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15 throughout the world. Acetic acid is used in a variety of applications, among which are

in the manufacture of {poly) vinyl acetate, cellulose acetate, acetic anhydride, and ace-
tyl chloride.

! . =

The manufacture of acetic acid from methanol and carbon monoxide at high tempera-

20 ture and high pressure was described by BASF as early as 1913. In 1941 BASF devel-
oped an improved process using Group VIl metal carbonyls as catalysts for carbonyla-
tion reactions. This led to the development of a high-pressure, high-temperature proc-
ess (70 MPa, 250° C) with a cobait iodide catalyst. _

25 Monsanto developed a low-pressure process for the manufacture of acetic acid in the
late 1960s with a rhodium iodide promoted catalyst system that demonstrated a pro-
nounced higher selectivity and activity than the cobali-based process, US patent No.
3,769,329. The Monsanto operating conditions in the reactor were milder (3-4 MPa and
180-220°C) than in the BASF process.

30
in the early 1980s Celanese Chemical Company developed a low-reaction-water rho-
dium-catalysed methancl carbonylation process using inorganic jodide salts to improve
catalyst stability and activity, US patent No. 5,001,259.

35 BP developed in the early 1990s a process using iridium instead of rhodium in the cata-
lyst system, a process known as the Cativa™ process { Process Engineering, 1996,



35 BP developed in the early 1990s a process using iridiuminstead of
rhodiumin the cata- |yst system a process known as the CativaT"' process
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US patent No. 4, 366,259 discloses a high pressure batch process for preparing acetic

20 acid and propionic acid and their esters by contacting a mixture of carbon monoxide
and hydrogen gas with a catalyst system comprising a ruthenium-containing compound‘
and a cobalt halide dispersed in a low melting quaternary phosphonium or ammonium
base or salt. The liquid product must be separated by distillation.

25 The liquid phase processes discussed above require separation of the reaction prod-
ucts from the catalysts by distiliation from the reactor or by flashing of the reaction solu-
tion at reduced pressure. Catalyst decomposition and precipitation may cause prob-
lems during the flashing process wherein the liquid products from the reactor are sub-
jected to a pressure decrease. Furthermore these separation processes are often

30 cumbersome, require additional reaction steps, and require the use of expensive corro-

sion-resistant equipment.

US 2003/0212295 (Charles et al.) discloses a continuous process for the preparation of
carbonylatable products wherein carbon monoxide, a reactant and a halide in the gas
35 phase are contacted with & non-volatile catalyst solution comprising an ionic liquid and
a Group Vil metal to produce a carbonylation product in the gas phase. The process is



sion-resi stant equi pnent. US 2003/0212295 (Charles et al.) discloses a
conti nuous process for the preparation of carbonyl atable products wherein
car bon nowexioo&122863r eact ant and a halide in the gas 35 HSITARK204¢/8008Bnt act ed
with a non-vol atile catal yst solution conprising an ionic liquid and a
Goup VIII metal to produce a carbony] ation product in the gas phase. The
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The present invention thus describes a highly efficient carbonylation process. The use
of a SILP catalyst provides a very large active catalyst area ensuring a very effective
use of the catalyst. Since the catalyst is maintained in the carbonylation reactor the
20 process according to the invention obviates the neepl for subsequent separation of any
catalyst under decreased pressure with the concomitant deactivation and decomposi-

tion problems experienced with prior art carbonylation processes.

The present invention furthermore relates to an apparatus for carrying out the carbon-
25 ylation process according to the invention characterised in that it comprises:

i) af least one reactor 1;
il) at least one liquid evaporator 2;
iii} at least one condenser 3;
30 iv) at least one separator 4 to separate the product stream from residual process gas

which is recycled to said at least ohe reactor.

Finally the present invention relates to the use ofa SILP catalyst for use in the carbon- |

35 vylation process according to the invention.



iii) at |l east one condenser 3; 30 iv) at |east one separator 4 to separate
the product stream fromresidual process gas which is re%ycl ed to said at
| east oneWPSABYBR563Ei nal |y the present invention rel at e GRPKHEYYLSof 3
~ SILP catalyst for use in the carbon- 35 ylation process according to the
I nvention. WD 2006/ 122563 PCT/ DK2006/,000275 4 Brief Description of the
Drawi ngs The invention is explained in detail below wth reference to the
drawi ng(s),. | [ 9 .1 shows schematically the build-up of a SILP
cat al yst BHELHEIGERUQN rawings a f1 ow sheet showi ng di agrammmatically the
process according to the invention. Best Mdes for Carrying out the
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gaseous effluent conprising a carbonyl ated product. Although a

car bonyl aﬁiolj r&ac |§% Qﬁﬁ E” oed sinply as a reaction between a

car bonyl a 0 ft ' B B%Je%gﬁoxi de it has been shown that an
enhancigd 25, yield and selectivity nmay be obtained by the addition of a

reaction wgg%gf@agg ﬁfﬂ?ﬁ%ﬂﬁ%‘ﬁf‘ﬁ&‘ RIREE tEE P?&e@é‘ﬁi?%%ﬁ?laﬁﬁn &f@rbon-

conti nuou e 1nventio a reaction pronoter is added
to the |i gistablé esdidnts, cbaptisingnd re-circul ated by the residual process
gas. A reaction pronoter may act as a (co)-catalyst and is not consuned
once '

i} continuously feeding to a reaction zone a carbonylatable reactant and carbon
15 monoxide, wherein said cafbonylatable reactant and carbon monoxide are in the
gaseous phase; ‘

i) continuously contacting said carbonylatable reactant and carbon monoxide with a
SILP catalyst comprising a solution of a Group VIl metal in an ionic liguid con-
fined on a support; and _

20 iii) continuously recovering from said reaction zone a gaseous effluent comprising a

carbonylated product.

Although a carbonylation reaction may be performed simply as a reaction between a
carbonyiatable reactant and carbon monoxide it has been shown that an enhanced
25 . vield and selectivity may be obtéined by the addition of a reaction promoter. Conse-
quently in a preferred embodiment of the continuous process according to the invention
a reaction promoter is added to the liquid feed initially and re-circulated by the residual
process gas. A reaction promoter may act as a (co)-catalyst and is not consumed once
steady-state conditions have been reached.
30
The Group VIII metal of the SILP catalyst used in the process according to the inven-
tion may be any Group VIl metal which will react with carbon monoxide in the reaction
medium to produce a metal-carbonyl complex. Preferred Group Vil metals are se-
lected from iron, ruthenium, rhodium, iridium, nickel, cobalt, palladium or any combina-
35 tions thereof.



steady-state conditions have been reached. 30 The Goup VIII netal of the
SILP cat al %st used in the process according to the inven-_tion na
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medi um to produce a netal -carbonyl conplex. Preferred Goup VIII netals are
se- lected fromiron, ruthenium rhodium iridium nickel, cobalt,
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C distinguishing ionic liquids fromtraditional nol- 10 ten salts.
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l'iquid. era I-gger the cation the | ower the nelting 20 point.
FurthernoganmheNEMQree of cation substitution influences the lipophilicity
of an.,donic liquid and thus the mscibility with an organic solvent.

Preferred cations of the f
The physical and chemical properties of ionic liquids may be adjusted by selection o

the ions of the ion pair, which again ailows the deagmng of an ionic liquid having the
properties desired. Thus, the cation of an ionic fliquid dictates fo a large degree the
melting point of said ionic liquid. Generally the bigger the cation the lower the melting

20 point. Furthermore the degree of cation substitution influences the lipophilicity of an
jonic liquid and thus the miscibility with an organic solvent. Preferred cations of the
jonic liguids used in the SILP catalysts employed in the process according to the inven-
tion are quaternary nitrogen- and/or quaternary phosphorous-containing cations.

25  Particularly preferred cations of the ionic liquids are selected from the group consisting
of

R1
/Rz

/\

30
wherein R, R2, R?, and R* are independently selected from optionally substituted, lin-

ear or branched-chained C;-Cag alkyl, optionally substituied cyclic Cs-Czo alkyl, and op-
tionally substituted C4-Cpoaryl; and Yis N or P;



ionic liquids used in the SILP catal ysts enployed in the process according
to the inven- tion are quaternary nitrogen- and/or quater

nar

phosphor JWQ28WA2E0AI ng cations. 25 Particularly preferr@&Tgﬁéwgﬁ%m%ﬁ t he
ionic liquids are selected fromthe group consisting of i) RL R2 R41_11
\R3 30 wherein Rl1, R2, R3, and R4 are independently selected from
optionally substituted, |lin- ear or branched-chai ned Cl-C20 al kyl,
optionally substituted cyclic C3-C20 al kyl, and op- tionally substituted
C6-C20 aryl; and Y is N or P; WO 2006/ 122563 PCT/ DK2006/ 000275 6 ii) RS
RO/ N>R6 )KONRB8\ R7 wherein RS and R7 are independently sel ected
fromoptionally substituted, linear or branched-chained Cl1-C20 al kyl,
optional Ii) substituted cyclic C3-C20 al kyl, and optionally substituted
C6- C20aryl; and R5, R8 and R &% independently sel ected from hydrogen,
optionally substitute i nea 10 or branched-chai ned Cl-C20 al kyl,
optionally substitut cycli gy C3-C20 al kyl, and option- ally substituted

C6- C20 aryl;
d

R7

wherein R® and R? are independently selected from optionally substituted, linear or
branched-chained C-Cao alkyl, optionally substituted cyclic Cz-Czo alkyl, and optionally

substituted Cg-Cyo aryl; and
R®, R® and R® are independently selected from hydrogen, optionally substituted, linear
10 or branched-chained Ci-Cyo alkyl, optionally substituted cyclic Cs-Cao alkyl, and option-

ally substituted Cg-Cao aryl;

fif)

R‘I 2

N

R‘ID

15 |
wherein R™ is independently selected from optionally substituted, linear or branched-

chained C-Cao alkyl, optionally substituted cyclic C3-Cao alkyl, and optionally substi-
tuted Cg-Cooaryl; and

20 R''and R* are independently selected from hydrogen, optionally substituted, linear or
branched-chéined C,-Casp alkyl, optionally substituted cyclic C5-Cag alkyl, and optionally
substituted Ce-Caoaryl; and



iii) RI1 R12 O N+ Ito 15 wherein RIO is independently selected from

optionally substituted, |linear or branched- chained Cl-C20 al

opt i onal IWO3B¥&R2I68t ed cyclic C3-C, 20 al kyl, and opti ondGh {PW%@‘M{‘?"&[ ut ed

C6-C20 aryl; and 20 R11 and R12 are |ndependently sel ected from hydrogen,

optionally substi t ut ed, linear or branched-chained Cl-C2() alkyl,

optionally substituted cyclic C3-C20 al kyl, and optionally substituted

C6- C20 aryl; and WO 20061122563 PCT/ DK2006/ 000275 7 iv) R13 R14 N Cn Cm

5 wherein R13 and R14 are independently selected fromoptionally
substitutigy, |inear or branched-chained Cl-C20 al kyl, optionally

substituted cyclic C3-C20 al kyl, and optionally substituted C6-C20 aryl;

is C, N 0, or S nand mare each integers %romo to 6 with the proviso
that the sum1l <_mtn < 6. 10 Non-IRmRIti ng

substituents nentioned above incl ude ngyﬁyl et hyl, n-propyl,
| so- propyl, cycl o-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-

pentyl,
of aryl

n- hexyl, cycl o-hexyl, n-octyl,, &n |so-octyl. Non-limting exanples
groups include phenyl, benzyl, ayd ethyl-phenyl. As exanples of

substituents of the above al

10

15

20

25

30

C, Cin
X

wherein R™ and R are independently selected from optionally substituted, linear or

pranched-chained Ci-Cao alkyl, optionally substituted cyclic C3-Cao alkyl, and optionally

substituted Ce-Co aryl; Xis C, N, O, or §; nand m are each integers from 0 to 6 with
the proviso that the sum 1 =m+n <6.

Non-limiting examples of alkyl moieties of the substituents mentioned above include
methyl, ethyl, n-propyl, iso-propyl,cyclo-propyl, n-butyl, iso-butyl, sec-butyl, teri-butyl, n-
pentyl, n-hexyl, cyclo-hexyl,n-octyl, and iso-octyl. Nén-limiﬁng examples of aryl groups
include phenyl, benzyl, and ethyl-phenyl. As examples of substituents of the above al-
kyl and aryl groups may be mentioned, without limitation, halogen, such as fluoro,
chloro, bromo or iodo, hydroxy, C+-Cs alkyl, and C-Cg alkoxy.

The anion of an ionic liquid is generally considered.to be the ion having the most pro-
found influence on the water-solubility thereof. Thus a hydrophobic anion resulis in a
poor water-solubility. Likewise water is poorly soluble in an ionic liquid comprising a
hydrophobic anion. The viscosity of an ionic liquid depends largely on the anion, since
the charge density on the anion may contribute to hydrogen bonds between the cation
and the anion, the strength of hydrogen bonds being one of the significant causes of
higher viscosity. Preferred anions of the ionic fiquids are selected from the group con-
sisting of halides, nitrates, sulfates, sulfonates, sulfonyi amides, phosphates, borates,
antimonates, and acetates or optionally halogen substituted hydrocarby! derivatives
thereof.

Examples of preferred ionic liquids for employment in the SILP catalysts for use in the
process according fo the invention are selected from tetrabutylphosphonium fetra-

X

npl es of al kyl noieties of the



15 kyl and aryl groups may be nentioned, wthout |imtation, hal ogen such
as fluoro, chloro, brono or iodo, hydroxy Cl- CB al kyl, and d - al koxy.
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~ di net hyl pf&uppbeteé Iorﬁc &idqwd-PRasec(HP) rrialysls FAmRRSS; Ft {plimtidid a5 fsclose
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et o ds g e Lo bty Sarethuld M odagpLimm
bi s(trifl davingea kyys auﬁw:pansa@ d@lgn allows the préparation of op:
catalysts which may be placed in the reactor bed while ensuring easy accessibility of
90 the reactants to the active components of the catalyst in the ionic liquid. In the present
context a SILP catalyst refers fo a catalyst wherein the catalytically active component is
dissolved/ incorporated in the ionic liquid. Ideally a SILP catalyst utilizes the advan-
tages of both homogeneous and heterogeneous catalysis. Thus the distance qf diffu-
sion is minimised since the ionic liquid is dispersed as a very thin film on a large sur-

25 face area.

Fig. 1 shows diagrammatically the exemplary design of a SILP catalyst particle,
wherein an immobilised catalytic ionic liquid phase consisting of ionic liquid A'B and a
Group VIIl metal represented as M*X " is dispersed at low liquid loading on a porous

30 high-area support. (By the term “low liquid loading” is meant the pore filling degree of
an ionic liquid in the porous support. Typically the desired liquid loading is below
0.5.)Gaseous reactants diffuse into the porous structure of the SILP catalyst and reacts
in the inter-phase of the thin ionic liquid catalyst film, where-after the product leaves the
SILP particles again.

35
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15 unsaturated aromatic reactants having from 7 to 20 carbon afoms. .

If the desired product of the carbonylation process is an acid or a derivative thereof,

such as an ester or ether thereof, preferred carbonylatable reactants are alcohals, in .

particular lower alcohols. The most preferred alcohol is methanol, \_r\fhich is reacted with
20 carbon monoxide fo produce the industrially important chemical acetic acid.

in a preferred embodiment of the process according to the invention a reaction pro-
moter is used. Suitable reaction promoters are selected from the group consisting of
halides, hydrogen halides, or alkyl or aryl-halides having up {o about 10 carbon atoms.
25 Preferred halides are selected from chlorine, bromine and iodine compounds, most
preferably iodine compounds, that are gaseous under vapour phase carbonylation
conditions. Suitable halides include hydrogen halides such as hydrogen iodide and
gaseous hydroiodic acid; alkyl and aryl halides having up fo about 10 carbon atoms
such as methyl iodide, ethyl iodide, methyl bromide,.‘ethyl bromide, benzyl iodide and
30 any mixtures thereof. The halide may also be moilecular halogen such as Iy, Bry or Cly.
in the embodiment of the process according to the invention in which carbon monoxide
is reacted with methanol to produce acetic acid, the most preferred reaction promoter is

methyl iodide.

35 Scheme 1 below shows the essential steps of the catalytic cycle for the Monsanto car-
bonylation pracess of methanol for the preparation of acetic acid. Without wishing to be



bonyl at abl e reactant. The term "carbonyl atable reactant” as used in the
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having from7 to 20 carbon atons. |If the desired product of the
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essential steps of the catalytic clycld™ar| tAe Monsanto car- bonyl ation
process of nethanol for the preparatidn offi acetic acid. Wthout wishing to
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SCHEME 1

The reaction mechanism of the Monsanto process as it is believed to take place is thus
as follows: Methanol is first reacted with an iodide source (Hi) to form methyl iodide.
10 Methyl iodide reacts with the rhodium complex by oxidative addition of methyl and io-
dide fo the rhodium complex under formation of an alkyl complex. Said addition is fol-
lowed by a migratory insertion of CO between the nllethyl group and the rhodium atom
under formation of an unsaturated acyl complex having a free coordination site. Said
“free” coordination site is occupied by a new CO molecule and subéequently acetic
15 acid iodide is separated by reductive elimination of the acyl group and one of the iodide
ligands. Acetic acid iodide is converted to acetic acid by reaction with water to reform
the iodide source. Said iodide source is by re-reaction with methanol converted to the

reaction promoter methyl iodide.

20 The carbonylation reaction according fo the invention may be carried out at a tempera-
ture in the range from ambient to the temperature of decomposition of the ionic liquid at
a pressure in the range 1 — 100 bar. However, since the carbonylation reaction is to
take place in the gaseous phase the temperature must be kept above the dew point of



bound by any specific theory it is thought that the process according to
the invention nmay be perforned anal ogously for any car
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formation nsaturated acyl conplex having a free coordination site.
Said "free" coordination site is occupied by a new CO nol ecul e and
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10 The process according to the invention may be carried out in an apparatus shown dia-
grammatically in Fig 2, wherein said apparatus comprises:

i) at least one reactor 1 ;
15 i) at least one fiquid evaporator Z;
iii) at least one condenser 3;

iv) at least one separator 4 to separate the product stream from residual process gas

20 which is recycled fo said at least one reactor.

Through an evaporator inlet line 5 liquid carbonylatable reactant enters the evaporator
2. In a preferred embodiment of the invention a liquid mixture of carbonylatable reac-
tant and reaction promoter, at any desired ratio, such as about 20:1-1:1, preferably
25 about 9:1-2:1, enters the evaporator 2. The process gas is evaporated by the evapora-
tbr and combined with re-circulated process gas from line 7. The reactant gas mixture
enters the reactor 1 through a reactor infet line 6 either at the botiom as shown on fig. 2
or at the top, if so desired. The reactor 1 to be used in the process according to the in-
vention may be any conventional fixed-bed or fluidised-bed reactor, wherein the SILP
30 catalyst is present. As an aliernative to the above mentioned fixed-bed or fluidised-bed
reactor a tube reactor may be employed. A single reactor may be used, however, the
use of more than one reactor, in series or parallel, is also contemplated in the present

invention.

35 The reaction mixture is forced to pass the SILP catalyst , wherein the presence of the
very thin film of ionic liquid containing the catalyst dispersed on a robust, inert, porous
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€ reactor may be used, howeve t he
the separator 4 is processed further in a manner known per se employing e.g. frdc-
tional distillations and/or drying operations. The separator 4 may be any separator

known in the art, such as a common distillation unit, a flash distiliation unit efc.

20 In each of the above described process steps a single unit operation device will nor-
mally be used. However, the invention also contemplates the use of more than one unit

operation device, such as e.g. more than one distillation unit, if required.

A major advantage by the use of the above simple process design is the omission of
25 any catalyst recirculation since the catalyst is maintained in the reactor. Separation of
the liquid phase currently employed in industrial_plants often resuits in catalyst deacti-
vation since carefully controlied conditions are required in order to avoid critical low
pressures in connection with flash distillation operations. This also adds to a reduced
demand for expensive catalyst material by the process according to the invention. Fur-
30 thermore the simplified process design provides economical benefits as a result of
jower operating and running costs. Existing plants may easily be adapted to the appa-
ratus according to the invention or may be implemented at reduced plant investments.

EXAMPLES

35
The following examples illustrate the invention without fimiting its scope or content.
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requi r'ed. A maj or advantage by the use of the above sinple process design
Is the omssion of 25 any catalyst recirculation since the catalyst is

mai ntai ned i_n the r crt r paration of the liquid phase currently
enpl oyed 'MMT A often results in catal yst deacti -

Continuous, gas-phase carbonylations of methanol with carbon monoxide and methyl

70 iodide as reaction promoter were performed in an all-heated stainless steel (AISI
316Ti) catalyst test system with the SILP catalyst positioned as a fixed-bed in a tubular
reactor, placed in a temperature controiled aluminum block oven. The test system al-
lowed the reactant feed composition o be controlled by gas- and liquid mass-flow con-
trollers integrated with an evaporator and mixing unit and the reaction pressure to be

75 controlled by a regulator valve equipped with a pneumatic actuator via connection to an
electronic controller and pressure transducer. Gas-phase reactants and products were
analyzed continuously by an integrated on-line FID-GC using auto gas sampling.

Example 1 .
30 1.00 g of SILP catalyst (containing 0.0437 mmol Rh metal), prepared as above, was

positioned in a fixed catalyst bed in the tubular reactor where after the system was
pressurized with carbon monoxide gas at a constant flow (Fco) of 50 nem’min™ to a
constant reaction pressure (P;) of 20 bara. Meanwhile the reactor was heated to a con-
stant reaction temperature (T;) of 180 °C and the rest of the test system to 160 °C.
35 When the preset reaction pressure and temperatures were reached the carbon monox-
ide gas was bypassed the reactor, and a liquid mixture containing 75:25 wiw % of
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were per { &xped Tifea CANNETSIoR; ed st ai Jﬁpgs(g )gt eel Sﬁ%d&?c%%}é}cﬁvithk t est
system wi 3 t hgn?' LP (%3t al yst [ ReGHT AdS[BNIeaSMeOMa =aeoeu AgOMet Jbr@péje
reactor, |place l.n 4 TPn‘nprafllrn cohtrelle (6! e ‘U'"& It U‘OI“O ove '00'”5 1 est
system all4.1 [ 0.00 |0.0 0.0 0.0 0.0 . . :

12 |025 |97 0.0 0.0 0.0 0.0 0.0 0.0
13 |0.50 |80.3 " 6.4 51.1 0.0 11.1 | 88.9 0.0
14 (075 |95.6 13.3 148.0 0.0 216 |784 0.0
15 |1.00 |97.7 14.4 [49.8 2.0 21.8 | 75.2 3.1
16 |1.25 |98.7 17.1 | 54.2 27 1231 |732 3.7
17 |150 [98.8 171 | 59.4 3.4 214 |744 4.2

T Reaction condiions: P, = 20 bara, T, = 180 °C, Feo= 50 ncm*min™, Fiq = 0.69 gh.

15 Example 2
The results illustrated in this example are consecutive steady-state results obtarned al-

ter continuation of the methanol carbonylation reaction described in Example 1 at 180
°C, using the 1-butyl-3-methylimidazolium iodide/dicarbonyldiiodorhodium (1) SILP
catalyst, at different reaction pressure and reactant flows, respectively.

20
Table 2.1°
Ep. [Time | P, | Foo Fie TOF ()
No. |(h) | (bara)| (nem®min™) (gh™) | AcOH | AcOMe MeOMe

2.1 1 3.00 10 50 0.69 3.4 66.3 1.5
22 | 450 10 100 1.38 5.0 271 3.3




| owed the reactant feed conposition to be controlled by gas- and liquid
mass-fl o on- trollers integrated with an evaporator a 1.X] .t and
t he reac%g’ﬁo%ﬁr’}@&gﬁre to be 25 controlled by a regul ato?ﬁ’@@g&g‘a’ﬂgﬁped
with a pneunatic actuator via connection to an electronic controller and
pressure transducer. Gas-phase reactants and products were analyzed
continuously by an integrated on-1ine FID GC using auto gas sanpli ng.
Exanple 1 30 1.00 g of SILP catal yst (containing 0.0437 nmol Rh netal),
prepared as above, was positioned in a fixed catalyst bed in the tubular
reactor vmatlslezabt er the system was  pr essurized wi th carbon nonoxi de gas at
a const apt—tew- O—rentm COoTTSt ssure] (Pr)
of 20 baf &% I\EQH\\%E ezéPeactor NasFUl‘Feat ed.t P[—Hdu'é?é’é’?édtl‘\?ﬁy@té\)g”mn

t enper at hNe. ([Th) of (baBg) |remimittle | e{gh bf heﬁQQﬂt sy AdVe o [1de@Me35 \Wen
t he presgt+eagtiop—pregsure-Ard—ten tuies e reaggEepd the Tambon
moNnox- i @'basg\ﬁgs bggassed Pﬁe reac%?g and zfy' iguli d (n%x ure co%tzgi n| ng
75: 25 w NQ’QOE 4\80 P66/ 1225680PCT/ PK208810D0274.1 14| net#ahol : pet By i pdi de
was intr ntb-t-he-lbypassed—+eactant—gas,—after—evapora=tiomof- t he
liquid mxture, with a constant flow (Fnq) of 0.69 gh-'. Wen the reactant
gas m xt uRgaGRANGRpérafife FpedaeConstant, as determ ned by the FID GC

anal ysis, the nethanol carbonylation reaction was started by all ow ng t he
reactant gas streamto 5 flow through the SILP catal yst bed. The

carbonyl ation reaction was afterwards followed for 1.5 hour while

determ ning the gas conposition regularly by FID GC analysis, allow ing
determ nati on of nmethanol conversion and catal yst activity (as
-turn-over-frequency in nmol product formed per nol rhodium per hour) and
selectivity for formati on of the ob- served products acetic acid (AcOH),
acetic acid nethyl ester (AcOwe) and di- 10 nethyl ether (MeQOW),
respectively. Table 1 a Exp. Tinme Conversion TOF (h-) Product selectivity
(%9 No. (h) (% AcOH AcOve MeOVE AcOH AcOVe MeOVe 1.1 0.00 0.0 0.0 0.0
0.0 0.0 0.00.0




1.2 0.25 9.7 0.0 0.0 0.00.00.00.0 1.3 0.5080.36.451.10.011.1 88.9
0.0 1.4 0.75 95.6 13.3 48.0 0.0 21.6 78.4 0.0 1.5 1.00 97.7 14.4 49.8 2.0
21.8 75.2 3.1 1.6 1.25 98.7 17.1 54.2 2.7 23.1 73.2 3.7 1.7 1.50 98.8

17.1 59.4 3.4 21.4 74.4 4 a Reaction conditions: Pr = 20 bara, Tr = 180

.2
C, Fcc = 50 ncmmn , Fng = 0.69 gh- . 15 Exanple 2 The results
illustrated in this exanpl e are consecutilfe steady-state results obtained
af - ter continuation of the nmethanol carbonylation reaction described in
Exanple 1 at 180 C, using the 1-butyl-3-methylim dazolium

i odi de/ di cardgsgyd di i odorhodium (1) SILP catalyst, at different reaction
pressure and fTeactant flows, respectively. 20 Table 2.1b Exp. Tine Pr Fco
F'qg TOF (h4 ) No. (h) (bars) (ncnmBmin') (gh-'") AcOH AcOve MeOWe 2.1 3.00
10 50 0.69 34 Ahrdtoksor the dorkinBusl SarbOdiohr Sabofflathné sloRi 20064803
PCT/ DK2006/ 000275 15 Table 2.2b Exp. Tinme PP Fco u;qNProﬁuct s%%e%t|V|ty
(% No. (%) nenaxige ipHunganerus phasgrn the peepNRBACHRBIEVIS S SEILFEF 8P 0. 69
4.7 93.1 2. Zypdoded 18t Lﬁhul@@hésé@ﬂ.ﬂ) tafafys? cOmprisity Begsitiodnoft erpreugtaie Tr
= 180 C. 16 alms 1. A process t he &ontinuous car bonyl ati on of

ins 1. Ap or
car bony| at agPeabipgaienic ighid RERIREE /A a suppo

2. The process according fo claim 1, comprising:

10
i) continuously feeding fo a reaction zone a carbonylatable reactant and carbon
monoxide, wherein said carbonylatable reactant and carbon monoxide are in the
gas phase;
iy continuously contacting said carbonylatable reactant and carbon monoxide with &
15 SILP catalyst comprising a solution of a Group VIIi metal in an ionic liguid con-

fined on a support; and
ifi) continuously recovering from said reaction zene a gaseous effluent comprising a

carbonylated product.

20 3. The process according to claim 2 further comprising initial addition to the reaction
zone in step 1) of a reaction promoter.

4. The ptocess according o claim 1 wherein said Group VIl metal is selected from
iron, ruthenium, rhodium, iridium, nickel, cobalf, palladium or any combinations thereof.

26
5. The process according to claim 1 wherein said ionic fiquid is of the formula A'B,

wherein A* represents a gquaternary nitrogen- and/or a quaternary phosphorous-

containing cation.

30 6. The process according to claim 5 wherein the cation A’ is selected from the group

consisting of

i}



5 nonoxi de in the gaseous phase in the presence of a catalyst, wherein said
catalyst is a Supported lonic Liquid-Phase (SILP) catalyst conprising a
solution of a Goup VIII netal in an ionic liquid confined on a support.

2. The process according to claiml1, conprising: 10 i) continuously
feeding to a reaction zone a carbonyl atabl e reactant and carbon nonoxi de,
wherei n sai d carbonyl at abl e reactant and!@arbon nonoxide are in the gas

phase; ii) continuously cont ac4ti ng sai d carbonyl at abl e reactant and carbon
nonoxi de wi twheaein £5, BF.LF, ead &'\are ndapgpoentiy gelgctast 1R ortienally supgipeds inr

metal in an d.ouf frahbfet cheitder cliCIeaANoRicRHRPEIstituRhyblié E;-COTIkyR MLy
recovering fromsaid reaction zone a gaseous effluent ‘conprising a

car bonyl at ediopaioubstituzg G-CahaelipndcesdN ackording to claim 2 further
conprising initial addition to the reaction zone in step 1) of a reaction
pronoter. 4. The process according to claim1l wherein said Goup VIII netal
is select®difrom iron, ruthenium rhodium iridium nickel, cobalt,

pal | adi um or any conbi nations thereof. 25gB. The process according to
claiml wherein said ionic liquid is of t formula A'B-, wherein A
represents a quaternary nitrogen- ¥aqQd/ or géquat ernary phosphorous-
containing cation. 30 6. The process ™g¢gerding to claim5 wherein the
cation A" is selected fromthe group - ingwof i) RL 1 ., R2 R41101
rRa 17 wherein RlL, R2, R3, and R4 ajs_iptfependently selected from
optionally substituted, lin-

R?

wherein R® and R’ are independently selected from optionally substituted, linear or
branched-chained C-Cap alkyl, optionally substituted cyclic Ca-Ca alkyl, and optionally

10 substituted Cg-Coparyl; and
R°, R* and R? are independently selected from hydrogen, optionally substituted, linear

or branched-chained C-Cao atky!, optionally substituted cyclic C3-Cy alkyl, and option-
ally substituted Cg-Cap aryl;

18 iii)

R12

N+

R10
wherein R is independently selected from opfionally substituted, linear or branched-
chained ©-Cy alkyl, optionally substituted cyclic Cs-Cyo alkyl, and optionally substi-
tuted Cg-Cop aryl; and

20 R"and R are independently selected from hydrogen, optionally substituted, linear or
branched-chained Cy-Cyp alkyl, optionally substituted cyclic C3-Cye alkyl, and optionally
substituted Cg-Cog aryl; and

fv)



ear or branched-chai ned Cl1-C20 al kyl, optionally substituted cyclic C3-C20
al kyl, and op- tionally substituted CB-C20 aryl; and Yis Nor P; 5ii) R5
Rg/ ON>-Re R 5 R7 wherein R5 and R7 are independently selected from
optionally substituted, linear or branched-chai ned Cl-C20 al kyl,
optionally substituted cyclic C3-C20 al kyl, and optionally 10 substituted
C5- C20aryi; and R6, RB and RB are independently sel ected from hydrogen,
optionally substituted, linear or branched-chai ned Cl-C23 al kyl,
optionally substituted cyclic C3-C20 al kyl, and option- ally substituted
CB-C2 aryl; 15iii) R11 R12 cx | 3 mherﬁga R70 is independently

sel ected fron1opt|onally substltuted | ne branched chai ned C, - C20

al kyl, optionally substituted cyclic ég\ﬁﬁ al kyl, and optionally substi -
tuted CO Coaryl: and 20 R' and R12 are i dependently selected from

hydr ogen, optionally substituted, |ine or\ branched-chai ned Cl-C20 al kyl,
optionally substituted cyclic C3-C20 alfkyl, Y\and optionally substituted
CFC20 aryl; and iv) 18 R13 R14 OCn ) (%n

X

wherein R™® and R™ are independently selected from optionally substituted, linear or

§ branched-chaired Cy-Czo alkyl, optionally substituted cyclic Cs-Cy 2lkyl, and optionally
substituted Cg-Caoaryl; X is G, N, O, or §; n and m are each integers from 0 fo 6 with
the provise that the sum 1 =m+n =6.

7. ‘The process according to claim 5, wherein the anion B is selected from the group

10 consisting of halides, nitrates, sulfates, sulfonates, sulfonyl amides, phosphates, bo-
rates, anfimonates, and acetates or optionally halogen, hydroxyl, of Cyi-Cp alkoxy-
substituted hydrocarbyl derivatives thereof,

8. The process according to any of the preceding claims, wherein the ionic liquid

i5 AR is selected from tetrabutylphosphonium tetrafiucroborate, N-butylpyridinium
hexafluorophosphate, N-ethylpyridinium tetrafluoroborate, 1-butyl~1-methylpyrrolidinium
bis(trifluoromethylsuifonyl)amide, 1-butyl-3-methylimidazolium tefrafluoroborate, 1-
butyl-3-methylimidazolium hexafluorophosphate, 1-butyl-3-methylimidazolium trifluoro-
methylsulfonate, 1-butyl-3-methylimidazolium bis(trifluoromethyisuifonyl)amide, 1-ethyl-

20  3-methylimidazolium bis(trifluoromethylsutfonyl)amide, 1-butyl-3-methylimidazolium
acetate, 1-butyl-3-methylimidazolium iodide, 1-ethyl-3~-methylimidazalium hydrogensui-
fate, 1-butyl-3-methylimidazolium methyisulfate, 1.gthyl-3-methylimidazolium ethyisul-
fate, 1-butyl-3-methylimidazotium octyisulfate, 1,3-dimethylimidazolium octylsulfate, 1-
butyl-3-ethylimidazolium p-foluenesulfonate, 1-ethyl-3-methylimidazolium methanesuk

25 fonate, 1,3-dimethylimidazolium dimethylphosphate, 1-ethyl-3-methylimidazolium thio-
cyanate, and 1-butyl-3-methylimidazofium dicyanamide, in particular 1-butyl-3-
methylimidazolium bis(trifluoromethylsuifonyl)amide, 1-butyl-3-methylimidazolium io-
dide, and 1-butyl-3-methylimidazolium octylsulfaie, alone or as a mixture.



X wherein R 3 and R14 are independently selected fromoptionally
substituted, linear or 5 branched-chained Cl1-C20 al kyl, optionally
substituted cyclic C3-C20 al kyl. and optionally substituted CB-C20 aryl; X
is C N 0, or S nand mare each integers from0O to 6 with the proviso
that the sum1 :gmn s6. 7. The process according to claim5, wherein the
anion 5 is selected fromthe group 10 co®sisting of halides, nitrates,

sul fates, suifonates, sul fonyl am des, phosphates, bo- rates, antinpbnates,
and acet at eg_ or TiPbiosaa dctottirigoigemy of i mreddingeiaitts. BhemirkiR pLPRTHAL $3i4)t ed

hydrocar byl derivagives thereof. 8. T I f e
precedi ng clPREeRYELF &P GfEHZP?"aH?ecgergﬁiB }éﬁ&@%ﬁ@@%@}?@g}%@tzﬁwﬁ? ?’ocrﬁﬁ'

t et rabut yi phepsmhenitaina tatons hod colbinatiens theteof, prefgrablyisilicam

hexaf | uor ophosphat e, N-ethyi pyridi niumtetrafl uoroborate,

1- butyl -1-met hyl pyrrolidinium bis(trifluoronethylsulfonyl)am de,

1- but yl - 3 maphytherpeazsd acoordisg tatlzin r"owmr&me@afqﬂaf@@w'ﬁtagfﬂrfé?ﬁimsmfaé?b| i um
hexaf | uor opho te,.l1-butyl -3 W i 1 :Oncid esters havin

ot hyl Sul e Pyt orolseupR{Y B RS TRk B drbdi§hcacid ;

bi s(trifl uorprethyhisidl deooyr gtamsde, 1-et hyl 20 3-net hylim dazolium

bi s(trifluoronethylsul fonyl)am de, 1-butyl-3-nethylim dazolium acetate,

1- butyl -3-methylim dazol i umi odi de, 1-ethyl-3-nethyl ir&{?da ol lu
hydr ogensul -11f aTlkes plockss gécodding tchgiRimnil @ A46rein frideErRANYIRIghiR ac ants are se-

1- et hyl - 3- met byl i 0 I - 6 GRInR¥ iUt At d|alireial wm
octyl gul {Tgerﬂ%é W ﬂé@t h%‘ﬂpﬁggﬁgﬁ?&%g{rﬁﬁgfﬁ ?g%%é 1- e d

but yI - 3- et hybramhed adbhalin Gi-Co rerateris BRY salEted OBMRP- o JruprgiiateaDBIRlE m
met hanesul né?#@ﬂgﬁ.,gwn%ﬂgmd} peidydrbon &Rl | um di met hyi phosphat e,
yri'm

1- et hyl - 3- azoltum thio- cyanate, and 1-butyl-3-nethylimdazolium
di cyanam de, in particular 1-butyl-3- nethylimdazolium

bis(trifl uor@%ﬁbﬁ&g@m&m geanylof Blsins 46 oret Ryrltherbatbaaiiatiomaf elcoidlsle,

and 1-butyl - m dazol i um octyl sul fate, alone or as a mxture. 19 9,
The procHss according to any of the preceding clains, wherein the support

of said Sl cehabusbsd Sccorlifg ieshif tifot e @roanylationsf siethagolof si | i cas,
polymers, zeolites, clays, alumna, titania, zirconia and conbinations

thereof, preferably silica. 5 10. The process according to claim1l wherein
sai d car bony{at ¥kt @rdceas hedtrding keclaien 3, wherein said reaction promoter is selected from

the group consisting of halides, hydragen halides, or alkyl or aryl halides having up to

20 shout 10 carbon atoms.

15. The process according to claim 14, wherein said reaction promoter is methyl io-

dide.

95 18. The process according to claim 1 wherein the carbonylation reaction is carried out
at a temperature in the range from ambient to the temperature of decomposition of the

fonic liquid at a pressure in the range 1 - 100 bar.

17. The process according to claim 16, wherein the carbonylation reaction is carried
30 out at a temperature in the range 100 -300° C, more preferably in the range 150-230°
C.

18. The process according to ¢laim 16, wherein the carbonylation reaction is carried
out at a pressure in the range 5-50 bar, more preferably in the range 10 — 30 var.

35



| ected fromthe group consisting of alcohols, ethers, and carboxylic acid
esters having wup to about 20 carbon atons. 11. The process according to
cl aim 10 wherein said carbonyl atable reactants are se- 10 lected fromthe
group consi sting of saturated or nmono- or di-unsaturated, |inear or
branched al i phatic Cl-C20 reactants and saturated or nono- or

di -unsaturated aromatic reactants ha¥bng from7 to 20 carbon atons. 12.
The process according to any of clainms 10 or 11 for the carbonyl ation of
al cohols. 15 13. The process according to claim12 for the carbonylation

of nmetha The roc Ss ,accqrdi.n id reaction
mmmaméé%&ﬁ ﬁ?@“ (@B &%&W%&’ wrW%%

hal i des, %?“ﬁFﬁVFmHF@é??FYH%ﬂP@ ﬁéﬁlng up to 20 about 10 carbon atons.
15. The process according to claim 14, wherein said reaction pronoter is
met hyl io- dide. 25 16. The process according to claim1l wherein the
carbonyl ation reaction is carried out at a tenperature in the range from
anbient to the tenperature of deconposition of the ionic liquid at a
pressure in the range I - 100 bar. 17. The process according to claim 16,
wherein the carbonylation reaction is carried 30 out at a tenperature in
the range 100 -300 C, nore preferably in the range 150-230 C. 18. The
process according to claim 16, wherein the carbonylation reaction is
carried out at a pressure in the range 5-50 bar, nore preferably in the
range 10 - 30 bar. 35 20 19. Use of a Supported lonic Liquid-Phase (SILP)
catalyst in the carbonylation process according to any of the clains 1-18.



