 34
12 2.9 48 55 30 25

24 2.3 23 38 18 31
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10 dainms 1. A process for preparing an aliphatic
carboxylic acid having (n + 1) carbon atons, where n
WO g00an1d2nt eger up to 6, and/or an ester or anhpdr/G#eo07/001095
t hereof which conprises 5 dnt act i ng an aliphatic
al cohol having n carbon atons and/or a reactive
derivative thereof wth carbon nonoxi de under hydrous
conditions in the presence of a ferrierite catalyst.
Claims A process according to claiml1 wherein the
ferrierite has a silica : alumna nolar ratio in the
range 10 : 1 to 30 : 1. 3. A process according to
1. cl & pro2essifer mieparingeanfatiphatir dattxpisadid &avihg n + 1qkarbomatoms,

molar .10 ratio in the range 15 -, o 25:1. 4. A,
whergiTyiE 88 1teget P &P AondiPranysisher SRy tia?r@eéwﬁlﬁa CemMRYiRS
contéllégiglg Gh 'ﬁlibllih@icfat?crc{hbﬂ{dvtiﬁg 1 SarbbPRokX GhaBES ft:fagﬁvéoaé?ﬁlﬁmestﬁereof

ed wth a east one netal selected from copper,
withsptbee monoxide katler hiydiaiis eonditiodah thegpresenbo df aiferri&ite fatalyst.
process accordi ng to.clai.m4 ein the ferrierite is
2. Pork BRena agSutio b i Rulthita N TaioR Tl R ndla
ratioGh éhe'BAE 105€1 RC3ed .f rom copper and silver. 6. A
process according to claim4 or claim5 wherein the
3. netfaproceradrenjding ¢ plaim @ wherkje thefferrigritcigs msiligag afunging gnolar
. fralup4dgum 7. A process according to any one
ratlo\c{)’?.hté@%rle%e%{lgnigy 'glI'ai nms wherein the ferrierite

4, Cconppios&s adcdrimgtyaiiKomstithd priecaligEBimssehecihake fefdarite is
. at_least one of galljum iron and 20 boron. 8 A
ion-gxehanged oae@érrvaﬁ%%adqﬁ vith ptieast gremetahsalerded fsomicepparesilver,
. S: i) . ' of the framework nodifier

nmkéeifalzlr(rleﬂ]r{?’ Jﬁg?lg?ndrg{&lhgﬁll'n the range 10 : 1 to 100: 1. 9.
5. A pYpoess aacardingitmglaim 4avherein ehedbrrichies is pore exadbianged or

cl.ai s erein the ferrierite _catalyst is_activated
Othew?eolﬁa#gp Wi at lsast goe mgtahpedeaseksirom capRAr 48 1Vt ai m 9

6. WNeN iloBeds Q@ccfr&ﬁl%g@gf%ahﬁ 403 cBGh Is\eedn e S0t ngihggsdihtme range

with at least o nitrogen, carbon nonoxi
1 to B30 o6 peraunit edume of hlominiam. el evated tenperature. 11.

7.l BERO AR B S Reina: g WS inf BflE

compHise®h GlaR@wodk AdVifRA eleBfentdeBicti flonh Bt 1kt WA bLEAllituR iron and
borO:rl.eact ive derivative is an ether.

8. A process according to claim 7 wherein the ferrierite has a silica : oxide of the
framework modifier element molar ratio in the range 10 : 1 to 100 : 1.

9. A process according to any one of the preceding claims wherein the ferrierite
catalyst is activated prior to use. ‘

10. A procesé according to claim 9 wherein the ferrierite is activated by contacting it
with at least one of nitrogen, carbon monoxide and air, for at least 1 hour at elevated -
temperature.‘

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

methanol.

12, A process according to any one of claims 1 to 10 wherein the reactive derivative is

an ether.

13. A process according to claim 12 wherein the ether is dimethyl ether.
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13. A process according to claim 12 wherein the ether
is dinmethyl ether. WD 2007/116201 PCT/ GB2007/ 001095
wda 2001416280 process according to any one of the peEGBAINGI1095
claims wherein water is fedl separately to or together
with the al cohol and/or reactive derivative. 15. A
process according to claim 14 wherein the nolar ratio
- of water : alcohol is in the range 10 : 1 to 1 : 1, 5
14. 16A progaspaeoosding toornyi ang of Sheapregedinglaipe mdierein waters f5d
rat. . ‘ . r tye derivative
separ@ly § todtlck ity B By Bt g RGNS C0C
15. acgoprdédsgaddrdihgionldim Whahedein th evobarlratio ofawvater oflcokatl Brin the
.. ester _or ether is 2 : 1. 18. A process according to
rangeglfl: bigel of- t he preceding clai ms wherein hydrogen is
16. al ﬁgproéegs E&g%rdiﬁ%{dq&aiﬂ{ P4 GhSrein'the mOlA T ATSSOWRAELR SHePEr ether
to any one of the preceding clalnms wherein the process
reactive derieative églincthe rauge 40t éripérdture in the range 200 to

60Q C 20. A pr.ocess accordin o _any one of the .
17, o BeareitatielfiRg G pafE G Wareho sBL i ofupte captes g ethr s
n.1at a pressure in the range 10 to 200 barg. 15 21. A

process according to any one of the preceding clains
18. whérmbeess hesondingto amtang ofthe precading olajmewheeein bydagen is also
fod 12 cohol or reactive derivative is in the range 1 : 1
cdQgedeocess) 2o A process according to any one of the
19. Pr acsdbdis acdoadifib toMISf @eldfilepre@dinalilng witpela he process is |

vel olgiaty is inﬂ%he range SHggjto 1%?%00 h71. 23. IjA
carriqsh 3t @t s teamneratarieny thegangp,20rie 68P *¢ he precedi ng cl ai ms

wher ej . SS..J C j B :

20. {18 8B BB &l e By iBeLiaR iy Wonghesh i oRRSls

carricicAin ath p@ssude Andhe eaigedD t6 DGO pargcedi ng cl ai N8 wherein
the process is operated as a caontinuous praqcess. éS. 0 of
21 A Prseeess agroEURaIndt e pheoeceding phaims s My PIAT Ftio ©
I bedcti . ! i
carb A T DA P ot S A B Pl % o
22. cl Al prodeswharoeding &catyi aneaditlte preceuirepdaied vidyeraio theagasihnyrly

e AR i S, IO A, 1 Lhe presence of

23. {Me{ré{]ﬂn‘ggégé g?é_o?%gg & My (;hesdfl'ﬂ’{@ﬁreé’éaﬂlgf @4kl sSNher&inhiRPskeekss is
catried out as a fixed bed, fluidised bed or moving bed process.

24. A process according to any one of the preceding claims wherein the process is
operated as a continuous process.

25. A process according to any one of the preceding claims wherein the process is
carried out substantially in the absence of halides.

26. A process according to claim 1 wherein acetic acid is prepared by contacting

methanol with carbon monoxide in the presence of a ferrierite catalyst selected from H-

ferrierite, ferrierite loaded with silver and ferrierite loaded with copper.



