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This invention relates to bound nordenite zeolites and their use as

cat al yst sWpr20te8ar bonyl ati on of a car bonyl at abl e r eacP&NGBOEHN02H0

di met hyl ether and nethanol. Mrdenite belongs to the class of materials
referred to as zeolites. The structures of a |arge nunber of zeolites,

I ncl udi ng nordenite are well known and are defined, for exanple, in The
Atlas of ZeohRBONYIARGN EROGESS CATABYSEPBYNORDEMITERUBPORTED. O son,
5n ed. Elsevier, Ansterdam 2@R1INoRBANIERNGBE]D Version
(http://ww.izastructure. org/dat a%ases I's a conpendi um of topol ogi cal
and structural details about zeolites including nordenite. Zeolites in
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for making nonocar boxyl i'c acids and est’ers conprising contacting carbon
nmonoxi de Cisva, & b Ad$eytiri Amaleniahp R0GOnTlx welnbased versibnoatthdmvatr.oms in t he

presence of a crystalline alumnosilicate zeolite hayi .sibi a : alumna
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al so been disclosed as a catal yst in gas phase carbonyl ation processes
Zeolites in general have been used to catalyse a variety of different chemical

processes including hydrocarbon conversion processes and the carbonylation of alcohols
and ethers with carbon monoxide to produce carboxylic acids and/or esters.
Mordenites bound with a binder material have been demonstrated to be suitable for
15 use as catalysts in hydrocarbon conversion processes such as the transalkylation of
aromatic hydrocarbons, as described in US 6,486,372 and the hydrocracking of high
boiling hydrocarbon feedstocks, as described in WO 97/13826.
US 4,612,387 discloses a method for making monocarboxylic acids and esters
comprising contacting carbon monoxide and a monohydric alcohol containing 1 to 4
20  carbon atoms in the presence of a crystalline aluminosilicate zeolite having a silica :
alumina ratio of at least about 6 and a constraint index within the approximate range of 1 to
12 under a pressure of at least one atmosphere.
Mordenite has also been disclosed as a catalyst in gas phase carbonylation processes
employing dimethyl ether as carbonylatable reactant. For example, there is described in
25 WO 2006/121778 a process for the production of a lower alkyl ester of a lower aliphatic
carboxylic acid by carbonylating under substantially anhydrous conditions a lower alkyl
_ether, such as dimethyl ether, with carbon monoxide in the presence of a mordenite or
ferrierite catalyst. There is no disclosure in WO 2006/121778 of the use of a mordenite
which is bound with a binder material. ,
30 Inorganic oxide binder materials, such as aluminas, silicas, silica-aluminas, titanias
and zirconias are generally considered to be inert materials and therefore it would be

expected that a volume of catalyst bound with a binder material would demonstrate
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the catalytic performance of H-mordenite in the carbonylation of a carbonylatable reactant

15  selected from dimethyl ether and methanol with carbon monoxide, in which carbonylation
there is used as the catalyst, H-mordenite bound with said binder and wherein the binder is
selected from silicas, aluminas, silica-aluminas, magnesium silicates and magnesium
aluminum silicates.

The catalyst for use in the present invention comprises a H-mordenite zeolite bound

20  with a mesoporous binder selected from silicas, aluminas, silica-aluminas, magnesium
silicates and magnesium aluminum silicates.

H-mordenite (also known as the acid form or hydrogen form of mordenite) is
commercially available. Other forms of mordenite such as the sodium form or ammonium
form are also available commercially. The sodium and ammonium forms of mordenite can

25  be converted to H-mordenite by well-known techniques. For example, the ammonium form
can be converted to the H-form by calcining the ammonium form at high temperature. The
sodium form can be converted to the H-form by converting first to the ammonium form by
ion exchange with ammonium salts such as ammonium nitrate and then calcining the
ammonium form at high temperature.

30 Typically, mordenite has a silica’; alumina ratio in the range 10 to 100 : 1 and such
mordenités are suitable for use in the present invention. Preferably, however, the silica :

alumina ratio of a H-mordenite for use in the present invention is in the range 10 t0 40 : 1,
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The mesoporous binder for use in the present invention is selected from at least one
of the group of silicas, aluminas, silica-aluminas, magnesium silicates and magnesium
aluminium silicates. Aluminas or silica-aluminas are particularly useful. Examples of

15  suitable aluminas include boehmite type alumina and gamma alumina. Where a silica-~
alumina is used, its silica content is préferably in the range 5 to 40 wt%, suitably in the
range 5 to 10 wt%. Preferably, the silica-alumina is amorphous.

Preferably, the binder is a refractory inorganic oxide such that the inorganic oxide is
stable at high temperature, and, in particular is stable at temperatures which may be

20  employed in calcination of the catalyst, such as a temperature of at least 400 °C, for
example, a temperature in the range 400 to 550 °C.

The binder for use in the present invention is mesoporous. For the purposes of this
invention, a‘mesopore is a pore having a diameter in the range of 2 to 50 nanometres and
the expression ‘mesoporosity’ means the sum of the total surface area of the mesopores

25  and the external surface area of the binder as measured by nitrogen BET. Suitably, the
mesoporosity of the binder is in the range 1 to 500 m%/g.

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

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

The amount of binder which can be used in the catalyst may vary but the amouint is
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In a preferred embodiment of the present invention, the binder is an alumina or a
15  silica-alumina which has a mesoporosity in the range 50 to 500 m?*/g, a microporosity of -
Jess than 10 m%/g and has Group 1, Group 2 and iron metals present in a total amount of 0
to 1 wt%, preferably, in a total amount of 0 to 0.2 wt%, and wherein the binder is present
in the catalyst in an amount in the range 10 to 80 % by weight of catalyst.
In general, the catalyst for use in the present invention can be prepared by forming an
20 intimate mixture of the binder and the H- form or ammonium form of mordenite, by, for
example, slurry mixing or dry mixing of the binder and mordenite components. After
mixing, the bound mordenite may be calcined. In general, calcination is carried out at a
temperature in the range 400 to 500 °C but higher temperatures may be employed such as
temperatures ﬁp to 550 °C. Prior to use, the calcined catalyst may be pressed, crushed and
25  sieved to form aggregates.
One method for preparing the catalyst of the present invention consists of slurry
mixing the mordenite with the birder. Slurry mixing may be performed by mixing a
mordenite, binder and deionised water, for a period necessary to obtain a wet
homogeneous paste or slurry.. The slury is then dried, for exarhple, at a temperature in the
30  range 80 to 120 °C for several hours to remove any excess water and-all or substantially all
of the physi-sorbed water. The drying may be carried out either at atmospheric pressure or

under reduced pressure. Optionally, prior to drying of the wet paste or slutry, it may be
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Where the carbonylatable reactant is dimethyl ether, it may be substantially pure or
may contain low levels of inert impurities. In commercial practice, dimethyl ether is
15  produced by the catalytic conversion of synthesis gas (mixtures of hydrogen and carbon
monoxide) over methanol synthesis and methanol dehydration catalysts. This catalytic
conversion results in a product which is predominantly dimethyl ether but it may also
contain some methanol. For use in the process of the present invention the dimethyl ether
feed may comprise small amounts of methanol provided that the amount of methanol
20  present in the feed is not so great as to inhibit the carbonylation of dimethyl ether to methyl
acetate product. It has been found that 5 wt% or less, such as 1 wt% or less of methanol
may be tolerated in the dimethyl ether feed.
Alternatively, dimethyl ether may be generated in-situ from any suitable source, such
as dimethyl carbonate. For example, liquid dimethyl carbonate may be contacted with
25  gamma-alumina to decompose the dimethyl carbonate to dimethyl ether and carbon
dioxide.
Suitably, the concentration of dimethyl ether in the gaseous feed is in the range of 0.1
to 20 mol%, based on the total gaseous feed (including any recycles).
The carbon monoxide may be substantially pure carbon monoxide, for example,
30 carbon monoxide typically provided by suppliers of industrial gases, or it may contain
impurities that do not interfere with the conversion of the carbonylatable reactant to the

carbonylation product, such as nitrogen, helium, argon, methane and/or carbon dioxide.



tenperature in the range 400 to 500 OC but higher tenperatures nmay be
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comerci al practice, dinethyl ether is ) o
Where the carbonylatable reactant is methanol, water will be generated in-situ by the
dimerisatibn. of the methanol to ethers or via esterification of the methanol with acetic acid
15  product. If desired, water may be added to the methanol feed. The amount of water added
may be such that the molar ratio ratio of methanol : water is in the range 50 : 1t0 2 : 1. The
water may be fed separately to or together with the methanol feed. The water may be fed
either as a liquid or as a vapour.
The carbonylation of dimethyl ether to methyl acetate does not generate water in-situ.
20  Water has been found to inhibit the carbonylation of dimethyl ether to form methyl acetate.
Thus, water is kept as low as is feasible. Preferably, therefore the carbonylation of
dimethyl ether is conducted as an anhydrous process. To accomplish this, the dimethyl
ether, carbon monoxide and catalyst are preferably dried prior to use in the process.
However, small amounts of water can be tolerated without adversely affecting the
25  formation of methyl acetate. Suitably, water may be present in the gaseous feed to the
process in an amount of 2.5 wt% or less, such as 0.5 wi% or less based on total gaseous
feed (including recycles). .
The process of the present invention may suitably be carried out at a temperature in
the range of 100 °C to 400 °C, such as 150 to 350 °C. ”
30 The process of the present invention may be carried out at a pressure in the range 1 to
100 barg, such as 10 to 100 barg.
The Gas Hourly Space Velocity (GHSV) is suitably in the range 500 to 40,000 1,
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hydr b enreaMant wapesr, ofrbhy drongside gachndaosmnakphydcoghn gsghoogirefoiedbbd;

pr oduced ;by.. t t eam r ef or nj of . hydr.ocar hon d by the.partial
b dat 1 ofittisef e GE AR bR BERR el X nalbirg riperRttand as
synt hesi greg@ge. Synthesis gas conprises nmainly carbon nonoxi de and hydrogen

but may also contain smaller quantities of carbon dioxide.
If desired, the carbonylatable reactant may be contacted with a bed of alumina, such

as corundum, immediately before the bed of catalyst.

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

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

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

25  methanol.

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

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

30 acetic acid.

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

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



Suitably, the nolar ratio of carbon nonoxide : hydrogen may be in the range
1: 3tol1l5: 1, suchas 1: 1to 10 : 1. Were hydrogen is present in the
process, WO 2ayskR9present at a partial pressure of at [PeaaiB2009200baPg, such
as 1 to 30 barg. The nolar ratio of cargbon nonoxi de to carbonyl at abl e
reactant is suitably inthe range 1 : 1to 99 : 1, such as 2 : 1to 60 : 1.
Were the carbonyl atable reactant is nethanol, water will be generated
in-situ by the dinmerisation of the nethanol to ethers or via esterification
of the meichriRehbishlidhideesdrfedtkettiphoduct . |f desired, water may be added to
t he net hanol feed. The anmount of water added may be such that the nol ar
ratio ratio &ydrdyHanbmethylgsetate may phcartied ouwihy&nswn technigues such as The wat er
may be f or. to r t he net hanol feed. The water may
be fed eﬁg%Z§Q§£5ﬂlgtjllé/n mqlclie reseélggéf@aa%ﬁuéra@alﬁe car bonyl ati on of di et hyl

et her to met setiasat &Ilﬁclﬁ@@@oﬂ@éd ﬂeme:hap@duats&éam Bf HetpileseMéib@dntidasr been
found to inhibit the carbonylation of dinethyl ether to form nethyl

acet afe. VHHERIS sphtegrently ntepiced 8y Pydionsisiod eréhi/é peftate oy by priipdypsingher ef or e

the carb t ed as an anhydrous process.

To accon%pl}ﬂéﬁﬁltoﬂﬁsp%lf%ﬁ%l@%@w %ﬁﬁgﬁﬁﬁfﬁ, nonoxi de and catal yst are

prefer abl y dﬂme@rmgmfth@pmmt memthm payobegRratédasides; a sofinowunt s of

wat er %@Eﬁ% t ol erat ed t hout adversel %/qsaf fecting the formation of nethyl
t

acet at e. PRREeyS: INEEePY RS CORIBIOUS BICCSSn t he gaseous feed to the process
in an amount 1@t ngveﬁué(‘ﬁ14’&35\1ﬁlﬁé:t?atedsdv'ﬁlbre?ée&e%%ﬁ)%ﬁe Sk ?é%d on total

gaseous feed (including recycles). The process I nventi on may
sui t a6l y Bxangdedi ed out at a tenperature in the range of 100 0C to 400 0G5

such as ]éaC%altv(s)t g?e%a?z%ion

A series of catalysts comprising 80 wt% H-mordenite and 20wt% binder based on the

total weight of the catalyst were prepared by Catalyst Preparation Method 1 or Catalyst
Preparation Method 2 as described below. ‘

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

Catalyst Preparation Method 1

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

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

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

25  for 2 hours. Finally, the temperature was increased to 500 °C at a ramp rate of about 3.3
°C/ min and held at this temperature for 3 hours before being allowed to cool to room
temperature. Prior to use the calcined catalyst was compacted at 12 tonnes in a 33 mm die
set using a Specac Press, and then crushed and sieved to a particle size fraction of 250 to
500 microns. 4

30  Catalyst Preparation Method 2

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

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



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

Vel oci ty wOoHBM)osss9sui tably in the range 500 to 40, 000 rCTI/GR2009/02412000 t O
20,000 h 1. It is preferred that the catalyst is activated i mediately
before use by heating the catal yst at el evated tenperature for at |east one
hour under flow ng nitrogen, carbon nonoxi de, hydrogen or m xtures thereof.
Preferably, the process of the present invention is carried out

substant [ I VGG M

" subst anF?éq a?ﬁd rgﬁa%ﬁ%égggmﬁat o éﬁtt%%ge?atﬁ %géﬁésflg?qgggho'ﬁ i B " ont ent
of the rWasﬁlanbalgmséscc(omangmﬁmb@t@bdhee desatbechin @ataiystahmmtrmﬂdethﬁté) and

cat al yst |s l.ess than_ 500 eferab han 100 m The process of
the pres@&mt” }% e F%thi%a@gﬁefmﬁﬁp @S%Wrcf’ agai at tﬁ&%%sllﬂé é‘?rﬂélheﬁe tabl e
react ant um?@gf)ecas PEARQ BRI e asd ﬁad:d tQHEp‘a el éde RYFHRYENs @RS00t hr ough
a fixed be ui di sed bed or moving bed he catal yst naintal ned at the
desi red megrps at ure and pressure. |f desired, the carbonyl atabl e reactant

may be cinlt)ggt ed with a bed of alum na, such as corundum imediately
before t of ‘catal yst. The products of the process of the present

inventi OBl Met hyl acel|3h@oin/Nbple dcBjgeC aci d. Wiere thHe carbonyl atabl e
react ang Al:? Cf?gﬁl@ﬁm h ARJH‘? 024 ;I”-Jlmgﬁl)ﬁl Eﬁ’ﬁfhﬂ% prodgct will be acetic
opid bu STl T amunts of e Cc o b guces, dependi ng on
di et hy| PEERSB 4 b pr i ﬂ@ﬂ%&ﬁéi' ds bo&ﬁ?ﬁﬁ%ﬁm@? iyl acetate but
smal | apM9RY41%f acetic c(ﬁ"Aoanay al sd PRENGFBMAWEDAThe agetic acid and/or
net hyl hcetate produced By the procegs$ilsgict he present inyention can be
r enoved| Chingfi 10ér m of a |Veapbarge and t|lndumiabsibeate clay
Kaolinwerke
Chinafill 200 Amberge aluminosilicate clay
Kaolinwerke

Bentonite Aldrich silicate clay

Kaolin-Aldrich Aldrich aluminosilicate clay

Ludox Aldrich silica

Montmorillonite K10 Aldrich silicate clay

"CATALOX HTFa-101 | Sasol boehmite alumina

CATALOX HTa-101 Sasol boehmite alumina

Puralox TH100/150 Sasol boehmite alumina

Puralox SCFa-140 Sasol boehmite alumina

Siral40 , Sasol silica-alumina

Siral20 Sasol silica-alumina

Siral10 Sasol silica-alumina

Siral 5 Sasol- silica-alumina

Kaolin-Zeochem Zeochem aluminosilicate clay

Pansil 400 Tolsa magnesium silicate

10

15



condensed to a |liquid.

et

In addition to acetic acid and net hyl
product stream fromthe process of the present
unconver two 2diomsstay|

her and/ or

unconvert ed

met hanol

acetate, the

I nvention may al so conpri se,
. PREtdBRhOYHwRL1at €

and/or acetic acid may be recovered frigmthe product stream by conventi onal

techni ques such as distillation.
it may be forwarded to ot her chem cal
of the methyl
Al t er nat

at

TXﬁ’l'ﬁﬁ

The net hyl

processes.

acetate may be sold as such or
For exanpl e,
acetate product nmay be hydrol ysed to acetic acid.

| east part of the entire product stream of the present

at | east part

process, ich conprises nethyl acetate, may be passed to a hydrolysis
st age from which acetidacid is subjsequently seflatAnedaltthefefrom Hydrolysis
of nmethyl acetate may heviedipok&tyduilideypkioeitn | iikphAtiees $uch as reactive
distil mﬁa&n in the pr es(grﬁ@ of an @d?yggi cat al yahtopfcetic acid which is
recov A%ﬂ $1r onT t e product Beam tT\gaS presq@tmrn\rerrrl p or whichis
subsexnwlfrt&I ¥ ptoducetd—hHy—h ]J.ym s—of 33\:(11)/. ﬁ%?L ate——canjbe purified using
convenm J’\ILI" ificatilon-techni gues; sueh—as t-Jl-atio The process of
the pl@YESBi pvention nay he’hper at ed 5406i t nbP-1§ continubus or a batch
pr ocesChinafilf28Pabl y as |a corl®d nuous prodess. TRE4i nventioh is now
i || ust Patask TWHIG0/15Sf er ence g4t he |fol | ewdng Exaigpl es. Exapple 1 Catal yst
Prepanall i SCREIA(ES Of| calqhysSts |Conpidigi ng $0. 1wt % H-nor denite and 20wt %
E’:‘ gggl §4@30n§2h;§e£§f %ﬂs er e gatal ygtiswere prepared by Catal yst

Siral 10 (3‘7 <10 0.14

Siral 20 376 <10 0.05

Siral 40 457 <10 0.05

Catalox HTFa-101 80 <10 0.08

Montmorillonite K-10 250 <10 4.35

Pansil 400 237 <10 4.70

Kaolin (Zeochem) 10 <10 2.01

Chinafill 100 <10 <10 4.42

Kaolin (Aldrich) 17 <10 0.86

Bentonite 42 24 7.09

Ludox 163 <10 0.96

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

Carbonylation Reaction

Each of the H-mordenite catalysts prepared from each of the binders identified in

Table 1 above were used to catalyse the carbonylation of dimethyl ether as follows. H-

mordenite (calcined CBV21A, ex Zeolyst) in the absence of a binder was also tested. The

carbonylation reactions were carried out on a pressure flow reactor unit comprising 16
10 reactors. A Hastelloy reactor tube fitted with an. integral electrical heating jacket was
packed with 0.6 ml of a catalyst and 0.2g of a gamma alumina pre-bed. The reactor and
heating jacket were installed on the unit in a heated cabinet. The temperature of the catalyst
bed was controlled by the integral heating jacket and the temperature of the pre-bed was
controlled by the heated cabinet. The reactor was heated at atmospheric pressure under a
.15 flow of nitrogen to 130 °C in the heated-cabinet and maintained at this temperature. The
feed gas waé then changed to 80 mol % carbon monoxide and 20 mol % hydrogen and the

system was pressurised to 20 barg. The gas flow rate (GHSV) for these and all subsequent



Preparati on Method 2 as described below. Details of the binders used, the
type and sources of the binders are given in Table 1 bel ow. Physical and
chem cal WOPWASBEE of the binders are given in Tabl e 2PCTABRHH02410
Preparation Method 1 8g of an anmmoni umjpordenite with a silica to alumna
ratio of 20 (CBV21A ex Zeolyst) was m xed with 2g of a binder. Sufficient
dei oni sed water was added to nake a thick slurry and the m xture stirred

t horoughly. The slurry was dried in an oven at 110 OC for at |east 20 hours
before bejisis wAl500086" The 2hcRY Ghs WBAEH 10 0B aL & rAhPRIOBET °C Br Rintite and

Cal cination was carried out by increasing the tenperature fromroom

t enper at uthe rqagtop adntringd at thesgsonditiensdbr Bvadi@ursyfier valnigh Heledhaearbdriy$ation
tenmperature for 2 hours. .The tenperatur hen i,ncreased tao.l Cat a
Fanp 1 at BB R SR et SETDR %S RORpRrHOT EOPBHIS our o
Finally, hmbe %ﬁy@@F@i AIE MR% JohedssirBoda® Gt Ge Rhctdr. abdhstaat Bowhf about
3.3 00 mn and held at this tenperature for 3 hours before being all owed
to codl twastivamiteaspewa fgken frpmithe high pipsaure pide ehibeirerstprclst doWmto was

compact e ~ ' 0. di J Pr gs. hen
crushed atCgnEybBRpgts ih GubdfL AL & 1BBL LUNCaDSRASS ot B Blfeh

Cat al yst {or emdysid dfeoethyBiproducts @gtiofl acomeadimetoacdnite with a silica to
alumna ratig_of 20 (CBV21A ex Zeolyst) in powder_ formwas m xed with 2g of

a binder in absoests ofibeicaibenrationicpstiogs presitvenda Tableat kedowt Thegpasedimat
| A . X e
Seoor di gﬁ?jg%fﬁ,?ﬁ(}l {Oeacg@%djr} (Ba&%%y{;vgs %12%11%%&‘%3011?\@? r opar at!on Mithod 1. ¢

accordin e’ proc ScCri alyst Preparation Method 1
above( PrAatyls SThseAtOH SRY ¢ 60t t MeflAsTTYWas conpacted at 12 tonnes in a

33 mmdi e, set ' a Spegac Pr and then crushed. and sieved. tpo a
particl e Af¥s g&g}g i8et g‘? Sé%gmtscerrsﬁéb@eﬁ%’& fsrigta Welgﬂt St Mordentié Ga bl
components
Acetyls STY (g kemor™ b is the STY based on the weight of H-mordenite in the
combined H-mordenite and binder mixture.
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Table 1Table 2 * netal

bi nders which are magnesium silicates or

inpurities are Na, K Ca, My and Fe.

NB for those

magnesi um al um na silicates,

magnesi unwooraisseonsi dered to be a nmetallic inpurity. EarhsBrydsaipan
Reaction Each of the H-nordenite catalysts prepared fromeach of the
bi nders identified in Table 1 above were used to catal yse the carbonyl ation

of di net hyl

ether as follows. Hnordenite (cal ci ned CBV21A, ex Zeol yst)

in

t he absence of a binder was al so tested. The carbonyl ati on reacti ons were
carried oupoh a pressure flow reactor unit conprising 16 reactors. A

Hast el |

v teactor tube fitted with

an integral

electrical

eating jacket

was packdtndért h 0.6 nl afCatalyst al |

The reagtor and heating

j ek stationr

St Aesigls 3G
e {giglal heyl d

f Azetydn$EYal
NgtagiokMint") |

um na pre-bed.
n a heated

cabi net.| The tenperatureg Mmethoe cdt al ygtoohed was cqppggl | ed by the integral
heati ng Kgﬁ-rﬁ‘&‘aeﬁfﬂ? flenperaturg of tig pre-ped wggycontrol | ed by the
heat ed c%g{niyr)\ t. The reagtor was heated at atnpgpheric presgure under a flow
of nitroger e 130—-0C+r—the heated cab:d"t afrg—redt %g" reeHat this
t enper at 8L The feed gas was therd chantitd to 80 mo % arhdn nonoxi de and
20 mol %MAIPBgen and tHe sydtem was pd¥<@hrised t d32(barg. The gas flow
rate (GI3P78r t hese and al Il subdequen¥t eps was 5000 hr 1. The reactor
was heat] €thifafill300 OC at |a ranp ratle of253 (BC per| ni BUT é)and |t he reactor
mai nt ai negiakitimese conditions forl two hggirs, after oahich tlime the
car bony gt pRpreaction vias sparteq by I g7 oducing asggseous feed of 16 nole
% car bo”dh‘i’ﬂé‘ﬁﬂﬁ)ﬁ’ 19 mgte—9shydrggen al%ﬁ notie 9% (iggretﬁyl carbonate into
t he rea¢tht—Aconstant—fo \/2%%.' act+on—pH—gases J""j taken fromthe high
pressure ! down £ at npd j ure at a
t enper af fraglinfZepchemhst 1130 @C and passeP to algas SBZamat ggraph for
anal ysi $ Sofl ficet yl s product s2(net Hyl ac#tZite and acéflpc acild) .

Siral 10 2 375 469

Siral 20 2 292 365

Siral 40 2 318 397

Puralox TH100/150 2 338 422

Puralox SCFa-140 2 342 427

Catalox HTFa-101 2 367 459

Montmorillenite K- 2 317 396

10

Pansil 400 2 370 463

Bentonite 2 277 346

Ludox 2 310 387

10

(a) This result is an average of two carbonylation runs

(b) This result is an average of three carbonylation runs

In addition, a series of carbonylation reactions as described above were carried out,

in which the carbonylation reaction was conducted in the presence of a binder with no H-

mordenite present. No carbonylation activity was observed for any of the binders tested.
The binders tested were Pural SB, Siral 5, Siral 10, Siral 40, Chinafill 200, Puralox SCFa-
140, Kaolin, Montmorillonite K-10 and Pansil 400.

As can be seen from the results in Table 3 above, H-mordenite catalysts which

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



The results of the carbonyl ation reactions are given in Table 3 below. The
space tine yield (STY) to acetyls products was cal cul ated as foll ows :
Acetyl s SV 2010Ac8H9STY + 60/ 74 * MeQAc STY Acetyls STY egTiapzaoslooks1d) is
the STY based on the total weight of H3nordenite and bi nder conponents
Acetyls STY (g kgMOR h 1) is the STY based on the weight of Hnordenite in
the conbi ned H-nordenite and binder m xture. Table 3 (a) This result is an
average of two carbonylation runs (b) This result is an average of three
car bonyl @xhagipiéins I n addition, a series of carbonylation reactions as
descri bed above were carried out, in which the carbonylation reaction was

conduct e@atalystRrepaxationce of a binder with no Hhordenite present. No

car bonyl qfloln actiyit vas observed for any of the binders tested. The

bi nders %@@%M%%BS Siral 5, Siral 10 Siral 40, Chinafill
20G6Pur al ox 6f andiAGBIKAOh bidenibddtsiivai: lluailhd @iti8o100 a0BVRaAsT.Eoldl0. As can

be seen fromthe results in Table 3 above, H nordenite catal ysts which

contafn E@tﬁ@éﬁmﬁé)\/‘éass%b@?@dﬁ* SeRPEIfg Rowsrm sfaticypinte ohtapy Honekdamitee cat al yst

haV| ng n 9 ge@'! ﬁ I ( t%(jaratlon Catal yst A - Hnordenite
%a%l &eé i d%nﬁe A9 (8 umna ratio of 20 (CBV21A, Zeol yst

I nt er nat I onaBg of@Bmoniugi metleaite 5@5@11@@ almmnertmwaOi(ﬁBwa.M Zealiyst to obtain
H nordenite. Catalyst B - H-m)rg:inlt SCF (,80:20).8g o noni um
1.

or deni t SERASPNA A28 Pl SCF unds” §Faso “(emvml ing C%EOW er drying

flask. The two powders were then blended on a rotor evaporator at 100 r.p.m. for 1 hour at
10  ambient temperature and pressure. The blended ammonium mordenite/binder was then
calcined for 3 hours at 500 °C under an atmosphere of static air to obtain the catalyst. Pural
SCF is a boehmite alumina of mesoporosity 237 m2/g. microporosity of <10 m2/g and a
total metal ifnpurity level of 0.02 wt%.
Catalyst C - H-mordenite:Pura] SCF (50:50)
15 The preparation of catalyst B was repeated except that 10g of ammonium mordenite

of silica : alumina ratio of 20 (CBV21A Zeolyst International) and 10g of Pural SCF

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

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

(Sasol) were used.
Catalyst E - H-mordenite:Siral S (20:80)
The preparation of catalyst B was repeated except that 2g of ammonium mordenite of
silica : alumina ratio of 20 (CBV21A, Zeolyst International) and 8g of Siral 5 (Sasol) were
25  used.
Carbonylation of dimethyl ether

Each of Catalysts A to E was used to catalyse the carbonylation of dimethyl ether
with carbon monoxide in the presence of hydrogen using the apparatus and method
described below. Prior to use 0.75g of each catalyst was compacted at 10 tonnes in a 13

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

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



International) and 2g of Pural SCF binder (Sasol) were placed in a Bchi
powder drying flask. The two powders were then bl ended on a rotor

evapor at owoan1oli38i4p. p. m for 1 hour at anbi ent tenperat BCE/GBOYpOSHSUTN €.
The bl ended anmoni um nordenite/ bi nder mas then cal cined for 3 hours at 500
OC under an atnosphere of static air to obtain the catalyst. Pural SCF is a
boehmte al um na of nesoporosity 237 n2/g. mcroporosity of <10 n2/g and a
total netal inpurity level of 0.02 wt% Catalyst C - Hnordenite: Pural SCF

(50:50) THEsiRIBRAN 8RR AT e RbY & tPe\WRSeR GAlaS 26050801 72 Nalor 1OmeOf
ammoni um nordenite of silica : alum™na ratio of 20 (CBV21A Zeol yst

| nt er nat ileadérg) ofarmatalydy ingé teurcadtorsChen Sad of Steatite of sisedTactan af Y&k3Hum

H nordenite: Siral 50:50) T ' f talyst B. d
except o 1S PRET B e R T eRaraLTog. Speroreaf Sriadi b B TBR b0 cave
| A5 Zeol M@&lb%ﬁrmtﬁl@@aloh_t@@@lf thOtefte Hod. abn B dB] MERHa6ISAEREmi NG 1 ldsed.
Catal yst E - nordenite: Siral 5 (20:80) The preparation of catalyst B was

r epeabed osstigipen efthe relgvapt sanpte ricavwefdrdmaiingthefcatglyst Gam: ropmdempraaties i o of

20 (CBV21A ol | nt ol ). f. Si d.
Car bony | 40 PAECaH ¥ S PF &Y KORT B Rl el BN GL el BB 3

cat al yse ihef thachanglm be@Tiefcagiyieivhiydoveted @ afchitcoraidionbsDsfaxpatticle n t he
presence of ?\édrogen usi ng the apgar_ atus and nethad descri bed bel ow. Prior

to use 0.575@To>-46l HMe bt 30y sne @ sieadrpatiewdraaionot { BPrdedimpvag plegediti di e set
gfs' ng a l%be&?‘fﬁé b&raRi§s %Bd.aﬂger9 LHRNGL &ﬂ&e&:ﬁ%‘ffﬁtﬁ{n% dt V%Eﬁﬂﬁo%&é &&pikr action

10 bed and a defined starting height of the catalyst zone. The catalyst was then pressurised to
the a reaction pressure of 70 bar with a CO/H, at a molar ratio of 4 : 1 and a flow rate of 4
1/h. The catalyst was then heated at 0.5°C/min to a holding temperature of 220°C, where it
was held for 3 hours and then ramped to 300°C at 0.5 deg.C/min, followed by a dwell time
of 3 hours. The gas feed was then changed to a mixture of carbon monoxide, hydrogen

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

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

25  below.

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

30



125 to 160 m crons.
pressure flow reactor

The carbonyl ation reactions were carried out
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hour . 5 Thefable 4 shows that the combination of H-mordenite with either Pural SCF or Siral 5 binder

markedly improves the activity of H-mordenite compared to H-mordenite having no

binder.

Example 3
Catalyst F - Copper Mordenite

10

20g of ammonium mordenite of silica :

alumina ratio of 20 (CBV21A, Zeolyst

International) and Cu(NQ3),.2.5H,0 (3.56 g) were added to deionised water (50 mL) and

stirred for 12 hours at room temperature. The solution was concentrated in vacuo at 80 °C

and then dried at 110 °C for 20 hours, before being calcined at 500 °C for 3 hours in an

atmosphere of static air. The mordenite had a copper loading of approximately 55 mole %

15

relative to Al contained in the mordenite.

Catalyst G - Copper Mordenite:Pural SCF (80:20)

15g of ammonium mordenite of silica :

alumina ratio of 20 (CBV21A, Zeolyst

International) and Cu(NO;)2.2.5H20 (2.67g) were added to deionised water (40 mL) and

stirred for 12 hours at room temperature.The solution was concentrated in vacuo at 80 °C

20

and then dried at 110 °C for 20 hours.

The mordenite had a copper loading of

approximately 55 mole % relative to Al contained in the mordenite. 8g of the dried copper

mordenite was gently milled to obtain a free flowing powder and then added to a Biichi

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



carbonyl ati on product was predom nantly methyl acetate, with only snall
anounts of acetic acid being produced. The results of the carbonyl ation
reacti onswenr2e104i38i4h i n Tabl e 4 bel ow. Table 4 shows thePCELIB2069/002410

catal ysts Ato E after 140 hours. Tabl g a) STY expressed per kg of

catal yst, including both the H nordenite and bi nder conponents b) STY
expressed per kg of H nordenite per hour, excluding the binder conponent
Table 4 shows that the combination of Hnordenite with either Pural SCF or
Siral r | .. t to
H- nor denllgtJ %qﬁ(gfvllr@g&ﬁ% qrnln}géﬂ\é?%m%kbﬁt ?e%ﬂ &%t%% oA P s%%o%grlﬁerﬁi‘égﬁaé@tﬁg 2Qg
of ammonileatedonaéeritedimfer siak itlom calcailasﬂmt a0 rrat ﬁoo 3dfouﬁ§)ur(c@8‘a@ bfmosphat ot

I nt ernat i onalz and Cu(NO3) 2-2.5H2q (3.56 g) were added to deioni sed water
(50 nL) &AKU°&irred for 12 hours at room tenperature. The sol ution was
concentr@ﬁgoi1 aﬁé\ﬁ:gp])ﬁﬁetﬁ lﬁﬁ;e@nd then dried at 110 C for 20 hours, before
bei ng cal ours in an atnosphere of static air. The
nor dehi t e haEa@h chppaysts Eaﬁmdr@ VoS @gbtamatadmeeﬂhy cahonplationmf dinsathylesthey Al

t d h t t.al te: Pural
£80: 30y SatpBobe Bt EsheR iRt & FreodP L phi A58 i T B2 1
Zeol yst  lan8 @ BahipR8@k) cAMgstCW Mo B) Aie? 1 BbiReub Zeffigh MRS Sreadol@dint Tablies oni sed

water (40 mL) and stirred for 12 hours at roomtenperature. The solution was
concentr &ek@v.i n vacuo at 80 OC and then dried at 110 C for 20 hours. The
nor deni terat?)%d a copper |oading of

Catalyst | Binder | Binder/ | Mordenite | Acetyls STY | Acetyls STY/ | Selectivity
wt. % catalyst / g kg'of to MeOAc/
component g kg ™of mordenite h” %
catalyst h™ 1(b) (9
(@)
A | Nome | 0 | H-mordenite 164 164 03
B Pural 20 H-mordenite 610 763 95
SCF
F None 0 Cu-mordenite 805 805 92
Pural 20 Cu-mordenite 644 805 88
SCF
10
(a) STY expressed per kg of catalyst, including both the mordenite and binder
components
(b) STY expressed per kg of mordenite component per hour, excluding the binder
component
‘15 (c) Selectivity to methyl acetate bésed upon dimethyl ether converted

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

copper mordenite.



approximately 55 nole %relative to Al contained in the nordenite. 8g of
the dried copper nordenite was gently mlled to obtain a free flow ng
powder amstiotzhmssdded to a Bchi powder drying flask w trCZgGB2DOIRORAD SCF
(Sasol) and rotated on a rotor evaporgwor with aspeed of 100 r.p.m for 1
hour at anbient tenperature and pressure. The bl ended copper | oaded

nor deni t e/ bi nder was then cal cined at 500 OC for 3 hours under an

at nosphere of static air. Carbonylation of Dinmethyl Ether Each of catalysts

Fand G was tgefl.hdcrahA ﬁg@ﬂgﬂ&g@%&@@e%@m lohdiile @LhRS U500 the

car bonyl ati on" ne above results
cat al yst sortbiaad! vGtic binpkee e(dlataQ/stéi)alvgmtms Avleemd céppaf trmsrdéﬂi& I(]@Ltalsfstr Endt i on

time are given_ in Ta bel Tabl e d f
cat al yst commﬁ%mth} %Jﬁf (et B area ae B}eﬁt}’lﬁl Srdonenes ( (b) s?v
expressed p urhg rﬁ&e rH@A"ﬂtn%eCnééc?lgROB%BmRFH ﬁgwemtéw tHdCePc ty@thG @)bﬁﬁlﬁr

conponent (c fecti vit acet at e based upon d et her
convet t edoffgen moaalnmﬂa% shawd tat dfe TabtagalPsts hacasimler se!:emtwshmt @dﬁiéy&i(ﬁrm nation

of H—m)rdenlte th bi yst _B) markedly inproves the activity of
H nor denfiERUCEL: M’ftse&ftlwtéﬁ’éeégyltaﬁ%t %®ncl usi on of binder in copper

nor deni tgxgﬁléﬁ yst G reduces the activity of the copper nordenite. The
hi gh sele y to methyl acetate is retai ned when H nordenite (Catalyst

A) is conbi naduwibtieh ob expieimepBaverk yordugjed touslsicominc\the ﬁnpwépéthermm@@ﬁ pfe
et hy1 abe; & WEcr ehaEe et o e BhBa T Rl R P b4
H- norgentdRainiet 1 t6R0AYSPured $OP (xBasol) binder were plepared in accordance with the
method for preparing Catalyst B (in Example 2 above) and sieved to a size in the range
125-160 microns. The performance of these catalysts and Catalyst A (H-mordenite as
prepared in Example 2 above) was tested for the carbonylation of dimethyl ether. The
carbonylation reactions were carried out as described in Example 1 above using 1.95g of
15  catalyst and a gaseous feed containing 6 mol% dimethyl ether, 0.5 mol% methyl acetate
and carbon thonoxide and hydrogen at a molar ratio of 4 : 1. The carbonylation reaction
conditions were 300 °C, 70 bar and a GHSV of 4000 hl. The results after 140 hours

reaction time are given in Table 6 below.

Table 6
Catalyst Binder Binder / | MeOAc STY /| MeOAc STY/ | Selectivity to
wt. % g kgof g kg of MeOAc
catalyst h™* (a) { mordenite h'! ! %
(b) (c)
A None 0 140 140 96.0
H Pural SCF 10 279 310 97.2
I Pural SCF 20 322 403 98.1
T | Pural SCF | 35 446 686 98.6
K Pural SCF 50 445 890 98.6
L . Pural SCF 65 437 . 1249 98.3
M Pural SCF 80 232 1160 97.9
20 (a) STY expressed per kg of catalyst, including both the H-mordenite and binder

components



copper nordenite) shows that the two catal ysts have simlar activities but
Catalyst Bis significantly nore selective to nethyl acetate. Exanple 4 A
nunber ofwexpsarvissent s were conducted to determ ne the i FpaadB2069/MbE0anmount
of binder on the catal ytic performancejgpf H-nordenite in carbonylation. A
series of catalysts containing 10 to 80 wt % Pural SCF (ex Sasol) binder
were prepared in accordance with the nethod for preparing Catalyst B (in
Exanpl e 2 above) and sieved to a size in the range 125-160 m crons. The
per formance red in
Exanpl e 2 a%jzve) ﬁ*ﬁ’?es éﬁgpglr{al?ﬁrgg%g %% I‘A\tml((!cI)trll 0 ﬂ%:y rlr%(tﬁﬁsﬁm g(%lﬁeg? The
car bonyl atl(@blSsleatq:\ntycmMe/@AebasadupcaﬁDME cawerd@bcri bed i n Exanpl e 1 above

usi ng 1 g of catal yst aseous feed cantaini 6 nol %

et her, ‘??Blh%SF@% hé‘ln Et%’get %t‘"‘é gﬁlnﬂ‘ﬁdfi)?}?ed‘é&‘taggﬁ ‘W%ﬁsﬁﬁg]?‘? %‘Véy mol ar
ratio Of o‘ﬁ the ilnora-é?@ce Qﬁfalpﬁf‘}é&rﬁﬁdlﬁﬁt 51@@%d1%e§%“3' QRS Sp3O-mEely” 85 bar
and a GHSV of " The tesults after 140 hours reaction ting ar

gi vensi nWE%blblad@ beI ow. TabI e 6 (a) STY expressed per kg of catal yst,

i ncluding both the H nordenite and bi nder conmponents(b) STY expressed per
kg of H-nordenite per hour, excluding the binder conponent (c) Selectivity
to MeOAc based upon DVE converted As can be seen from Table 6, as the
anount of binder in the catalyst increases, the activity of the nordenite
cat al yst conponent al so increases, to a nmaxi mum at approxi mately 65 w %
binder.Clains 1. A process for the preparation of nmethyl acetate and/or
acetic acid product which process conprises contacting a carbonyl atabl e
react@ant sel ected from di net hyl ether and
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met hanol wi th carbon nonoxide in the presence of a catal yst, wherein the
catalyst is a Hrordenite bound with a nesoporous binder selected from
silicas, WPEMMA8149si | | caal um nas, nmagnesi um silicates ZGA/GERYIHR41M
alumnumsilicates. 2. A process accorggng to claim1l wherein the binder is
selected fromalumnas and silica-alumnas. 3. A process according to claim
2 wherein the alumna is a boehmte type alumna. 4. A process according to
claim2 wherein the silica-alum na has a silica content in the range 5 to
40 Wt % Sapfndrocess according to any one of the preceding clains wherein

t he bind a nesoporosity in the range 1 to 500n2/g as neasured by
nitrogen BET. 6. A process according to any one of the preceding clains

wherei n the bi nder ha m croporosity, in the range 1 ta,100, n2/g. as
measur ed by ni G BER PrepoRtin g cedhyl Seriamndor erelngeig R Yie
precedi n(}br&ée%é E‘Eﬁnﬁiﬁ%é %rﬁaétilﬂg ARG 12 GB R B dBsht Eagcté@fr&h%iﬂgthﬁ aHg ahqand

G oup 2 of the Periodic Tablle of Elenents and iron in a total anmount in the
r ange 5gr enttband ath carbiog nidhowidisin ghe plesencrcdsscatatysh vdiengn the aa)ysbiser Idf  t he
preceding _clai.ns wherejin the binder is present i.n the catalyst in an anount
" the r aRGEOTE tORREBUR mEBRaES Brndpr ettt 1o s, ARl accor ding to
claim 1l vwinghRhs tdpfedibARIRERE bl mﬁ%mmmalmnlﬁhn@ﬂli&{téﬁn na in an amunt 35 to
65 wt % based on the total weight of H nordenite and binder. 10. A process

accordi n@-t o ch afoeess agpraflisigo elain H-whstade Hietbéndes issgleagdiionh alamingsgndl na or
sili ca-aIS. ng'a[\ ubf'nggler havi ng a nesoporosity in the range 50 to 500 nR/g, a
m'croposiﬁi/ of "I'88% than 10 n2/g and 0 to 1 wt%in total of Goup | Goup 2
and i1oon 3ret al 5 pajsekswidedreing 1o bRirhRaereih hepil@s@nis 4 bodhhtteappedly@inal N an

amount 104. to 8A0 psé)cgs?g a\élgcirgig% tg ]::laicrg F’Z%!/ﬁgéiﬁ the silica-alumina has a silica content in the

range 5 to 40 wt%.
5. A process according to any one of the preceding claims wherein the binder has a
mesoporosity in the range 1 to 500m?*/g as measured by nitrogen BET.

15 6. A process according to any one of the preceding claims wherein the binder has a
microporosity in the range 1 to 100 m*/g as measured by nitrogen BET.
7. A process according to any one of the preceding claims wherein the binder contains
the metals of Group 1 and Group 2 of the Periodic Table of Elements and iron in a total
amount in the range greater than 0 to 10 wt%.

20 8. A process according to any one of the preceding claims wherein the binder is
present in the catalyst in an amount in the range 10 to 80% by weight of the catalyst.
0. A process according to claim 1 wherein the H-mordenite is bound with an alumina
in an amount 35 to 65 wt% based on the total weight of H-mordenite and binder.
10. A process according to claim 1 wherein the H-mordenite is bound with an alumina

25 o silica-alumina binder having a mesoporosity in the range 50 to 500 m?/g, a microposity
of less than 10 m?/g and 0 to 1 wi% in total of Group 1, Group 2 and iron metals and
wherein the binder is present in the catalyst in an amount 10 to 80 % by weight of catalyst.
11. A process according to claim 10 wherein the binder has 0 to 0.2 wt% in total of iron
and the metals of Group 1 and Group 2 of the Periodic Table of Elements.

30 12. A process according to any one of the preceding claims wherein the carbonylatable
reactant is dimethyl ether. '

13. A process according to claim 12 wherein the process is carried out as an anhydrous



11. A process according to claim1l0 wherein the binder has 0 to 0.2 w% in
total of iron and the netals of Goup 1 and G oup 2 of the Periodic Table
of El enenwe.20bAs89pr ocess according to any one of the pcecstoegoeiiai ns
wherein the carbonyl at abl e reactant ispginmethyl ether. 13. A process
according to claim 12 wherein the process is carried out as an

anhydr ousprocess. 14. A process according to any one of the preceding
claims, in which process there is also present, hydrogen. 15. A process
accor di ngys@s@ny one of the preceding clainms wherein the product of the
process conprises nethyl acetate and at |east part of the nethyl acetate
product il4. hyd¥ ptogsssciceadingét huy e af the preceding claims, in which process there is

also presént, hydrogen.
15. A process according to any one of the preceding claims wherein the product of the
5  process comprises methyl acetate and at least part of the methyl acetate product is

hydrolysed to acetic acid.
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