CARBONYLATI ON PROCESS USI NG BOUND SI LVER AND/ OR COPPER MORDENI TE CATALYSTS

This invention relates to a nethod of preparing netal |oaded bound
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nor deni tes have been denonstrated to be suitable for use as catalysts in

hydr ocar bon conversi on processes such gs the transal kyl ati on of aromatic

hydr ocar bons, as described in US 6,486,372 and the hydrocracki ng of high
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771-779, 199 thereé is disclosed the-use of copper |oaded nordenites as
cat al yst ethérpsuchiag 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 bound
mordenite zeolite in the éarbonylation process.

In EP-A-2000433 there is described a process for the production of acetic acid and/or
methyl acetate by contacting methanol and/or a reactive derivative thereof with a
decomposition catalyst to produce a mixture of carbon monoxide and hydrogén and
subsequently catalytically converting the carbon monoxide and hydrogen to acetic acid
and/or methyl acetate. Mordenites are disclosed as suitable catalysts for the conversion of
the mixture of carbon monoxide and hydrogen to acetic acid and/or methyl acetate.

WO 2007/128955 discloses a process for preparing a carboxylic acid and/or ester
thereof by carbonylating an alcohol and/or reactive derivative thereof with carbon
monoxide in the presence of a silver loaded mordenite catalyst.

In an article entitled ‘Heterogeneous Catalysts for the Direct, Halide-free
Carbonylation of Methanol’ by Ellis B et al, 11th International Congress on Catalysis -
40th Anniversary , Studies in Surface Science and Catalysis, Vol. 101, pages 771-779,
1996, there is disclosed the use of copper loaded mordenites as catalysts for the
heterogeneous carbonylation of methanol.

It is known, for example, from the afore-mentioned WO 2007/128955 that metal

loaded mordenites can be used to catalyse the carbonylation of methanol. To facilitate the



het er ogeneous carbonyl ati on of nethanol. It is known, for exanple, fromthe
af ore-nmenti oned WO 2007/ 128955 that netal | oaded nordenites can be used to
cat al yse wheonamwbaayl ati on of nethanol. To facilitate tRrenarbIMY2ead
conpression strength of zeolite catalysts, zeolites are typically conbi ned
with a binder material and forned into beads, pellets or extrudates.
However, a di sadvantage to the use of binders is that because they are
considered to be inert, efforts are nade to mnim se the amount of binder
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The web- aesned siton (http://ww.izastructure. org/databases/) is a

conpendi um fcconimdlpghe presam dnention proviles d prasesssonthowarboaplatiornsf 4 ncl udi ng
mor deni tcea'rbonylatable reactant selected from at least one of dimethyl ether and methanol, with
carbon monoxide in the presence of a catalyst to produce a carbonylation product selected
from at least one of mefhyl acetate and acetic acid, which catalyst is formed by
compositing a mordenite loaded with at least one of silver and copper, with an inorganic
oxide binder.
The cétalyst for use in the present invention is a mordenite loaded with at least one of
copper and silver and composited with an inorganic oxide binder.
Mordenite is a zeolite and its structure is well known and is defined, for example, in

The Atlas of Zeolite Framework Types (C. Baerlocher, W. M. Meier, D. H. Olson, 5% ed.
Elsevier, Amsterdam, 2001). The web-based version (http://www.iza-

structure.org/databases/) is a compendium of topological and structural details about

zeolites including mordenite.

Mordenite can be obtained commercially or it may be synthesised. Commercially
available forms of mordenite include the sodium form, the acid form and the ammonium
form The preferred form of mordenite for use in the present invention is the acid form (H-
form) of mordenite. The sodium and ammonium forms can be converted to the acid form
of mordenite by well-known techniques. For example, the ammonium form can be

converted to the acid form by calcining the ammonium form at high temperature. The



Mordenite can be obtained commercially or it may be synthesised.
Comrercially available fornms of nordenite include the sodiumform the acid
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jons. Itis preferred that any remaining cations in the exchanged mordenite are protons
hence it is convenient to start the exchange process from the ammonium or acid form of
mordenite.
As an alternative to ion-exchange, the ammonium or acid form of mordenite can be
impregnated with a solution of a copper and/or silver salt and subsequently dried.
Preferably, the loading of the metal(s) onto mordenite is carried out by ion-exchange.
The following ion-exchange method may be émployed to prepare a copper and/or
silver loaded mordenite. Mordenite in a suitable form, such as H-mordenite or NHs-
mordenite, is contacted with an aqueous solution of a metal salt selected from a copper ()
or (II) salt, a silver (I) salt.
Suitable copper (I) salts include copper halides, such as copper chloride, and copper
acetate.
Suitable copper (II) salts include copper nitrate, copper acetate, copper sulphate,
copper oxalates, copper halides such as copper chloride.
Suitable silver (I) salts include silver nitrate, silver acetate, silver triflate.
In the i)resence of white light silver salts tend to undergo light promoted reduction to

silver metal so it is preferred that the ion-exchange is carried out in the substantial absence



nordenite, is contacted with an aqueous solution of a netal salt selected
froma copper (1) or (Il) salt, a silver (I) salt. Suitable copper (I)
sal ts i ncwodelosppar hal i des, such as copper chloride, aow/cBIpPA2EGet ate.
Sui tabl e copper (11) salts include copper nitrate, copper acetate, copper
sul phate, copper oxal ates, copper halites such as copper chloride. Suitable
silver (I) salts include silver nitrate, silver acetate, silver triflate.
In the presence of white light silver salts tend to undergo |ight pronoted
reduction to silver nmetal so it is preferred that the ion-exchange is
carri ed dddight.-n the substantial absenceof light. The netal salt is used in
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the metal salt solution is soluble and which solvent does not remove the exchanged metal

from the mordenite. Suitable solvents include deionised water.

Preferably, the washed metal loaded mordenite is then dried to remove residual water
to achieve a free-flowing powder. Preferably, drying is carried out by heating the metal
loaded mordenite to a temperature of at least 90 °C, for example 90 to 120 °C. The heating
may be conducted in static or free-flowing air or in an inert gas such as nitrogen.

Prior to use in a carbonylation reaction, the metal loaded mordenite may be calcined
at a temperature in the range 400 to 600°C. The calcination may be carried out in static or
free-flowing air or in an inert gas such as nitrogen.

The amount of copper and/or silver metal loaded onto the mordenite can be expressed
in terms of the fractional loading of the metal as gram atoms of metal per gram atom of
aluminium in the mordenite. The metal loading can also be expressed as a mole
percentage loading relative to aluminium in the mordenite through the relationship :

mol % Metal = (gram atoms Metal/gram atoms aluminium) x 100
Thus, for example, a loading of 0.55 gram atom of copper per aluminium in the mordenite
equates to a 55 mol % loading of copper relative to aluminium in the mordenite.

For use in the present invention, the degree of metal loading is not critical but is
preferably in the range 5 to 200 mol% relative to aluminium in the mordenite.

In the present invention, the copper and/or silver is loaded onto the mordenite prior to



at a tenperature in the range 400 to 6000C. The calcination may be carried
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the mesopor051ty of the binder is in the range 1 to 500 m?/g.

Preferably, the binder has a low microporosity. For the purposes of this invention a
micropore isa pore having a diameter of less than 2 nanometres and the expression
‘microporosity’ means the total surface area of the micropores of the inorganic oxide
binder material as measured by nitrogen BET. Suitably, the microporosity of the
binder is in the range 1 to 100 m?/g, such as in the range 1 to 10 m*/g.

Suitably, the binder is present in an amount in the range of 10% to 80% by weight of
the catalyst, preferably, in the range of 20% to 60% by weight of the catglyst or in the
range 20 to 65% by weight of the catalyst, such as 35 to 65% by weight of catalyst.

It has been found that binders which contain low levels of metallic impurities such as
iron and metals of Group 1 and Group 2 of the Periodic Table of Elements, for example,
sodium, potassium, calcium and magnesium, are particularly useful in the present
invention. Thus, preferably, the total amount of metallic impurities in the binder is in the_
range greater than 0 to 10wt% and, more preferably, in the range greater than 0 to 7 wt%.

The catalyst for use in the present invention is prepared by forming an intimate
mixture (a composite) of the inorganic oxide binder and the copper and/or silver loaded

mordenite. An intimate mixture of the binder and the metal loaded mordenite may be



mcropore is a pore having a diameter of |less than 2 nanonetres and the
expression 'mcroporosity’ neans the total surface area of the mcropores
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Alternatively, the catalyst may be formed by intimately mixing a metal loaded

mordenite in powder form with a dry binder to form a composite of the metal loaded
mordenite and binder. The dry mixing may be carried out by any suitable mechanism, such
as by tumbling or rotation. The composite may then be calcined. Calcination may be
carried out a temperature in the range 400 to 500 °C for a period of from about 1 to 10
hours to form the catalyst.

The composites formed by combining copper and/or silver loaded mordenites with an
inorganic oxide binder have been found to possess improved catalytic performance in the
carbonylation of dimethyl ether and/or methanol to produce methyl acetate and/or acetic
acid, compared to mordenite/binder composites onto which is loaded copper and/or silver.

The carbonylatable reactant may be dimethyl ether, methanol or mixtures thereof.

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
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



slurry may then be calcined at a tenperature in the range 400 to 500 C for
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The carbonylation process may.be conducted in the presence of hydrogen. Thus, the
carbon monoxide feed may also contain hydrogen. Mixtures of hydrogen and carbon
monoxide are commercially produced by the steam reforming of hydrocarbons and by the
partial oxidation of hydrocarbons. Such mixtures are commonly referred to as synthesis
gas. Synthesis gas comprises mainly carbon monoxide and hydrogen but may
also contain smaller quantities of carbon dioxide.

Suitably, the molar ratio of carbon monoxide : hydrogen may be in the range 1:3to
15:1,suchas1:1to10:1.

Where hydrogen is present in the process, it may be present at a partial pressure of at
least 0.1 barg, such as 1 to 30 barg.

The molar ratio of carbon monoxide to carbonylatable reactant is suitably in the
range 1 : 1t099: 1,suchas2:1t060: 1.

Where the carbonylatable reactant is methanol, water is generated in-situ by the
dimerisation of the methanol to ethers or via esterification of the methanol with acetic acid
product. If desired, water may be added to the methanol feed. The amount of water added
may be such that the molar ratio of methanol : water is in the range 50 : 1 to 2 : 1. The

water may be fed separately to or together with the methanol feed. The water may be fed



The carbon nonoxi de may be substantially pure carbon nonoxi de, for exanple,
carbon nonoxi de typically provided by suppliers of industrial gases, or it
may cont aWo 201peri4i es that do not interfere with the ceocvamionoed7dt he
carbonyl at abl e reactant to the carbonyl ati on product, such as nitrogen,
hel i um argon, nethane and/or carbon 8i oxi de. The carbonyl ati on process nmay
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nmethyl acetate. Suitably water may be present in the dimet hyI
such as 4000 to 10, 000 h™.

It is preferred that the catalyst is activated immediately before use by heating the

catalyst at elevated temperature for at least one hour under flowing nitrogen, carbon
monoxide, hydrogen or mixtures thereof.

Preferably, the process is carried out substantially in the absence of halides, such as
iodide. By the term ‘substantially’ is meant that the total halide, for example, iodide
content of the reactant gases (carbonylatable reactant and carbon monoxide) and catalyst is
less than 500 ppm, preferably less than 100 ppm.

The process is suitably carried out by passing carbonylatable reactant vapour, carbon
monoxide gas and, optional hydrogen gas, through a fixed bed, fluidised bed or moving
bed of the catalyst maintained at the desired temperature and pressure.

If desired, the carbonylatable reactant may be contacted with a bed of alumina or
corundum immediately prior to the bed of catalyst.

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 acetic acid may also be produced.



ether feed in an anount of 2.5 wt%or |less, such as 0.5 wt% or |ess. The
process may suitably be carried out at a tenperature in the range of 100 0C
to 400 OGyvosommeas3150 to 350 0OC. The process may be caPciraB20an002473a
pressure in the range 1 to 100 barg, such as 10 to 100 barg. The Gas Hourly
Space Velocity (GHSV) is suitably in ?)he range 500 to 40,000 h 1, such as
4000 to 10,000 h 1. It is preferred that the catalyst is activated

i mmedi ately before use by heating the cat al yst at el evated tenperature for
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anount s of The methyl 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
acetic acid.

Alterﬁatively, 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
acid is subsequently separated therefrom.

Hydrolysis of methyl acetate may be carried out by known techniques such as
reactive distillation in the presence of an acid catalyst.

Acetic acid which is recovered from the product stream of the present invention or
which is subsequently produced by hydrolysis of methyl acetate can be purified using
conventional purification techniques, such as distillation.

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

In the Figures, Figure 1 depicts space time yield (STY) to carbonylation products
(g/1/h) versus time on stream (hours) for various composites of copper mordenite with
Pural SB binder.

Figure 2 depicts space time yield (STY) to carbonylation products (g/1/h) versus time

on stream (hours) for various composites of copper mordenite with Chinafill 200 binder

and a copper mordenite catalyst having no binder.
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copper nordeni _ naf111" a copper nordenite catal yst
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foll ow n}g Exanpl es. Exanple 1 . . .
reparation of Catalyst 1 (Not in accordance with the invention)

8gof NH4-mordenite with a silica to alumina ratio of 20 (CBV21A ex Zeolyst) was
mixed with 2g of Pural SB binder. Deionised water was added to the mixture to obtain a
thick slurry and stirred thoroughly. The slurry mixture was then dried at 110 °C for at least
20 hours. The dried mixture together with 1.48 g of copper (II) nitrate hemipentahydrate
(98% ACS) were placed into a 100 mL round bottomed flask equipped with a stirrer. 25 ml
deionised water was added to the mixture to obtain a mobile slurry. The top of the flask
was loosely covered and the contents were stirred overnight. The stirred mobile slurry was
then dried under reduced vacuum using a rotary evaporator before being dried in an oven
at 110 °C for at least 15 hours to obtain a dry catalyst, Catalyst 1. Catalyst 1 was then
calcined in accordance with the calcination method described below.

Preparation of Catalyst 2 (Not in accordance with the invention)

The preparation of Catalyst 1 was repeated except that 4.5 ml deionised water (to
reach the point of incipient wetness) was added to the dried binder/mordenite mixture and
the 1.48 g of copper (II) nitrate hemipentahydrate (98% ACS). This mixture was then
agitated vigorously for 15 minutes to enable uniform mixing before being dried in
accordance with the procedure described in the preparation of Catalyst 1. The dry catalyst
was then calcined using the calcination method described below.

Preparation of copper mordenite (for use in the preparation of Catalysts 3 to 6)

40g NH4-mordenite of silica : alumina ratio of 20 (CBV21A, Zeolyst) and 7.4 g of
copper (II) nitrate hemipentahydrate (98% ACS) were placed into a 500 mL round
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mordenite so prepared..

Preparation of Catalyst 5

8g of dry copper mordenite (prepared as described above) was milled to obtain a free
flowing powder. The powder and 1g of Pural SB binder were added to a 500 ml Buchi
powder drying flask and rotated at 100 rpm at ambient temperature and pressure for 1 hour
to obtain a catalyst of copper mordenite composited with Pural SB binder. The catalyst was
then calcined using the calcination method described below.

Preparation of Catalyst 6

Copper mordenite (prepared as described above) was calcined in accordance with the
calcination method described below to prepare a calcined copper mordenite. The
preparation method for Catalyst 5 was then repeated using 8g of the calcined copper
mordenite so prepared.

Calcination method

Calcination of a catalyst was carried out in an oven under a static atmosphere of air
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 1 10°Cata

ramp rate of about 0.6 °C/ min and held at this temperature for 2 hours. Finally, the



40y NH4-nordenite of silica : alumna ratio of 20 (CBV21A, Zeolyst) and 7.4
g of copper (Il) nitrate hem pentahydrate (98% ACS) were placed into a 500
L roundbwoterad7dBask equi pped with a stirrer. 100 nm aer@wB2@dMETBer Was
added to obtain a nobile slurry. The p of the flask was | oosely covered
and left to stir overnight. The nobilé& slurry was then dried under reduced
vacuumusing a rotary evaporator before being dried in an oven at 110 OC
for at least 15 hours to obtain a dry copper nordenite catal yst. The

catal yst had | oadi i % ' I ni '
ror de (emPATSES o GATeBreIaPED Jeat STIa AP A ot PP & Tt opar ed
as descrt%ﬁﬁ Oat‘;aﬁeo%?z% h[\eﬁtss H@f&‘r@@gﬂf{grano@&l f cobtobomBemb&dfire. Dei oni sed wat er

was adde e mxture to o inathick slurry and stirred thoroughly.
The sl urCaibeaglatibe of dimettiyl ethen oven at 110 C for at |east 20 hours to

obtain a d talyst. The, d I ' '
Wth the cafaretbheimbeiobiafues Bl pubmepiapdRueiR nrtelfii ot e
Copper nhufise Ef&lﬁn&iﬂ% ‘Eaﬂng% &  Prices fitd iRatartitRyRlioNdsachén edchedtalyst wacor dance

with the calcinatio t hod described bel ow to prepare a cal ci ned copper
mor deni toempatted pt Ebtannds ion I3anmcte o usigg 8 dpyeac Fresspand themerugigdandd usi ng 8g

of the cal cined er .nordeni S repared.. Preparation of Catalyst 5 8
of dry cHppef° %&E:Eﬁlizegra ok #@dogg&%@’%ﬁ'bed above) was mlled toyobt ai ng
a free flowppg cRG¥EARtoNRACRINEREe éittled Qut@h dFpressiredowidader wser e added to a

500 m Buchi powder” drying flask and rotated at 100 rpm at. anbien
t enper atcopriamg 1oreanters oA fHnstelloy,eaetor Bibe ity 3n 1&"58%?8 sleg'gtcg]o‘?eati%i&@ et

nor deni te co i ] [ [
st gt n PR O Bl i b (2ROF s marhls g ke MR RAIES, 1 B
VC\JAQFEG: . %ﬂ(ﬁleét_iﬂgq?&w oRAS ﬁdtgﬂed olethe E)lhins'eda hkaetbgabivees. Thee teinperdturgrofitbe or dance

e cal cination netho escri bel t '
or deni taaialyshbeep LS oHdieBER ReAbaE e g G Eee o SR Lol ng 8o
of the GalGlARUnEARRYy HRHERM Labim® THeGORtGdvas heated at atmospheric pressure

under a flow of nitrogen to 130 °C in the heated cabinet and maintained at this temperature.

The feed gas was 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 steps was 5000 hr'!. During this time the reactor was heated to 300 °C at a ramp
rate of 3 °C per minute using the electrical heating jacket and the system was then held
under these conditions for two hours. The carbonylation reaction was then started by
feeding dimethyl carbonate at a rate designed to give a gas feed comprising 76 mole %
carbon monoxide, 19 mole % hydrogen and 5 mole % dimethyl ether. A constant flow of
reaction off-gases was taken from the high pressure side of the reactor system through a
needle valve, let down to atmospheric pressure at a temperature of at least 130 °C and
passed to a gas chromatograph for analysis of the carbonylation acetyls products (methyl
acetate and acetic acid). The results of the carbonylation reactions are shown in Fig. 1.

As can be seen from Fig. 1, Catalysts 3 to 6 provide improved STY to carbonylation
products compared to Catalysts 1 and 2 which were not prepared in accordance with the

invention.

Example 2
This Example demonstrates the effect on the carbonylation of dimethy! ether of

catalysts prepared by combining copper mordenite with a binder (Catalysts 9 and 10);

catalysts prepared by mixing mordenite with a binder to form a bound mordenite and
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300 OC agln@e“gdm(ir@pgr@fslﬁ OC per mnute using the electrical heating

j acket and the system was then heI d under.these conditions for two hours.

The car bBrepiang e . 8¢ 8¢ With th aaihy di net hyl carbonate
arated ned 102 noxi de,

T mol e %h eevﬁrét%a%éf%ﬁ%*Néﬂﬁéf%*tﬂ@Ettimg%@éﬁ?ﬁ?&%ﬁ‘%%ﬁ?eact. on

of f - gasetsin&@Sinit@ddQﬂPﬁmalm}lhe hi gh pressure side of the reactor system

t hrough a needle valve, |et down to atnospheric pressure at a tenperature

of at | cBreparatipmef Gafalvstdsed to a gas chromatograph for analysis of the

car bonyl ati thea;ﬁgﬁa}qtﬁ)nmf@%%? 3(WRtrBydated except that Chinafill 200 was used as the
binder instead of Pural SB.

Preparation of Catalyst 10

The preparation of Catalyst 5 was repeated except that Chinafill 200 was used as the
binder instead of Pural SB.

Preparation of Catalyst 11 (Not in accordance with the invention)

Copper mordenite was prepared as described above and then calcined in accordance
with the calcination method described above. No binder was used in the preparation of this
catalyst.

Carbonylation of dimethyl ether

Each of the Catalysts 7 to 11 was used to carbonylate dimethyl ether in accordance
with carbonylation reaction method described in Example 1.

The results of the carbonylation reactions are shown in Fig. 2

As can be seen from Fig. 2, the catalysts prepared in accordance with the method of
the present invention (Catalysts 9 and 10) provide significantly improved STY to
carbonylation products compared to the catalysts containing binder but which were not

prepared in eccordance with the present invention ( Catalysts 7 and 8). Catalysts 9 and 10



acetate and acetic acid). The results of the carbonyl ation reactions are
shown in Fig. 1. As can be seen fromFig. 1, Catalysts 3 to 6 provide

i mpr oved WOYotoetwsbonyl ati on products conpared to Cat alPgsiGB200%002672 whi ch
were not prepared in accordance with Pe i nvention. Exanple 2 This Exanple
denonstrates the effect on the car bonb ation of dinmethyl ether of catalysts
prepared by conbi ni ng copper nordenite with a binder (Catalysts 9 and 10);
catgl ysts prgpared by m xing nordenite with a binder to forma bound

nor deni t e ands equen | oadi t he, bound rdeni.t ith co r

(ot ol y <A roxida swron ST e Broraednmperdp A undnlfos FRsRGS Cratyet
(Catalysfy 11). Chinafill 200 (an alum nosilicate clay, Anberge Kaolinwerke)
was used as the binder in the preparation of each of Catalysts 7 to 10.

Chi naf i | Exdifflel3as a nesoporosity of <10 nR/g, a mcroporosity of <10 nR/g

and 2. 94;wtﬁ)|p total of Na, K, Ca, My and Fe netal inpurities. Each of
Cat al yst 0 copper | oadi ng of 55 nol % relative to alumniumin
t he nor degyal tAn-dSH? afedicofp& mBAThiea TRIrMFSCF bdyier was 80 : 20.
Pr epar atton 0 NoT rn accordance wth the 1nvention) The

pr epar at i on 18g ot:ammoyls‘un maxdenite of silice daluminaratio RH20 (CBWaEA Ze%@ was used

as the der u
accor dagllfil 'toﬁgl? Fi%d?lleﬁ O ?'g%{zéﬁ% 65@:‘8%% abéllé(?r}oo logs Ik%ﬁ{r (%0 1(XV\]/y(s)&nrd IeBeat ed
except tdtiaded @y 1PpHdUrs atZiGGmeﬁnipeiﬁﬁfk &Bhet d’cbﬁltimm{iﬁgenslbﬁ tvﬁadomfenﬁatedi bn SB.

Preparation of Catalyst 9 The preparation of Cat 3 repeat ed except
t hat Chivesre pt 80 8Htogsmoys the budk o eB‘iaFFdéPdeﬁ&dé‘Sa élq:)tﬁg?%g@"&ﬁr%par atlolr[:

of Catal ?ﬁ‘fl!ﬁ PSR AbidRRitdf F%i 44 SX45R t
Chi nafi | é%vacg)%ﬁseg as H] Hlbé) : er | n)sﬁ?t g of 6%&?2%3%9t%r epa;ruae?}&gln of
Cat al ystobtdin @M flowing powdean dédepowidert dnd ZgrofPural SOF binder (ex Sasol) were

added to a Biichi powder drying flask and rotated on a rotor evaporator at 100 rpm at

ambient temperature and pressure for 1 hour. The contents of the flask were then calcined
at 500 °C for 3 hours under an atmosphere of static air to obtain Catalyst A. The copper
loading of Catalyst A was 55 mol% relative to aluminium. |

Catalyst B - Ion-exchanged copper mordenite: Pural SCF binder

15g of ammonium mordenite of silica : alumina ratio of 20 (CBV21A, Zeolyst
International) was added to an aqueous solution of Cu(NO3),.2.5H,0 (1.07 g) in deionised
water (150 ml) and stirred at 80 °C for 2 hours. The resultant solution/suspension was then
filtered and the collected solid washed with copious amounts of deionised water (1.5 litres
per 10 g of catalyst). The copper ion-exchanged mordenite was then dried at 110 °C for 20
hours. 8¢ of the dried copper loaded mordenite was milled to obtain a free flowing powder.
The powder and 2g of Pural SCF (ex Sasol) were added to a Biichi powder drying flask
and rotated on a rotor evaporator at 100 rpm at ambient temperature and pressure for 1
hour. The contents of the flask were then calcined at 500 °C for 3 hours under an
atmosphere of static air to obtain Catalyst B. The copper loading of Catalyst B was 55
mol% relatiye to aluminium.

Catalyst C - Slurry Impregnated copper mordenite:Chinafill 200 binder

20g of ammonium mordenite of silica : alumina ratio of 20 (CBV21A, Zeolyst
International) and Cu(NOs),.2.5H,0 (3.56 g) were added to deionised water (35 ml) and
stirred for 15 hours at room temperature. The solution/suspension was concentrated en

vacuo at 80 °C to remove the bulk of the water and then dried at 110 °C for 20 hours to



Copper nordenite was prepared as descri bed above and then calcined in
accordance with the calcination method described above. No binder was used
i n the prwpanaricors3of this catal yst. Carbonyl ation of diPeEidB2bo%REs Each
of the Catalysts 7 to 11 was used to rbonyl ate di methyl ether in
accordance wi th carbonyl ation reactioﬁ?nethod described in Exanple 1. The
results of the carbonylation reactions are shown in Fig. 2 As can be seen
fromFig. 2, the catalysts prepared in accordance with the nethod of the
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the water tand d at 110 C for 11 %obt ain dry copper | oaded
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added to a Bch| powder drying flask and rotated on _a rotor %vaporator at
5
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Pural SCF bi nder 15g of ammoni um nordenite of sil ﬂ mna ratio of 20
Jesirufted

( CBV21A, Theawtoghave bambrwastthehegoled g Smpgrab ipmRsTalpre, | uti on of
Qu(NCB) 2 oﬁfﬂ%ﬁ’%&p{:&mgg Wil filtBreH B8RS S8 nter funnel and the collected solid was washed

with copious amounts of deionised water (1.5 litres per 10 g of catalyst). The catalyst was
then dried at 110 °C for 20 hours, before being calcined at 500 °C for 3 hours in an
atmosphere of static air to obtain Catalyst D. The copper loading of Catalyst D was 55
mol% relative to aluminium.
Carbonylation of Dimethyl Ether

Each of Catalysts A to D was used to catalyse the carbonylation of dimethyl ether

with carbon monoxide as follows. Prior to use each of the catalysts was compacted at 10
tonnes in a 13 mm die set using é 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
consisting of 16 identical reactors of the type described in WO 2005063372. Prior to the
loading of a catalyst into the reactor, a ca. Scm bed of steatite of sieve fraction of 100-
350um was placed in the respective catalyst holder. A ca. 5cm zone of corundum of sieve
fraction of 125-160um was placed on fop of the steatite bed. On a dry mass basis
(determined by loss on ignition of the relevant catalyst measured by heating the catalyst
from room temperature to 600°C at a ramp rate of ca. 30°C per minute). 0.625g of catalyst
was then placed on top of the corundum bed. The catalyst was covered by a ca. Scm
corundum bed of a particle size of 125-160 pm. A ca. Sem zone of steatite of sieve fraction

of 100-350pum was placed on top of the corundum bed. Every zone was concreted via
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impregnation.

Example 4
Catalyst E - Copper Mordenite

20g of ammonium mordenite of silica : alumina ratio of 20 (CBV21A, Zeolyst

International) and Cu(NO3),.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 %

relative to Al contained in the mordenite.

Catalyst F - Copper Mordenite:Pural SCF

15g of ammonium mordenite of silica : alumina ratio of 20 (CBV21A, Zeolyst

International) and Cu(NO3),.2.5H,0 (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

and then dried at 110 °C for 20 hours. The mordenite had a copper loading of

approximately 55 mole % relative to aluminium contained in the mordenite. 8g of the



hours for catalysts C and D) under conditions of 3000C, 70 bar,
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SCF

(a) STY expressed per kg of mordenite component per hour, excluding the binder

component

From an inspection of Table 2, it can be seen that the incorporation of binder into a

copper loaded mordenite has no detrimental effect on catalytic activity compared to a

copper mordenite having no binder.



usi ng the carbonyl ati on nmet hod described in Exanple 3 above. The results
after 140 hours reaction tine are given in Table 2 below. Table 2 (a) STY
expr essedwpenitkg’@B nordenite conponent per hour, excl usgCmgB2h@/dozérder
conponent From an inspection of Table g it can be seen that the

I ncorporation of binder into a copper 'foaded nordenite has no detrinental
effect on catalytic activity conpared to a copper nordenite having no
binder.Clains 1. A process for the carbonylation of a carbonyl atabl e
reactant selected fromat |east one of dinethyl ether and nethanol, with
car bon r@fﬂé&ﬁde In the presence of a catalyst to produce a carbonyl ation
product selected fromat |east one of nethyl acetate and acetic acid, which
catalyst is formed by conpositing a nordenite | oaded with at | east one of
silver ahd cofpescessiior thezartionglatiompt agribgaylatahleaeactant selegied fiemsatdeasbr di ng

toclaiml erein the c sitjng,,of ;the netal .| oade [ Lt i,th the
bi nder ¥ rflgthg)lo‘?ﬁ er 85%31?%91’ Rﬁ% %bogrm%lipxb‘ie)}nﬁ@& r%e%g&?&capt?lz%ﬁés
accor di ngrolikbe® caktBndlafion prcdiubt selestedrfeuni af 1865t BBE ofmkthel Aceateshdmrdetic at | east
one of silver and copper is calcined prior to being conposited with the

bi nder . arid, Avhiehoeatalst axfosmed hy cempesinghmortenite lﬂaﬁgd with gt Ipagiiose €f n t he

cat al yst%iiﬁ%r C?ilnc%igpgrdwitﬁ' %é@é%ﬁ?g%d%ﬁi%gi ng to any one of clains 1 to 4

wherein e rs sele romthe group consisting of silicas,

al um nas2. si | Agprocebstcomiing tortrimsl whersinthe edmpositinggrfal¢ metahloadedi um
silicates, titanias, zircqnias and clays. 6. A process, according to claim5
wher ei n mAEepiteweh th%blg@ré%?aéﬂe‘f?‘&rhyasﬁi{'& ’iﬁ‘ﬁ‘i’%"‘g 0y Y& a-al umina. 7. A

process fccor ig’?&ﬁ i imCll & JBmY WRerin'the hitrdeniitB Godded Ugth d1as a
mesopor o%’ity)iq tegé)a}cg%lé tcgjugoloﬁlel gmas n%agnur ed lgy nit?ogen BET. 8. A

process leastondbhglveoamhgopperis ohlcinediprier to temgiecontposigédwiththednndter has a
mCTOPOTES! Yy o IELLSONE &7 oAPS MRS £ SFTARIR b BEEREET, .
the 5. A process according to any one of claims 1 to 4 wherein the binder is selected from
the group consisting of silicas, aluminas, silica-aluminas, magnesium silicates, magnesium
aluminium silicates, titanias, zirconias and clays.
6. A process according to claim 5 wherein the binder is selected from an alumina and
a silica-alumina.
7. A pr.ocess according to any one of claims 1 to 6 wherein the binder has a
mesoporosity in the range 1 to 500m’/g as measured by nitrogen BET.
8. A process according to any one of claims 1 to 7 wherein the binder has a
microporosity in the range 1 to 100 m?*/g as measured by nitrogen BET.
9. A process according to any one of claims 1 to 8 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%.
10. A process according to any one claims 1 to 9 wherein the binder is present in the
catalyst in an amount in the range 10 to 80% by weight of the catalyst.
11. A process according to any one of claims 1 to 10 wherein the at least one of copper
silver is loaded onto the mordenite by ion-exchange.
12. A process according to any one of the preceding claims, in which process there is
also present, hydrogen.
13. A process according to any one of the preceding claims wherein the carbonylatable

reactant is dimethyl ether and the process is conducted as an anhydrous process.



metals of Goup 1 and G oup 2 of the Periodic Table of Elenents and iron in
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A process according to any one of cl a? 1 to 10 wherein the at | east one
of copper silver is |oaded onto the nordenite by ion-exchange. 12. A
process according to any one of the preceding clains, in which process

there is al so present, hydrogen. 13.,A progess according,to any one of the
precedi n- cl t REOCRHEACEPIIINEIR 2p% PRGPR e PresPding clawps, pere g[(lj‘f’ ﬁ%rgﬁ%laté‘f‘her and

the pro ' Qﬁ% d 138etA afd 1842 Y5mP bPEHE Hetivl achaRiORRRSIy8&F@" di ng to
any oneclgéé%chgo% ecegllgeﬁgl cleatlatﬁs wherein the car bo%{/llaati on pf(gduct conpri ses
nmet hyl awetiatoid.and at | east sone of the nethyl acetate is hydrolysed to
acetic acid.



