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PROCESS FOR ME PREPARATION OF CARBONYLATION PRODUCTS
This invention relates to a process for preparing carbonylation products
AR08 #iphatic carboxylic acids and/or derivatives thereof by reastingoo1113
the corresponding alcohol 5 and/or a rleactive derivative thereof with

carbon monoxide in the presence of a metal loaded mordenite catalyst.

The preparation of acetic acid from methanol and carbon monoxide is a

well known cartionylation process and is carried out commercially. On a

CBROEESS BORTHE PRIFARWEION CALICARE ONY hR PREMIBIRSECTS
homogeneous liquid-phase process in 10 which the carbonylation reaction

is catalysed by a soluble rhoditundodide.complex and an alkyl iodide such

as n‘?ﬁﬁmrmmtjen ﬂ'dhéamajmqbnm_mb@ﬁi@cﬁpﬁ]iﬂgﬁﬂ%ﬁﬂé{@ﬁh@dd%@t@ﬁuph as
aligdicle which gan Jead te,c 2 problems and the difficulties associate

v@i/iftéh sgpaf%a%,on of the pg/oglgzét@’ g{nl\c’jg%%%@%fb&)rr%%gﬁ r# eﬁ%ﬁ?sé’@?ﬁ&g Rohol
andfos agemifs detivassaiamiorihcrutbmoveideinalit aketacogéneots

loAIRg RIRSSIREREESSsHSING an iodide free solid catalyst 15could be
developed. GB 1185453 discloses certain multiphase catalysts

comprSiRG R REINIaaR e ssiirmmaanting préoalmaspider irhodilinown
cattnoayliioipispposRd oA il sianateayiesmAHAI NGludingime

m%liga alu Inas, carbons, zeolites, clays and polymers. These multiphase
LIS SHEHTGIH AP B%iRG QReEr AN A S FRBr BRI st idgplaa Egsess in

wigioedirbomplartioation metitandstcaabetd egidsshibie pieaeRsR @k Aaifex and an

o o R > B e R e e of

. a1
patent exemplifies the use of zeoltes i &l

- iodjde wohieh eploed &s dorasikimgalons eadobryififiadidls amdestetsvith separation

oreRimRtisian eaniacliva caranmanrde wilh.aimandbyels icohol having

from 1 to 254 carbon atoms in the presence of a crystalline aluminosilicate
COYld it FREG TR AL AIRSTo SRS RARBAS? ATdensssba e ashde dreonstichiatal yst
coiridéx sétiopghe range of 1 to 12 under a pressure of at least 1

atmo(%gkg%ﬁgg%mg?st e]E?)refer[ed zeolites according to this definition are

ZSME, 7SN TP ERITS H MM E e SHRBS FRAPS WSSty tically active
m@gk;@m‘%pﬂm ﬁw@@é@ﬁwﬁg&éﬁirﬁﬁn@@%&% &M@ﬁﬁ%&%ﬁ@e@%&nier

pho .SPECctrosco to.determine the activity of a

e Y S RaP oA GBAT S RArbiese
myiphreR wigbsinyietionat rrebhigolstid detic Acieto R REU3GAE pESe

afliSE|0ReSHD PERGESD rati ic acid..methyl acetate . .
) andiqr dimethyl ethegq%%?gggagﬁﬁgﬁg a%ﬁ%c%%}swr%% é%lxgﬁ%fcﬁééiﬁ milar

ProGESt ARSI SR Sthi iR er fhowh prilbenpdcst cotallidiva thining obolifiiss in

~ such zgnjdes mixed with cobalt salts, The carbonylation is optionally carried

out ip the &)égggr%ce of a halide. The preferred 5zealites are disclosed as
being Of the DErESICRRS & RINSES [ ainsmorvormditaeidsandeen that
estofszeoiipeifngrtheding hm?ﬁd;@ﬁﬂ%aﬁi% aﬂﬁn\é}apctﬁsi_gﬁagm Eﬁr‘éﬁg(ﬁ?m 1to
| es a process for the preparation.of an aliphatic carboxylic
4’ cgg%%%gé%ﬁggﬁﬁ "an %?go%i ] %@e@%ﬂv‘é‘%@%@éﬁ%%ﬁﬂs&mﬁg éarbon
siligrolnctireingutidoan i lyaist thoulbsedcecohtaingenis:ontiativaiatheseofio 12

RiheReseNge,of Ryl 0.consist ntially of.a mordepite. ..
unze,o,li?e which hafs)lebgtg{e:%1 ion-e>I}<f:?ﬁ{'j1€hrg:ﬁéJl icﬁgffgﬁgﬁr@#t%egégﬁeaf%{: g to this
deiitgmarn 68Int 4 bhle, ZPa 3t 50U ch hrend A INe I odes E WV barbigizout
padicalAeppRIBHIE in the range 300 to 600C and at a pressure in the range

15 t? §OO bars, Fr(??r?% the work carried out in EP-A- 0 596 632 it was found
that coPBLFiSatied ioriehiel proraess the tsesf sorieaire)easureraB WD

<E$ﬂﬁ07t8_91_3td@ﬁe1§hbs @Wﬁggﬁﬁﬁ%bﬁh%wm&&ﬁt@@%ﬁ%@%c}o&ﬁeﬁ%ﬁﬁw

mprisi rbon monoxi rogen to produce at least one of an

rhogﬁggﬁgﬁag?ﬁgsﬁgwér Cr{nyi%ﬁ%ggia]%gé’&%ﬂﬁ%%’éﬁ%%C‘Sg‘ft?ﬁﬁimonoxide with the
at least one of an alcohol, ether and mixtures thereof in the presence of a
catalyst selected from solid super acids, heteropolyacids, clays, zeolites
and molecular sieves, in the absence of a halide promoter, 20under
conditions of temperature and pressure sufficient to produce at least one

of an ester, acid, acid anhydride and mixtures thereof. However, the use

of zeolites to catalyse the carbonylation reaction is not exemplified. WO
27'20NR/105720 Adeceriheae 2 nrocece for nrenarina carbovvlie acide and
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derivatives thereof by carbonylating an alcohol or derivative thereof with a
mordenite 25catalyst which has been ion-exchanged or otherwise loaded
wwithoeappet, nickel, iridium, rhodium or cobalt and which has©penmose: 13
of gallium, boron and iron as framework modifier elements, In view of

the above-mentioned prior art, the pr@blem to be solved is to develop a

heterogeneous gas phase process for preparing carboxylic acids and/or

derivatives thereof 30 from alcohols/derivatives thereof and eatbon

mongxi j zeolite catalyst, Which is superior to.the
e R e R G o e

anfigs Howinefsobndarkanalntiniefihyéulitn(bibrziok ftetireferrederssr
dREeniig)vhich Bas besndaraied it %Bx@%‘%"é&’%&%@%ﬁ%fé%@ with cobalt

carbonylation product selectivity (to the carboxylic acid an erivatives

sakse rdiFakeBOIHIAGIP eREPrdberaTindepitidn hraviese pfededisi¢orThe preferred
zeenw@&fms@mmgafw%éﬁtm%@%ﬂ%w@ G20AN plemsdupere

r.up to 6, and/or the ester derivative thereof which comprises

| be@é?ﬁ@%éﬁ%’éﬁ%ﬂ& iR ORBIARVAY! ACtifBort BROnTOR Ry SETeactive

derivgRiveiiesesidibcbarienpioeneXidennjhgpiasangenhiptaltRlYathoxylic
ac%%ercegntgc H(%I cat% S g Qsiasts 0 .m%rden'te which has been .

o eXehanged b Shenwis TESHES SRR EPeTRO T RE R SR BPREide.
suprtagtiet ynvdntidreerntiisethalsitees-ondelifiatvmtretesfldroaiatystdacpreaduesalyst
cogﬁ%l'@%@ﬁ%@%ﬁ%ﬁﬁl%z@gﬂwﬁﬁtﬁ/ﬁ%gég rie%tbgcﬁgf Qg SMoaded with

surprisingly found that improved activity an(:ia or proof)uct se ec%wty cah be

CoRprrdlEktl Fidimsingediney ae arkall aiastesissdan thadiffentovitks sivari¢d out at
a {EpPFAGRSS Bl1RG, PreRRRtiNEeRiona R '55}‘9?&'5&%&?%0&%@9 123EYY6 bars.

derivative 15 :thereof is carbonylated with’ carbon monoxide. The process
Frooythaivark s Hph ReameER- AtidhafceaR s faanhais eors: fastedmendante
prévidedhRnRtoRakofinRieiesied alcohol is methanol. Reactive derivatives of

the | which may. be used as an alternative to, or in addition to the |
a|co%9§§r§3éﬁgé§ RehaRrogsb e Sreratalitisemaserion gt Rdraéodo

coBpitai @@hmimereﬁ%twﬁm ﬁfﬁgléhwjgﬂod%eeaqaea@t&}ﬂ@@mﬁahmmyl lether and

fate, dimet ethcr ang met 10. e. IXture or an alco ng the
s e S e s ke
andaeizsentizeyealSin ee oneptoye of Thagiysthebictfi fieprocés sumaypddsan

' i i id.a r of t liphatic car. lic acid.

e I A g
undshespdibiensditerapraabie ifRA By e coffipiisbie orvdupethtast eratef an ester,
acWhele AnyeRes isdisadiasdhereactant.dhe RreductoriLprsdominaniy e

. al? ester. For example, where dimethyl ether is a reactant, the product will

QUETHATEESEGF 68 IhafiyrsEmitsd  “The process is preferably carried out

in théijaresesite Diavatec:ibee feecenmprisiper Mg alepbeliiesigiongther or
ny,compination thereof may also,comprise water, Suitably 30the molar
T e e e I STRRNET FoMairs BFEie e Bt 2
catalgtiothiah 10 beetoiGn-axdiMinged arvtisteriar lamdethetiscgipas ivkdiydridium,
hagsiate ari | ' s a feed the molar ratjo of water to
’ ec?tfer olr ethe?%%%ﬁi,%ggpll?{ iar%?hﬂeg%jﬁ%ge X%i(ﬂk%ni .‘?50¥0f #na'3x0n AHramSwork
modifier elements,

In view of the above-mentioned prior art, the problem to be solved is to develop a
heterogeneous gas phase process for preparing carboxylic acids and/or derivatives thereof
from alcohols/derivatives thereof and catbon monoxide using a metal loaded zeolite

catalyst, which is superior to the best processes using mordenite zeolites previously
described,



- 10

15

20

25

30

The water may be fed separately to or together with the alcohol and/or

reactive derivative. The watei. may be present in liquid or vapour foul'.
vDeperidisayon the nature of the feed, water may be generatedirgsito7for 113

example 5 by the dimerisation of alcohol feed to ethers or via esterification

of an alcohol with the carboxylic acid?product. Suitably, the amount of

generated water may be such that the ratio of alkyl groups derived from

the alcohol feed to water is less than or equal to 1. The purity of the

carbpR AR HEs: YeestisRoL %?&Eﬁ@e%%@é%?&@%%%ﬂ]heﬂ'{ﬁ%‘gh itis

desirable to use gas mixtures in which carbon monoxide is the main 10 -
mag mﬁa}wﬁ%gﬁ?s*éé??éé%r@slhaﬂvgﬁmaweebﬁmﬁ@iéérb,M%%@r@@\éﬁ
selactiv iy okl gasesinsiidetoloraiad;iveseasRm monoxide may be used

hi a%nixt%%#/it hydr(%?g n. Suitablé, th% ratio of CO_: H2 is in the range 1

: 31615718 HGRIF TSI SR BO Y1 (P R5est feigrenaipiy aliphatic
carpixiiescit tarbgr(umo) exideraadnny drbgem dsapriatiice dhy hemeformingter

ial_oxidation of hydrocarbons. (synthesis gas) may.also be used in

o R S R e DR R 855 roms
angicerssdithéepatenthovesritivithisaebumomieitlzén ite mhichchas beenlyst,
wiEEXERANARG AL RINRIWiSRoRRARE WL SN Y16 RUMGI S8 TAARMLE

is well known and defined for example in 'Atlas of Zeolite Structure Types'
10%&?%@&%4@' and D I-I Olson published by the Structure Commission of

the Imerpritensd2Bé paliamfssesirfianind Sritisfther shaiesieriaesyst

by having a. n%gralnéé%%ﬁx 01&%4 %nd a silica to alumina ratio in the '
Pf?gﬁﬁeegg?% R O SERTIRAS A O SUUAIENTT tnd B SrepxHETSEely
fotmdalhaningpratid may iedmbieasedubyselsingy decali baination-laehninisass for

mﬁ%@ele p lﬂggg%étg%%%e%%% ;[,grr acid leaching of the mordenite.

rdenite also possesses a characteristic X-ray powder diffraction pattern
whichu il precssvedithepuesent itkisst akitediphdtie @icbhol oFordhaipeaeesstive

hak Vi n.itd th ite.has a silica o
B e e SRy o
alighstiy plephels dseingINpii thesvah gt upgoido Prbon BafsreAipeefmradeacalydts
mékedpprdenite is ion-exchanged or otherwise loaded with 30silver. The
loading of the morclenite by silver may be by any method such as the
well-FAGIIT SERARURSLE B ALesh St TaY ha pred AnfbALERRRIRG e At D
addiéitnessthif dhelnihrdehite HAnhe doRrexshangetd i dehd0R% Afihaalides.
ion-exchangable sites.on the zeaqlite may be exchanged with Ag_+ ions
S S D TR R e TS S o
ethhrand ehethplad diderdénitixiare pfetorisohewe! thisreartirenierit st wiait i, for
, [ rogen form..As an
O RN S e

Smorderittedish Baleripregrarey Ratana iphatio naofexsllveridaindiod the ester of

thetRsRaueRLisiRd. Biefer bbaihe merdenieis SRt (R P AmRSHIB:
air, at R}Ejrh temperature, for example 500-600 C, after loading or exchange

PEGRMERRY COmFRes s vy PR elexpraysiss mmsrmeorlmegigridere

anafistlistitetian ihemalaniermsabiie: alIninikmAems Kthe exehangecsies)e,
of the mordenite by silver. The amounts 10 used are preferably such as to

O oLy &€ ARG I eT COMHaR U ot o P e
voluifles gf edesminiprafsubly asrhiédout 50 tnqidseauchfasahd. T A2 d@Bmprising

h %ﬁ\& t v mol% silver,equates to.a silver loading of . .
any 4_1}3(& %ﬁ%@&n gét@f @fjc!%?com 1513%1011 & O?}rr{l%%lﬁ% COIDIISE L Suitably

‘ y weig e mordenite may, con and
thearuetinahe aforeohebntateiustab e etiems intier zeolitecframework. SUchl,
sulfpmeworkmodiienalemants hay hewdr tasxauple, gallum. andiglaign.

The framework modifier elements may be introduced to the framework by
ethernitetfdetitiorran s aRel R Briexelittier thestrornRiherenanijably dpribasnsed

using suitable precursors for the silicon, aluminium and framework '

modifier elements, For example, a gallium modified mordenite, may be
prepared by reacting together a mixture comprising 20fumed silica,

gallium nitrate and sodium alurninate. Suitable preparation methods are

described, for example, in WO 05/105720. Where a framework

modifier element is used, the mordenite may suitably have a ratio of silica
tNn the nvide nf the framaewnrk modifiar element in the rance 101 to 50O-1
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25vapour and carbon monoxide gas through a fixed or fluidised bed of the
catalyst maintained at the desired temperature and pressure. The
weeesssessuitably carried out at a temperature in the range pt®0d9200001113
preferably 250 to 400C. The process is suitably carried out at a
pressure in the range 10 to 200 bar, 30preferably 10 to 150 bar, such as.
25 to 100 bar. The molar ratio of carbon monoxide to alcohol, such as
methanol or reactive derivative is suitably in the range 1:1to 99 : 1, such
as 113’,13)?(.)53.,.1’WO 2007/128955PCT7G132007/03 6 The Gas Hourly
Space Velocity (GHSV) is suitably in the range 500 to 15,000111, such as
2000 ks Woteomay be fPRSwRIRHEY iewdrdydersvdttitaetb gidand/aseetstior
def¥ADPlerRAMRENNG IR PGIER|IR,GRIY ShEBLARJRAST One hour at

elevated temperature under flowing nitrogen, 5 carbon monoxide or
hydrBgesnding prdbsipatireid thedirs) arpprasaigensaichineiedar spple
byliReGRREHRbWENAERS! lealtyaina-obcorndunimmedateidatrreithene

ed of mqrdenite catalyst. Preferably, the process of the presen
oIS B o%t@bkys&ﬁﬁg}w eSS e B S e gt he

rafiodifielkBypsolnstdatiaty feomdantitoabfect adiceesiidnk Sidahasgiil tba.
iodide content aof the feed gases.and catalyst arc less than 500ppm and
s ch S Bt b e bR s R e

althouglfiitad mij@‘ﬂlgi@bbed o mivingstedvpidresbon monoditie iptbeessmay

ol ARAIAPHL I SURE 6t SARH RO B?iﬁﬁ;ﬁﬁ@ti@&%%ﬁ%@ﬁﬂﬁeé%ﬁ%&éf%ﬁ%@ble

. continuous process. The carboxylic acid produced by process o

Bafke R Il ARiE A drie e InR PePROYIES MmathBerysed &1 aduapbue with hydrogen,
SihaipaiiReandentedrg B linuid-hpe cathexyic peithcanhesibseauently: |

rified using cqQnventional techniques, such as distillation. Where an
odliet- ﬁé@ffﬁqﬁ?ﬁ?i’ﬁ%‘f & LOBBABEIIe RS SrstesEn Ay oby the
refecavgredantiusddasssuthyds eafeetisionkiesofhe) BhgaliRBPIEEESES,
rogétsrgg%gerg drt%lx)féeen%t% the corresponding carboxylic acid using khown

p ?eclilnlque SUCH as redctive distillation. The invention will now be
illustidte dabitt st oferemdbetprifvesfoliviny Sxaripleti Examplesidnie eolite

wﬁ?ﬁa‘ap95@{1‘%Pegéﬁ_aﬁgeéasko&hfé%&yw_g&)w{ﬁ sityeIOFREQlle With 3

silica to alumina ratio of 20 (ex Sild-chemie) was compacted at a pressme
mgxdepiigisiaalikupored dHmpcbnsmmepiadn 'Sidvef tealitafitistatpd ypes' by
witaatienRofrk25 19 SReINEFRNRd3 St dhe-meraeniin: was hencalcingd.at:

agim erature of 600 'IC under air ala nunp.rate of 'C/mintoa | |
el ersRSIAToPAB0E T el at BBt arastr it Biobreingrm Serskatipgex of 0.4

arib ersheeth bjndGiminioib 3Gaheld:at530C] for 30waNkiban inereasadilRy in
held at 600C for.180 mig

1C/mi 600C, wWQ .
L ot U e S TR
te¢BBIMerurtitemplelMyrbpditetwithah tsilita¢ot aluavid teaabimpb 2O exordenite.
MSHELEOSIRIS) S repiad Wit 8 oRRSL AEGITISABINEN, to A mOlRrIeys) .

corresponding to the substitution o of the protons attached to aci

welkksgyndeshrse gidled i depiser loading of 4.88 % by weight, 51810 ul of a
sogtm 2l Tpfd0aalét EoPRaEASRIRIRINAR MpER NI AR PR Rehi T RS o

- silica to alumina ratio in the range 10:1 to 30:1, most preferably in the range 15:1 to 25:1

and especially in the range 181 1 to 22: 1.

Before use as a catalyst, the mordenite is ion-exchanged or otherwise loaded with
silver. The loading of the mordenite by silver may be by any method such as the well-
known techniques of jon-exchange, wet impregnation and incipient wetness. If the

mordenite is to.be ion-exchanged up to 100% of the cation-exchangable sites on the zeolite
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(loss on ignition, 600C) of the mordenite was measured (typically 10-20%,
in this case 13%) to account for the amount of water adsorbed on the
WASIAEMEETH order to determine the amount of metal solutioRGEGHBY 91113
achieve the desired copper loading. 'ghe solution was mixed well with the
aid of an automatic dispensing system. The mordenite was then 10
impregnated with the copper acetate solution. After the impregnation the
mordenite was left at ambient conditions on a shaker for 2 h. After the

magfhglerehanacsoppbrisddeasmengenild knasitr tavbfe qued. tét &sfordeded that the
ren%ﬁﬁ%qg?ﬁ&vﬁm(@g@ﬁaﬁgm)ﬁ%@é&ﬁl@%}%@ﬁgg&gﬁﬁ% Egzewg i? 1316 R: the

the copper loaded mordenite was calcined in air and heated at 1C/rnin to
exchaFR FEPSESTdIOPS B cRMIE R S0 bTfeEZD eI, then the temperature was

15ingkeasgesdie/ MinicRaAGdeld AharAk 6 MophpRingreased
by 1C/rnin to 600C, hea!% at 600C for 180 min followed by cooling to
Mo R RS TR FREBHER A fraalHiioR a2 PHYCE sHbandsabredusis N drine
Prafrasbiheths iﬁﬁﬁtbﬁﬁ@i@tedtcinamicd;@sﬂaﬁvﬂ% R §i¥§aﬂﬂ§l€t§%ﬂﬁ@aﬂa§e’§ fot€Qample
rn Prapagation C - Preparation af Ag (55) Mordenite . 20Preparation
Soéjﬁ@tﬁog’ éﬁv%rago?égzlﬁlga%ggggl(%negﬁt‘?ﬁ%lsiéeﬁitrate was used for the
imprEamsition loasites siysbe adroéssep peteacstaf ehindapretinf sudigtitutivatiAgiolar

Ragh .mal 9 in.the mordenite were

* obtaia%%%{?@%é%%{r? @g%%%%é&?ﬁ%ﬁg‘g He r i gen%y lgvﬁ%br%gm eOunts
userrnyaelarhb ey ep o sepduce asetibig hotue az8 waeontst b lpepiienl%
peaifiea)iatioor Riegusisbythe.cohonyiationygf metharelwithGariahnd 50 to

mO{J})xid?&‘?{ he experiments were carried out in a g%essure flow reactor

80 Mot @onstN U 1811 FECaPT da Ao RoRE g drbd 8Py WeiH-
exalfihenW@R0hHA3R dadiRsotdeitieloadingmalAueatabrst semalefnthe

reactor, a bed of corundu sieye fractign of 125 - 160 um was placed in
o B R e iy L oB
exgiimde gaitivopeotiticimorundum bed. The catalyst sample was covered by

a cofyndum, hed o6 RRICIR 8: ROR H.q DG cAalvst sample

was then pressurised to the de%ﬁse%[’r a&%(rgl%pre%égutrog %? %W%W@E)y
CoReRtRIR FRES H5F GBS AT Rotdsrilpsnanies synthesised using suitable

pred0fdéfd 2890e R 146 BRAVAIMRLLIFBNGR iReRRaped Al 60 e%fﬂiﬁe'ﬁod
holdlcg%é%%lperature of 220C, where it was held for a dwell time of 3

e AR 8RR BrERERR! o S At st hmaanktters comprising
furdelsTitnjpatipainiotoved amdweltimng:of 3 HedrsropdHsnaut satalyst
lvation is considered.c ‘ana the gas feed was switched to a

des;%n%teugr’eg%rf %%%8%%%%%@52@ ‘hydrogen with a CO/Hz ratio of 4 at a

flow Weterof 66uB6wntkmindifibild ametih anosadath éadoad ik antiminbsby have a
NARQE L0 Obfal LHZ j0-in. the total feed of i .

- 1approxiilinately é%{ %éZSQt%%%mﬁén%ggré%%%e ﬁ\ﬁl[%ngeélﬁlf}v%% 5%%%%’(1)&%3& o

at a Variamestaf Broasostintentveipitiethly protsustdwipgsibetwebmol

vagib ABd 8RN BXexTRGAILINERMARMINESBRCHOS WS RAssed Lo a gas
n aggromit% raph to determine the concentration of reactants and 10

d5Bat FaperaireEnd MRS W She reaction was allowed to
contiisepfoced4 2 fudtatsunaes CONAHIO R FA00C iBRDAH 2 986 fAyC,
pre%e?r%@% \é%?goltxdﬁggsw of 4000/h with a feedstock ratio of CO: H2: MeOH
of 79:2719.8:1."At84.2 hours the IvleOI1 feed was increased from 1 mole
% td Berpodects, igbuiigbly feedsiank sati@ebOed:izicvieRt 10f{§840 18:6:2
acti [ for a total time of 155.2 hours. In
pre%(%&&é?%ﬁéﬁ%%%{v%ﬁ% oifga.é %6 continue for 164.4 hours under
condiioRY bt 3800 {30ber, racgasitoior il spatevel asity(GHS ¢) thdH@0/h
derWilhya fesaislankiatie AHEOY: HB:MePH, 0179 2:19,8:4.1AL 164.4 hours the
MeOli feed was increased from 1 mole % to 2 mole %, giving a feedstock
ratio of CO: H2: MeOH of 78.4:19.6:2 and the reaction 20continued for a
total time of 233.3 hours,  In Example 3 the reaction was allowed to
continue for 168.9 hours under conditions of 300C, 30 bar, a gas hourly
space velocity (GHSV) of 4000/h with a feedstock ratio of CO: H2 : MeOH
of. 79.2:19.8:1. At 168.9 hours the MeOH feed was increased from 1 mole
% to 2 mole %, giving a feedstock ratio of CO: H2: MeOH of 78.4:19.6:2

and the 2GBreaction cantintied for a total fime of 220 2 hAarire The
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Example Metal promoter Metal loading (mol%) Time on Stream (hrs) STY
AeOH (g/icgth) STY MeOAc (g/leg/h) 1 None 0 16.8 24.8 13.8 155.2 3.2
W322602/ (38955 16.2 55.6 PCT/GB2007/001113

The Gas Hourly Space Veloéity (GHSV) is suitably in the range 500 to 15,000 b,
such as 2000 to 10,000 ™.

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,
carbon monoxide or hydrogen. ' '

If desired, the alcohol and/or reactive derivative feed may be contacted with a bed
of alumina or corundum immediately before the bed of mordenité catalyst.

Preferably, the process of the present invention is carried out substantially in the
absence of halides, such as iodide. By substantially is meant that the halide content, such as
the iodide content of the feed gases and catalyst are less than 500ppm and preferably less
than 100ppm. .

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

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

The carboxylic acid produced by the process of the present invention can be
removed in the form of a vapour and thereafter condensed to a liquid. The carboxylic acid
can be subsequently purified using conventional techniques, such as distillation.

Where an ester such as methyl acetate is a product of the process, it may be
recovered and used as such as a feedstock for other chemical processes, or it may be
hydrolysed to the corresponding carboxylic acid using known techniques such as reactive
distillation,

The inveﬁﬁon will now be illustrated with reference to the following Examples.

Examples1tc3
Preparation A — Preparation of H-Mordenite

Mordenite with a silica to alumina ratio of 20 (ex Siid-chemie) was compacted at a

- pressure of 12 tonnes in a mortar and pestle and then sieved to a particle size fraction of

125 to 160 microns. 2.5g of the mordenite was then calcined at a temperature of 600 °C
under air at a ramp.rate of 1°C/min to a temperature of 500°C, held at 500°C for 30 min,
the temperature was increased by 1°C/min to 550°C, held at 550°C for 30 min, then
increased by 1°C/min to 600°C, and held at 600°C for 180 min,
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224 1544244594 233.312.283.83Ag5516.1101.45.9 156.3
54.6 60.8 239.322.8

W0 2007/128955 ) ) PCT/GB2007/001113

Prep:iration B -Preparation of Cu (55) Mordenite.
- Mordenite with a silica to alumina ratio of 20 (ex Stid-Chemie) was treated with a

copper acetate solution, to a molar level corresponding to the substitution of 55 % of the

- protons attached to acid sites by copper, giving a copper loading of 4.88 % by weight.
| 1810 pl of a solution of 1.0 mol/l copper acetate was mixed with 465 pl of water. The LOI

(loss on ignition, 600°C) of the mordenite was measured (typically 10-20%, in this case
13%) to account for the amount of water adsorbed on the‘ mordenite in order to determine
the amount of metal solution required to acﬁieve the desired copper loading. The solution
was mixed well with the aid of an automatic dispensing system. The mordenite was then
impregnated with the copper acetate solution. After the impregnation the mordenite was
left at ambient conditions on a shaker for 2 h. After the shaking the copper loaded
mordenite was transferred to a forced convection oven (air as atmosphere) at 80°C for 20h.
After the drying step the copper loaded mordenite was calcined in air and heated at
1°C/min to a temperature of 500°C, held at 500°C for 30 min, then the témperature was
increased by 1°C/min to 550°C, held at 550°C for 30 min, then increased by 1°C/min to
600°C, held at 600°C for 180 min followed by cooling to ambient conditions under a
stream of air. The copper loaded mordenite was then sieved to obtain particles having a
size in the range 125 — 160 um '
Preparation C — Preparation of Ag (55) Mordenite

Preparation method B was repeated except that Ag nitrate was used for the
impregnation process instead of copper acetate in amounts such that Ag loadings 55 mol %
replacement of protons in the mordenite were obtained. |

Carbonvlation Reactions

Each of the H-, Cu and Ag mordenite catalyst samples prepared as described above
was used to prepare carbonylation products by the carbonylation of methano! with carbon
monoxide, The experiments were carried out in a pressure flow reactor unit consisting of
16 identical reactors of the type described in for example, WO 2005063372. Prior to the
loading of a catalyst sample in the reactor, a bed of corundum of sieve fraction of 125 —
160 pum was placed in the respective catalyst sample holder, A 1 ml sample of a catalyst
was placed on top of the corundum bed. The catalyst sample was covered by a corundum
bed of a particle size of 250 - 500 pum. The catalyst sample was then pressurised to the

desired reaction pressure of 30 bar with CO at a flow rate of 66.66 ml/min. The catalyst
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129.9 Examples 4 to 16 Preparation of Cu Mordenite at 5 mol % and 110
mol (1/0 loadings 5Preparation method B above was repeated except that

wepppeiRikate; Cu(NO3)2.3H20, was used instead of coppep@getgdentne1113
amounts in the impregnation process such that Cu loadings equivalent to
5 mol % and 110 mol % replacemenfSof protons in the morclenite were
obtained. Preparation of Ag Mordenite at 5 mol A and 110 mol % loadings
10Preparation method B above was repeated except that silver nitrate

wadgs seikinstend &%@Mﬂﬁ%@&%@&%@t@ﬁ?&%@o&%@%‘? (S089P0as held for
| alent n

rocess such that Ag loadings equivalentto 5 mol % and 110 mol %

a Gell dsmeridrt b Bro BIRsSAYGELY be denRerHwie W A P Riehlet Jr
deMOEERNHEaih TENBRRABEIR MMRINeR & AR feRe IRt BXGBRE Helation is

iridium trichloride hydrate, IrC13.hydrate, dissolved in water (treated under
CORSHRPISTOmRIS RS e BB hEATBIEGISaia s FrBdusheran BresHreAnd
hyaegtatevitharooypts:stichthak drileading sosplaiemiia, Svhilkel fetbaonehifed at

and 110 mol A replacement rotons.in.the morclenite were, ohtained, 20
O 80 VSRR AORTEATIA CO* Bre ArNi g eath i £ b 8 ppronintely
80re}iratech exnelbt thral nidkied gutr ates, SHNDD)R106 H 203 waishiseddfof hE0 ml/min

i i €ss. | r acetate j ounts such that Ni
o A R LR T e R
regsietovRs irnhrs isorden tbrovesto gophiredetam@ne the concentration of reactants and

Caagg;{gigg%g&ge132007/001113 10 Preparation of Carbonvlatinn
Products Each of the Cu, Ag, Ni and Ir mordenite catalyst samples

prepHrEfapld dhpEdiclinviasstoned inaqntiner denitb2 Aawrinadencesitions
ofBI0° O DM@ HsR:BA LRSS A5 BF S IBFEShA VR 00/ P HRpREatensolk #dio of

O TR et Tk o2 e S A SO & el
YeauiR usili Yt eivietho feetbsainad e ve i HE MeQiibsf TR gRafdatsteaktion

.CO. H2: H.in atio of 79.2:19.8:1. Results for Examples 4 to
CO% a t%rfc') arpap%o%%r%%%%%/{j.%%%%r 8n stream are given in Table 2 below. 10

TablénErmwisid Wetaigiomste alitetd toadminiioT ke Shostesndefine)ditions
of 300°C, 30 bar, a gas hourly space velocity (GHSV) of 4000/h with a feedstock ratio of

CO: Hy: MeOH of 79.2:19.8:1. At 164.4 hours the MeOH feed was increased from 1 mole |
% to 2 mole %, giving a feedstock ratio of CO: Hy: MeOH of 78.4:19.6:2 and the reaction
continued for a total time of 233.3 hours, '

In Example 3 the reaction was allowed to continue for 168.9 hours under conditions
of 300°C, 30 bar, a gas hourly space velocity (GHSV) of 4000/h with a feedstock ratio of
CO:H; : MeOH of . 79.2:19.8:1. At 168.9 hours the MeOH feed was increased from 1
mole % to 2 mole %, giving a feedstock ratio of CO: Hy: MeOH of 78.4:19.6:2 and the
reaction continued for a total time of 239.3 hours.

The results for Examples 1 to 3 (H-mordenite, 55 mol% Cu loaded mordenite and

55 mol% Ag loaded mordenite respectively ) are given in Table 1 below,
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4 none 0 39.2 13.028.0 35.7 Ag541.0.43.1.31.668.86 Cu542.07.5
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Table 1 v
Example | Metal | Metal | Timeon | STY AcOH | STY MeOAc
promoter | loading Stream (g/kg/h) (g/kg/h)
(mol%) (hrs) ‘

1 None 0 16.8 24.8 13.8

: 155.2 3.2 32.7

2 Cu 55 16.2 55.6 22.4

1544 . 24.4 ‘ 59.4

233.3 12.2 83.8

3 Ag 55 16.1 101.4 5.9

156.3 54.6 60.8

239.3 22.8 _ 129.9 .

Examples 4 to 16

Preparation of Cu Mordenite at 5§ mol % and 110 mbl % loadings

Preparation method B above was repeated except that copper nitrate,
Cu(N 03)2.3H,0, was used instead of copper acetate in amounts in the impregnation
process such that Cu loadings equivalent to 5 mol % and 110 mol % replacement of
protons in the mordenite were obtained.

Preparation of Ag Mordenite at 5 mol % and 110 mol % loadings

Preparation method B above was repeated except that silver nitrate was used

instead of copper acetate in amounts in the impregnation process such that Ag loadings

" equivalent to 5 mol % and 110 mol % replacement of protons in the mordenite were

obtained

Preparation of Ir Mordenite

Preparation method B above was repeated except that iridium trichloride hydrate,
IrCls.hydrate, dissolved in water (treated under reflux for ~ 20h) was used for the
impregnation process instead of copper acetate in amounts such that Ir loadings eQuivalent
to 5 mol %, 55 mol % and 110 mol % replacement of protons in the mordenite were
obtained.

Preparation of Ni Mordenite

Preparation method B above was repeated except that nickel nitrate,
Ni(NO3), .6H,0, was used for the impregnation process instead of copper acetate in
amounts such that Ni loadings equivalent to 5 mol %, 55 mol % and 110 mol %

replacement of protons in the mordenite were obtained.
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Preparation of Carbonvlation Products

PCT/GB2007/001113

Each of the Cu, Ag, Ni and Ir mordenite catalyst samples prepared as described
above and also the H-mordenite, and the Cu (55) and Ag(55) mordenite catalysts as

prepared above in Preparations A, B and C respectively was used as the catalyst in the

carbonylation of methanol with carbon monoxide. The carbonylation reactions were

carried out using the method described above in Examples 1-3 using a feedstock of CO:

Hy: MeOH in a molar ratio of 79.2:19.8:1. Results for Examples 4 to 16 after

approximately 40 hours on stream are given in Table 2 below.

Table 2 '
Example | Metal Metal Time on | STY AcOH | STY STY
promoter | loading stream (g kg hl) | MeOAc Acetyls
(%) (hrs) o (gkg’ bY) | (gkg" ) |

7 nome 0 392 3.0 78.0 357
5 Az 5 410 51 316 63.8
g Cu 5 47,0 75 39.3 39.8
7 Ir 5 41.8 472 54 51.6
8 Ni 5 40.1 12.8 312 38.1
9 Ag 55 40.6 91.5 24.2 111.1
10 Cu 55 40.9 38.1 455 75.0
11 Ir 55 40.0 23.1 4.0 26.4
12 Ni | 55 40.6 60.9 38.3 91.9
13 Ag 110 40.7 86.1 25.0 106.4
14 Cu 110 41.7 75.0 16.3 88.2
15 Ir 110 36.3 21.5 14.7 33.4
16 Ni 110 39.8 54.6 46.4 92.2




10

15

20

25

30

4.0 96.4 12 Ni 55 40.6 60.9 38.391.9 13 Ag 110 40.7 86.1 1 25.0 106.4

14 Cu 110 41.7 75.0 16.3 88.2 15 Jr 110 36.3 21.5 14.7 33.4
WO 2007/128955 ‘ PCT/GB2007/001113

11

The STY to Acetyls is'the sum of the MeOAc and AcOH STY’s in AcOH
equivalents i.e. STY Acetyls = STY AcOH + {STY MeOAc x (60.05/74.08)}.
As the results of Table 2 show, the use of Ag mordenite provides superior results to

those of the Cu, Ir and Ni loaded mordenites and H-mordenite.
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16 Ni 110 39.8 54.6 46.4 92.2 11 The STY to Acetyls is the sum of

the MeOAe and AcOH STY's in AcOH equivalents i.e. STY Acetyls = STY

AcOH + (STY 114e0Ac x (60.05/74.08)1.  As the results of Table 2

show, the use of Ag mordenite provides superior results to those of the et

Cu, Jr and Ni loaded mordenitcs and Hlhordenite. 5 10 15 20 25 MCSLLP

12MCst LP Claims 1. A process for preparing an aliphatic carboxylic acid

EAMH@(n +1) carbon atoms, where n is an integer up to 6, and/or the ester

derivative thereof which comprises 5 contacting an aliphatic alcohol

having n carbon atoms and/or a reactive derivative thereof selected fro
%r)gga%atoms,

dialky! StREPCESHENT IR AREGHO R AR AR SHRTHARSIRA LS Eh ThoR

intthe prasencend @calglystowhedein gaiccatalystcansisibepddnartdemiteomprises
which has been.i n-exchaqgmor‘otherwiarség loaded with sjlver. 2. Ad .
SOl A b ARG B CiRliFR P WharER the TPt h LY Giver BsHEhCEHVatve

iR i0 DL Dmpaidikil wihemesafralfithinilcoh3. Adracdksldetatdingh carbon
to claim.2 wherein the morcFiﬁnite hf:\s a silver.content of iSO to 150

| % .
BPURIE ol TSRS 54 Broches SEcoHng ) CIbip TR ordenie

wherein
theicharsenite has aslicaalumninhemdler vatiodmiiie sidnge 10:1 to 30:1.

55.A process accordipg tq claim | ¥Vh rein the mordenite ontainls a
. I‘OCS%S accordi f) clair Wlereln the mordeni aﬁ. a_silver, content of 1
ramework modifier element selected from at least one ot gallium and iron.

6o 20procd $s macandingltonelaifalSminhenein the mordenite has a silica:oxide

f the framework modifier element . molar ratig in the range 10:1 to 50:1. .7.
K procdb b SEERT G 1 L URGrILTAD Qe G e af ot of 5

to 150 mol % per unit volume of aluminium. anol

4. A process according to claim 1 wherein the mordenite has a silica alumina molar
ratio in the range 10:1 to 30:1.

5. A process according to claim 1 wherein the mordenite contains a framework
modifier element selected from at least one of gallium and iron.

6. A process according to claim 5 wherein the mordenite has a silica:oxide of the
framework modifier element molar ratio in the range 10:1 to 50:1.

7. A process according to claim 1 wherein the alcohol is methanol.

8. A process according to claim 1 wherein the alcohol and/or reactive derivative is
contacted with a bed of alumina or corundum immediately before the bed of mordenite
catalyst.

9. A process according to claim 1 wherein the carbon monoxide is used as a
mixture with hydrogen.

10. A process according to any claim 1 wherein water is also fed to the process.

11. A process according to claim 1 wherein the process is carried out substantially in
the absence of halides.

12. A process according to claim 1 wherein the process is carried out at a
temperature in the range 200 to 600 °C.

13. A process according to claim 12 wherein the process is carried out at a

temperature in the range 250 to 400 °C.
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208.A process according to claim 1 wherein the alcohol and/or reactive
derivative is contacted with a bed of alumina or corundum immediately
before the bed of mordenite catalyst. 9..A process according to claim 1
wherein the carbon monoxide is used as a mixture with hydrogen. 2510.A
process according m any claim 1 whereli water is also fed to the process.
11. A process according to claim 1 wherein the process is carried out _
ddibstadtiBIREfitRecabsade pRHAGadeeD e Poeess SotdFtiflgtd dainfessure in
thwhetrin ghe pooasss is carried out at a temperature in the range 200 to
600 C. 3013.A process, according to claim 12 wherein the process is
Carried OB A TERTBETHBIG TS FAriersHD tacavgoess 19 42 Rig Rl a pressure
acareingdo skainnd vaherein the process is carried out at a pressure in
the range 10 to 200 bar. 15. A process according to claim 14 wherein the |
E)?ocesgigré)&ﬁﬁié&‘if&éﬂt‘l& b?e%%’&?eﬁﬁ” STANGE BB 5RACE1EIRCIY 1s in the
piegessrceordingdatlaim 1 wherein the gas hourly space velocity is in
ﬁp{e ran%e 2000 to 10,%00 h-1.1 17. ﬁe%gcesst according to claim 1 wherein ,

e proceRP TS SrkatEt Hs'a EoHEnLSIESTBABEL A Sl Resdsd as a continuous

aeeeding to claim 1 wherein the process is carried out as a fixed bed,

fluid bed or movin éPed rocess ]_%) A process according, tq claim 1
W orei A SRS RS ARl e T B tisas HURSHbig £ o ixed bed
tlaidrbddnvheneinheptgeesssis a process for preparing acetic acid by

ntacting methanol with ar@gn onpxide in the presence.qf.hydragen.at
Hemper RS AR ARG HE0 T hoU G Ah SR Brastinas indcelii st
100 haprbbasdasdrergirg the alaordénitBecamntalirsiOcte L B0anpob&éseffor preparing
glcl\e/t?cr 8851‘15‘&8’&1 a@‘ﬁl%fﬁ!al%fﬂ%wvr\}ith carbon monoxide in the presence of hydrogen
at a temperature in the range 250 to 400 °C and at a pressure in the range 25 to 100 bar
and wherein the mordenite contains 50 to 150 mol % of silver per unit volume of

aluminium.

MCSLLp



