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PROCESS FOR THE PREPARATI ON OF CARBONYLATI ON PRODUCTS
This invention relates to a process for preparing

W@ a00p0e8pF&at | on products such as aliphatic car bp&yIGB2007/001113
acids and/or derivatives thereof by reacting the
correspondi ng al cohol and/orl a reactive derivative
thereof with carbon nonoxide in the presence of a
netal | oaded nordenite catal yst. The preparation of
acg&§c aC|d fron1nethano% gnd'carbon.nDnOX|de IS a

COMTer Ci aI ly. On a commercial scal e the manufacture of
acetic acid may be operated as a honpbgeneous

|'i Qhisdnpdinioa relaks és 8 proatesstbrprepiringoativmyldtishipstucts such as
reaction js Q taI sed by, a sol ub] e r hodi unt i odi de

aliphagisrebexulitach eriefi ves thetieqh b gearipa fre aseseraidingalcohol
and/\f}\ﬁt gbﬁgﬂé%% vé’{heiré'b'f it QAR @HoxideNR tlgﬁtﬁ'e@ncé 8k HRtal

to corrosion problens an
loadeld frfordeniteicet@lygtsoci at ed with separ ation of the

B A St ran S A R e B RSP A%et knowm
carbBﬁ*lSﬁ&gﬁBS&‘d nd FcRREE SutRbAGERSS Al g?s 08 a%Bm'n%ilélgpscﬁfeQEe
id catal yst could be devel ope GB 118

mandfas;mr@g%@ebe peidimashbe epepitedes a:laamgﬂgc@sdmmphasn gragess in
whic O b i ARl Rk e B K08 AR B4% gl and an

alkyofodw sutlehs methel ia’dl@e | THe! riglh dghvibiabkLahis @r@tféb@ﬁ‘é the use of

arbons, zeqlites, .clays and polyners
lodl%whcb (a1 iead 49 spiyetien mioblems gy th ee@ffb?@itwg aﬁﬁ@éﬁﬁ-ﬁd With ﬁ@p@ratlon

I
B R L L
couldibeiolvercomeat® hetefogenkds gaspitis€Frot s 1R andbditie frighsolid catalyst
i ther adtent exenplifies the use-of zeolites in such

Couﬂ%ﬁrd&&lgg US 4612387 discl oses a process for making

O R A1 95y e 15364 Qestaﬁmuﬁ@h&srescafamrdo gﬁ‘ﬁirfg%a% idfly active

carbon nonoxi de with a nonohydri c "al coh having Tro
metdl mqluding aterodiazopper, thodivneanpt isidme suppiorted on psvidé tange of carrier

man g} OBt TS o iiphcatbl Aoffed by And Bo ey These
mulitpHabé Bathlpets bANE8eifas befng udefulindgs he’ief@%&fe%ﬁi £asqfhadd

| east 1 atnpsphere. The nost preferred zeolites
carbgeylatien eignetbanalita acetic acid in the presence of a halide promoter. A similar

process is disclosed GB 1277242, although neither patent exemplifies 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
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 ac'cording to this
definition are ZSM-5, ZSM-11, ZSM-12, ZSM-38 and ZSM-35 with ZSM-5 being
particularly preferred.

J Catalysis, 71, 233-43 (1981) discloses the use of photoelectron. spectroscopy
(ESCA) to determine the activity of a rhodium mordenite catalyst and other supported

thodium catalysts towards carbonylation of methanol to acetic acid.
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definition are ZSM5, ZSM1 | 5ZSM 12, ZSM 38 and

ZSM 35 with ZSM5 being particularly preferred. J
w@2ai0alyess, 71, 233-43 (1981) discloses the useCDEGB2007/001113

phot oel ectron- spectroscopy (ESCA) to determ ne the

activity of a rhodium norden2te catal yst and ot her

supported rhodi um catal ysts towards carbonyl ati on of

nmet hanol to acetic acid. DE 3606169 di scl oses a process

for the preparation of acetic acid, nethyl acetate

andPBB6en lrﬁétdmloses A procbss fonthe qm@;iaaitllonrmf atetrioid) netisy] acetate

t.ha ace r di net hy inth
andfi5 gURRRY g% o3 Dol o Pty Brws eiadh s et andlor
dim@ihyeéthid ih fheopBdnice SaLdtalt cORRIMRS RAMKEs h@d’htéssmlxed with cobalt
optionally carried out in the presence of a halide

salts;h Bhaypaghaay kadign s eptiqnally sersied pyicin depresench of abalide. tThe preferred
t di at.e
reoffEP ATl LRE: BIRR Ryt B BBl SR oo
bet\kewtﬂat\aﬁ nedlherduhﬂnb onERarft A0d54261iRS X MdSTIPER Dtlker.
5%1 3 preparation_of an aliphatic carboxylic
aC| %yo Prctisrigses it pipesshir thspraparation oflan aliphaticdarhexylic
acid W&cﬁ@d‘ctﬁgg E{x}l {E@f]&cﬂ} a”EQ Xk Aerivatid %eﬁéebﬁf'e o#ﬂ é/%ﬂr)]&t ﬁgﬁomde,

absence ogens or r| vative ‘ '
subgtam ipdly ¢ thefabsenca o hg(]sger[s(m desvativeg thesaetnini thd bl;&sﬁfce af a catalyst

conggtirgé%ist %Fﬁ t?) qegﬁglatg kal? ala neq(,e ﬁgg&g o or loaded with
coppérPaikkel, iGldAmd Qh@dhhﬁxe& doBalt, Qﬁﬁra&t@ﬁseﬁrlﬂ@@ﬁ e dﬁo&%ﬁ id c%ﬂ‘led out at

out at a tenperature in the range 300 00C and at
a te@ppna@s@urtée remgte B@O? e °CHnd ot 20@ssvae mth@ramgetlﬁeo 200 kars.
ound t

Frofidft bt il vran HEie 0350 607 Gats B gheeopnirditded madenite

pmﬁ@@cudhbgestme&;;jlgiﬁgﬁtsdescr| bes a process for the
catal ytic conversion of a feedstock conprising carbon

nmon¥%i HARA3 desatibsg 8 pracessfonthe cataljticiconwrsion ef affeedstock

con B30t Wi P e ol G625 B 3 B, oter end
mix@iréetheraofand rsidting cathoarmesioxide witlethe bEReR@Re OF aalcohol, ether

catal yst selected fromsolid super acids
and guxres thargeldn dae presenge of 7 exsplystasloaind fiem salid spersicidses,

C Iy r ons

o A A B c SSIBLA0TY B IR SER LA ot

undémmdltlonsaoﬁxbn@araaﬂ‘b and pressutle sidficientas pystivcd at @A one of an ester,
ur.es, ther ver he use of zeolites to

acidg adig ARG g gn g}lﬁm PQdn £ 81 5 of geolites to catalyse the
carb@¥PERo feh&fbn is not exemplified.

WO 2005/105720 describes a process for preparing carboxylic acids and
derivatives thereof by carbonylating an alcohol or derivative thereof with a mordenite
catalyst which has been ion-exchanged or otherwise loaded with copper, nickel, iridium,
rthodium or cobalt and which has one or more of gallium, boron and iron as framework
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.
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WD 2005/ 105720 describes a process for preparing
carboxylic acids and derivatives thereof by
wa@aobagsgbat i ng an al cohol or derivative ther eoPCWMGBR0A/001113
nordenite catal yst which has been ion-exchanged or
ot herwi se | oaded with copper3 nickel, iridium rhodium
or cobalt and which has one or nore of gallium boron
and iron as framework nodifier elenents. In view of
t he above-nentioned prior art, the problemto be
s olTi/eag nowv pegn diewnsl thpt aamhusienitozpatitoolrsreipadtep refemedtoases s
f,or.. pr rdn a L cids and/ or derivative
morg el AR Y Be PR oSl s PR Rl iRt B epprocuct
seleBIgXtsithewaibtdgykic aoid ahd/bodsRaivaahéten cat al yst, which
IS superiqr to the hest processes using nordenite . .
z ed\qeprkingly 4he Bresen lyventipn proyides apracepnir peaparing g aliphatic

B S TBASAE PFSA R SABLER LBl 5 oy o

derieathertherdofwhibb nyiatisasmwoptaciihgedn diphetit alvohio} haviag hivarbon atoms

arboxylic¢ aci.d gnd/qr .deriyvatives.thereof).
andigE B 5FagHHK %Waflﬁs%réé@aﬂﬁ{ GaRPEH TR 180%@%8%{% pbe cgalyst,
‘whek&h sil @RALYsDEbMRRtiRGatlif WREDRIVYdeR iGREbhARYANG offrwise

+1) carbon atons, where n is an integer up to 6,
loadgdaiithrsilvee est er derivative 't hereof which conprises

contactin al i phat.i ¢ _al cohpl hawing n,carbon.atons

o citpradtds 8 g phRERi Gafiof BHfies A2 AHtpPHERA ARERAE Bratyst
prodiRB @¥bdigield? of BEbEXFIRCAE® @il darisaivab fieteofWMEHa8 bBerbairpkisingly

cat al yst consists of nordenite which has been

foundythatdmprervrdeastivity endiermpduct selecivity wer he gehigead byryiising a

mox@érﬁ{:ee\ﬁl’?’lcﬂ a%@e%g%&ﬁﬁg& W%@gﬁ%_i on utilises a
. S] nodl tied nor

ver - enite catal yst to produce good
yi dhds pbeesaobtheypresentinivelstionnd atiphaticail coheboit ipsaetife dekivative

has been surpri.singly found, that inproved activity .
therggkip earﬁﬁmdatag iR HPRAKides e radent s pattiopprly applicable to
T} A [ j S i Al i :
ol S BP0 B b BBT) I OHe osh

methdriohhat i ¢ 'al cohol or a reactive derivative thereof is

R ERTLE TN e 0 ST .
addHRn e 1 alSuhel] iRSuddlibIRy Beth& @B GHitRSTE coltdbl RhE bR Balides.

al cohol is nethanol .
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.

The product of the process may be an aliphatic carboxylic acid and/or the ester of
the aliphatic carboxylic acid. For examplé, where the alcohol is methanol, the product
predominantly comprises acetic acid but it may also comprise some methyl acetate. Where
an ether is used as the reactant, the product will predominantly be an ester. For example,
where dimethyl ether is a reactant, the product will predominantly be methyl acetate.

The process is preferably carried out in the presence of water. The feed comprising
an alcohol, ester or ether or any combination thereof may also comprise water. Suitably
the molar ratio of alcohol : water, such as methanol : water is in the range 50 : 1t0 2 : 1,

such as 10 : 1 to 3 : 1. Where an ester or an ether, such as methyl acetate or dimethyl

ether, is used as a feed the molar ratio of water to ester or ether is suitably in the range
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Reactive derivatives of the al cohol which may be used
as an alternative to, or in addition to the al cohol,
w0 p@aessli al kyl ethers, esters of the al cohol p&rdB2007/001113
al kyl halides. Suitable reactive derivatives of
met hanol , for exanple, includde nethyl acetate,
di net hyl ether and nethyl iodide. A mxture of an
al cohol and the reactive derivative thereof, for
exanpl e a m xture of nethanol and nethyl acetate, my
al 4d toel.2npl oyed. The product of the process may be an

o) TBASE oo SO shrgty o SEfeslet R ERS el el reactive
denadtﬁ@hmhe watdrehdyesOpresenb i m{l@&iyﬁa Bﬁﬁﬂ)ﬁm nant |y

co rises acetic acid but 1t may also conprise somne
endieg pathe najyre of thefeed, materimay hecgengratadra-situ, for example

by tllﬁ_eeﬂﬁ{eﬁgétiqnt (ﬁea V\ﬁfl‘lgfjfég& V\%thérf Bf ?ﬂ%@eﬂﬁggﬁ oh (gﬁatnac@(io%%{ ﬁ/{th the

Is are

parbpk}dﬁ:l)e(bﬁd pnoldhcm rSaxitabliy ke hhmuhﬁ;ﬂ”gehémiedmrahay bel$igh that the

out in the presence of

f er abl
ratic Gl Ererps KB L MBPS A RghoLeediie AeH i Lt W o ciehlor .
or Tﬁi@ tﬂ@E On %ﬁﬁﬁﬁé §Qa3is ﬁ{zltscf%eﬁ@m be @sp‘é@ltaﬁf' glgtlcal

SU|ta r ratio o al'co wat er, “suc
althmt@hhalsdesuablatoalsmgss maxttfes i whigh cfbon ndonoaid is the,mainch
an.ester. or an ether, ch
comfgnehl R}? plsSeits f 518?1\{%8?1%‘&‘ t 9f mapyiHies spch asitogen andfheppble

gasdsRén B®tMrated! The Qﬁrbﬂﬁhﬁihokige %?atnye WREd & ﬂﬁh‘ilxhﬁe %tﬁyo\gen
inthe rangel:1 to 1.5 : 1. Thé water may be

Smteléyzsdharvélq,oft(éoontlwethﬁmngwl t Ei tofhé éIO@cﬂmplaah@Eﬁs);such as1:1

t
010 2ok ST A o OB B APPSR el e
refoﬁﬁmg or paital oxidytidieofigdaicaibeds (spnthedis gas) eayel it weih the
the dj nerisation of alcohol feed to ethers or via

procgss ofithe pregentdmvestiomn al cohol with the carboxylic acid
pr Gl ‘Ehtaly%yhgeﬂ% the ﬁ@&s?@? %ﬁgéntqmﬁi@% & 4el nltg%é/olite

be such t'hat the rdatio o groups derive
whidhhleas deem foml-exichaget! porwatazwise Sodded svithhwiiveo r Thegstmictur@ofl .

puri of the .carhon nonoxid sed s no dee
morgigtiss wellapmie EFRAcR SRRl BgATRS Of Sl Sirais 1opes by
W MIS£i&a9dD M 0188 pliklishbd 677 ﬂ&@tﬁ@ﬁn@@@%l%oﬂf; &t b ?nteﬁwonal

conponent. The presence of small anounts I mpurities
Zeoktgdysseciation ind@&B. Hrisl further citamo@ergsaé b3 hewing beongtagtanded.of 0.4

ot TG ARSI A5 Bl R Bt e st i

the drethgethd silicd té @luﬁﬁna rafio @hydeBdradse®d§ ufing deL®lin@atidn © 1

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 mordenite has a
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 18 : 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 ion-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



10

15

20

25

30

to 10 : 1. For exanple, m xtures of carbon nonoxide

and hydrogen as produced by the reform ng or partia
woidardssh of hydrocarbons (synthesis gas) nayPel/€820¢/001113

used in the process of the present invention. The

catal yst used in the proces® of the present invention

is a nordenite zeolite which has been ion-exchanged,

or otherwi se |oaded with silver. The structure of

nordenite is well known and defined for exanple in
may berexghanged yath) Ag & 1egisiusing vell mgyastechyiqugm is erefemed! thatthe

J : A O ; v 4
romiTh i Lt in PG il iy P BroMTHERS B, @nybilEnt to tart he
exclangé prexesstfrom tiecammeutyorthgndtoggn foraonst rai nt i ndex of
0.4 and . a silica to alumna ratio,in the range 8:1 to
20ASER aliermalive £ onEREHAREE e FREIONERA pY BYIrpRe fem gf fhe

morlidte chilBe ShnblegRatbPwith 4o h%&vh%ﬂg%}?éai@sn& s @Lgeglﬁy B¥ied.

usi ng de-al un'nation technioques,. exanpl e,
Prefenablyo thetraendanite is calcineds foo exanapilel ih ecatibigh tempetature, for example

denid e rdenite al-so,passesses a characteristic
5000p G ?J%%%a'rg%}% FFEARE R VS n which wi Il be wel |
KNnqQwe silGertlbatee iy bk egorbsted Rftedths of e "de%ﬂé@ oPEEERSI0R in molar
the present invention'it is preferred that the

termgof therluminivm aforey (thecexchenggisias) ed theampislenite by silveanihs amounts
. - f r i \ 5:

e ) b RSN ead MBI} 300 mor

per df vwolame € alminiugedueh ws 50 td 10 molodesath as $Gto 120 mol% and 50 to

50 ) DU GO U 611 PAHF 1 AYIVS) I0GIRE A BVl Spight
ety %cﬁﬂ&ﬁteﬁ%ﬁ?am&m%moh%ﬁ ghﬁlﬂﬁﬁmpgtoms contain further

i on- exchange, I mpregnati on and incipient wetness.
elenehtstih ghempotitnframewskt Sudhefranmewark ohatifjerdementomap 885 fof

the cation-exchangable sites on the zeolitemy be
ex%&&h@i@%aﬂﬁ‘%ﬁ“ﬂ@ + ions using well known techniques.
| 't Tihe fRERNRIE Bfbdifftaklchitats BAPb InREdERH 16 B frdindWisik by any

exchanged nordenite are protons hence it i's conveni ént
conyeptignal meanp el enexhmplye thsrmaerdeniter maynbe spathkasisod ising ewitable

oSN e AR R BERET P e o

galliufipmedifit ethriérite, @ap bé picpared ®f réactink Yeetlfah midfiee comprising
subsequently dried. Preferably, the nordenite is
fumed;silics @gllivmppitrateand sedivplyminates Suitghiprepprpiemmgtheds are

descﬂsfili}Fc\{igzrglag%}rﬁ)léQIQ“E‘@%H@S?-Z’{{ter | oadi ng or exchange with

Where a framework modifier element is used, the mordenite may suitably have a

ratio of silica to the oxide of the framework modifier element in the range 10:1 to 50:1.

The process of the present invention is preferably carrie;d out by passing methanol
vapour and carbon monoxide gas through a fixed or fluidised bed of the catalyst
maintained at the desired temperature and pressure.

The process is suitably carried out at a temperature in the range 200 to 600°C,
preferably 250 to 400°C.

The process is suitably carried out at a pressure in the range 10 to 200 bar,
preferably 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 1:1 to 99 : 1, such as 1:1 to 30:1.
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The silver |oading may be expressed in ternms of the

degree of substitution in nolar terns of the al um nium
watena2§96h1e exchange sites) of the nordenite bRCHGB@7/001113

The amounts used are preferably such as to produce a

catal yst having a silver corient of 1 to 200 nol % per

unit vol une of alum nium such as 50 to 150 nol % such

as 50 to 120 nol % and 50 to 80 nol % A 100 nol % sil ver

equates to a silver |oading of 14.18% by wei ght. The

noriderGasdlomly, Spage Yelicity ¢6TISY) 33 $uitbly iarice mhger500 torh5,000 b,

at C kh-iffurther elenents in the zeolite
S“°‘??§?®%Pﬁ&°@9i’n-f_ranewk nmodi fier el ements may be,

f orTHRXAcHEite 8Ly st iWACKR BN pribf Puse DRefok Eﬁd]ﬁ;?}@,réﬁbjecting the

nodi fier el ements may be introduced to the Tranework

morgenitaRatal v feat iessiameiionn at elevsteddgmperanire under fomdegnitrogen,
carﬂﬁ%fn&fox?&é%%&ﬁh%@ﬂ usi'ng suitable precursors for the
al u

ST 1T con, nifum and franmework nodi fier el enents.
Forlf desivep)) the akolyelland/lotrenotivé deribativg fiediniay, betayitdered with a bed

repared by reacting togethe 1 xture conpr.i si ng
of afmag 05 pqTpRiEm mﬂ%ﬂmﬁ'ﬁpw@e Bertotmadenitasasiat o.
Sui i . N i 1
SR BRGR08) USRS Ay Aty e
absaice pEhalides, susk ds iodite. By sulestantiellyrisymeanit thmbthe Halide cantent, such as

ratjo o ilica t.o the oxide of the fr wor k difi
the {oRideoRlenbot i flihates ot Py Base 1085w Y)PoR Sad Brerppfly ess
thmpraﬁ,pﬂ,t, invention is preferably carried out by passing
nmet hanol vapour and carbon nonoxi de gas through a

f i i nsecess miay ibg sarisd Qubgithenas & fixed Yesk flnid bedar meaying bed
proJeQ? desired tenperature and pressure. The process is
Sul'tably carried out at a tenperature in the range 200

t 0 TARGEoceps abgbabpsra2d@s thhetQARGInUIYE op b ®ERE Process, preferably.
suitably carried out at a pressure in the range 10 to
as aFOptKIUS PFICEFSer abl y 10 to 150 bar, such as 25 to 100

e e AR RO S il £ AR ity v,
remb¥xel indhgfort of ahap&® and thersaften caisdehsel] tha 12fridl . Theecadssxylic acid
cn o SRS o LS Vb BB b S0

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 invention will now be illustrated with reference to the following Examples.

Examples 1 to 3
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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The nordenite catalyst is activated prior to use by,
for exanple, subjecting the nordenite catal yst for at
wO e@sti28988 hour at el evated tenperature under PCDGBA@7/001113
ni trogen, carbon nonoxi de or hydrogen. If desired, the
al cohol and/or reactive derivVative feed may be
contacted with a bed of alum na or corundum
i mredi ately before the bed of nordenite catalyst.
Preferably, the process of the present invention is

PreparationoB oPtepanitidinof Cul(55) Mnrddndateabsence of hali des,
su as i.odi.de. .By su tantlall that the
oo WgReatip Pt silh R SRR atfias? ée?& ST Chemisd wasdreptsd giith a

cop?él%@tafé’%hﬁﬁha{o)’asﬁmﬁf vk PEctrespsHA RH@&@@MBEBF 5804 ¥f the
ess pm he process nay e carried out

protoins hdached teadid sitas bye@ppdr givingreeppper loading gf 488 % by weight.

Th b d
1510555 S0 RI PR Fpot BB AR L% & vater Tho Lo
(Ios§ @ﬁtigrﬁuéw %opv@fﬁ&ﬁe mbhRnfa Ao ﬁiéhélﬁe@@yﬂcﬂl}pﬁb@@% Hytms case

process of present i nventi on can Be renoved
13%}1@ apenumt &ir the aaapum of avater ersorbesf ancthe umdenitdul ordsr o determme

the gﬁ?’c og &nqul %ﬁlﬁgg ﬁ%% I{édg% g&l?\%@h Ergg C @JJ:& oagéng The solution

wasdms&ed hobresit iyl the\élitebﬁanaam@ﬁ&tﬁr dlspﬂﬁbhngﬁyﬁﬁthEe R6fRlcalt€was then
a product. of the process be recovered and used

lmpé%f@t‘?éh"’lﬁsthﬁ CPRRSY §?‘?§€‘ﬁ Spl’zsmomm’%@r thhisnpregnation deeagerdgnite was
leftQt aﬂg H?é’ bridRidRY 9h glsﬁélgeg 52 1, U@fnﬁ%& &ﬁﬁﬁg%ﬁ&ga loaded
car boxy

i c acld using known techniques
mordemtd: waetrahsfdridd tataiforced Thievectioeonendairas htmaspherbeat 80°C for 20h.

trated th refergence o.thefolo'.n,Ex | es.
Aftps RS F5 HhesOppe SAcet Pt Bl Ar g Pated
°d7h1M23!('())C£(et@hﬁa€raMi‘é ge500°€, helH Rt 80T fo£ 80 hftn, 3haHHhB ?erﬁﬁérhtﬁrezwas

d-chem e) was conpacted at a pressure of
incteaseddy 1°R/minto5687C,detl PS507e fardd mingthes urwwed by 4°C/min to

OPEATRER oL L bR Bued PR 01t b PaipaRpaigngpser

stre@@bfQe. 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. |
Carbonylation 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 methanol 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 um. 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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under air at a ranp. rate of 1Cmn to a tenperature

of 5000C, held at 5000C for 30 mn, the tenperature
worw7itggoseased by | C/min to 5500C, held at 550BCx/GBr003001113

mn, then increased by |G mn to 6000C, and held at

6000C for 180 nin.Preparati oh B -Preparation of Cu (55

Mordenite. Mordenite with a silica to alumna ratio of

20 (ex Sd-Chemie) was treated with a copper acetate

solution, to a nolar |level corresponding to the
wasgbersheatadat 55 dse- Gingon helldmgmmp@ﬁ@r@@ﬁ%?@ﬁ@dwh@e alcwep held for

= il e B AR F e Pith ok ARARR W3 g AR a0

degmz'mhﬁhgamﬁsllcﬁwecﬁw def“ ﬁfhifz ofi3 hg)hrSNafttethl,s poitt ch’@ys( hatisation is
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con%lge;rsﬁ? eotpplpte and %3% fﬁed wa%s‘wa@@ g gmixiyrey mpepoxide and

hydyog%g g@ﬂégg&% ‘}%25 oF 4afls %gergke% 6b148 Iﬂmﬂﬁ WHkIE rﬁéﬂheg{oﬁ%s fed at

anount o solution require
40 ralfinireasen vapoud és dbteih £COpdt; :(Me@Hngtio ifithe sblufeedof appsoximately
' d well ai d of .an. uto tic di.spensin
S & el R TP RS HHbRTPHEgh A VBHAIF FE PRS0 m/min
to e@@ma@ fhee}ﬁ@;safe%“ﬁ sWdtWeen the 1 6 Feakld® ekifd) TRE BRY k@&hnh BBm the
nordenite was | eft at ambient conditions on a shaker

reacteyrwas fassedste @rgas phrosiatograny to Hetetming élke ¢apgerdrhtion of egsictaats and

ed to a forced convection oven (air as
carb\@ﬁg%ﬁg%d)ﬁc{esﬁ 80C for 20n. After the drying step the

c o gn axah@&dpﬂle edction iniag allewedml cbnﬁﬁ@b foﬁ 8&Qmoafwhﬂaeaécﬁdhuons
to a tenperature of 500 hel d at, 500C

of 3@@ (Pn3|9 e racaps by Ehse Velogite (GHSSV) of AG9Uageth %@eeéf@“rh Iitio of

t f
COYfly MO ol B SIP8 2 PSR%2 Bhtsife FAdDH FRAA M EARE S ) mole
% tc@cmhola &0, teivingrb feedstocloratiiotof €1k Hyn O o878.¢d6c? amd the reaction
The ¢ er | pade enite was then sieved to obtain
confjnyed; efg?tﬂél}?%@fjﬁg@lﬁn the range 125 - 160 mm
Pr qRah@kipR) the redi6R a8 hilOWedio Datiirdtor V84 9 9Blismder conditions
Preparation nethod B was repeated except that Ag

of 3001, d0anaszea Sewrly space Nelorit(GHIADioBHONYbrdtn fondtedkctatio of

coffy RIEar Tk 301, M BBl T e e AR 052 1 mote

% t®@Rthadle ekl givias b eubtatit fitioRETT: NN JEHE bf P4.410%:Hand Y reaction
and Ag nordenite catal yst sanples prepared as

contjeugdrfope tptaligeeof 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 Joaded mordenite respectively ) are given in Table 1 below.
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reaction
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); .6H0, 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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5 Ag 5 41.0. 43.1 . 31.6 68.8

6 Cu 5 42.0 7.5 39.8 39.8

7 Ir 5 41.8 472 54 51.6

8 Ni ' 5 40.1 12.8 31.2 38.1

9 Ag 55 406 ° _ |915 24.2 111.1

10 Cu 55 40.9 38.1 45.5 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
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WO praeaai i on process instead of copper acetatBCT/6B2007/001113
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feedstock of CO H2: MeCH in .a nolar ratio of
79.2:19.8:1. Results for Exanples 4 to 16 after
approxi mately 40 hours on streamare given in Table 2
bel ow. Table 2The STY to Acetyls is the sum of the
MeQAc and AcOH STY's in AcOH equivalents i.e. STY
Acetyls = STY AcOH + {STY MeQAc x (60.05/74.08)}. As
the results of Table 2 show, the use of Ag nordenite
provi des superior results to those of the Cu, Ir and
Ni | oaded nordenites and H-nordenite.Clains 1. A
process for preparing an aliphatic carboxylic acid
having (n +1) carbon atonms, where n is an integer up
to 6, and/or the ester derivative thereof which
conprises contacting an aliphatic al cohol having n
carbon atons and/or a reactive derivative thereof wth
carbon nonoxide in the presence of a catal yst, wherein
sai d catal yst consists of nordenite which has been

i on- exchanged or otherwi se |oaded with silver. 2. A
process according to claimlwherein the nordenite has
a silver content of 1 to 200 nol % per unit vol une of
alumnium 3. A process according to claim2 wherein
the nordenite has a silver content of 50 to 150 nol %
per unit volunme of alumnium 4. A process according
to any one of the preceding clains wherein the
nordenite has a silica : alumna nolar ratio in the
range 10 : 1 to 30 : 1.
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5. A process according to any one of the preceding

claims wherein the nordenite contains a franmework
woreai7fi2sess el ement sel ected from at | east one ofChaBbRioanv1113

and iron. 6. A process according to claim5 wherein

the nordenite has a silica 12oxide of the franmework

nodi fier elenent nolar ratio in the range 10 : 1 to 50

1. 7. A process according to any one of the

precedi ng clains wherein the alcohol is nethanol. 8. A
Claphocess according to any one of the preceding clains

wherei n the al cohol and/or reactive derivative is

contacted with a bed of alum na or corundum

| . . . t
LBt R prAl SR S PRI Bl Bl VDl cartn ofbms,
whenhe issaminteger emtoon andion theiedter derivativel theseod whictt coneprises h

hydr ogen. ,10. r.ocess acgording to,,any one of the
coni3F Rt fiphena i ROar B EREAHEs SR Y isaots Yo ifve thereof
witlPéRBEBMmonddide th thE PERESceE A RhEIYRE WHerci ¥ai@ B8taBkt ddheists of
precedi nﬁlbd ai ns wherein the process is carried out

morggmit which s Yeenion-rechapgshrotisrwisglloasied withsilver process
o, ac Cg:jnq‘b&gs Bgco?d’ix%%qaa'g‘{ I\Rlﬁe?ei?rtﬁé: ﬁgﬁé%tg {h% Q@il\y&] g{)ﬁt&ﬂ{ of 1to
the ' process 1s carried out at a tenmperature in the
200macigepatmittvol o lumiidumA process according to claim
12 wherein the process is_ carried oat at a tenperature

3. i n frgoseshaweondng toclaigy? gberemn the margenitedag @ sty e Ggtepbot 50 to
lsoé}ﬂé‘lwg%lﬁftvtoﬁﬁné%@él&ﬁhﬂ&n?' ai ms wherein the process is
out i

carri at a pressure in the range 10 to 200 bar.
4. 15. Alrpesss essrding by atiynapetod thel mreceding cliiersevirer¢ih ¢he mordenite has

Jrocess. i s qarr'.ed &%t at 1g@re gune in the range 25
2 SHG BRI TE AP IGCEYS ac &P§| nd"to any one of the
5. Preasstbds ﬁé&kdfﬁ%%ﬁ{y%d@ of iR acediRAivhsSPRGEn IR @6ideNite
is in the range 2000 to 10,000 h"1.” 17. A process
contedttsor @amepverds raedjfienalernentiselectpd Gontitiepstong ofszallivum andiron.
6. ' N® ARNBESRE BedofaiRB T ARRLs SheRuf MIHAAMOHR: HE ASARS - oxide of the

framework modifier element molar ratio in the range 10 : 1 to 50 : 1.

7. A process according to any one of the preceding claims wherein the alcohol is
methanol.
8. A process according to any one of the preceding claims 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 any one of the preceding claims wherein the carbon

monoxide is used as a mixture with hydrogen.

10. A process according to any one of the preceding claims wherein water is also fed
to the process.
11. A process according to any one of the preceding claims wherein the process is

carried out substantially in the absence of halides.

12. A process according to any one of the preceding claims wherein the process is
carried out at a temiaerature 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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18. A process according to any one of the preceding
clains wherein the process is carried out as a fixed
whew7/124985 d bed or noving bed process. 19. A prOL/682007/001113
according to any one of the preceding clains wherein
t he carboxylic acid is acet1£ acid. 20. A process
according to claim1l wherein the process is a process
for preparing acetic acid by contacting nmethanol wth
car bon nonoxide in the presence of hydrogen at a )
14. t efpBioges§RECQIAINGHA 2Py ARROLtbe preseding ch@ngwhergin the process is

. r.e.l Eg,gg t - bar and wherein the
camfgr%rgg@ehfl?%ésg%r%?gfﬁns %e @0@8%%% % of silver per unit
15. volAipmceds aatardingitoelaild 12 wikreiatlsd ptotesk &5 cansal dut at #@ressure in

repar at.i of an aliphatic carboxylic acid having (n
therg‘i%e?g;tf’ﬂgﬁ%%ons, where n is an integer up to 6,

16. anqﬂ(gfockﬁeac&ﬁ'ﬁﬂg 18 8hy YA bR PRRESAE cRYmS VREAG B Fadfourly
al i phatic al cohol having n carbon atons and/or a
space aglotityis inl &reirangd A0t OHOO bivi t h car bon nonoxi de,

whefein said gatalyst is epar ed by. Lon-exchangi ng or,
17. 3k Bisad Pt ie b ahE b BrisaT B ElRO MRF G e protess s
operffed deA céRindotidpcbsger, drying the

i mpregnat ed/ i on- exchanged nordenite and subsequently
18. cal&pricesy acerrdingte @y phe el theprageding elaims whewsinplbe arasess is

o r . tal yst accordi ng
carripB ot A BB4 Dol Wl BeB BPmiBbine S piboifl 21 Yo OCOT

19. al Urbrogesstlkcedrdingtto @ny Bné Hfthe prgedidf claith®whlrein the aboRylic
..Silver content in the range 50 to 150 nol % per unit
acid yspcgheadd- al umi ni um

20. A process according to claim 1 wherein the process is a process for preparing

acetic acid by contacting methanol with 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.
21. A catalyst for use in the preparation of an aliphatic carboxylic acid having (n +1)
carbon atoms, where n is an integer up to 6, and/or the ester derivative thereof by
contacting an aliphatic alcohol having n carbon atoms and/or a reactive derivative thereof
with carbon monoxide, wherein said catalyst is prepared by ion-exchanging or
impregnating the ammonium or hydrogen form of mordenite with silver, drying the
impregnated/ion-exchanged mordenite and subsequently calcining the dried silver
mordenite at a temperature in the range 500 to 600 °C.

22. A catalyst accdrding to claim 21 wherein the mordenite has a silica : alumina
molar ratio in the range 10 : to 30 : 1 and a silver content in the range 50 to 150 mol% per

unit volume of aluminium.



