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Title: A process for continuous carbonyl ation by
supported ionic |iquid-phase catalysis Technical Field
wohewspeessent invention relates to a process foPCT/DK2006/000275
continuous carbonyl ati on of carbonyl atable reactants
wi th carbon nonoxide in the gaseous phase in the
presence of a cata |lyst, wherein said catalyst is a
Supported lonic quurd Phafe (SILP) ogtal st_

|on| Cc Irqur d confr ned on a support Background Art
Car bonyl ati on of carbonyl atabl e reactants, especially
Le_amm;ﬁ@g in particular nethanol, is an i ndust ri al 'y
i nportant honogeneous cat al ysed batch reacti on
Processes for the manufacture of acetic acid f

Theenresans inveptiomralaing [ue iPHPress ETdPBHRMUT GERRYUH gtrgg r&b carbonylat-
abﬁéqrre%HﬁP%%rtﬁ BEH¥R M dhoxiBE 84 tHe gédedus §hé§§ﬂ the pﬁeSéﬁée et a cata-

I cations, anmong which are in Iu
Ve i aRy Gatelrting SURRTe Ppod i Phree (St st Sofprising
a SO Q%rgﬁ?@llﬁﬁr@tél W arPrBhi@fhgdra coﬁh%dmnartsw;tdur e of

acetic acl rom net hanol car bon nonoxi de at hi gh
tenperature and hi gh pressure was descri bed by BASF as

EREIVIN@Ar1913. I'n 1941 BASF devel oped an inproved
‘TW%F—————

cess using Goup VIII netal carbonyls as catal ysts
for carbonyla tion reactions. This led to the

caBYS Iétﬁ:'ﬁed'ftca%o a'fétﬁl@réﬁc%ﬁélfe%pedflalgﬁ‘lalbﬁmrnatpartreulpr awthanol,

MPa, 2 h
SRR We R I

mgﬁﬂg&ﬁr@ il ﬁcégﬁ REEIrbS rﬂ@ihdnd)lrbj b&bbr&jlﬁroh%sopmratbd a&xtensively
i um i odi de

r onot ed
thmﬁg@ttpgw@gdaqutrg %&?‘ﬁ&égﬁ # ép@pe § é)lltv 88?”09? ?rif gﬂtgng which are
rnQEé htaciuheBr (pBE) viabiaddetdie cetiulpsoaestate, dlStipainbydriddpand ace-
9,329. The Monsanto operating conditions in the

tyr@ﬂ\‘dtd@r were milder (3-4 MPa and 180-220C) than in the
BASF process. :

The manufacture of acetic acid from methanol and carbon monoxide at high tempera-
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 cobalt iodide catalyst.

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 cobalt-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.

In the early 1980s Celanese Chemical Company developed a low-reaction-water rho-
dium-catalysed methanol! carbonylation process using inorganic iodide salts fo improve
catalyst stability and activity, US patent No. 5,001,259.

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,
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In the early 1980s Cel anese Chem cal Conpany devel oped

a |l owreaction-water rho diumcatalysed nethanol
we2a00b0sbat i on process using inorganic iodi de BEl/DK2406/000275

i nprove catal yst stability and activity, US patent No.

5,001, 259. BP developed in the early 1990s a process

using iridiuminstead of hodi umi.n the cata | yst

system a pr k the Cati
S oesasatrnges: neosepstmgouipe! Selbpiaeek resctor
rat?éé,gh Sk el RN HrodiRk3és6iquiRt Mbprotiliots. | ncr ease

eaction rates, increase yields, and produce |ess
l'iquid by-products. Thomas Swan & Co. discloses in WO

Thggr(ag@\% & CORlsbiRYSY T BICPOED33dE coAtirilibuUS Bradiebs for carrying out
carbonyl ation reactions with carbon rmpoxi de usin

cattrileiare restignsCHtAFIDEN INQTPXe §aTiEh3 (6 SiREeTPUS, catdlySt with or

wiﬁﬁggf’ St o EDIVER mABRHE Whefdin bERESt dPREoRPBRNES Uindler supercritical
under supercritical or near critical conditions. lonic
orinegertisalieaudiigifen used as sol vents for organic

rea(k:)tl olns and netal -catal ysed reactions including

carbonyl ation reactions. US 2004/0059153 (Instit ut
lowie sineigs bavrbems yssideas SRNRNDHRE STl Geatsip Triliaelveed re-
adiBAS RIGaNEECAYIERS @aofreohol s by carbon monoxi de in

the presence of at |east one catal yst conprising at

| east one rhodi um and/or iridiumconplex and a

u?fﬁggg@@@@rﬁsé @ﬁ&imgﬁénéaés at Fbe]grﬁwj)1 disviosesrx pggesriliqnidcphase
. e liquid product of t rocess {
carkiplag OUAISPROI 2ViCBHHCA TRRORRS PS8 PGS Fe Opr bsat B ehtatst
coﬁ?%r%g'@eéi 'ié;e\%g%é {hofu??éhtl/@r ifdiymceonssearca dalogesated promoter in
unce eactivation of the.cata t e

atessh ane onagueoss 19a6, 8- Ge RS B gAY BIEBRE LRt be sope-
rafsd tNSRPSaftél deureag i prasbure. Szidl dacrdage gpipoessure may

ST iy g p

aci d an eir esters .contactin m_xt
cAUBP AT 7bIR% PEORRES AR IEAN Gh et Lty

syst grr} cohn'plri zi ng a rut heni um contai ni ng conpound and

a cobalt halide dispersed ipn a |ow nelti u A :
ULl A o iofininm gl rireslif Yo RERp Y B RHMRAYs aceti
aBld QA Groptvt abid arepmeRtestbrbyydontsctihg i roixture 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.

The liquid phase processes discussed above require separation of the reaction prod-
ucts from the catalysts by distillation 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
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
phase are contacted with a 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
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The |iquid phase processes di scussed above require
separation of the reaction prod ucts fromthe

w@ at0al192563 by distillation fromthe reactor orP@IDK2006/000275
flashing of the reaction solu tion at reduced

pressure. Catal yst deconposition and precipitati on may
cause prob |l ens during the3flashing process wherein

the liquid products fromthe reactor are sub jected .
said fsr be sigefdl g’é@"ﬁe‘é&fé‘ﬂ“%ﬁr PIeBRIAYPR Of RERlS %%%E)’ H{q %%{80“35&9“0“ of
mBh2REIS PES cABK I} BBtiveWBRARIoheAEs ifcefidrated afithietioriéifduid, which is

reaction steps, and require the use of expensive corro
pasitioned dsthetregrtoraia weihiilterus 2003/ 0212295 (Charl es et

al .) discloses a continuous process for the

preparation of carbonyl atabl e products wherein, carbo
A needsiilbexista for @admArVed REPCESH BT ithfecarponyirtiog QL © hiduaPle reac-
tafRNIARheHoNbddHoR uBO Bf 1k ahtdiyst eftéials torégehtyt fe@nrequirements for

conprising an ionjc Ilgw f%and a?%%ﬁg . Ill mstaldfto roula-
theregd PEReh Usadt BshH oM oRMPISORIRESSS FPSAHMIRY Kifdied tqygeireuia
tidH SERRIpresstid 6hange & the Bhtellysf ktdne conti nuous

preparation of acetic acid by the carbonylation of

nmet hanol . The catalytically active.conponent is
DisBlestired: #vedtiérd the ionic liquid, which is positioned

In the reactor on a netal filter. A need still exists

for an inproved process for the carbonyl ati on of
TR&bRRe Alaiion relarstiart sroceds foh cpmtinvbde sarbonylatiom affcarbonylat-

| ess cat al yst terials resents few requirements far
abif doafantp MRc-teadmardn PR A58 oo Mo Sd B = cate
Iyﬂt'ﬁWh@t&in tdie cﬁ’@@@t fs@alr Suoirted ldric Ligioid-ll?ﬁasamﬁlLﬂf) estalystcomprising
change for t at gl yst system. cl osure
aISH\PE%’t‘ P{ﬁ‘] GT‘P{@GYJ é%%ﬁ't'n ?H\'fﬁm H%d‘ﬁd p%rﬁ'g?gg ntaosuﬁp% ‘ocess
for continuous carbonyl ati on of carbonyl at able
reactants with carbon nonoxi inthe Seou [
TheerasrabanEaopiE SRy ot ekt RSB Ri&RSs ofhe use
ofla SIPPREtaB™t bravides lai vary thréth astive( GlthlRt arad @hywing a very effective
conpr.i Si olution of a.Goun VLI t '
RO s PRavE: S hedelved el 17, 1%, Frpbfyétn reactor the
prdtessibécndind) usthdementitre sbiates diid peef for sulesenuent separation of any
cgt%[yg GXéearthe%Peagég %reeségwe-rvlvqi & 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-

ylation process according to the invention characterised in that it comprises:

i) at least one reactor 1;
ii) at least one liquid evaporator 2;
iii) at least one condenser 3;

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

which is recycled to said at least one reactor.

Finally the present invention relates to the use of a SILP catalyst for use in the carbon-

ylation process according to the invention.
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of a SILP catalyst provides a very |large active
catal yst area ensuring a very effective use of the
w@2108/192563 Si nce the catal yst i s naintai ned i nPCTBK2006/000275
carbonyl ation reactor the process according to the
i nvention obviates the need for subsequent separation
of any catal yst under decr®ased pressure with the
concon1tant deactivation and deconposi tion problens
et Pleseri ket Drawinidsr art car bonyl ation processes.
The present invention furthernore relates to an
apparatus for carrying out the carbonyl ation process
Thedovendionds explained iniptaitaeiny witareieteers ioera e [dpavwiRg(g), jip which
conprises: i) at Ieast one reactor 1; ii) at |east one
l'iquid evaporator 2; iii) at |east one condens 3;
Figy) shaws schemagierlly dieg il ofa §'&P§é‘fﬂ¥%f’@ 'Pﬁea’i’ffoduct
stream from resi dual process gas which is recycled to
said at | east one reactor. Finally the prese
Fign2 israt flyrshest shewing gliagremmaticaly the epfz%sscagﬁar%tofﬂb% invention.
use in the carbonyl ation process according to the
|nvent|on Brief Description of the Draw ngs The
AMasies dor Cayning Pulithemvetiodat ai | bel ow with reference
to the drawing(s), in which Fig. 1 shows schenatlcally
the build-up of a SILP catal partic rk
Mpee partiguiailys @ﬁe%ﬁBWﬂHmHir%'@%é tﬂre%ﬁslsgért‘ﬁ’é %}yl?g%gf carbon-
yIaGsREh&RENE Ocdriitisidgvent i on. Best Mbdes for Carrying
out the Invention Mre particularly the present
invention relates to a process for carbonyl ati on of
i)C afc@ﬁmdot@u%@bﬁesmhg tatétaaf’éaﬁmo@ QBRE i bﬁr@onylé&tgFl@nﬁeEmaau ahy carbon
feeding to a reaction zone car abl e reac
St WRBTRIX PRI SO GIA S PG EDL PO AGIPER SETEa are in the

r eqfekaslis gHidecar bon nonoxide are in the gaseous phase;

if)  continuously contacting said carbonylatable reactant and carbon monoxide with a

SILP catalyst comprising a solution of a Group VIII metal in an ionic liquid con-
fined on a support; and
iy 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
carbonylatable reactant and carbon monoxide it has been shown that an enhanced
yield and selectivity may be obteined 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.

The Group VIII metal of the SILP catalyst used in the process according to the inven-
tion may be any Group VIII metal which will react with carbon monoxide in the reaction
medium to produce a metal-carbonyl complex. Preferred Group VIII metals are se-
lected from iron, ruthenium, rhodium, iridium, nickel, cobalt, palladium or any combina-
tions thereof.
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ii1) continuously contacting said carbonyl at abl e

reactant and carbon nonoxide with a SILP catal yst
weomwpne2sshg a solution of a Goup VIII metal iPCEDRK2006/000275

ionic liquid con fined on a support; and iii)

conti nuously recovering fromsaid reaction zone a

gaseous effluent conpri si a carbonyl ated product.

Al t hough a carbonyl ati on reﬁ?igi rfor

. : b d . .
Any] 59prae ef catplyst REGUETPT NEYGRoM erggq_ {l}%}@qogp Sﬁlll @qt%g)é(tdéﬁplutlon
in %{ﬁgiﬁgi%gﬁgmsmlapqste Ql@id' bs @S%@WD nﬁ_t@%tél?&itpr:emurm‘rh aremples of
el ectjvi ) ont a t ddj
oo pigarssen ey ol GEn: B0 R4 P aceo)
[Rﬁmg%%’ﬂ t[;;ﬁ(:oég)g?l]zg O[Nh&(g@)}qér [Rmoaeg]zgd?mlf Lnlg?cp,o [It(COD)CI].,
S, a 0
InCERdaRaR TG | Hifr PR Edé%%ﬁbbgfaﬁ@c]@eé PoLIcODIcH,,
wirEif @2ac 8atetyRckRnald, OACPY arste anteyOBGt 1,68 yalooctadiene.
(co)-catalyst and i s not consunmed once steady-state

condi ti ons have been reached. The Goup VIII netal of

lohid8iqSbs Bremfurdsysdmpised sblelytdidors: nesizjuitscre chagctedsediey hav-
I nve

. tion may be an , V1L tal. whi ' "

ing @deglthg PW“EQ%/'B‘Hr?bHB%%Qﬁ ‘glgglﬁl]nqw.'sg[lrr}%elgglﬁIlghﬁgéwu{rn?cy%onal mol-

teR'sBRSI G8 &dvaRtaRl-tyaIsanishicdiquid éxthePmetligible va@owipessure below

B PRI A TR R0 b oK LSRRG Dol b fige and

vdlé’tgé g@{stmﬁssxgmtﬁ endkbs tadralsyisibloas solvers farrgdmiaidactions. Fur-
i berate e ou

I vill nmetal b i ' J 0
e SRRy Dt Bbed s g RoREY olsbgRubs & serpmon or-
gaiessiveras.. Exanpl es of catal yst precursors include,
without limtation, Rn(CO 2(acac), Rh(COD)(acac),
[Rh(COD)CI] 2, [Rh(CO 2CI]12, [RA(CO 2112, [Rh(CAc)
TR BhysRChad cheiidal prape@eB)oCidni@liquidy 08y b(adjeatyd by selegtion of

et S el R i RSBl o SBAAURE L R o e
pRpettiet elesiaed] TRIs,=thd catiary of endtracliieuie didtaias do ki lgigeddegree the
n%hﬁpg@ﬂﬁ 'ro‘fg%ng‘? ))gﬁ(glgd.s BefbManPthd B8Ger thehfor hAUbRSH AE Felting
point. Furthermore the degree of cation substitution influences the lipophilicity of an
ionic liquid and thus the miscibility with an organic solvent. Preferred cations of the
ionic liquids used in the SILP catalysts employed in the process according to the inven-

tion are quaternary nitrogen- and/or quaternary phosphorous-containing cations.

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

of

R1

—R?

Y.
R4/ \R3

wherein R', R?, R?, and R* are independently selected from optionally substituted, lin-
ear or branched-chained C;-Cx alkyl, optionally substituted cyclic Cs-Cyo alkyl, and op-
tionally substituted Cs-Cyaryl; and Y is N or P,
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ing a nelting point below about 100 OC di sti ngui shi ng
ionic liquids fromtraditional nolten salts. An
w@edwantaege by using ionic liquids is their negbCODER@®6/000275
vapour pressure below their point of deconposition.
This allows the separation of m xtures of ionic liquid
and vol atile substances, Vhich nakes them suitable as
sol vents for organic reactions. Fur thernore said fact
means that ionic liquids are not |ost by evaporation
i ke common or ganic solvents. The physical and
chem cal properties of ionic |liquids nay be adjusted
ii)by selection of the ions of the ion pair, which again
al  ows the designingsof an ionic liquid having the
properties desired./Thus, the cation of an ionic
i ctRdt es toNa Iarge degree the nelting point of
said ionic |iYy nerally the bigger the cation the

| ower the neltilfigspy\nt. Fairthernore the degree of
ion//nfluences the lipophilicity of an
U

cation substit
ionic liquid a (s the mscibility wwth an organic

solvent. PmrRSferred g:ti ons of the ionic |liquids used

in the SILP catal ystg enployed in the process
according to the inven tion are quaternary nitrogen-
and/ or quater nary phosphorous-containi ng cations.

wfg?a}éltnl gl 4 de% ?Fe n%%égﬁjd s@lréﬁtegffrérﬁ%p't@ﬁ‘éll? sldbgﬁ’thféﬂ linear or

sel ec rom rolp consisting of wherein R,
brRchelihamed &¢Cay alky! rmlilpeﬂd/ewbﬁﬁﬁu’@élcdé‘tce@a Emakyl, and dptionally

S%% tl&%giaéaﬁ: %?Hﬁ‘%‘ jtuted, lin ear or branched-chai ned

‘opt’i onal I substituted cyclic C3-C2
RiJ RYand aﬁareoupdepezmantlws@emg@ froon ygrasencoptiogally Suk%ﬁiwtexd linear
I lkyl, and opfion-
or Tp R shahel CLEL IR, RN S S LBE BRI gkl and op
allyrsmbsihte‘@d(méim@d’l CrC 20 al kyl, optionally substituted
cyclic C3-C2Qal kyl, and opti onal l'y substituted C6-C20
aryl; and R6, R8 and R9 are independently sel ected

iif rom hydrogen, optionally substituted, |inear
R11
R12
N
R10

wherein R is independently selected from optionally substituted, linear or branched-
chained C4-Cap alkyl, optionally substituted cyclic Cs-Cx alkyl, and optionally substi-
tuted Cg-Cooaryl; and

R'" and R'"? are independently selected from hydrogen, optionally substituted, linear or
branched-chained C4-Ca alkyl, optionally substituted cyclic C5-Coo alkyl, and optionally
substituted Cs-Cyoaryl; and
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or branched-chained CrC 20 al kyl, optionally

substituted cyclic C3-C20 alkyl, and option ally
wa@awsti2ased ed C6- C20 aryl; iii) wherein RL0 i s PCI/DK2006/000275

i ndependently selected fromoptionally substituted,

| i near or branchedchai ned £1-C20 al kyl, optionally

substituted cyclic C3-C20 al kyl, and optionally substi

tuted C6-C20 aryl; and R11 and R12 are independently

sel ected from hydrogen, optionally substituted, |inear
ivjor branched- chained Cr C20 al kyl, optionally

substituted cyclic C3-C20 al kyl, and optionally

substituted C6-C20 aryl; andiv) wherein R13 and Rl14

are independently sel ecirg@ frompggti onal |y

substituted, |inear or bragched-chai ned Cl-C20 al kyl,

optionally substituted cycl C3-C20 al ky!, and

optionally substituted C6- aryl; Xis C, N, O or

S; n and mare each integefs fkomO to 6 with the

proviso that the sum1 mtg <6. WNon-limting exanpl es

of alkyl nmoieties of tiE,gubsti Ggpts menti oned above

i nclude nmethyl, ethyl, n-

i so- propyl, cycl o-propyl, n\butyl, iso-butyl,

sec-butyl, tert-butyl, npentX, n-hexyl

cycl o- hexyl ,n-octyl, and iso-octyl. Non-limting

exanpl es of aryl groups include phenyl, benzyl, and
whkérein RBhery R™ &% iaa@mbestlpéelsab@fmmmtmaw suuwtm;cb\ﬁeear or

alk | and aryl gr S e one
At Kl Ak ot BC s S b, gt oty
su&dme&&gicgwyl Xis@, N Bydr, S;andndomCaré ezick intggerstiem 0 to 6 with
is generally considered to be

on I UI
th@rPéoY'%thﬁgWPr?ﬂnkﬁ 8]oro found influence on the

wat er-solubility thereof. Thus a hydrophobi c anion
N563H|t§;138%1%@90$1{1al tlﬁélﬁ ol uf) g‘? %}Eggtlu'ehtg%gﬁlo‘%li ee{boklé include
mfé}hijﬂ @YD i-sropylj i86-prdpygoydicspopyl w-botyl,aso-buyli sed-buwh, tert-butyl, n-
pentf/JIen %x{llacr:)%?ol-P{ex%n-togﬁll %rr]llclqu ogtyln fBn- -limiting 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, C4-Cg 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 results 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 liquids are selected from the group con-
sisting of halides, nitrates, sulfates, sulfonates, sulfonyl amides, phosphates, borates,
antimonates, and acetates or optionally halogen substituted hydrocarbyl derivatives
thereof.

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



10

15

20

25

30

35

the charge density on the anion may contribute to

hydr ogen bonds between the cation and the anion, the
wa@reoengpskd of hydrogen bonds being one of the PCT/DK2006/000275

significant causes of higher viscosity. Preferred

anions of the ionic liquids are selected fromthe

group consi sting of hal i de nitrates, sul fat es,

o2 T P TS BREREINE S BRGR ctatorobo
rafell bﬁbut?lu‘t ARtV FeR@AIDN bl§€tflﬂluo%m&tﬁylsnlhmyt%)axﬁ1deExlah>m§IIéismethyl-
erred ionic I|qU|ds for ment, in.the

e By BretoraaisSen eV el EMRESHT e Bt ebhere, -
butﬁmﬂbth?nn@é@omm ectteftlicksraghyletifonbte, y| phosatyhdmiatinglimidazolium

tetrafl uor ate, N-butyl pyridinium
b'ﬁ&iﬂ&f’ﬁ’tﬁ‘?ﬁi@gﬂg{gﬁwmd €N et hyl pyri di ni um 1-ethyl-3-methylimidazolium

blits(ﬁtflﬁjt@fdrr?tlﬁlﬁﬁmayl mide butiyutyl-3rmesthylinpigtazotibindi acetate,  1-butyl-3-
| S Il uor Q

M N T e —————e
méthpmhmbzo’imﬁ’ewethylmfdmz ol- eﬂumameafyhmmaaplm Eimisifate; 1-butyl-3-
mgt% %@pi@%ﬁﬂ?%ﬂﬁ%&éﬁ%%eth o%”‘SﬁJP%( ' %Jlsqpfg{e ' 1-butyl-3-
ethylﬁ'lﬁlﬁézdllhmobaﬁ’ﬁéh@dwfdhétemﬂI-éthyh3dlaethyhmldazol|um methanesulfonate,

% dé"(‘?%p/lfmlgg?%,!%} Hmegfﬂpﬁg@lﬁgrr%tgm éathyl -3-methylimidazolium thiocyanate,

arkt b—lbtjtyl S%émylmﬂammiazdhd:yanamaieeabhe or Bs lumixturg- Particularly pre-

feffﬁﬂl’%b“e %Z%FHUK%I I%W&@'dﬁe{]%‘h E’J‘;n‘mﬁ‘{az o+$%ﬂﬁ§&fblng/l‘)’éﬂmide, -

butpt Fyetylifidazolivln edide] add tebutyy +3-miethylinldagelium octylsulfate.
ethyl sul fate, 1-butyl-3- nethylim dazolium
octylsul fate, 1,3-dinethylinm dazolium octylsulfate,
Sap;kwteyﬂ loBic leqmymhasemsmﬂ) watewstsommnmam dorde dquid as disclosed

ol 3 LA SERLS AT RSO0 G suppon aters
g Bargd- smei’ebq o Saicbiesign sl hartosarataiof operationally sl

?lﬁi&?ta “whic %b HJAY; uﬁ)lgltﬁdcaﬁw%é Li‘%%(ﬁér)rg%&f]@méj gnsu?llng 39%32 lacEssbility of

the-reattyhts 3o hed hgtlvermdmnoemtam the catalyst in the ionic liquid. ln the present
c%ﬁ%%}t r%ﬁ.hg a%ﬁjﬁ %}é as‘;té(i')l Tc%m 3{3)( %%ﬂ"\ thle C?aialyglcagy active component is
dﬁ@@lﬂ@i/hyd:orpmrdmziomltbmlmt yitigid! fosaly aﬁipﬁmwstwhm the advan-

g)gF A serg %%e'bﬁg R thal éf?':‘g’w chebd'e ’ﬂa%lsa'?rusomecdlgﬂaﬁéé df diffu-

Bove: Ravi ng ecata ytically active
smonqahemrmb&drmm@etheomnlahqwlﬁ@r disperppd as anvanethimfilm on a large sur-

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 VIl metal represented as M*X ~is dispersed at low liquid loading on a porous
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.
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having a | arge surface area. Said design allows the
preparation of operationally solid catal ysts which nay
wheooplizasexl in the reactor bed while ensuring eBSHDK2006/000275
accessibility of the reactants to the active
conponents of the catalyst in the ionic liquid. In the
present context a SILP catl yst refers to a catalyst
wherein the catalytically active conponent is
Suttablecduppmt materiaip orcasaectéchromehe grup ¢angistiag of silicas polymers,
a
=<lFooeEoal i et 2Eoald aAG ao AT RorgaR Aprefored support
matesalwsmca)fsmd:ef fig nescbanicallyrrpiisti Rasgesses @datggesyrigae grea and is
uj [ thin filmon a | arge
eaStYI?? %gé%rtgéﬁgﬁé%@ F%ﬁhc?e s Iagrammatically the °
exenpl ary design of a SILP catalyst particle, wherein

Thaeppﬂow%bé«%cbﬁow% %l M\yénﬁorﬁ ﬂﬂigooé ué@c‘i' dr HRASRLERMIOR tof Ry car-

I"on net al represent ed
boaglakdble re@ctans aénestermn axarbcmMatab&mweacnaabasw@eem eREPIHNS context

is nhtgﬂd&f fcﬁ{rﬁeléﬂpﬁw on%g(aﬁé rreH@taFneﬁvmc ||9V&abbl§ll=,”d? r‘e@&ﬁign\gl’th carbon

nean ree of an ignic liquid
mDm}(ICtm roder wb@mlatlonwpﬁilg@ﬁ (% temBeigiLe g H@%?HT%I o obtaln a re-
Jttlﬁﬁ%lrc;&c{ r%st]l%hg‘ﬁ‘o% tﬁe)ir%%ﬁﬁﬁtb? chARAtAeHoxidd ihfolsie dritbdre chemi-
porous structure of the SILP cat aI yst and re
cdl hondie Examplesyplacasbetylatarle camRopngs Bciufe @aphels: Eﬂ%ﬁ@t and car-
b&gl c?%am?ﬂ“%@tre?s REVIRS ub lﬁ?a%&@@%rdoﬁaéf&ﬁstM@reﬁiérﬁbularly said carbon-

al n.’Sui tabl e support materials
ylsf@bl@megqanﬁs(ﬁfe tselectadotgn éhﬁ]grogpqu@s%tmgsq)ﬁ sra&%@ted or mono- or di-

ur%% d}f'gfneﬁ SlineAF 8} E)rtaﬁéheocélﬁﬁﬁic @}- eréé’ctarﬁtb aAdisaturated 60MoAo- or di-
conbi nations thereof. A preferred support materi al
uh?@’ttgﬁﬂed @aomghlml@@cﬁaﬂts| havipg cf'l?ﬁhT {79 Garbep nglm ‘possesses
a large surface area and is easy to process to the
desired particle sizes. The process, accor to.tFe
Ifithe dpsirashpriedyctind the @arbpavla@%prea?%ﬁwaﬁ‘f' o degjygive thereof,
SN R0y |e§fe"f@r%tﬁe$%ﬁér@8ﬁ pref&ed eaBbny@atblenshetall e alcohols, in

t ant
P oo e o or SRR g P oo i

4885 hdrexivk tté" pICRALED the TRl P impUrERE cieemibaliricbtic acii
conditions of tenperature and pressure, to obtain a
reaction

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 to about 10 carbon atoms.
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 to about 10 carbon atoms
such as methyl iodide, ethyl iodide, methyl bromide, ethyl bromide, benzyl iodide and
any mixtures thereof. The halide may also be molecular halogen such as |y, 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.

Scheme 1 below shows the essential steps of the catalytic cycle for the Monsanto car-

bonylation process of methanol for the preparation of acetic acid. Without wishing to be
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product resulting fromthe insertion of carbon
nonoxi de into one or nore chem cal bonds. Exanples of
w@ 200bozepbat abl e conpounds i ncl ude al cohol s, etPEr/PK2@GM00275
carboxylic acid esters having up to about 20 carbon
atons. More particularly said carbon yl atable
reactants are selected frdfh the group consisting of
saturated or nono- or diunsaturated, |inear or i .
bobna by ey specifindgory &ls drpighbtet fiet rroges$ awelHing &ythgrinvention
- ' r i having from
S s A i T
carbonyl ation process is an acid or a derivative
t hereof, such as an ester or etfrer thereof, preferred
car bonyl at abl e react ant § "ar g8 cohol s, in particul ar
| ower al cohol s. st wpr eT™es | ed hol is
met hanol, whichr’is reactted with! carbon
produce the i (ally inportant chemc
acid. In a pfeferred enbodi nent of the process
according tq the i nwegbi on a reacti
used. Suitable,reacti
the group cgnsjsting o
al kyl or| ar)yl-t?gl i des h
atons. Ppefdrveq halide

hal i des,/ hydr og hetsi des, or
A to about| '#Q} e¥Phon
are sgl ected frioff ¢Ar®li ne,
brom ne and 'i odilne co st preferably iodine
conmpounds, tihat are ggSeous under _vapour phase
i condi th:a8. Suit abl e Hali des i ncl ude
es such as hydrogen iodide a gaseous
' y$° and aryl halides haying up to
atons sych asfiet hyl iodide, ethyl

hydr oi odi ¢ ac
about 10 carbo

i odi de, methyl breaide, |afhyl.cbfonm de, Henzyl iodide
and any m xtures thereof]. bal i may al so be
nol ecul ar hal ogen such as 12, Bf2 or d2. In the

enbodi nent of the process according to the invention
i n which carbon nonoxide is reacted with nmethanol to
produce acetic acid, the sogemereferred reaction
pronmoter is methyl iodide. Schene 1 bel ow shows the
essential steps of the catalytic cycle for the

TNO RSRA6P mfeBhanism of the Monsanto process as it is believed to take place is thus
as follows: Methanol is first reacted with an iodide source (Hl) to form methyl iodide.
Methyl iodide reacts with the rhodium complex by oxidative addition of methyl and io-
dide to the rhodium complex under formation of an alkyl complex. Said addition is fol-
lowed by a migratory insertion of CO between the rhethyl 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
acid iodide is separated by reductive elimination of the acyl group and one of the jodide
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.

The carbonylation reaction according to 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



10

15

20

25

30

35

bonyl ati on process of nethanol for the preparation of
acetic acid. Wthout w shing to bebound by any

W@ pwei12i563 t heory it is thought that the procesBCT/DK2006/000275
according to the invention may be perforned

anal ogously for any car bonﬁll atabl e reactant. SCHEME 1
The reaction mechani smof the Monsant o process as it

is believed to take ﬁl ace is thus as foll oys: I\/g%hanol L
the cafhonylatiers seaction wxiures A Ypisdllvdle LEepssa aCRfT ingJosthe [pvention is

cdidd it AoslkdifiperdRifd i theO@hge 100280 ©f inbrd pesferbbigiininhe range
conpl ex by oxidative addition of nmethyl and io dide to
15{%5@%& um conpl ex under formation of an al kyl
conplex. Said addition is fol lowed by a mgratory

insertion_of CO between the neth roupg. and..t he
ARRIATGP A BIRSGHESI® FH RleILGHED ML 1 AT APYEL Brappss accord-
in§ Q@'ﬂ{de_emvé}ﬁibh hgay2od Eafie€ 00f piiogiaga @r’fﬁiﬁiéhahcc(e)f‘ﬂialcbei'sétbwétage of all

coordi nation, site js, occupie a ne | ecul e .a
reggigssg @H%W?d-gré’@t@hy HheiRIoTes iaﬁiégrfj%‘gg%ﬁl%ﬁ'ﬁi’%ﬁ“’[}ﬁﬁ carried Out at a
pre8&lHE tin i@ rehdd5-8a bl ndré pidieradyyih e range a0d ortmrof t he

iodide ligands. Acetic acid iodide is converted to

acetic acid by reaction with water to reformthe
Th@gihdé@s§ﬁwoeciﬁng faihd iﬂ\\mg\'tiﬁie ey Wecenriial tuyt in @nrappataitusnshown dia-

wi th et ha converted to the reactiaon pronoter
grﬁmrp@cah}bl&ﬂpd%?, WRIein Saf7RAR qF%ﬁom%résc,e?i on according to

the invention may be carried out at a tenpera ture in

.the range fromanbient to the tenperature of
')@é[,e@ﬁtpﬂf%r{e?gﬂr f the ionic liquid at a pressure in the

range 1 - 100 bar. However, since the carbonylation

.reaction js.to tak ace in the gaseous phase the
")@3 8?%L@"§1ﬁ§qp°5%°k%pt above the dew point ofthe

carbonyl ation reaction m xture. Typically the process
...?ccoro{i ng to,.the jnvention is carried out at a

iil) BLABFLA G CRNASPhE r ange 100 -300 C, nore preferably
in the range 150-230 0 C. A wide range of pressures is

.aval |l apl e under i,ch t Cal ] r
 1BleB e e al o kg Bisc e AR Sl Bt o TR Bfdtle gas
whithng esrgcleéd toodaidatlasstams redciore of all reactants is

ensured. Typically the process according to the

invention is carried out at a
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
about 9:1-2:1, enters the evaporator 2. The process gas is evaporated by the evapora-
tor and combined with re-circulated process gas from line 7. The reactant gas mixture
enters the reactor 1 through a reactor inlet line 6 either at the bottom 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
catalyst is present. As an alternative 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.

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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pressure in the range 5-50 bar, nore preferably in the
range 10 - 30 bar. The process according to the
WO pwen2dseh may be carried out in an apparatus BEIDDR2006/000275
diagrammatically in Fig 2, wherein said apparatus
conprises: i) at least one reactor 1 ; ii) at |east
one |iquid evaporator 2; ﬂ?i) at | east one condenser
/3; iv) at least one separator 4 to separate the .
highrarda cruppert seaterial chrfiersi &1 highlyp pifisiest usa oF Wi (i liquid catalyst

phggé:.ymeeglL@?a;(?Ig% Tﬂhs k s QRRIECAMbARts of UxBeveametal catalyst

evapor at or Ine 5 liquid carbonylatable re c%fant
andrierée §auitldhary apopriareit catalyst sysisrss ueda tB?rHl?&‘?%@ﬁte sency of
th% E?t?fygt\’%% b Qthafler felbtoFsitd ¥iay e @fedCadiniifed &t @Holr artiréaction de-
“tant "ana reaction pronoter, at an¥ desi recj[ rati such .
signs inlordar to@btein similapeatplystaiiigengyolipe §eal &1 e G{pac reaction

m AR ad & Bodling & 8 mEfDel SeRXGPOFRIgBAhSHuitiised bed

x@epger a tg?;ygﬂtgggto%%i%ng{jquft ﬁ“‘?e_- gi f%ulcﬁ?e ﬁg?ocﬁzslﬂb e

degigs o g8 @n| dltgmative gsieo &R rgAgtoWEn AYIRE %Oogﬂg'er s the
reactor 1 through a reactor inlet line 6 either at the
bottom as shown on fig. 2 or_at the t

TrécsioRta SteRe FeRdiereabars! Befedsiech FanqaRsel? TBugh @ condenser

inI?PI‘ﬁ%r bt tid@p a8 sWeRh oRRigMYr BEtharotiomntienbf, dfnsal desired. In
I xed-bed or fluidi sed-bed reactor er ei q the,SI LP
the goadepser 3 §qyassaps reag@nigarg eVaper; ai%dy@?"a et oL pgandenser 3

ar{ragrgf—:c%il‘gpﬁ%acf \"/iétf) Qe l?Qléi tHY refaktor d!\ﬁl‘fkﬁeéﬁmerlﬂambo reactibuiipeoducts are
y be ¢€ oyed. A sjngle reagtaqr.

translastesito atw@ap%@r%r%@%@ (oo G2ae e Y. Bpp 3gerator 4
a i@t?]r\tlﬁeéﬁ{ségb@tipr?] lo$ gébé?{scéﬁﬂb@ffﬁio&bﬁideiimdtm pthes prdcess gasses, if

ion, e reaction mxture is.forc to S

prepar oy SUTIoc ol PICD e (e byt SBPE. His pEROS,gikfm from
th%'nsle%hﬁgt%ﬁ &{i‘s} rocksedcFungtt ialhw hﬁx@néhk@ndﬂm pérysd eipkyyagsed. frac-
_ a robust, inert, poroushigh-area suppojt rial

5P 1SR DT G  BRTGBE: Bhe SRRSAB & MVghs gy separator
kifRrBih s afNRRR as ThnBhddistlaaory atit, tahflash distjllatioasinit etc.

smal | er anmounts of expensive netal catalyst

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
any catalyst recirculation since the catalyst is maintained in the reactor. Separation of
the liquid phase currently employed in industrial plants often results in catalyst deacti-
vation since carefully controlled 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-
thermore the simplified process design provides economical benefits as a result of
lower operating and running costs. Existing plants may easily be adapted fo the appa-
ratus according to the invention or may be implemented at reduced plant investments.

EXAMPLES

The following examples illustrate the invention without limiting its scope or content.
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and ionic liquid than any prior art catalyst systens.
Due to the increased efficiency of the catalyst also a
W@ pmb122563 eact or si ze nmay be used conpared to PCT/DK2@61000275
reaction designs in order to obtain simlar catalyst
efficiency. The heat of the exotherm c reaction may be
renoved by inter-stage codBing of a nulti-bed reactor,
t hrough the fluidised bed design or as an alternative
using a tube reactor with external cooling. The
MdNe reactor 1is fed to a
&E%m%pﬁcondenser inlet line 9 either at
the top as shown on fig. 2 or at the bottomthereof,

TreL B I mulbolf GBERRSRany SR ARRGRUP SILP catalyst em-
pl@/edrinl thecexzinpded weeprepared| byreitigl Qtlﬂlﬁm@f g ¢y peshanpl solution (8 ml)
coﬁfairﬁﬁ?ﬁptsh g L Wb Idfl(?tﬁ:%ﬂh&’&]ﬁtﬂ&l%(ﬁ@é@ nfhdt) metal precursor and

to a sep |3?wdreacmn
302cHohgdonit iligeid I8outyl+s- mp@y@g@gz@ipm ioglidg (fl 3¢ Warpol) under argon at-

b
mEHREE toh 2 Rl SRS POBYU'S BRI AUTHC, 15 . in
aip refitta cuppont dsifica gelo‘tﬁoalMﬁéd( Bife SB'?fQﬁﬁJ%ﬂeast?@‘bﬁhg? ¥ RRP volume:
1 bh%mﬁgp Qe?rpéor‘é d.%%Pﬁﬁ&iﬁﬁoJéwf 4B8er nhPwas %ﬂ@lﬁrwﬂé?@\aﬂer the

ac tional distillations and/o
swtpymsn@ wpe teit w@n@owwsh@mg Seraadditionally frligungeeigyg the Volatile solvent
w%se%%cﬁfearat a1y tpPestsUF‘e é’irrBomSté'l‘ﬁBel%ﬁJr@ PiTFER [ue conSIstlng of fine
stillation uni | ash distillation unit etc.
rederono fSILIA ecasaliyss avatisiesr W dheyt GFed dn ¢t ¥RRIUE SVRlY oertignt (0.1
mpﬁﬂé%o@é 534 fu%erdﬁe?t Fevablib bvé}(HhoH?lhdr)beh%oNﬂé GrioHoWRRETr ,
I nv ntlon contenpl ates the use of nore than

one unit operation device, such as e.g. nore than one

distillation unit, if required. A major advantage by

the use of the above sinple process design is the
CARALXTENTEST SYPTEM al yst recircul ation since the

catalyst is maintained in the reactor. Separatlon of

the liquid phase currently enployed in industr
Cpnfamoys,o@a%phasesﬁarkmyiaﬁor&?fam@@“a'e‘ﬁ@i Farbgp "Eﬂﬁ‘%'idﬁcaé‘d methyl

mﬁ%%é“rleé(ctfbﬁ nﬁr’th'o e?q/vé‘r@né’érfdrﬂaa iAr &n Tafdhebfe@dstaihleas dseel (AISI
avoid critical pressures i n connecti B bul
31 s prayPHY sa@ﬁeathBb@ﬁa?i'L% 8talyphpesitgned aécPd@‘eWobe in a tubular

SR CHLced in a temperature controlled aluminum block oven. The test system al-

lowed the reactant feed composition to be controlled by gas- and liquid mass-flow con-
trollers integrated with an evaporator and mixing unit and the reaction pressure to be
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

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 60 ncm®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.
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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demand for expensive catal yst material by the process

according to the invention. Furthernore the sinplified
wWEeweasS6xlesi gn provi des econom cal benefits aBCEHDK2006/000275

result of | ower operating and running costs. EXxisting

plants may easily be adapted to the appa ratus

according to the inventiod4or may be inplenented at

reduced plant investments. EXAMPLES The fol | ow ng
methamgbimeshyil liddicst was intodecedhintnthediypassedogactrningas ﬁfjeﬁ gvgpora-

tloicqg@?e fd’wo,cc %@{ttﬁ'@l witt gaz gﬁgﬁﬂf@?—(ﬁﬁﬁﬁ%@-@rﬂ\'ﬁ% the reactant gas

mixtice abemosuaom@eyame|mmanboamdeﬂeymlsmmycmeaF%ﬁC analysis, the
mgftﬂgh&yc%godr&laiﬁgﬁ EXAR o rb?fI on%gqbbhe' Rikiadl gas stream to

met hano cont al ni ng
flow6thBougl tin@Silfcmthﬂyqedl Thm@@‘ppmd@nqmrreagﬂoocyvm ey Tollowed

foﬁ?%ﬂoufw@?&&%%(mlﬁl n‘g é %ﬁ?ﬁéﬂﬁ?@dgﬁ%?édlw g/ FID- G§) anal SIS allow-
maIdgtmnrnmatlmgbhieﬂ@nﬂbfaonzwsmuﬁ@ cataliysteaniivibt (3, ue- %@frsquency
mtn]ibef ﬂﬁ!{ulc%/ g@%ﬁﬂhéégﬂ r%@ho@ré aid sb@zcﬂnﬂy)forsfb}mét@n of the ob-

BET surface area;

semegi prodq@tsr acelisl @eie: (AcD. c’i‘ﬁ@t'c 3fichrnefsYle el én(éFQMeS) and di-
mgﬁggmgpmgmgiaegpme, s added, where after the
suspensi on wa hslowstlrrlngfor
additionally .4 hours before the volatile solvent was

Tikogved at reduced pressure at roomtenperature. The
“Tesidue consisting of fine red-brown SLLP catalyst

Exmar { iTohes @aevetrw@ﬂ dri ed iMPRMAcuum oy enpé%ichéﬂ?ﬁt“"ty (%)

NGO J-é@baf fP 00 eI ATSMETMeOMe Yot 9/RI0Me | MeOMe
phosphor péentaoxide prion to use CATAWRYTIC TEST

18YSTEMWoNDi0NuouS, §&- phds® canBehyl atfiGhs of0-0 0.0

12:[ H & YigtATcar by gronayy gieang gret it aq OCII d€oas [0.0

eag¢t’oh pronoter were perfornmed in an aat ed

180 ai| s | 808l (A 8.4 316HN1 cat &Yst te1s1t1sys&8e9nwitqa0

||C 1 |_yaL i‘il_l ; do I Xeq- ! |
1 4ubL [Oa re gét ;?e%l i nlrg‘éb t err{?e? at urleﬂg%nt % 'AILed 0.0

18 urfiineom hbaak over 14¥he 14958 syx@m al] 21e%ed The 3.1

reagtant 1

nnd ~cAanAcL L A + [ + 1 () !
St 1 C ot pOSi O1 |94+ TC1T Ol Jy - T
oamie-m e R ET Rl P E e

1.7 1.50 |98.8 17.1 59.4 3.4 21.4 74.4 4.2

7 Reaction conditions: P, = 20 bara, T, = 180 °C, Feo'= 50 ncm®min”, Fq = 0.69 gh™.

Example 2
The results illustrated in this example are consecutive steady-state results obtained af-

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.

Table 2.1°

B [Tme | P | Foo Fin TOF (h)

No. |(h) | (bara) | (ncm®min”) (gh™) AcOH | AcOMe MeOMe
21 | 3.00 10 50 0.69 3.4 66.3 1.5
2.2 | 450 10 100 1.38 5.0 27.1 3.3




trollers integrated with an evaporator and m xi ng unit
and the reaction pressure to be controlled by a

wo e@aliz2563 val ve equi pped with a pneunati c actPEI/DK2006400275
connection to an electronic controller and pressure
transducer. Gas-phase reactants and products were
anal yzed continuously by 4R integrated on-line FID GC
usi ng auto gas sanpling. Exanple 1 1.00 g of SILP
catal yst (containing 0.0437 mvl Rh netal), prepared

T%ﬁ Q?mve, was positioned in a fixed catalyst bed in
‘tubul ar reactor where after the systemwas

Expr ¢390€ i|zel W £to car bon {nonoxi de gas dtroguct saleetity (%)

Néplr ::ﬁ@l(,lr':g q%i@; g%nggﬁﬁ?r nl.l 1@2?‘1\?&| I gé? 2[ (I;g&t&(?)yg\rl]\nc MeOMe

2heata0 tjo 0 cpn st&ht rdacOi@®h tlenpéfature ($9) of |183-2

58€ apgy e est ol e test aystem{or 160 0C hen [The 5
Eres%? rleacti on pressure and tenperatures were reached

the carbon nonox ide gas was bypassed the reactor, and

b llquid mxture ¢ ining 75:25 ww %
%?%H?’hg e:r%ﬁgfenfe/l ?écgj%e was i ntroduced into the

bypassed reactant gas, after evapora tion of the
liquid m xture, with a constant flow (F|iqgq) of 0.69 gh
1. Wien the reactant gas m xture conposition becane
constant, as determi ned by the FID GC analysis, the
met hanol carbonyl ati on reaction was started by
all owm ng the reactant gas streamto flow through the
SILP catal yst bed. The carbonyl ati on reacti on was
afterwards followed for 1.5 hour while determning the
gas conposition regularly by FID GC anal ysis, allow
ing determ nation of nethanol conversion and catal yst
activity (as turn-over-frequency in nol product forned
per nmol rhodi um per hour) and selectivity for
formati on of the ob served products acetic acid
(AcOH), acetic acid nethyl ester (AcOWw) and

di net hyl ether (MeOWe), respectively. Reaction
conditions: Pr = 20 bara, Tr = 180 0C, FOO = 50
ncrrrmn , Fng = 0.69 gh Exanple 2.
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The results illustrated in this exanple are

consecutive steady-state results obtained af ter
w@omvbitzeses i on of the nethanol carbonyl ati on reBCT/DER006/000275

described in Exanple 1 at 180 0C, using the

1- butyl - 3-nmet hyl i m dazol i um

iodide/dicarbonyldiiodorh&@iun1(l) SILP catal yst, at

di fferent reaction pressure and reactant fl ows,

respectively. Table 2.1 bTable 2.2b b Reaction

clhesperature I x= 180 OC. dains 1. A process for the
—conti nuous carbonyl ati on of carbonyl at abl e products
wi th carbon nonoxide in the gaseous phase in the

1.PT @S5BERsPbr the CaAtHULES cartbRYIglich FFaafbopglatbsprotdctawith carbon
Supported lonic Ljquid

d- Phase (Sl talyst . . .
meanfide igithRyoaseoys ng%mgge Rresp %cl)'fa ch‘igl}ét \g{ﬁerlew sgid catalyst is a
Siigored | 1bAiYi L F@PhhsE dSRP) Zafep @dinpriding Eneolptiarc eka Group VI
according to claim 1, conprising: i) continuously
metab i Fyorls liguid §9efined PRARWPP c ar bony! at abl e r eact ant
and car bon nonoxi de, wherein said carbonyl atabl e
react ant and carbon qonoxi de are in the gas phase; ii)

2.coltPRRRFSF PCRBANALR PR LGRS Sony | at abl e react ant

and carbon nonoxide with a SILP catal yst conprising a
sol ution of

a 0 VIIl nmetal in an ionic |iquid
)11 SRS SERTET 16 axrrctin yopem FrHBLORGBipdlsatiaf fY carbon
f r oRorRide, WRaein €iid zandnglagdieeastaaf fhdiesrbor ommoikisierage in the
a carbonyl ated product. 3. The process according to
cl 8PP %rt her conprising initial addition to the
i) eaehiinUougipreniadtitg id ichroohylatabiaehitant grdocerbar modoxide with a

The ocess, according to.claiim L wher, g id Gaupy..
W iCheRv E5ERTeg Sy b e Ry e BR piitliguia con-
| I iffiedBh ansuplsert; angiobal t, pal | adi um or any conbi nati ons

iiis hecroﬁgrﬁljously recovering from said reaction zone a gaseous effluent comprising a

carbonylated product.

3. The process according to claim 2 further comprising initial addition to the reaction

zone in step i) of a reaction promoter.

4. The process according to claim 1 wherein said Group VIl metal is selected from

iron, ruthenium, rhodium, iridium, nickel, cobalt, palladium or any combinations thereof.

5. The process according to claim 1 wherein said ionic liquid is of the formula A'B",
wherein A* represents a quaternary nitrogen- and/or a quaternary phosphorous-
containing cation.

6. The process according to claim 5 wherein the cation A'is selected from the group
consisting of

i)
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5. The process according to claim1l wherein said ionic

liquid is of the formula A+B , wherein A+ represents a
wQ@e@bae256¥ y ni trogen- and/or a quaternary PCT/DK2006/000275

phosphor ouscont ai ni ng cation. 6. The process according

to claim5 wherein the cation A+ is selected fromthe

group consisting of i)vvher@in Rl, R2, R3, and R4 are

[ ndependent |y sel,ected from optional l substl ut ed
wherein &r RorRbpas & dde idspardently eelsgted f é%?l‘ OPYNS 'tSﬁa'Pt"Wed lin-

ear Ugﬁﬁahﬁ %\ita?r)é‘a' bgc%gal@ooﬁiohﬁliy subBttua dyt:lQﬁ@J Ey, alkyl, and op-
stitut ; Yis or P; ii) wherein

tlomllymsmvtedr% (Paqé@/bé\ﬁ‘éenlelwogp’l ect ed fromoptionally
substituted, |inear or branched-chai ned Cl-C20 al kyl,
optionally substituted cyclic C3-C20 al kyl, and

ioptionally substituted C6-C20 aryl; and R6, R8 and R9
are i ndependently sel ected fregm hydrogen, optionally
substituted, |inear or branchgd-chained Cl-C20 al kyl,
optionally substitutéd C3-C20 al kyl, and option
ally substituted C6-C20™grAS\iii) Wwherein R10 is
[ \ el y substituted,

0 alkyl, optionally
substituted cyclic C3-C20 “akkyl, and optionally subst i
tuted C -C20 aryl; ami R11 a R12 are i ndependently
sel ect ed fronthydrogen, optionally substituted, |inear
or branched-chai ned Cl-C20 al kyl, optionally
substituted cyclic C3-C20 al kyl, and optionally

wiRSHBRE RS uetm%d ﬁt@ ﬁ%ﬂéentl?%@le’ctéw\ﬁ’&ﬁ Qi;ﬁoﬁﬁl@ adtifdled, linear or

are i ndepen ent ected fromoptiona
branghadkehained, Ch-pa@@{kylo@ptlonally substituted cycllc C3-C20 alkyl, and optionally

substituted Ce-Cyp aryl; and

RE, R? and R° are independently selected from hydrogen, optionally substituted, linear
or branched-chained C;-Cy alkyl, optionally substituted cyclic Cs-Cxo alkyl, and option-
ally substituted Ce-Cyoaryl;

if)
R11

N+

R10

wherein R'? is independently selected from optionally substituted, linear or branched-
chained C;-Ca alkyl, optionally substituted cyclic Cs-Cy alkyl, and optionally substi-
tuted C¢-Cyo aryl; and

R' and R'? are independently selected from hydrogen, optionally substituted, linear or
branched-chained C:-Czo alkyl, optionally substituted cyclic C;-Cy alkyl, and optionally
substituted Cg-Cyoaryl; and

iv)
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branched- chai ned Cl1-C20 al kyl, optionally substituted

cyclic C3-C20 al kyl, and optionally substituted C6-C20
wa@eoob/122863 s C, N, O or S; n and m are each i nPE€QOBKS006/000275

fromQo 6 with the proviso that the sum1 mtn 6. 7.

The process according to cI aimb5, wherein the anion B

is sel ected fromthe grouplSconsisting of halides,

nitrates, sulfates, sulfonates, sulfonyl ani des,

phosphates, bo rates, anti m)nat es, and acetates or

optional Iy hal ogen, hydr Orp1dl- 6
al koxysubstituted hydroc wl r| vatives thereof. 8.
The process according to an t he precedi ng cl ai s,

wherein the ionic liquid A+tBris selected from

t et rabut yl phosphoni um tetr Af | uyr obor at e,

N- but yl pyri di ni um hexaf | ugr ophosphat e,

N-et hyl pyridi ni um tetrgfl gorobo ate,

1- butyl - 1- net hyl pyrrol i dfni um

bi s(trifluoronethyl sul fony\) anyde,

1- butyl -3-net hyli m dazol i umXetraf| uoroborate, 1-
but yl - 3-met hyl i m dazol i um hexaf | uor ophosphat e,

1- butyl 3-net hyl i mi dazoliumtrifluoronethyl sul fonate,

w er@ﬁ 3f ? AdRhyld l%gﬁéﬁlehfl%elected from optlonally substituted, linear or

uor onet hyl sul f onyl ) am de
b@npmqmalrmdd (YA %Ihylb%twailyg subsHiast Wl'%éb‘pmﬁ)ﬁjl’a?ﬂdo%"t'o“a"y

L%bstﬁ c{ 3C'2To"§rﬂ}’|)( ¥ dagobi sns:a¢ 8hdhfare each integers from 0 to 6 with
i m dazol i urn i odi de,

the- Rift)‘ﬁw ﬂ“@fﬂﬁétsl‘#m 1 #nd8zi um hydr ogensul f at e,
1- butyl - 3-met hyl i m dazol i um net hyl sul f at e,
1-et hyl -3-net hyl i m dazol i um et hy| sul f ate,.
7 1A RroGRSTRCAYIINGI 8 2281 Bu HNBIHT Ineudinicit B is selected from the group

%ns?Stﬂbr@tH%‘ﬁbéd“rﬁit?&Qé | diitas! ¥lifhkted! Sulfchyl amides, phosphates, bo-
utyl - 3- et hyl i'm dazol i um p-t ol uenesul f

ratespt #ffimaonafas; (WM FReERIPD I LqRtigps! Wah@ggﬁzr? gﬁlg{c@(yl or C-Cs alkoxy-
s&bémﬂéa’rﬁ%dw&drw dRARHvemHdrgBt hyl phosphat e,

1- et hyl met hyl i m dazol i um t hi ocyanate, and
1-butyl - 3-net hyl i m dazol i um di cyanani de, in particul ar

g1- brHey br‘o%%s”ﬁ&&b‘fc‘hh?’”t@@ﬁ?'df 4Re precedlng claims, wherein the ionic liquid
pis(trifluoroneth

AlBpist ﬁplegteﬁlefrﬁm i ?{? qur\gﬁ%hqplw d@tragqﬂﬂoborate N- butylpyndlnlum
héxémbvdphéswéw éﬂﬁy@mhlumﬁéﬂwr&drét@t £busl- Omﬂhthmpy?m)lldmlum

o simeisisal e PRS- Se Bt Be e i otorate, 1
bG8A- erﬂéﬁylinﬁdeﬁz%h@ﬁtI%iaﬂmﬁ&ﬁpﬁd%@h@téod{bumsrhsmyll’r@idaiohum trifluoro-
msetrlnl/lsculf%nate 1¥)utyl 3- mezthﬁlmlctiazo’hum blgl(fcﬁﬂuoromethylsulfonyl)am|de 1-ethyl-
3-methylimidazolium  bis(trifluoromethylsulfonyl)amide,  1-butyl-3-methylimidazolium
acetate, 1-butyl-3-methylimidazolium iodide, 1-ethyl-3-methylimidazolium hydrogensul-
fate, 1-butyl-3-methylimidazolium methylsulfate, 1-ethyl-3-methylimidazolium ethylsul-
fate, 1-butyl-3-methylimidazolium octylsuifate, 1,3-dimethylimidazolium octylsulfate, 1-
butyl-3-ethylimidazolium p-toluenesulfonate, 1-ethyl-3-methylimidazolium methanesul-
fonate, 1,3-dimethylimidazolium dimethylphosphate, 1-ethyl-3-methylimidazolium thio-
cyanate, and 1-butyl-3-methylimidazolium dicyanamide, in particular 1-butyl-3-
methylimidazolium bis(irifluoromethylsulfonyl)amide, 1-butyl-3-methylimidazolium io-
dide, and 1-butyl-3-methylimidazolium octylsulfate, alone or as a mixture.
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alum na, titania, zirconia and conbi nati ons thereof,
preferably silica. 10. The process according to claim

wd2mhaexdehn sai d car bonyl at abl e reactants are seCT/BER@d/000275

fromthe group consisting of alcohols, ethers, and
carboxylic acid esters having up to about 20 carbon

atons. 11. The process acctt di ng to claim10 wherein

sai d carbonyl atabl e reactants are selected fromthe

9gr ding Reesiess aesqiging o 3ay o the S SAinggiRIms gyherein the support of said

shlip 4544 8dieded FroRe@E g%u&écﬁfﬁ%hﬁ@ ofkilidabbigmeds, Z86htes, clays,

reactants and saturate nono- di -unsaturated
alymineatitesias giseoniaang spmkingfions iereof; Brefﬁﬁa%ﬁ!i% at ons.
12. The process according to any of claims 10 or 11
for_the carbonyl ati on of alcohols 13. Th roces
1@c THERTABESSAGSPHING to2claig} Trherein SaicheArEenY. QJ? reactants are se-

Ie'&?etdhﬁﬂﬁ khe ér’c')up PRSI CEt ScoheRO Bty ah@ catbdixiiic3acid esters having
wherein _sard reaction pronoter is selected fromthe

ug fQekeut ASADON AP hal i des, hydrogen hal i des, or
al kyl or aryl halides haV|ng up to about 10 carbon

atons. 15. The process according to, cl
’Igai'lawer@geqqscﬂg;cglﬁmotp&lalrlns Orfé(t‘?ffﬁ‘ $qid agr 8nyl%tgble-|rﬁgctants are se-

|RERCREH AE RO %@nélﬁln@' é\ﬂ %tﬂlra‘t&tﬁbelnfbrbhw Qﬁ—Ubﬁawdaﬁd dinear or
reaction is carried a.tepperature in. the

bransheha¥nhafic %ﬂ G2 W@C{ag §q51r|r@ ordEW6§| ?ns&t]ur%ﬁgg aromatic

rddt@aritORdvind rétti7do @b cardohesstse in the range 1 - 100

bar. 17. The process according to claim16, wherein
the carbonylation reaction is carried out at a

1heMRy @hedss dcBording t6 angef difiths- G086 1G, fonhieecarlionl/latiaipbiyalcohols.
in the range 150-230 C. 18. The process according to
clai m 16, wherein the carbonylation reaction is

18ar THeEsroBdks sREor@ingrte Skl @ 2ifor thb earbangetidn Gondthanol.nor e
preferably in the range 10 - 30 bar.19. An apparatus

for carrying out the carbonyl ati on process according
140 Biyprotedshcording to claim 3, wherein said reaction promoter is selected from

the group consisting of halides, hydrogen halides, or alkyl or aryl halides having up to
about 10 carbon atoms.

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

16. 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
ionic liquid at a pressure in the range 1 — 100 bar.

17. The process according to claim 16, wherein the carbonylation reaction is carried
out at a temperature in the range 100 -300° C, more 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, more preferably in the range 10 — 30 bar.



clainms 1-18 characterised in that it conprises: i) at
| east one reactor 1; ii) at least one liquid

we@apoeasdr 2; iii) at | east one condenser 3; PEI/DER006/000275
| east one separator 4 to separate the product stream
fromresidual process gas which is recycled to said at
| east one reactor. 20. A uf® of a Supported lonic
i qui d- Phase I LP) catal yst in the carbonyl ation

L S
18r o@’é@gp%‘@érféﬁ' Riee QHSIt%f carRny@tign pEocesg gecording to any of the

claims 1-18 characterised in that it comprises:
i)  atleast one reactor 1;

i) atleast one liquid evaporator 2;

iiiy atleast one condenser 3;

10 iv) atleast one separator 4 to separate the product stream from residual process gas
which is recycled to said at least one reactor.

20. A use of a Supported lonic Liquid-Phase (SILP) catalyst in the carbonylation
process according to any of the claims 1-18.
15



