5 NOV 2006° WD 031043211 PCT/US03/ 14422 CONTI NUOUS CARBONYLATI ON PROCESS

FI ELD OF THE I NVENTION This invention pertains to a process for the
preparation of 5 carbonylation products. Mre specifically, this= gvieptiqng;
pertains to a continuous, vapor-phase process for the preparation of ;
car boxyl i I esters, anhydrides, and m xtures thereof by contacting
car bon rmrc&lag'g,%%n hal i de pronmoter, and carbonyl at abl e ré’gaf‘&ﬁ%ﬂ%ﬂh a

|l iquid catal yst solution conprising an ionic liquid and a G oup VIII netal.
10 BACKGROUND OF THE | NVENTI ON Processes for the manufacture of acetic acid
from met hanol by carbonyl ati on are operated extensively throughout the
worl d. A thorough review of these comercial processes and ot her approaches
to 15 acconplishing the CONEHNUSUSCARBONVEATIOMRRQGESS ar bon sources i s
descri bed by Howard et al, in Catalysis Today, 18 (1993) 325-354. All
commerci al processes for the preparation of acetic acid by the

carbonyl ati on of methanol presefiEL) @F THEINVENEBONN the |iquid phase using

honbgeneous cat al yst, .syste conprising a Goup VIIlI nmetal and iodine or 20
an i odi ne- cont ai ni n *%é\‘ﬁﬁﬁﬁﬁ?fhp%n[%ﬂs %&aﬂW(%@g?\'m%BfQP@@W‘?fr met hyl i odi de.
Rhodi um i § t hecaiBsiylSRIABBd@ERUMOM $pediRbl, tﬁg%\%&iﬁbé'peh%b%a' s the nost

common pronoter. These reactions are conducte int presence of water to
prevent preci pfadpHeWs.yRPPHBhas: pIPgess foTe prapatafion of pabokyictaridsn is a

serious probl ega,gur F‘ﬁ?{&msfé Rﬁﬂ&egr"‘?&%ﬁ@gf@kﬁ{t?@ﬁgt%g?ﬁg{oin%i d_products

exiting the carbony on reactor are su &t Base in
pressure. The falidequomotes| aad earbangetmbleapaciantwition tighidacapalyst spiutiopf  t he

products and a rease iLn.the.tenperatur esylting fromthe heat of
vapori zati on. ‘f&ﬁ‘?fbséﬁiﬂ%orh)\%[’]%‘?é ?ggrae%‘r‘g‘é”@m‘#ﬂ'g the flashing process,
preci pitdpion of the rhodiumcatalyst will occur. U S. Patent No. 5, 144,068
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Processes for the manufacture of acetic acid from methanol by
carbonylation are operated extensively throughout the world. A thorough
review of these commercial processes and other approaches to

15 accomplishing the formation of acetyls from single carbon sources is
described by Howard et al. in Catalysis Today, 18 (1993) 325-354. All
‘commercial processes for the preparation of acetic acid by the
carbonylation of methanol presently are performed in the liguid phase using
homogeneous catalyst systems comprising a Group VIll metal and iodine or

20 an iodine-containing compound such as hydrogen iodide anﬁgéor methyl
iodide. Rhodium is the most common Group Vill metal and methyi iodide is
the most common promoter. These reactions are conducted in the
presence of water to prevent precipitation of the catalyst. The catalyst
precipitation is a serious problem during the flashing process whereby the

25 liquid products exiting the carbonylation reactor are subjected to a partial
release in pressure. The 'pressure release causes vaporization of a portion
of the products and a decrease in the temperature resulting from the heat of
vaporization. if too much water is removed during the flashing process,
precipitation of the rhodium catalyst will occur. U.S. Patent No. 5,144,068



-2- describes the inclusion of lithiumin the catalyst system which allows
the wuse of less water in the Rh-1 honpbgeneous process. The precipitation of
the catalyst is reduced through the use of quaternary phosphoni um or

quat ernary anmoni um i odi des as sol uble 5 conponents in |iquid ph’a§é~@mj ?u@@
car bonyl at rocesses for catalyst pronotion and catalyst stabilization

in catal yst P?1¢ati on processes. U S. Patent No. 4, 43BCPTS03d&ari bes a
process for making acetic anhydride fromthe carbonylation of nethyl
acetate in the presence of a Goup VIIl netgl in a carboxylic acid solvent

containing a heterocyclic quaternary nitrogen 10 conpound. U.S. Patent No.
4,333,884 describes a process for making acetic anhydride fromthe

car bonyl ati on odesveibay thesinelugion df iitHiure iptheseitg gstalystemn @hivhidhslthertal in a
car boxylic acid solfvent C ntah{,‘eid% ﬁphete ocC cI | C quaternary nitrogen or
phosphor ous con‘b Adeshyater 37 1 ProgeRS. processes descri bed in

U.S. Patent No.'s 4, AaDprééipitatish aftﬁa%aﬁa%t ASrcHaest ﬂﬁo@gﬁ%ﬂ%@&f' ¢ acid

sol vent conponent and are operated in a node where the product is renoved
from the reacti @4AOETEY a%owhlonmm GFQW@TW%@BF@WIW'%&%NJU@% can be

het er ogensaus. ooy By ke IR RIS GbaYARRGbAReRS SriBufRdnRBiat . T o
the use of suppand eatalyst stabiizatinnds catdiest punieation psocesseas. W3.S. Patert Me.
carbonyl ation o 9l.s.to arbox c_acids |n the v r phase in the
presence of a héf@éé?g Jg%erg%e;s Pﬁ)ceﬁgg’ ey ar@y‘?fﬂggg%ﬂggchul tz
describes a si ntdrongaipost methyhashtatenin GRE greysiicd of £GRRUpRI rABtaNnt &)
pronoters select from ps IB, II1I1B, 1VB, VB, VIB, VIII, (current

# sl

not ations: 11, QXY i§ acKl spiverd Ci’@*ﬁ"@%%@@??@f@?%'c syalema H¥ueNand acti ni de
el ements ofp t hec@rﬁﬁd}lﬂﬂj ‘U §abb@nt HB”& 338,884 %escrﬁ%tseé‘brdﬂgss ﬁarﬁﬁﬁmﬁ'@f‘

describes the use of alkali, alkaline earth or transition netals as
promoters for sagpisranbydiitefpmihe sarhanylatian ofmen soetats mvth@@resephagé

T boney aE IR FREALRB oSSl 43 SRR STARpRRLALERAID varer
of the heat of gestetriaoynitiSigen erpheshresusadonopuddcdricdva tycmﬁum&pmpouadﬁ NOV
2606, The processes described in U.S. Patent No.'s 4,430,273 and 4,333,884
15 require a carboxylic acid solvent component and are operated in a mode
where the product is removed from the reaction zone as a liquid.
The troubiesome flash process can be avoided by conducting the
carbonylation reaction in the vapor-phase using heterogeneous catalysts.
Schultz, in U.S. Patent No. 3,689,533, describes the use of supported
20 rhodium as a heterogeneous catalyst for the carbonylation of alcohols to
carboxylic acids in the vapor phase in the presence of a halide promoter. In
U.S. Patent No. 3,717,670, Schuliz describes a similar supported rhodium
catalyst in combination with promoters selected from Groups 1B, 1B, VB,
VB, VIB, VIll, (current notations: 11, 3, 4, 5, 6 and 8-10 respectively)
25 lanthanide and actinide elements of the Periodic Table. Uhm, in U.S.
Patent No. 5,488,143, describes the use of alkali, alkaline earth or transition
metals as promoters for supported rhodium for the halide-promoted, vapor
phase methano! carbonylation reaction. A serious ;Sroblem associated with
vapor phase carbonylation reactions using solid phase catalysts is the
30 removal of the heat of reaction. Since the thermal conductivity of vapor is



WO 03/ 093211 PCT/ US03/ 14422 -3- much |l ess than that of the corresponding
liquid, the reactor used in a vapor phase process nust have a high surface
area to facilitate the renoval of the heat of reaction. The ceq?LﬁpQVmggnd
cost of these high surface area reactors negates nuch of the pote i &
benefici al wepsmodsgiiof vapor phase 5 carbonyl ation processggyalspiisGed | dui ds
have been used as solvents for synthetic reactions and transistion

nmet al - cat al yzed processes including carbonyl ation reactions. A review of
ionic liquids i-s provided by Wlton in ChenBecal Reviews 99 (1999)

2071-2083. Knifton et al, in U S Patent No. 4, 366,259 describe a process 10
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dispersed in a bmmbtempﬁmh@mgmsqrfa@émlturr@csuaétte thér h@mo§§|cﬁgﬁdé vity of
this process toward_ either acetic or propionic acid wa 1tion,

this process walt&hERRGISR. Thriermplgkibha ﬁ@ﬁtﬁfﬂ’@eé}fﬂi‘ $lé'éﬁﬂerafﬂ~'=115 ext ended
reaction tines, g 8

condi tions vvoulrd mak Sehtsgﬂsé?a%ﬁ&hgpﬁgﬂh%?g@%@ag{sﬁ?gguﬂf%80{1‘%% fecononi cal
to operate? Tanéihorylatign procgss@seen Chenistry 3 (2001) 76-79, describe the
pal | adi um cat al yzed | cohols in the
ionic |iquid 1-but y|'8§{°ﬁ3pi¢>l‘7?‘|t“rkﬁg e%ﬁ?é%"’?%ﬁb’%ﬁ%ﬁ%‘??}6‘3‘?‘%{0«3’38?“% and -

hexaf | uor ophos pitm’u%’no'ﬁheet}at-ommsﬂe@broc'ﬁaﬁleé(mcl&tilr@carlﬁb]%tmtrewﬁ‘]r@ pany of

t he catal yst handlin essin 1S nt ag encountered in

traditional |i q@vﬁ%ﬁfdga'célﬁpﬁgﬁip%vﬁj&ﬂ tfﬂ&@@%@sgﬁe\fﬁ"éa{ ’ga\meﬂrs 9844899)

car bonyl ati on prEre3sss Pdﬂhf&ﬁt@t%dn&.bSVPatreﬁﬂNbr@%éQBQB@B&% QFrS&é%SVOl atile
reaction roducﬁts and starti r,&g materials fromthe | ess volatile catal yst

conponent 4%y diogthe prepawition ﬁF@tI?ea'?Cbar@PloﬂW&%b%howlmtlﬁn%h@r@gnof t he
reaction sol Uti gangkids fleade BB REIERSAA SERRIAIhABpREARRRPSS are

.
frequently conplicated, urre expehﬁ e COrrosion T esi St equi pnent
i nvol ve ext ensi wtemdﬁﬂe@smd qdowaaekhngghoﬁplrmﬁtmm psammmnniuesslt Tiend of t en

fl ash process biteaainst HelBsEHon B RSN Br BRP i S §'ubu I i on

addition, this process was conducted under batch conditions and required

15 extended reaction times, high temperatures, and high pressures. Such
forcing conditions would make this carbonylation process difficult and
uneconomical to operate. Tanaka et al., in Green Chemistry 3 (2001) 76-79,
describe the palladium-catalyzed carbonylation of aryl halides with alcohols
in the ionic liquid 1-butyl-3-methytimidazolium tetrafluoroborate or

20 hexafluorophosphate. The process of Tanaka et al. does not avoid many of
the catalyst handling and processing disadvantages encountered in
traditional liquid phase carbonylation processes.

The liquid phase carbonylation processes discussed above require

separation of the volatile reaction products and starting materials from the

25 less volatile catalyst components by distillation from the reaction vessel or
by flashing of the reaction solution at reduced pressures. These separation
processes are frequently complicated, require expensive corrosion resistant
equipment, involve extensive recycle and processing of catalyst residues,
and often result in loss of catalyst values. Heterogeneous processes avoid

30 the flash process but cannot remove heat at a sufficient rate to attain high



N OV ZQG ~ WO 03/093211 PCT/US03/ 14422 -4- production rates. Thus, there is
need for a carbonyl ation process which provides for sinple product
separation while maintaining a stable catal yst environment and;g@wegﬁ@!gh
reaction rates with efficient heat renpval from the reaction Zone '
SUMVARY OF“HW%[bNM NTION I'n accordance with the present |p§ﬁ%§?ﬂgn2me have

di scovered novel continuous process for preparing a carbonylation product
conpri si ng the following steps: 10 |I. continuously feeding to a reaction
zone carbon nonoxi de, a carbonyl atable readtant, and a halide selected from
chlorine, brom ne, iodine and conpounds thereof, wherein said carbon
nonoxi de, carbonyl atable reactant, and halide are in the gas hase; 15 if.

conti nuously coRfPdE¢taRJates dhesthere ’ﬁﬁﬁ%?f(ﬂ@ C%Q?Mﬁ"ﬂ"h?ré’ﬁﬁbs Whigct ant, and
halide of Step ;BrodeQ f@r é‘rﬁ?!’evﬁb@uétl |8hmie~°n%h'ttaﬁ aGeaHe b?ﬂ i@t an ionic

liquid and a Goup VII under l'ation conditions of tenperature
and pressure V\h%m\él‘loﬁm@éﬁﬂld gmepémghmaet@rsrage%wtﬂéeﬁlcmhteatereamnabfwm of said
20 carbonyl atio t nd' 111. continuously recovering fromsaid

reacti on zone afﬂgeﬁé%%ﬂ)g\ Zc’ngfl uent conprising said carbonylation product. Qur
process prévi des advantages over other carbonylation processes in that

vapor phase reactants are cont t@: \)%* I\} 25  cat al yst
solution instead of a solid, gg %é& ?5’%& _,a@ iquid reaction mxture
cont ai ni ng substanti al anmounts of volatile conponents, such as the liquid

reactants and produdhfccaidange vdbibe prRent 'P&S?l”tl%' wediaye digcoyeredimt i nuous
process for thengfteahifthiod8 pRbccASeb! Frepatith & REMohFafish phoditcdhBfsing

the following steps:

10 L. continuously feeding to a reaction zone carbon monoxide, a
carbonylatable reactant, and a halide selected from chlorine,
bromine, iodine and compounds thereof, wherein said carbon
monoxide, carbonylatable reactant, and halide are in the gas
phase;

15 11 continuously contacting said carbon monoxide, carbonylatable
reactant, and halide of Step | with a non-volatile catalyst solutidn
comprising an ionic liquid and a Group Vil metal under
carbonylation conditions of temperature and pressure wherein
said temperature is greater than the dew point of said

20 carbonylation product; and

I, continuously recovering from said reaction zone a gaseous
effluent comprising said carbonylation product.
Our process provides advantages over other carbonylation
processes in that vapor phase reactants are contacted with a non-volatile
25 catalyst solution instead of a solid, supported catalyst or a liquid reaction
mixture containing substantial amounté of volatile components, such as the
liquid reactants and products. The present invention is useful as a

continuous process for the preparation of acetic acid comprising:



WO 03/ 093211 PCTI US03/ 14422 -5- |. continuously feeding to a reaction zone
carbon nonoxi de, nethyl alcohol, and nethyl iodide, wherein said carbon
nmonoxi de, nethyl alcohol, and methyl iodide are in the gas phisédV 130t
continuously contacting said carbon nonoxi de, nethyl alcohol, 5 and nethyl

i odi de of SW&39RIth a non-vol atile catal yst solution cop@yiussAg»0 to 100
wt % based on the total weight of said catalyst solution, of an ionic.
liquid selected froma quaternary amoniumsalt or a quaternary phosphoni um
salt, and rhodium while nmaintaining said reaction zone at a t enper at ure of
150 to 10 240C and a pressure of 3 bara to 50 bara; and Ill. continuously

recovering fromsaid r Ny : flu C LSl N cetic
acid, nethyl acet :lf e, ?(ﬁgh‘?n xt'ur gdfﬁlgﬁg%Zgga'oﬂﬁz@tnﬁec%%o%%gﬁ Eﬁ%ﬁ% %F‘ﬁ\yﬁe
present invention is a aelandusetbyldodise, wiérefrosaid barbpnepamaiideqn of acetic
acid wherein the ionic Liguid is nethyltrjbuytyl- phosphonium iodide,

butyl tridodecyl phosphoﬁpﬁ‘ﬂyg %ﬁ@é,a@%ﬁh| ‘Qg'fjﬁ@tr?lfp}l t?‘ei%s(fﬁ'%fai um i odi de, or
1, 3-di met hyl i m dazigl i ursdntidisissly ddrtadingGafbcatbont A rdkiIBEMetiyl¥RBRAION SOl ves
many of the_ problens encountered in_liquid and vapor phase car bonyl ati on

ed in | . ,
processes iM that the % melwtigdide of Sten byith g "Pﬁé’%ﬁiﬂﬁﬁa@w&@m%ht act a
catal yst sol ution conmprdophdtirgsd @H® M”/Q,Lﬁa‘éeagﬂ tﬁe%%&iéﬁa{& al, and the

products exit the reaction zone in the vapor ase. al yst sol ution,
conprising an ionic |i qatalystasetutionoefamionic ligeidaselectediromesquatentaey heat

Caral ysts and a more ScuBneRdEt o408 o UPREARY BRRERORERLSS dfichledm '
elinmnates the need forwhiletrabinttining eaidreagticangbneest yakmpefattresiVig tgr ocess
provi des high T2t 00 J ke sty ShIBlY besa P Bur {1 cat on. The
requires no water @ddi tdoplinbsushRcbe@iigaidm said' reabliorfzdNSMa g88%us
effluent comprising acetic acid, methyl acetate, or a mixture
thereof.
Another embodiment of the present invention is a continuous process
15 for the preparation of acetic acid wherein the ionic liquid is methyitributyl-
phosphonium iodide, butyltridodecylphosphonium iodide, 1-butyl-3-methyl-
imidazolium iodide, or 1,3-dimethylimidazolium iodide.
The process of the present invention solves many of the problems
encountered in liquid and vapor phase carbonylation processes in that the
20 reactants are fed in the vapor phase, contact a catalyst solution comprising
an ionic liguid and a Group Vil metal, and the products exit the reaction
zone in the vapor phase. The catalyst solution, comprising an ionic liquid
and Group VIl metal, provides greater heat removal efficiency than
traditional vapor-phase processes using solid catalysts and a more stable
25 catalyst environment that reduces or eliminates the need for catalyst
recovery and recycle. Our novel process provides high reaction rates and
simplifies product purification. The present invention also provides a means
for carbonylation of alcohols that requires no water addition to the reactant

stream.



WO 031093211 PCT/ 11S03/ 14422 -6- DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention is a process for the preparation of carbonyl ation
products wherein the carbon nonoxide, a halide and a carbonyl 6}*@3%@1/5?35@
reactant in the gas phase are contacted with a non-volatile catal yst ~

solution cagiBlsg an ionic liquid and a Goup VIII net allcéjzﬁ’so%lﬁ ction
zone to produce a carbonyl ation product in the gas phase. rnovel process

sol ves the problens encountered with heat renoval in heterogeneous, vapor
phase carbonyl ati on processes and the probl-dis associated with 10 catal yst
stability in honogeneous processes. The catal yst solution provides greater
heat renoval efficiency than traditional vapor-phase processes using solid
catal ysts and a nore stable catal yst environnment that reduces or elimnates

the need for catal yst recorshy ENGESTHIPTIONGK TREVRIVENTRERS provi des high
reaction rates and_sinplifies product purification. A general 15 enbodi nent

of the instant invEH PEEeNHGYERSS ig 2)precassifaiivaprgparatien acarbemyiatiomonoxi de,
a carbonyl at abl &4 GREd @RbreiR i Grbdh FbRoki e}g'ﬁal%%sarg:hgwrbo%gla?at{! action
zone; (2) continuously contacting the carbon nonoxide, —carbonylatable
reactant, d&nd hataciantiinthehgas pbadte are cootested with a noonvolatiatatalyst sellidry st

sol ution conpri gj . ionic. ldgui ngd, a p VLIl netal under 20

car bonyl ati on c%ﬂﬁ%{ l?@ﬁsa%gf’ ﬁkcé'ﬁggr%}(ﬁ? gir%%q’ﬁffg'ﬁ?ﬁ;%a W@BP ﬁOE%F‘H
tenperature is gredicera tdrbonyihorderadpatinthefas phabeC DuPPBYEIGIbEsssPr oduct ; and
(3) continuousl aseous effluent conprising the carbonyl ation

y recovering a } ]
product. Qur pr@@[é’?é be Bk sg"%%ﬁ I"‘ﬁfﬂ“i"&ﬁ?tfﬁrﬁ‘a‘{ﬂiﬂﬂ hetgEogeaemIvs
"carbonyl ati on R mé'se_@b&wiohgfrsb&ses%nWé pIOBIEhS hOQAidiYg RRRSONS
skilled in the art, and is intended to nean one Oor nore organi c conpounds
produced b0 t he cotalyst stabilityin kemeganesys sraagssenilbesatalyst splition phevidesl

DO O oo ke A e, S AR B PSP RBI ol

30 i s not intendshgtsolibeatdlysts edd aomarestatyé eafalyst aotirorgnt et rededascs:

mul tiple 6 Nov ze(ﬂpn(lsnates the need for catalyst recovery and recycle. Our novel process
provides high reaction rates and simplifies product purification. A general

15 embodiment of the instant invention involves (1) continuously feeding
carbon monoxide, a carbonylatabie reactant, and a halide in the gas phase
to a reaction zone; (2) continuously contacting the carbon monoxide,
carbonylatable reactant, and halide in the reaction zone with a non-volatile
catalyst solution comprising an ionic liquid and a Group Vill metal under

20 carbonylation conditions of temperature and pressure wherein said
temperature is greater than the dew point of said carbonylation product; and
(3} continuously recovering a gaseous effluent comprising the carbonylation
product. _ _

Qur process produces a carbonylation product. The term

25 “carbonylation product”, as used herein, is well-understood by persons
skilled in the art, and is intended to mean one or more organic compounds
produced by the insertion of carbon monoxide into one or more chemical
bands of a reactant. Typical carbonylation products are carboxylic acids,
esters, and anhydrides. The carbonylation product of the present invention

30 is not intended to be limited to a single product, but may include multiple



WO 031093211 PCT/ US03/ 14422 -7- products. For exanple, the process of the
i nvention converts alcohols into carboxylic acids and esters. Qefinic

al cohols nmy be converted in lactones: |In the substanti al absen%eigg W@@er,
ethers are converted into carboxylic esters and anhydrides. In tﬁ p? ence
of sufficie ethers are 5 converted into carboxylic acids and
esters. In ?ﬁgﬁ@&%g%antial absence of water, esters arg oV EY A2 nt o
carboxylic acid anhydrides. In the presence of sufficient water, esters are
converted into carboxylic acids and esters.-7The tenperature and pressure of
the reaction are chosen such that reactants enter the reaction zone in the
vapor phase, and groducts and 10 unconverted reactants | eave the reaction

zone in the vap®OUCE-&or exampley Hisuproeess giithe invention epnvests, aleahels istars " vapor
phase" , " gaseou%" b " " " glﬂ ﬁ " " . " .ll gas
phase" are used air n%ngcgﬁgﬁzégg}estegsﬁg ar eé ?1\3@2%:8&%? ?gggivez@egigma%%ge%_ The
non-vol atile cam thesubstaitial absence mpwiateesethars araiconvened ttaoatbaxy@icoup Vil |

netal. In 15 addj.tj ' 1onjc. |iqui the catal yst sqlution nmay contain
varying amount %5&4{9%{1 E%Ph?%gicet%t khthggﬁ%c?ﬂg%f)gS‘é’ﬁﬁ'ﬁma‘é?teﬁo%"%@%I e, g
unconverteds reaocheerte intcearbboylic pckidumt estats Siaahy edbsanin abeBRXbde,

di ssol ved hydr&%ﬁn a&d the |i kg. A(icorgi %g to.our invention, the catalyst
solution is suBEeneP.T arecanveredinte earbpxylic acid anfiydrigesdahe peasengad under
process 20 condidfs@ffisicAf whRiPasterk Wré cambridHEs® Hafo h@a&iﬁ%%hﬁ%%te?@.' ution

remains in the reaction zone and is not transported out of the reaction
zone with the produdhs temperstyarsdisessuenet thatreactipmare chheen sitah that

“non-vol atile”, r@éct!a'ﬁt%%nté}%éc’ir ctiBn %SFI@{HQHQQIHP&' ﬂh%e?gﬁ@}cJYOSotuctssloz%rE:fj ion, means

that the catal yst sol ution ontarns a concentration'of fonic id
sufficient1®o enmbbevaried rpactastedeate 6 redmioprzeserin thewapot istate.t 0 be oper at ed

at steady state d carbqnyl at.i on, condi t.i ons qf tenperature and
pressure wher ei rﬁ?ﬁ%g%?g}%p%?e“ d%vse@hﬁ@%%g%f%n@pgrﬁq’@s?ng ?¥f€YFeacti on zone
substantial |y eduaiar stdte”, “vipicpiis” Ohagesiratidten=pdughs paask e asy@r t ed
reactants exiting the reaction zone. The term"stead%_éstat e", as used

t

herein, neans a BEFMPISAPMARE 814 WENsied io be SYROMARQHfe B Nona/djptile
tenperature, preasis soll®es chirpfiBes & iARMigRR sndh Group Vil metal. In

15 addition to the ionie liquid, the catalyst solution may contain varying
amounts of other reaction components such as, for example, unconverted
reactants, reaction products, dissolved carbon monoxide, dissolved
hydrogen, and the like. Adcording to our invention, the catalyst solution is
substantially non-volatile, that is, at steady state and under process

20 conditions of temperature and pressure, the catalyst solution remains in the
reaction zone and is not transported out of the reaction zone with the
products or unconverted reactants. Thus, the term “non-volatile”, as used
herein in reference to the catalyst solution, means that the catalyst solution
contains a concentration of ionic liquid sufficient to enabie the process of

25 the present invention to be operated at steady state and under
carbonylation conditions of temperature and pressure wherein the weight of
gaseous reactants entering the reaction zone substantially equals the
weight of gaseous products and unconverted reactants exiting the reaction
zone. The term “steady state”, as used herein, means a condition where the

30 process parameters, e.g., temperature, pressure, mass flows, of any part of



6 NOv 2806 WO 03/093211 PCTI US03/ 14422 -8- the process are constant during
operation of the process. Under steady state conditions, ther re t he
catal yst solution nmay be maintained at a substantially consta J\ﬁdf ubis
within the reaction zone, wthout substantial absorption or condensation of
vol atile MEAIYYME and reaction products. 5 Typically, tReTEHH44Rration of
fonic liquid in the catalyst solution at steady state may be in the range
of 25 to 100 wei ght% (abbreviated herein _as "wt %) based on the total

wei ght of catal yst solution, and is dependent, inter alia, upon the ionic

| i quid, and upon the process conditions of tenperature, pressure, and
conver si on of Mrmooesmemmetaannrir@(mmhﬁon ofltffle phecezenuadér aea@n of ot her

l'i quid conponept h as.r roducts and unconverted reactants, is
governed in pa? cﬁtéc?qs g&ﬁﬁﬁ% gﬁ%gﬁ’t@&ﬁﬁ:@i““%r&?? REnyataashatithe i oni ¢
liquid and thes@ﬁarﬁl’&ﬁ?%oﬁ&taﬁt valemk With theQER&IAL24ne @nﬁows%étérnﬁall Under
sone process condltlons for exanple,  the: concentration of itonic liquid may

appr oach 100 wRbgorpiipn af eondensatintpimelatile temstanis and macton pradustshas | ow or
negli gi bl ¢ vapor pr enperature
gl 19gi Dbl g vapor p b’él@/ 'éhr?bd&ﬁ{&eﬁltratgignt‘ﬂf‘?a ¢ o 8“ir¥ ih%q:%tzﬂg ns%ﬂ{ﬁioh !

and at nospheric pre ure reactio and is
substantial |y steady statemaytbe in the rarge! cnﬂiiﬁltozlloﬂgvélgm% (hbbmma&rmTe%InSUCh as

or assur e, and Bondar ARBREY R el s SRR SaNar apt e RoRd et f e

addi ti onal i qmt@:i*aiﬂnpp@eﬂiéuoﬁhmhuman@ap@@mel @bt &y dUradiepksf unconverted
reactants, etc, At these conditiops, for exanple, the concentration of

i onic |iquid wWSTReTANES: HESTYTeand FopVEESIQN olrarbenympreXide vk orrerande,
representiaf i veiaXaHRkBF to 100
W% 7 10 100, mha e 00 LBy SR IO bR oot AR ERR? | Doui a

may be measur eHNERNVeHREIreagiantseis apaemeddn pad bytheneatililyiwadgnearat e and

T oy ey PSR BEREA TS b 36 USRS BB o,

ot her techni quesnperhturé aadpréssurdidieles koinkatiocdss cohditians, forbtamplel | vel y, a
sanple of the &aet cz;iol cse'i['ltrgt?onu}) IonlchX|d rﬁaysg;%rg(a:éﬁ%o wi%. In this

15 embodiment, the catalyst solution has tow or negligible vapor pressure,
both at ambient conditions of room temperature and atmospheric pressure
and at carbonylation reaction conditions, and is substantially free of volatile
or solubilizing liquid components, such as liquid reactants and products. At
other conditions of temperature, pressure, and conversion, however, the

20 catalyst solution may comprise additional liquid components such as
carbonylation products, unconverted reaciants, etc. At these conditions, for
example, the concentration of ioijic liquid within may be in the range of 50
to 100 wit%. Further representative examples of ionic liquid concentration
ranges are 60 to 100 wi%, 75 to 100 wt%, and 20 to 100 wt%.

25 The concentration of ionic liquid may be measured by sampling the
catalyst solution at steady state and measuring the concentration of the
various components by gas chromotography, liquid chromotography, ion-
exchange chromotography, or other techniques well known to those skilled
in the art. Alternatively, a sample of the catalyst solution may be subjected

30 to gas stripping or stripping at reduced pressures to separate any regction



30 to gas stripping or stripping at reduced pressures to separate any
reaction 6 NOV 2006 WO 03/093211 PCT/ US03/ 14422 -9- conponents fromthe
ionic liquid and the wt% of ionic liquid determ ned by the diff grf¢@¢e§3gga

wei ght bet h anpl e and the stripped residue. The process of the
i nvention M‘g@%ﬁhal ide selected from chlorine, brom nBCHHEH31$3? ne

conpounds. Preferably, the halide is selected 5 from brom ne and i odi ne
conpounds that are vaporous under vapor phase. carbonyl ation conditions of
tenperature and pressure. Suitable halides include hydrogen halides such as
hydr ogen i odi de and gaseous hydroiodic acid; alkyl and aryl halides having
up to 12 car bon “RMHiPEesisdrerasharenipfiauid gl the wttk eflipnicdidiidedetermiioegd py opane,

2-i odobut ane, 1+ I ' oy . penzyl iodide
and m xtures théﬂggg?@%@gﬁ?gﬁ*ﬁ?ﬁé&rﬁgg%&%?esg'i@wfdﬁé%g%ﬂq%&e or an

al kyl hal i de having ifbegpmorfessaxflh‘mninaemm.employsbihaiidié sgeekdifides of
preferred halid I.nel hydrogep i odide hyl .jodi de, . hydrogen brom de,
net hyl broni de g:ﬁ!?rlﬂ]gxﬁr&hgggﬂgﬂgﬁqq cqrﬁgoq{gg?é@ferﬁgb, ﬂ?eslﬁallﬁg "ésﬁép@@ul ar

hal ogen such as fisn bBMinean@lidding BempBetdsthef seneporousiMder 9aj drf,g'gde-
Non-limting exanpl es of the nost Freferred vaporous halides 1nclude nethyl

i odi de, hydr ogerFaraiviadon candiipes of lempesiieandpressypoSritakle haligesr ous hal i de
present typical liyqif ' 1 : f .al cohol ,
O hor o oot or GEAIRRROREPIAMINER Stiaeh iddide ohd He A B0l [T om
5:1 to 1000: 1. ZGidrakypantagshalidestavingaetot!2 careon atoms suaksad metifydr any
carbonyl atabl e ; t ; rm.. I ble reactapt", a sed
herein, refers tlé)&g%e&%r'o%‘?’eﬁ@rd gg'hofﬁ’gF‘%’S%%’Sﬁh@aggp&bcf@t%?anreeQ’telﬁi“ﬁg W th
car bon nmontii de,bdrom'rdeeetrwabdgnﬂd?,aiejnaw icdiddhhdmmucrfs memzfﬁ.rlaésifaﬁplﬁmb _
pressure, to pr e.a . carbon i on pr ct..resultin romthe insertion
of carbon mnox?@gg‘? Rph Oaﬁ%%aﬁé%ﬁf @E‘g%ab%‘fﬁﬁ‘é‘ﬁ@é’?%’ﬁe"ﬁf%ﬁ’%@m%t abl e
reactant does nNorﬂ!@ﬁiﬁng@_xah?@s%f@iréfﬁrré@hﬁﬁﬂ% ihALE&RydRBEA iddide!idethyi

Car bonyl at abl e reactants include, but are not limted to, |ower al Kyl

al cohol s and t hé‘Pfi’iF’%iéTYﬁTﬁéﬁ‘ﬂW?f”id&aéﬂ‘%ﬁ"rﬁ)gom@?rﬁé\dsmixés" eetherapid The balides of
the same, and olgh} Ao 58" RAbRiclfr HBIoh8n 8uch as 1y, Br, or Cl. The most preferred

15 halide is iodide. Non-limiting examples of the most preferred vaporous
halides include methyl iodide, hvdrogen iodide and molecular iodine. The'
amount of vaporous halide present typically ranges from a molar ratio of 1:1
to 10,000:1 of alcohol, ether or ester equivalents to halide, with the
preferred range being from 5:1 to 1000:1.

20 The process of the present invention is uéeful for any carbonylatable
reactant. The term “carbonylatable reactant”, as used herein, refers to one
or more organic compound capable of reacting with carbon monoxide,
under carbonylation conditions of temperature and pressure, to produce a
carbonylation product resulting from the insertion of carbbn monoxide into

25 one or more chemical bonds. The carbonylatable reactant does not need to
be totally soluble in the icnic liquid. Carbonylatable reactants include, but
are not limited to, lower alkyl alcohols and their derivatives, including
ethers, esters and mixtures of the same, and olefins containing up to 8
carbon atoms that can react with water, alcohols, aliphatic acids or

30 carboxylic acids also present in the reactant stream under carbonylation



carbon atons that can react with water, alcohols, aliphatic acids or 30
carboxylic acids also present in the reactant stream under carbogyhati 9%56
NOV 2006 WD 03/093211 PCTI US03/ 14422 -10- process conditions to produce

al cohol s, e gers esters, or alcohol derivatives in situ. Non-limting
exanpl es of PP car bonyl atabl e reactants include al d§HIIS83/14d2hers and
esters in which an aliphatic carbon is directly bonded to an oxygen at om of
ei ther an al coholic hydroxyl group, an 5 eflpg@t oxygen, or an ester oxygen.
The carbonyl atabl e reactant nmay include aromatic noieties. Preferably, the
reactant is one or nore |ower aliphatic alcohols, ethers or esters having
up to 10 car bon PEICEAS canditipnefogpratilise alpohals etharaydriarsaboateohdibre preferred

bref erred react SotTatdes i WE ORI AHS exBPal snd oA her or
met hyl acet at e veddtamairetudefditdialg rethdre apd @seRs B Whichainedliphatid B8beAFEOUS
feed m xture is not. .essential when usi naf net han presence of sone

|, th
water is desi rag|rgct[yobor§:l§ P &8Oy gemAatany %ﬁ‘_eﬁ@f‘%_iﬂwa[‘j‘gh&@r@xﬂrﬁﬂq"&,_&ﬂ net hyl
ether. Whem Usi Bher GRjda) O ah@seatRydiie etlaHborifesble ro&aR day [RIJA Of

water to nethanol can 15 be O: ut préferably Is i.n the range of
0.01:1 to 1:1. wmalissnaigtieaPrefarablatheveadiantrie enepr meradovedr alipbatias net hyl

acetate or dine t i.s._jjcreased to
account for the%%bggbgﬁé\s\sﬁ?'teéﬁ?%% ?@ﬁtgm%?%fg?@%& E‘W@ﬁé& ol

al ternative. Théyéfcarten athms. Mase ppfaredmactaetshart ractabadiedinnetiyingidry| et her,
the nole ratio %fdwatﬁrl tQ %0 ster or th%r isi i,n theg ra(g%e of 1:1 to 10:1,
but preferably PRITHETYGGEIATG: Themost pyererred reaCiapfds MEtBaNcl@ron of aceti c
acid, it i) appaoeminatibed of gifitta ettt or nifthyrat&aeoith WRikdry! ester, and/ or
di met hyl ether are equivalent, provided the appropriate amount of water is
added to hydrol yze tAbhighethegqreganceof waterdn tha gaseoHs ferd mardye is sakt ant .

When the procesggi i C t ; y no
weter shoul d be Sedua Endh SrAnbaRd; e np SRicext SBRENAEr ISR, ok

Further, when nmstppigss farmatior @f methihacetptecaistorokmiethvl bthepr ¥mmatdion of
methyl acetate, niléthér?ol Y Sér%rgpel gcétﬁ arcﬁ]rmwveemolar ratio of water to methanol can
15 be 0:1 to 10:1, but preferabiy is in the range of 0.01:.1 to 1:1. When using
an alternative source of methanal such.as methyl acetate or dimethyl ether,
the amount of water fed usually is increased to account for the mole of
water required for hydrolysis of the methanol alternative. Therefore, when
using either methyl acetate or dimethyl ether, the mole ratio of water to
20 ester or ether is in the range ¢f 1:1 to 10:1, but breferably in the range of
1:1 to 3:1. In the preparation of acetic acid, it is apparent that combinations
of methanol, methyl ester, andlof dimethyl ether are equivalent, provided
the appropriate amount of water is added to hydrolyze the ether or ester to
provide the methanol reactant. When the process is opefated to produce
25 methyl acetate, preferably no water should be added and dimethyl ether
becomes the preferred feedstock. Further, when methanol is used as the
feedstock in the preparation of methyl acetate, it is preferable to remove
water.
The carbon monoxide may be fed to the carbonylation zone either as

30 purified carbon manoxide or as carbon monoxide including other gases.



wat er. The carbon nonoxi de may be fed to the carbonyl ation zone either as
30 purified carbon nonoxi de or as carbon nonoxi de including other gases. 6
NOV 2UUt 6 WO 03/093211 PCT/ US03/ 14422 -11- The carbon nnnoxidg&ﬂﬁgd t be
of high purity and may contain from1l % by volune to 99% by vdl g on
monoxi de, aMiP p¥®@sHiably from 70% by vol une to 99% by vol wovus@rbaen
nonoxi de. The remai nder of the gas m xture may include such gases as
nitrogen, hydrogen, water and parafinic 5 hxq[ocarbons having fromone to
four carbon atons. Although hydrogen is not part of the reaction
stoichionetry, hydrogen may be useful in maintaining optinmal catalyst

activity. Ther efloeaartidrempneties hedd nat E@o%iﬁﬁ%ﬁ%nd‘?ﬂﬁ?ébﬁ%iﬁ Rofyf,00en is
in the range of ranges with even higher hydrogen levels

99: 1 to, 2: but
are al so useful .byfﬁé‘%ﬁé%(?ﬂ’ VOHIB® RATREASRORAXINE, and ereferatdy frome? 0% by
carbonyl ation rgagieR 9@@%?2/{3];]%n9é7b§rbﬁﬁln%ncfxﬁfe[ ?h?frerﬂai%'dé{ hf’tge]q?%?g: 1 of

car bon nonoxi de to al cohol, r or ester equivalents w
preferred range "HBEuryTRYdnslodesuch gasesGsinitargbra hydogepy whter ped pasafipdc from

1.0:1 to 2 1. | S Al lon..i s erajed in .the vapor phase
and, 15 tgseref g‘p@‘ﬁ?g’%ﬁ‘ﬁ‘@? {ngtef ngto h?ér?rpé"lr g?[?rogsaqg'ﬂfi Iﬁ?qyghdy@r?ﬁﬁrﬁp of the
car bonyl ati on pmnotipart ofrihetreaetion-kivieliemety| hgdroydre ntig\wedgdeftl ihs a conpl ex
function of diluti.on. (particularly wth r ect to non-condensabl e gases
such as unr eac%ntég'ﬁr&)ﬂptf%ﬁﬁmét aﬁbmyogégfe?‘?fﬁ' &'ﬁé}r?fe&'ie Jahe ofgarhonpr oduct
conposi tion, anghghoRRIBUD BydidiRNIS REMBTaREY obdd:h 1o ?Q,Bﬂﬁfaﬁﬁég\nﬁ’fﬁeéveﬁ wi de 20
range of tenperatures, provided the tenperature exceeds the dew poi nt of

the product ef f gt hydiegen dviels arevalysousaful, The amesiat plgasbon masamidet he
temperaturfy at ,@oft ¥t ; i ' .1 b respect
to its condens:itjb(l;ﬁgl ﬁm%%%%?@lgtﬁ%?ga%f%@ggﬁéﬂné%wagégﬁpg'{?‘-ﬁe dew
poi nt of the carlfdiyl at ¢ashopmsatozide tofalaohe!, pties enesienequivalentsnmiyh he 25

e “deacribod | MRS ABTRES TE eehEibBe mestiiaed raigE ™ ©
(MGawHi Il), from1.0:1to20:1.
' The process of this invention is operated in the vapor phase and,

15 therefore, is practiced at temperatures above the dew point of the
carbonylation product mixture. However, since the dew point is a complex
function of dilution {(particularly with respect to non-condensable gases such
as unreacted carbon monoxide, hydrogen, or inert diluent gas), product
composition, and pressure, the process may still be operated over a wide

20 range of temperatures, provided the temperatufe exceeds the dew point of
the product effluent. The term “dew point”, as used herein, means the
temperature, at a given pressure_, at which a gas is saturated with respect to
its condensable components and at which condensation occurs. The dew
point of the carbonylation products of the presenf inventibn may be

25 calculated by methods well known to those skilled in the art, for example, as
described in Perry's Chemical Engineer's Handbook, 6" ed, (McGraw-Hill),
pp. 13-25 through 13-126. Dew points for single product or complex
mixtures may be calculated using commercially available engineering
computer programs, such as Aspe_n®. also well-known to those skilled in the

30 art. In practice, the process typically operates at a temperature range of 100



pp. 13-25 through 13-126. Dew por nts for single product or conplex mxtures
may be cal cul ated using commercially avail abl e engi neering conputer
prograns, such as Aspen(r), also well-known to those skilled inmtge%g@ %@;E
In practice, the process typically operates at a tenperature rang 100~
NOV ZI NC, WO @3aeen8211 PCT/ U503/ 14422 -12- to 250C. O her rerasphes:?of
tenperature ranges in which our process may operate include 120 to 240C and
150 to 240C. As with tenperature, the pressure range i s dependent, in part,
upon the dew point of the product m xture. wever, provided that the
reaction is 5 operated at a tenperature sufficient to prevent Irquefaction

of the product ebfAspent Ot WraRdpledn GerfberBtf H?Nr 4%

pressures in the range of 0.1 Po 100 rﬁgerrs a%ﬁéﬂg%t%e ara? ﬁe procgss
preferably is carmerete In@ude a20m24®°§smrce15mtotZﬂ®°Cange of 1 to 50 bara and,
nost preferably, 3 t ocess of . the present invention is

e
carried out inanio SWIIth Q]era Rorl ep SPr@rrﬁf‘g?b"h@?P ndgoh én PABROTONe or

nore organi c salthe deti sdintefited prodeicBmbxtuiy] WoW@ﬁef @dtﬁwﬂ@r‘&é'cﬁbr?l%s and
for the durgtr on of the present process. The preferred ionic urds in our

process are knov@Peé%q?ﬂ(ﬂﬁﬁdgmpﬁf?d‘f@rsuﬁ&Jﬁ%@ Bfree'ﬁa’fr*we%‘é@ﬁ of i I@l'@ pabl i shed
procedures.  The driiis. b Wit fnd of BChedtnd P52 9848 ol L BRIGERIdn @bl e under

the reaction conditions, the catal yti ac’tl rmof thée G oup
VIl netal shoulr@nge ohd. 1It9a1s90 bapnabsalliteybaral. ulﬁheproceshpreferabb/ isioguieti The

condi tions of I PR paTe RifeAhde of & MFhapEhe mesHiete BERE Pah o

exanpl e, a quatdsarary anmoni um chl ori de may be 20 converted to the
correspond g quater nﬁl anmoni gg%r odi de. under . carbonyl ati on conditions
i 0

enpl oy ng af al kyl UOGESSHR{dne PrasrRt ipyeniion is cawed il in amiqgisliGuid ¢ he
anion of the Ionnﬁe:bltﬁeltéinsl"@ﬂédqm@ thB8nd\Ghd &%of@éﬁg@ﬁi%%%%:&rpeme hal ogen

contained in the vaForous de pronoter, although this is not
requi renent of t3fea Wéh‘ﬂﬂ@hoperﬁwg @?ﬂdﬂiqnﬁrﬁﬂﬁd%ﬂh@lﬂutﬂatm ofdbe preﬁﬁnbr

negligible vapor,BressSHhe pieefkd idHic FfiAdd ihYhr HPAYsL 2P Rndn compounds

and/or may be prepared according to published procedures. The ionic liquid

15 should be reasonably thermally stable under the reaction conditions, and
the catalytically active form of the Group Vill metal should be at least
partially soluble in the ionic liquid. The ionic liquid can be transformed into
another ionic liquid under the conditions of the reaction and still be suitable
for the reaction. For example, a quaternary ammonium chloride may be

20 converted to the corresponding quaternary ammonium iodide under
carbonylation conditions employing an alkyl iodide as one of the vapor
reactants. In general the anion of the ionic liquid should be the halide
corresponding to the halogen contained in the vaporous halide promoter,
although this is not a requirement of the invention. The ionic liquid should

25 have low or negligible vapor pressure under the reaction conditions to
prevent its transport from the reaction zone. The ionic liquid can be a solid
at room temperature but must melt at a temperature less than the
temperature of the carbonylation reaction. Mixtures of two or more ionic
liquids can be used. Solids normally not liquid at the temperature of the

30 carbonylation reaction, such as lithium iodide, can be present as a soluble



prevent its transport fromthe reaction zone. The ionic liquid can be a
solid at roomtenperature but nust nelt at a tenperature |ess than the
tenperature of the carbonylation reaction. M xtures of two or rmre-'go‘@@ﬁ nqi%
| i qui ds can be used. Solids normally not liquid at the tenperature '
car bonyl at i evo é3@8shii on, such as |lithiumiodide, can be prepefis@dfspzsol uble
6 NOV 2006 WD 03/093211 1' CT/US03/ 14422 -13- conponent of the ionic |iquid.
Organic salts suitable for use as ionic liquids are generally, but not
limited to, ammoni um phosphoni um or sul fontdm salts. The salt can be
formed in the reactor by the reaction of an am ne, phosphine or sulfide

with the al kyl use re
preferred sal tsgbq’bég'ﬁel?gf)gﬁ‘?af’?'cg'ﬁfﬂ%l ﬁ?'ﬁ?gg%g%%&?!ﬁ@r Uﬁ%@@%ﬁﬂﬁ% 2alts.
ghet nrgist pr eI er arecheserlly, Buendtuintiridtes smaonivm, Lﬁ(?og@h@i‘npﬂﬂﬂﬁﬁlﬂfﬂhigﬁ:l odi desi

ui tabl e quater ium a sphoni um i odj des i ncl ude, ut are no
limted tg i od?%{-?yzgﬁﬁaﬁﬁan ﬁ&&?ﬂﬁefwgtn%??ﬁ}%bwemeam" ‘%ﬁn HINPR3  wherein
R, R2, R3, andpisphir ém.@ﬁlﬁ\dmiﬂeyal!%ﬁ|h@ﬁ&@da;§erJ§'e§|lﬂfme S4rbShiAatiod ut ed

al kyl noi eties havi n up carbon atoms, cycloal kyl or 15 substituted

cycl oal kyl Shavi fﬂgcisom dVltzr@ mrafets@d salls pEe quatemafy apmeniveranauaeinag y  havi ng
6 to 20 carbon s that may
be used as ioni @ﬁ I qgl gFXteé ﬁgtgerﬁ%%yc?l ceéigé?%épsé ﬁ%{? %Mnﬂﬂ‘l "r?'ﬂnul a R R
12 RO + R6 andafd Bﬁo&bhﬁnlum iodides.
Suitable quaternary ammonium and phosphonium iodides include,
but are not limited to, iodide compound having the formula
10
R?
L+ t R%
4/Y\ |

wherein R', R%, R®, and R* are independently selected from alkyl or
substituted alkyl moieties having up to 20 carbon atoms, cycloaikyl or '
15 substituted cycloalkyl having 5 to 20 carbon atoms, or aryl or substituted
aryl having 6 to 20 carbon atoms; and Y is N or P. Quaternary ammonium
iodides that may be used as ionic liquids are heterocyclic iodides having the

formula
R5 R12
R® N/ r : R
o— ™ O
RE
N NG
R l r
Y ‘ R
20 wherein at least one ring atom is a quarternary nitrogen atom and R,

R® R® R'", and R'? are independently selected from hydrogen, alkyl or

substituted alkyl moieties having up to 20 carbon atoms, cycloalkyl or



R Rio 20 wherein at |least one ring atomis a quarternary nitrogen atom and
R6, R8, R9, R', and R 2 are independently selected from hydrogen, al kyl or
substituted al kyl noieties having up to 20 carbon atons, cycl oaITqﬁI NGV Blisov
2006 WO 03/‘,9333;&9}21PCT/ US03/ 14422 -14- substituted cycl oal ké havi n 5 to 20
carbon atons: GF "AFYl or substituted aryl having 6 to 20 BSFES¥/IAL and
R5, R7, and RlO are independently selected fromal kyl or substitut ed aI Kyl
noi eties having up to 20 carbon atons, cyclpgl kyl or substituted cycl oal kyl
having 5 to 20 carbon atons, or 5 aryl or substituted aryl having 6 to 20
carbon atoms. Exenpl ary ammoni um conpounds include tetrapentyl anmoni um

i odi de, t et r ahex§¥katited apsloalsyinawingtietor2toearhdrm atonms, wmand dr debstituted

tetrad I e I

ol de. Yetrabut o a8 Bito OTEERGEAGRS ARTRN T LhB G Bis b BRISHY 2o U
N-oct yl qui nucl i dselected ifrodi dixyl drCtuNsmhtedlaﬂqﬂ h)dletllisl‘ﬂlavmglﬁxttﬂm:yénabner azi ni um
NN NN s ideg iy or el cyclarlukisninis i 28 artn atoms. o

N,N, N, N, N 5N - hQWﬁbﬂQﬂﬁﬁﬂté@HFWﬂé’vmg é'to eio%afmﬂf étahﬂ' EQé’r'nB%zry hfntER@h! um

i odi des such as 1-butyl-3- ¥ i mdazoliumiodid
1, 3-di et hyl i ni dﬁQ’BPNﬁﬁ'ﬁ Iaaluae etrapgniylammagiuAyiodids, ter&ﬁad;azxiamcrmnwm de,

N sty o PEM 2TRIE At Rt E A AOoSle, Rt oot idtfide, S 29
net hyl - 3, 4-1 ut i dietiadodécydarderonmm indidey tedmptdpgtaioniBreiodides teteabatydr nar y
Aot hol 1 dawor AR dsides, HiosR i b hiiE e arie gaide oo

tetraoctyl mimosphmnu LUTnnEﬂﬂ/l-ﬁlEN -dsﬁéia@eb%bhbbrd&hﬁ&ﬁfmﬂdldm auﬂ@ugi,whekaaé&wnyl

(hexyl ) phosphoni ide. triphen I ) - phosphoniumi o , tribenzyl -
(octyl) phosphoni ffgi‘jﬂ‘é/‘prf’?wﬁ'@?ﬁ%’l‘”("ﬂd Q%N%H%%N “Hﬁ?‘?@&ﬁ@l‘éf )

tri phenyl (decyl) i i_odi de,
tetraki s(2-net hy?%ggg?gm%@ﬁmmgg ﬁwm{¢'f’gq‘g yl pr OEW'F MSTE &

(but yl ) phosphoni dmﬁim@ﬂlld@,d!@ﬂi@@hmﬁai(cg!pmiddldesIsyﬂbasw-bqiﬂe%meﬂmium i odi de,
imidazolium iodide, 1,3-dimethylimidazolium iodide, 1,3,4-trimethyl-

15 imidazolium iodide, 1,2,3,4,5-pentamethy|imidazoiiljm iodide; pyridinium
iodides such as N-octylpyridinium iodide, N-methylpyridinium iodide, N-
methyl-3,4-lutidinium iodide; or mixtures thereof. Preferred quatemary
ammonium iodides include 1-butyl-3-methylimidizolium iodide and 1,3-
dimethylimidazolium iodide. Exemplary phosphonium compounds include

20 tetraoctylphosphonium iodide, tetrabutylphospﬁonium iodide, triphenyl-
(hexyl)phosphonium iodide, triphenyl(octyl}-phosphonium icdide, tribenzyi-
(octyl)phosphonium iodide, tribehzyl(dodecyi)phosphonium iodide,
triphenyl(decyl)-phosphonium iodide, triphenyl(dodecyl)phosphonium
jodide, tetrakis(2-methylpropyl)phosphonium iodide, tris(2~methylpropyl)-

25 (butyl)phosphonium iodide, triphenyl(3,3-dimethylbutyl)phosphonium iodide,
triphenyl(3-methylbutyl}phosphonium iodide, tris(2-methylbutyl)(3-methyl-
butyl)phosphonium iodide, triphenyl[2-trimethylsilylethyllphosphonium
iodide, tris{p-chlorophenyl)(dodecyi)phosphonium iodide, hexyltris(2,4,6-
trimethylphenyl)phosphonium iodide, tetradecyltris(2,4,6-trimethylphenyl)-

30 phosphonium iodide, dodecyltris(2,4,6-trimethylphenyl)phosphonium iodide,



tri phenyl ( 3- met hyl but yl ) phosphoni um i odi de, tris(2-nethyl butyl)(3-nethyl -
but yl ) phosphoni um i odi de, triphenyl[2-trinmethylsilylethyl] phosphﬁ @yn 006

i odi de, tris(p-chlorophenyl) (dodecyl)phosphoni umi odi de, hexyltr gt X 42 é’
trinmet hyl phenyla) hosphoni um i odi de, tetradecyltris(2,4,6-trimethylphenyl) 30
phosphoni umVPa@ Pg‘él,l dodecyl tris(2, 4, 6-trinmethyl phenyl ) phod$Harwiitme2odi de, 6
NOV 2B 6 WO 03/093211 PCTI US03/ 14422 -15- and the like. Preferred

phosphoni um i odi des i ncl ude nethyltriphenytszphosphoni um i odi de,

met hyl tri but yl phosphoni um i odi de, and butyl tri dodecyl - phosphoni um i odi de.
Anot her enbodi nent of our invention is a continuous process for 5 preparing
a carbonyl at i onapd thikiike. Pebfeatd phbsporum asdiesyihtiadeerethylgipheayiboxyl i ¢ acid

ester, a carboxylic acid anfydride,. . or m xture thereof conprising: (1)
conti nuousl y fe\éh?‘?@"q‘ﬁ"‘é' t’?%ﬁylg&%’?@WB PRHBAS ‘p@e?“%b“tggﬁ*w&at abl e
reactant sel ect gHodpHmMidni®dide@up consi sting of an alcohol, a dialkyl ether,
and an al kyl carboxylic acid ester, and an iodide, wherein said 10 carbon
monoxi de, car bony|AiciigTemodimgnt of euidnvestiPris aeentinious progess fdrase:  ( 2)

conti nuouslgy co d i i 0 ?}Eﬂ e reactant, and
i odi de of Step Ppé\iﬁ"hag %&%?@WSHQQ%%@@%%% ogﬁﬁds ng 50 to 100
w % based on t karboaylil acieegfier, atarbheylicackl gritydsdé, Wdriaomixture tAgrebdni ¢ | i qui d
selected from a auat.er n sal.t er nargﬁﬁ osphoni ymsalt, 15

: | '
and a tertiary § Wgﬁlpgﬂf@g?ﬁ&@ﬁ@{e@n%boa@?elfq%th%tzgp RARBEIRM 2t i on
condi tions of tean@h?:btame Paadtptt eBRidteRl WG e g‘roagicdnﬁiég;ﬁémmﬁohél,sr eater

than the dew point of said carbonylation product; and (3) continuously

recovering fromd@yhetherandon abpecasbuliestid estear) arghen vgengintsais
b | at4 t i i i ly,
carbonyl at{@®n pradiin mﬁ%&%%b@étﬁ@#@ac@ﬁ%rﬁﬂbdh@~£§%E¢e@%}@ﬁ%\éﬁgzl%’

20 and the ionic liqui € any quaternary anmoni um or
as described and)escatipiddshecontactirigrtidsarboTimonoxises sarbofylatabld reaeteriton

oo oy one o TRbodfgBEb b TEd PbinepSEl e R R ipd B o
| i quid. The formoofwttd)eaSedup tha totalmadight of the catalyst solution, of an ionic liquid
selected from a quaternary ammonium salt, a quaternary phosphonium sait,
15 and a tertiary sulfonium salt, and a Group VIl metal under carbonyiation
conditions of temperature and pressure wherein said temperature is greater
than the dew point of said carbonylation product; and (3) continuously
recovering from said reaction zone a gaseous effluent comprising the
carbonylation product. The carbonylatable reactant is described previously,
20 and the ionic liquid may be any quaternary amrﬁonium or phosphonium salt
as described and exemplified hereinabove.

The process of the inventi_on employs one or more transition metals
selected from Group VI (Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt) of the periodic
table contained within the ionic liquid. The form of the Grbup Vil metal is

25 not critical and may be either the elemental metal itself or one or more
metal compounds. Non-limiting examples of Group VIl metal compounds
which are generally satisfactory include those containing halide, trivalent
nitrogen, organic corﬁpounds of trivalent nitrogen, carbon monoxide,
hydrogen, carboxylate and 2,4-pentanedione, either alone or in

30 combination. These are generally commercially available. Examples of



25 not critical and may be elther the el enental nmetal itself or one or nore
netal conpounds. Non-limting exanples of Goup VIII netal conpounds which
are general |y satisfactory include those containing halide, trivafat@y Zij0
ni trogen, X&gnl c_conpounds of trivalent nitrogen, carbon nonoxide,

hydr ogen, #4fe and 2, 4- pent anedi one, either al one oPCTHS(3Q4422

conbi nati on. These are general ly coomercially avail able. Exanples of 6 NOV
2006 WD 03/093211 PCT/ US03/ 14422 -16- suitafy e Goup VIII species include
but are not limted by rhodiumtrichloride hydrate, iridiumtrichloride
hydrate, nickel iodide hydrate, palladiumacetate and palladium chloride.
Preferably the GuiaplaGrdupnétisipesiesinaisdd isutaire heblimiteq:)hy th?caiuhry triirderaleved in

the ionic liquid r.t.he reacti condi t.i.ons. abl he G oup
VITI netal speci%@?gtg g@%@@fg{'d?@vga%gaclﬁl,l dffgbf‘ (%f{i %ﬁk?é? t he
reaction conditi mpau‘ddﬂlm phl@ﬁﬂé&bdeYertabl@ ti6a GrgupWill méﬂl @bemé@%cdt%as'ts
conpletely dissolved in quid in a formthat prevents it from

bei ng transport ebf ?]B’nq'ﬁ fo 'HltEe I"?%\"B"@HW?T@W W%‘SF‘B’@HQF'QW dforer eact i on.
Preferred Gsoup Mefdrabpime G?&ﬁf\/ﬁﬁmbfh%ifsgﬁ edi coleetdelgbhﬁébg 'ﬂﬁjsh%a?u
the co

separately or in conbination and nati.on
or Pt. Wen Ir |@Qﬁ§b’dﬂerltt‘ef®aq§lﬂéf0@ﬂﬂ!§ﬂn$ Masdpeeferablyine Groug \@lhmetas zi nc

i odi de present i t t. an the
ionic liquid. O {5%%6 dl B’égl ,}Sﬁ‘] thd 'ﬁ q‘f)rrﬂ p?%l %Erpounds
of @G, In, Cd, irgnhémg Wrmmnwu frdh‘h)tlrfe lpmeﬂtem:dehinﬁ?gd)meacaﬂbbhyla’ﬁmal speci es
are 15 Rh, Ir and Pd or When

Re, Ru, Os, Pd WC&? ?rjr E}%@Qo&é’gpﬁf’ﬁmﬁ@r@eﬁﬁﬁwq ‘ﬂdelz?t:éhe'rp'ﬂbﬁ:ﬂtaé}d/ " nol ar

ratio prefier abl yessRmERcorih @BNDinktibA shE 1S CHABRTEERR AMNRE RMGY, Pt 0 10.
The nost preferred Goup VIIl netal species is Rh. The concentration of the

Group VI netal of Rt V¥hen 5is ¢sad, #is Hrﬁﬁ%fped/@r@w@@isﬁwﬂéla&b‘l SUChedserial ng on t he
from 0. 0001 to EOBEHrart g rioBPaRomnaiioy SRR dripale P TRY T 00
range from 0. O0Obniadiqich Otberalxewis/tastds;suémée fardisSivatiplr idludecoompoindataf ons
range from 0. 008ty Ra2PigRkly alR. MiFo BriBhed BrilioGiH oAb b ©
15 Rh, Ir and Pd and the combination of Ir with Ru, Os, Pd or Pt. When Re,
Ru, Os, Pd or Pt are used as promoters with Ir, the promoter/ir molar ratio
preferably ranges from 0.1 to 15 or more preferably from 0.5 10 10. The
most preferred Group VI metal species is Rh. The concentration of the
Group VIII metal in the ionic liquid may vary considerably depending on the
20 identities of the Group Vill metals and the ionic iiquid and may range from
0.0001 to 1.0 molar. More preferred Group VIll metal concentrations range
from 0.001 to 0.5 molar. Most preferred Group VI concentrations range
from 0.005 to 0.25 molar. When the metal is rhodium and the ionic liquid is
1-butyl-3-methylimidazolium iodide, Group VHI metal cohcentrations
25 ranging from 0.005 to 0.05 molar are satisfactory.
- Although various modes of operation are possible, the process of the
invention is preferably operated as a continuous process. By “continuous” it
is meant that the process is substantially or completely continuous in
operation in contrast with a “batch” process. “Continuous” is not meant in

30 any way to prohibit normal interruptions in the continuity of the process as 2



1- butyl - 3-nmet hyl i m dazol i umiodide, Goup VIII netal concentrations 25
ranging from0.005 to 0.05 nolar are satisfactory. Although vard suo! of
operation are possible, the process of the inventionis preferﬁa@by at ed
as a continuous process. By "continuous" it is neant that the process is
subst ant i al WP Ef?¥dhpl etel y continuous in operation in coMEVESB/1422h a
"batch" process. "Continuous" is not neant in 30 any way to prohibit nornal
interruptions in the continuity of the procggs as a (r) 6 NOV 266& WO
031093211 PCT/ US03/ 14422 17 result of, for exanple, start-up, reactor

mai nt enance or cleaning, purging of Dby-products or tars, or schedul ed

shut down per i oddesulipferaalexgmples staibep. resctoomiasteremcaior sleaningy) aseging oft | i qui d

contained in the r | | s upward through the |iquid.
Cther 5 met hodsrb?adr{sgg&gtoffa?g’e%%@gﬁﬂgégh@agwpéﬁ”%&t he art. For exanple,
rrﬁvi ngwnyaﬁor i n t he Gemeesllyrtegvapords ﬁbhl@_cfeeaﬁﬂ'ghefmge @?ﬁtliq:;li_‘d dd_&@ad ihéqui d
phase which. is heing stirred or ,otherwi se agitated. The |jquid may contact
t he vapor phasé"ﬁle %QWéﬂdﬁﬁQWﬁ%?%BWRWPI oggh fs i @fefFently to the

vapor  phasg. 1Gn&Mbds BX®BE LBzdSoymBEELKIQY intthS aR! EBRERIhSIB, Mbviget i ¢ aci d.
Thus, our invention provides a continuous process for preparing dcetic acid
conpri sing: (1) veéegtintheuspgr regis ofdhe reastardary ¢atact dhe liquid pbasersmioh. de,

met hyl al cohol , :apg hyl Lodi de. 4N Ld 0 | nmet hyl

al cohol, and rret'ﬁegmggrgﬂéé ogggle?ﬁls? ‘é%ﬂé%'g ' Bﬁ%g@fﬁ ‘%3%#%08%? contacting

15 sai d carbon mivassiade sprey maviral @oicotreniynat coehtey lcuiredtihydie thé vBpep | with a
non-vol atil e catart‘l Fy:st solution conprising 50 to 100 wt % based on the total
wei ght of the cdtq 9st solution, of an ionic liquid selected froma

quat er nar y10 anmoni umcsglifvedtion igIueEf@IrfoRthg peRs i babesialatid. IRds rdiRdi um
while maintaining said reaction zone at a tenperature of 150 to 240C and a
20 pressure of JnyHtignPEovidesa cARtINIOYS PRICESs M RTeRATEI0RGeEE &¢Ik i ng from t he

et ore” Sher SaPFRIRIY ECHRBOSITRRAENNS AREHS Ak e il ihpatel oL o
methyt alcohol, and methyl iodide, wherein said carbon monoxide, methyl
alcohol, and methyl iodide are in the gas phase; {2) continuously contacting

15 said carbon monoxide, methyl alcohol, and methyl iodide of Step | with a
non-volatile catalyst solution comprising 50 to 100 wt%, based on the total
weight of the catalyst solution, of an ionic liquid selected from a quaternary
ammonium salt or a quaternary phosphonium salt, and rhodium while
maintaining said reaction zone at a temperature of 150 to 240°C and a

20 pressure of 3 bara to 50 bara; and (3) continuoﬁsly recovering from the
reaction zone a gaseous effluent comprising acetic acid, methyl acetate, or
a mixture thereof. The methyl alcohol and methyl iodide may be fed into the
reaction zone in a molar ratio of 5:1 to 1,000:1 moles methyl alcohol:moles
methyl iodide and the carbon monoxide and the methyl alcohol may be fed

25 into the reaction zone in a molar ratio of 1.0:1 to 20:1 moles carbon
monoxide:moles methyl alcohol. The ionic liquid may be any quaternary
ammonium or phosphonium salt as described and exemplified hereinabove.
Representative examples of ionic liquids are methyltributylphosphonium

iodide, butyltridodecylphosphonium iodide, 1-butyl-3-methylimidazolium



reaction zone in a nolar ratio of 5:1 to 1,000:1 nol es met hyl al cohol : nol es
nmet hyl 1 odide and the carbon nonoxi de and the nmet hyl al cohol nmay be fed 25
into the reaction zone in a nolar ratio of 1.0:1 to 20:1 nol e~s§q\m oG
nonoxi de: nol es net hyl al cohol. The ionic liquid nmay be any quaternary

ammoni um or WEh@gpitehi um salt as descri bed and exenplified heresmabaye.
Representative exanples of ionic liquids are methyltributyl phosphoni um

i odi de, butyltridodecyl phosphoni um i odi de, 8buty| 3-net hyl i m dazol i um 6 NOV
2006 WD 03/ 093211 PCT/ US03114422 -18- iodide,” or 1,3-dinethylindazolium
iodide. In a further enbodi nent, the catalyst sol ut| on may conprise 60 to

100 wt % of an lqadﬁelmqulatiilmm@lumid&@ﬁlﬁn%dséé]@n Brfﬁﬁﬁéﬁemlﬁélﬁmeh%hés further
illustrated by the follow ng éxanples, 5 EXAMPLES The followng is a

general descri pt(Fadﬂy%thOM@”r@%F@WP@%%@%Fﬁ Wawt’amdieptioia figwidt hods used
henceforward in Exa actor was
constructed entirel %@Spl—%g%%l whséﬁ#rpﬁw%%ﬁﬂgact argt'“s&g'ﬁttégrqgﬁ{q%he base of

t he reactor via felloyvipgexamples(9.5 n) outer dianmeter (Q D.) inlet tube
having a wakl thickness of 0.065 inch (1.65 nm. The portion above the
inlet tube expanded as a collar piece as a cone into a cylindrical section
havi ng a 0. 625-1i nch (1.60 cm inner di @xA\PLES.D.) and a wall thickness of
0.1875 inch (4.8 tth overall |eng tg of , 2.00 inches 15 (5:1 cm. The top
0.38-inch (9.7 mw) pore felowing is,a aeperahAeseripting ohthedgatier systamand er of

0.750 inch (1.9 i f
0. 7351 noh (L. 87 cagical ‘elaguaed HRRLibRerin FREpBRe £14 WRRRS IR o ¢

al l oy 5 nicron neReglfiedi The reaciprivas eustdcied entitpdy otilapteliay Gratlogevi ce and
i rer wer &uel daians st i aqd b 68 LR IE o XN BB T Bty
| .Di 0.750-i nch (dia®etar) O [))Jnléiasbehhmplg@wéll thicknescdi MOGS irtvd. (1.8%emAHAact i on
tube was wel ded h?e B‘é‘m é%%gve? 91&: m{é?tdb%céx%%%ggalsg oliar &'egg las];acsorl!lleongtoaat 43
cylindrical section having a 0.625-inch (1.60 cm) inner diameter (1.D.) and a
wall thickness of 0.18756 inch (4.8 mm} with overall length of 2.00 inches
15 (5.1 cm). The top 0.38-inch (9.7 mm) portion of the boﬂar was machined to
a diameter of 0.750 inch (1.9 cm). The machined portion of the collar
contained a 0.735-inch (1.87 cm) diameter by 0.0625-inch (1.65 mm) thick
Hastelloy C alloy 5 micron metal filter, which acted as a gas dispersion
device and support for the ionic liquid. The filter and the collar containing
20 the filter were welded to a 6.25-inch (15.8 cm) lbng by 0.625~inch (1.6 cm)
1.D./0.750-inch (1.9 cm) O.D. Hastelloy C alloy reaction tube. The reaction
tube was welded to an expanded zone increasing in a conical fashion at 45
degrees to an euter diameter of ;1.50 inches (3.81 cm), continuing in a
cylindrical fashion for another 1.83 inches (4.65 6m) and then decreasing at
25 a 45-degree angle and welded to a 4.50 inch {11.4 cm) loeng by 0.375-inch
(9.5 mm) O.D. loading and sensing tube. The vertical loading and sensing
tube contained a 0.375-inch (9.5 mm) O.D. pressure transducer side arm
located 2.0 inches (5.1 cm) above the expanded zone and positioned at 45
degrees from vertical of the loading and sensing tube. Vapor product was
30 removed from the expanded zone through a 0.125 inch (3.18 mm) O.D.



degrees to an outer diameter of 1.50 inches (3.81 cm, continuing in a
cylindrical fashion for another 1.83 inches (4.65 cn) and then decreasing at
25 a 45-degree angle and wel ded to a 4.50 inch (114 cn) |ong by BO¥7806nch
(9.5 mm O ing and sensing tube. The vertical |oading and sensing

t ube cont ai ﬁ)eod&gﬁggz}%?&i nch (9.5 nmm O D. pressure transd TUSBA#28r m

| ocated 2.0 inches (5.1 cm above the expanded zone and positioned at 45
degrees fromvertical of the |oading and senging tube. Vapor product was 30
renoved fromthe expanded zone through a 0.125 inch (3.18 nm O D. 6 NOV 2U
6 WO 03/093211 PCT| US03/ 14422 -19- product renoval |ine which extended up
to approxi mat el Prafuct rameval ine whish extanded wpdo appraxmatehaalbireaenticaind of f to

one side. & Haskadioh £1al LRbed TR SRS SHEL A oL LIS i 920

the top end of the product ~Trenbva € pro 8 exited
t he expanded zoR#crEnrsigledInetakfiltermaswvalded toathe pop thoof tife grogudxpansi on zone

and conti nued d ‘ta a_di,stance st the hase of the reactor inlet
line. Metered gggsm%ﬁgemﬂ?eeprﬁgyﬁttrgmggﬁw egr‘t.{S‘aa'ée %deglzpﬁgﬂﬁoiﬁ'%s f1 ow
control | er 5 i nt ¢ batksn wbhibalapdPisn biths exBRRibrPEeRessd Mitinued db@nagy Cont r ol

System Tenperature,. control s, al.sq provi-ded-by the Camle(r) 10 3300
Process anitori%@dﬁg%f“@(ﬁﬂﬁtm% kgserqfthe rqagtardnleding. was provi ded by an

Al tech 301 HPLC puniretdrbiyad fiBRE w38 niiRes ' sEffad ng to a
heated Hastell oy C all oy vgpori zer rralntnt a?ngﬁ%gﬁrég%sgﬁgeﬁ%aﬁgg%% ed in

t he vapor phaseflowrogotrhilers intariateas with a€aatile®083D0 Brdckss Mamitoriaf atdie r eact or

inl et tube. Heat. t t i ded by th te 15 split
i i num bi oc ke G SERTS TP iTR GaTD YR 50 PO TBE Mol heat e 5.
Each spli ttgl unzgoonPrbass NiGsioriRg aHaidonhaﬂswj{étémomufr?g@%gmﬁ:\?atrsg{rsvigg@fs rol

provi ded by the Cam |l e(r) 3300 Process Mnitoring a [ stem The
bot t om heat er pPBVMIERGN HEHPELE pump. Licaid and pag feeds wsse yaporizsid yr ~ pi ece. The

e oea ot KB NEaba Rl By AR ARE A B 0 o oot
connected to a HassmirteglinGhe vapor phase through a transfer line at 200°C to the base
of the reactor inlet tube. Heat to the reactor was provided by three separate
15 spiit aluminum blocks with each split aluminum block surrounded by band
heaters. Each split aluminum block heating unit had its own temperature
control provided by the Camile® 3300 Process Monitoring and Control
System. The bottom heater provided heat to the reactor inlet tube and collar
piece. The central heater provided heat to the reaction tube section. The
20 top heated provided heat to the expansion zone.

The end of the product removal line was connected to a Hastelloy C
alloy condenser, which was attaé_hed fo a Hastelloy C alloy product
collection tank with a working capacity of one liter. The pressure was
maintained using a Tescom Model 44-2300 backpressure regulator

25 attached to a vent line on the top of product collection fank. Liquid samples
were collected from a valve at the baseé of the liquid collection tank. Liquid
products from the collection tank were weighed and analyzed by gas
chromatography using a Hewlett Packard Model 6890 gas chromatograph
fitted with 2 30 m X 0.25 mm DB-FFAP capillary column (0.25 micron film

30 thickness) programmed at 40°C for 5 minutes, 25°C/minute to 240°C and



al | oy condenser, which was attached to a Hastell oy C all oy product
collection tank with a working capacity of one liter. The pressure was

mai nt ai ned using a Tescom Model 44-2300 backpressure regul at of” RHE! t4Abdhed
to a vent line on the top of product collection tank. Liquid sanples were
col lected f MM ve at the base of the Iiquid collecti ofCHBHR44RE qui d
products fromthe collection tank were wei ghed and anal yzed by gas

chronat ography using a Hewl ett Packard Mbdel2g6890 gas chromatograph fitted
with a 30 in X 0.25 mm DB- FFAP capillary colum (0.25 mcron film 30

t hi ckness) programmed at 40C for 5 minutes, 25C/ mnute to 240C and 6 NOV
2006 WD 03/ 0932 10i¢ing jati8487QL ot A2minuEDusing b diverah toddi@Gvifyodetéctor heldestusi ng a

The sampl o 11 me Aoed 1o EmipRyfiel 258 The Shbletime PR & i 0

The sanple time ‘Shown rn Snpl e

col l ection tine teblebein Hoursnisttidiquitessyhgle tcoll@dtioh hignd gt o was thdlstaanpl e 1,
or fromthe end (ﬁf t he cgrevi ous saqgl e. f5 M xtures_were prepared for gas
chr omat ogr aphi ¢ U3¢ {RALOByasmRaTPS T er resp theend al e draviays sanplei on

containing 8 wt WhlreaWeré BHaTRA fob as ehicndtSgdPnicAHRRIL dudifd glhad 1 oram
sanpl e of the product m xture. Production ratés are given as nbtes of
products pr oducedf tgEahydrefaranssolutianggoptainiag 12wt %rigsene iniemal staddanddo an

cal cul ated assum | W . .
Pressure is gi vgﬁgﬁétg'gljwnéééﬁ%%? %an"ﬁgrs’e“?’?etn@ﬁ“%?B‘g“g‘cf%"'s’?@)emgﬁ"@jﬂgﬂ&gB%%% gauge
(barg). It shoulafelgivemnoasmotdsanf prachetsapodlcedpdiibera)f datalest solitibre per

t obarg- 1. 01. This, e le il.lustrates t car honyl ation of

met hanol i n twgﬁ‘éé&%@‘%ﬁﬁﬁ%ﬁuﬁ?ﬁg % W?E‘Pﬁﬁ%ﬁvgﬁa’ BPMAR i odi de
i onic |iquild andi0 wat Pressurelseyiadreiel n@ua5§ﬁéresquairé InehRAube eodigRFm Of the
invention. The reactor was |oaded with the 1-butyl-3-nethyli1mdazolium

i odi de (14. 45¢g, %85S 9Ryge (hafgyillshold beneted deatibpes absolytgdbarayis equivatentni ng
40.01 wt % Rh) atacba\f\gtq.rm'(Z m -) through the top of the reactor with carbon
nonoxi de flowi ng at 50 20 standard cubic centineters per m nute (SCCM
through the base of the EXAMPLE 1

This example illustrates the carbonylation of methanol in the

15 presence of rhodium, 1-butyl-3-methylimidazotium iodide ionic liquid and
water at elevated pressure utilizing the process of the invention. The reactor
was loaded with the t-butyl-3-methylimidazolium iodide (14.45g, 10 mL),
rhodium trichloride hydrate (83.7 mg, containing 40.01 wt % Rh) and water
(2 mL) through the top of the reactor with carbon monoxide flowing at 50

20 standard cubic centimeters per minute (SCCM)Vthrough the base of the
reactor. Carbon monaoxide flows were maintained until the catalyst was
removed from the reactor to prevent seepage of the liquid below the 5-
micron sintered Hastelloy C a||oy filter that acted as a gas dispersion and
catalyst support device. A Hastelloy C alloy therﬁowell extending from the

25 top of the reactor to the bottom 5-micron sintered Hastelloy C alloy filter
was attached to the top of the vertical loading and sensing tube, and a
pressure transducer was attached to the pressure transducer side arm. The
system was pressuriied to 200 psig (13.8 bars guage, barg) with 50 SCCM
CO. The three reactor heaters were set for 180°C. After the reactor meit

30 had reached 180°C the CO flow was increased to 372 SCCM. A solution



reactor. Carbon nonoxide flows were maintained until the catal yst was
renoved fromthe reactor to prevent seepage of the |iquid belowthe 5-
mcron sintered Hastelloy Calloy filter that acted as a gas digpHr\siZaig and
cat al yst support device. A Hastelloy C alloy thernowell extending fromthe
25 top of t{e pr to the bottom 5-mcron sintered Hastg | oy
filter was attag%ed to the top of the vertical |oading anaéllélz%g/?ﬁ‘ t ube,
and a pressure transducer was attached to the pressure transducer side arm
The system was pressurized to 200 psig (13.293"bars guage, barg) with 50 SCCM
CO. The three reactor heaters were set for 180C. After the reactor nelt 30

had reached 1 8 : S i ! | ut i 6 NOV
D006 o 05/ 0835 LT Bel TPt 550 HghARERRSIo é&eé‘f’a(ﬁ& g@t’i‘%ﬁt"f%{] d

met hanol / met hy! o dh mbtmtsgstem &70.29 . /mingite. §¢ie dedsity ef ﬂh%a@tj@rfeéa stem at
0.25 nL/ m nute. densi,t e liquid, f stem was, 1. The
pressure in the SNg%E’{ i 16{%6%8}' bhé‘ﬁﬁé%%%b‘ ﬁaeacﬁoragge@ b(*ﬁ’f?%‘ g}ﬂjaflfh

barg). After the1oimg (i3 ®asd WS isdrg), e tHehRuiBlkebd JdsTREERINS RidinC! eased
to 192-194C and remained in that range. The Tresults are repotted in Table |

wher ei n per@ent IREPRENGE ipgreeassad t%%@%pcﬁmdfememnébamng@.nme f ed- nol es
th | | d ( HOA
met hanol — r emai nirgg i(s(dre rSﬁ'o té@hﬁ%@ 1 E}Vﬁgfemaggrt%gﬁfe)nlngﬁ)g smpr ] aci d (HAC)

produced per liter-hour nol es ne uced per liter
hour were cal culcenedsivn %é@@(mioi@ mﬁtanbﬁedmmsrmaﬂﬁandheernamaigmmoleel uti on

Nomber Time,  rolre e FEPk Mo M onpetie ook (g R iRH et M RBunand o

17.7 5.8 1-3 9 e nikfhy abefate (MEOAD) Hdddcetiheét literhout werd cRuiBtel”- 8 5.5 No

| deh
acetal de y%: Pr gbr%?r{gcth hevoumeop%ecat? Itggl%%lgn&%g 1%e§1§Ct ed.

TABLE 1

Example Sample % MeOH Production Rate (moles/L-hr}
Number Time, Hours | Conversion HOAG MeOA:

1-1 6 92.6 14.4 53

1-2 15 952 17.7 5.8

1-3 9 94.9 18.0 5.7

1-4 15 94.4 17.9 53

1-5 8 92.8 17.8 55

No acetaldehyde, propionic acid or methyi propionate was detected.

15 EXAMPLE 2
This example illustrates the carbonylation of methanol in the
presence of rhodium, 1-butyl-S-methy!imidazoliurﬁ iodide ionic liquid in the
absence of water at elevated pressure at various feed rates utilizing the
process of the invention. The ionic liquid containing the rhodium catalyst
20 used in Example 1 was retained in the reactor. The liquid feed consisted of
weight ratios methanoi/methyl iodide = 70/30 and had a density = 1.0 g/mL.
Liquid feed rate, carbon monoxide feed rate and the temperature of the



15 EXAMPLE 2 This exanple illustrates the carbonyl ation of nethanol in the
presence of rhodium 1-butyl-3-nethylimdazoliumiodide ionic |i in i.n. the
absence of water at el evated pressure at various feed rates uf"i[ii?@ n@uélhe
process of the invention. The ionic |liquid containing the rhodi um catal yst
20 used in BAW¥E was retained in the reactor. The |i quPEl/F#8d44€dnsi st ed
of weight ratios nethanol/nethyl iodide = 70130 and had a density = 1.0
g/mL. Liquid feed rate, carbon nonoxide feed-rate and the tenperature of
the 6 NOV 2006 WD 03/093211 PCT/ US03114422 -22- ionic liquid (nmelt tenp.)
are provided in Table 2. Set tenperatures and attained pressures were as

. p r

per Exanple 1. THBEEyidgmgiiempniare pRYIteIICCrPEd: Mat tempefgturesandunber
Feed/ M nute 2-1 f25q _ 494 2-3 0.38 450 200 2-4 0.38
450 200 2-5 0. 13 150%%56&%%8%6%&3%@5%% q2_7 0.13 150 188 2-8 0.13 150
100 2-9 0.13 150 189 2-10 0.13 150 189 2-11 0.13 150 188 2-12 0.13 150

190 2-13 0.13 150 190 5 The corresponii @E t hanol conversions, noles HOAc
produced/ L- hr and McQAc produced/L-hr f\ E vided in Table 3.

Example mL Liquid SCCM CO Melt Temp., °C
Number Feed/Minute | ‘

241 0.25 372 102

2-2 0.25 300 194

2-3 0.38 450 200

2-4 0.38 450 - 200

2-5 013 150 190

2-6 0.13 150 188

2-7 0.13 150 188

28 0.13 150 190

2-9 0.13 150 188

2-10 0.13 150 189

2-11 0.13 150 - 188

2-12 0.13 150 190

2-13 0.13 150 ‘ 190 |

The corresponding methanol conversions, moles HOAc produced/i -
hr and MeOAc produced/L-hr are provided in Table 3.

TABLE 3

Example Sample % MeOH Production Rate (moles/L-hr)
Number Time, Hours | Conversion HOAG MeOAG

21 1725 | 938 17.9 6.0

2-2 15 95.9 19.2 55

2-3 3 91.9 247 9.8

2-4 ' 3 1921 246 9.7

2-5 18 98.9 13.0 2.1



TABLE 3 Exanpl e sanple % McOH Production Rate (noles/L-hr) Nunber Tine,
Hours Conversion HOAc MeOAc 2-1 17.25 93.8 17.9 6.0 221595919255
2-3 3 91.9 24.7 9.8 24392124697L25189891302.$ﬁ@1€%/8

WD 03/093211 PCTI US03/ 14422 -23- 2-6 9 99.0 15.5 2.3 2-7 15 99 9

2-8 9 99.2 Ik 3 31 2-9 15 99A 12.4 1.8 2-10 4 97.9 11.6 1. 2-11 19 99 4
13.1 1.9 2-12 gﬁz 2 13.3 1.9 2-13 22 99.3 13.4 1.9 No aECeTEfﬁWé@W%Ie,

propi onic acid or nethyl propionate was detected. The data from Exanple 2
show that water is not required for high rat®s and conversions and that

excel l ent catal yst stabi lity can be attained over a long 5 period.
activati-on-was—observed EXAMPLE 3 Example

Essenti al | y norecatalyst I

illustrates thn Tﬂoﬁnyl ation & nmet nan09910n t he prééénce of wader at
el evated pressfire ysyng ap 1riggum catalggl di sporvegd n a1 om 6411 qui d
consisting of [-butyl-3-nmpethylimdazpliumiodide and zinc iodide.” Zind
i odi de (8.53 g), 1-£&tyl. - B- et I9y| i m' dazoBBﬁm i odi de1B8A. 23 q) i t.odi um

trichloride hyfgrate£166— ..g, Wh—9%- r‘ afreh ‘M* er }—were ddded
to the reactor! descrfbed llﬁ;pl . Tﬁ% voI upe of t4he 2| nc |B§| de/ 1-
but yl - 3- met hyl [ I m daggol 1 um 1 odigde m (t urg7was 7 mi{{he T & ctor1jgagj

211 19 99.4 131 19
212 5 99.2 13.3 1.9
213 22 99.3 13.4 1.9

No acetaldehyde, propionic acid or methyl propionate was detected.
The data from Example 2 show that water is not required for high rates and
conversions and that excellent catalyst stability can be attained over a long

5 period. Essentially no catalyst deactivation was observed.

| EXAMPLE 3
Example 3 illustrates the carbonylation of methanol in the presencé
of water at elevated pressure using an iridium catalyst dissolved in an ionic
10 liquid consisting of 1-butyl-3-methylimidazolium iodide and zinc iodide. Zinc
iodide (8.53 g), 1-butyl-3-methylimidazolium iodide (7.23 g), iridium
trichloride hydrate (106.1 mg, 54.36 wt % Ir) and water (3 mL) were added
to the reactor described in Example 1. The volume of the zinc iodide/1-
butyl-3-methylimidazolium iodide mixture was 7 mL.. The reactor was
15 brought to reaction pressure and temperature as per Example 1. After the
reactor melt had reached 180°C the CO flow was increased to 300 SCCM.
A solution consisting of weight ratios methanol/methyl iodide/water =
67/29/4 was fed to the reactor system at 0.25 mL/minute. The density of the
_ liquid feed system was 1.0g/mL. The pressure in the reactor ranged
20 between 200 and 210 psig (13.8 and 14.5 barg). After the liquid feed was
started, the melt temperature increased to 186-188°C and remained in that
range. The results are reported in Table 4.



15 brought to reaction pressure and tenperature as per Exanple 1. After the
reactor nelt had reached 180C the CO fl ow was increased to 300 SCCM A

sol ution consisting of weight ratios nethanol/nmethyl iodide/ mat@mh[}w 760 2914
was fed to t‘\?\g 5@9% or systemat 0.25 nL/m nute. The density of t |qU| d
feed system d g‘d/m_ The pressure in the reactor range®@CRshitaeen 200
and 210 psig (13.8 and 14.5 barg). After the liquid feed was started, the
melt tenperature increased to 186-188C and-rpgnmined in that range. The
results are reported in Table 4. 6 NOV 20 U6 WD 03/093211 PCT/ US03/ 14422
-24- TABLE 4 Exanpl e Sanple % MeOH Production Rate (noles/L-hr) Nunber

Ti me, Hours Conversion HOAc MeQAc 3-1 §P6L5345 7.6 4.2 3-21928.4 0.7 3.4

?n?t |6ai29h|1 gg ? tTe%ﬁ)La bg})n\/xi%’%ng?ol %@ge% ich | e@FS%Rf’moﬁﬂ}Q eady

rates and conversion FrEx ust H{d&es t he clleday! ati on
of nmethanol in fthe %D{sence FELeT @t tEF ge it fer STH Il at
el evated pressure using the iridium jcata Lt dijssolveéd in the ionic Iquid

consisting of 1-buty23 10 nethyd i mi dazol 28 i odi de & zi nlc 1 odi4le. The
ionic liquid corm—al—wg—%-ﬂe i ri-diumeatalvst uyded-in- Exa t ai ned
in the reactor.| The qui d feel conS| st e%géf wei ght r@:tl os| net Fafol / net hyl

i odide = 70/30 |and g a (densify = 1[0 ggfg. Li|qui dgf&#ed r@ate, Lol
nonoxi de feed riate and t hel tErmeratuJ[ e of the jlonic liquid (nelt tenpl) are
provided in Table 5. Set 15 tenperatures and attai ned pressures were as per

Exanpl e 3. TABLEr®, gata in Table 4 reveal an initial high rate and conversion followed by a

period of lower but steady rates and conversions.

5
EXAMPLE 4

Example 4 illustrates the carbonylation of methanol in the absence of
water at three different flow rates and at elevated pressure using the iridium
catalyst dissolved in the ionic liquid consisting of 1-butyi-3-

10 methylimidazolium iodide and zinc iodide. The ionic liquid containing the '
iridium catalyst used in Example 3 was retained in the reactor. The liquid
feed consisted of weight ratios methanol/methyl iodide = 70/30 and had a
density = 1.0 g/mL. Liquid feed rate, carbon monoxide feed raie and the
temperature of the ionic liquid (melt temp.) are provided in Table 5. Set
15 temperatures and attained pressures were as per Example 3.
TABLE 5
Example mL Liquid SCCM CO Melt Temp., °C
Number Feed/Minute

4-1 0.25 300 186

42 0.25. ' 300 186

4-3 _ 0.38 450 185

4-4 0.38 450 185

4.5 ' 0.13 . 160 186

4-6 0.13 150 185




Exanple nL Liquid SCCM CO Melt Tenp.,

C Nunber
186 4-2 0.25. 300 186 43038450185 4-4 0.38 450 185 4-5

Feed/ M nute 4-1 0 25 300

13 150

186

4-6 0.13 150 185 6 NOV 2006 WD 03/093211 PCTI US03/ 14422 - 25- Zf?i‘wvl limo
185 4-9 0.13 150 185 4-10 0.13 150 185 4-11 0.13 150

185 4-8 0.
185 4-12 0.
conver si ons,
in Tabl e 6.

0.3 3.3 4-3 3
2.1

gty

#1985  4-13 0.13 150 186 The cor r espondiPAg/usex/ tagnol
nol es HOAc produced/ L hr and MeQAc produced/L-hr are provided
TABLE 6 Exanpl e Sanple % McOH-Brjoduction Rate (nol es/ L-hr)
Nunmber Tinme, Hours Conversion HOAc MeQAc
25 6 0.3 3.9
20.5 41.5 0.3 2

4-4 3 21.3 0

4-1 5 24.3 0.5 3.5
3.8 4-5 3

4-2 18 30.3

41.4 0.3 2.0 4-
4 A4-473.537.0 0.8 5 48 19 4500 0.3{2.2 8% 5 41|6
4.8 0.13 150 185
T 49 0.13 150 185
4-10 0.13 150 185
4-11 0.13 150 185
417 0.13 160 1885
413 0.13 150 186

The corresponding methanol conversions, moles HOAc produced/t-
hr and MeOAc produced/L-hr are provided in Table 6.

TABLE 6

Example Sample % MeOH | Production Rate (moles/L-hr)

Number Time, Hours | Conversion HOAG MeOAG
4-1 5 243 0.5 3.5
4-2 18 30.3 0.3 3.3
4.3 3 25.6 0.3 3.9
4.4 3 21.3 0.3 3.8
4-5 3.5 414 0.3 2.0
4-6 20.5 41.5 0.3 24
4-7 35 37.0 0.3 2.5
4-8 19 42.0 0.3 2.2
4-9 5 41.6 0.3 2.1
4-10 19 42.0 0.3 . 2.1
4-11 5 40.0 0.3 2.1
4-12 19 404 0.2 2.1
413 5 39.5 0.2 2.1

Comparison of the Examples 4-1 and 4-2 with Examples 3-2, 3-3 and 3-4

reveals essentially identical performance in the absence of water as in the

6
0.3



4-10 19 42.0 0.3 2.1 4-11 5 40.0 0.3 2.1 4-12 19 40.4 0.2 2.1 4-13 5 39.5
0.2 2.1 5 Conparison of the Exanples 4-1 and 4-2 with Exanples 3-2, 3-3 and
3-4 reveals essentially identical performance in the absence §fjNWaAtE(Gas in
the 6 NOV 2086 \{%}2 131093211 PCT/ US03/ 14422 -26- presence of added water.
The remai ni ng datain Exanpl e 4 reveal the |ong- term staldyusps/si2z hi s
iridiumcatalyst in the ionic liquid. EXAMPLE 5 5 This exanple illustrates
the use of nickel dissolved in a nelt congigsting of a m xture of

1- butyl -3-net hyl i m dazoli umi odi de and nethyltriphenyi phosphoni um i odi de at
el evated pressure for the carbonylation of nmethanol in the presence of

hydr ogen and welR"&senae giaddedavaiet ﬁ??ifﬁﬁnéhlm datenin Geamele(4 1ever! e, long-

thyl tri phenyl Al L OF - .. pickel iodide hexahydr at
(0. 583 ) and vt ey ERERy pEinife Eue MFESC or “descr i bed in

Exanple 1. A solution consisting of water (1.3 g), nethanol (1.3 g) and
acetic acid (0.7 g) was used to ri nsemrﬁesi dual solids into the reactor.
The vol une of the 1-butyl-3-nethyl- i d'r m

i odi de/ net Byl t ri pherfjfisbesmpleriilustfatadcthe es8iof kkel diskoiiedihd e 15 was 10 ni.
The reactor was brou,%ht to reaction pressure and tenperature as per Exanple
1. After the reRMSHINGAr @ mixture ahibuly-3gnethyliaidespiundipdid@and ncreased to 300

SCCM and 43 SCCOMelyAiripRaypRcian bk B @3sed il € forfng Ol UL T on

consi sting of weight rati‘os ne _ met hyl io water = 67/29/4 was fed
to the reactor eg®peylation of methanglin the presanee efdiydiragencind@atenel -biityliBd f eed

peio (158 and TRREURRIHEE ot BF AR BhenARRS g FLARRE "ol =

t enper at ur@ i nc(24B gjl nickehiodide hbidkydrate (0883 g)emdatatet @amLyakte. The results

are summari zed Ta . . . . -
! 'z Ehargeg Erﬁo Zhe reactor described in Example 1. A solution consisting of

water (1.3 g), methanol (1.3 g) and acetic acid (0.7 g) was used to rinse the
residual solids into the reactor. The volume of the 1-butyl-3-methyl-
imidazolium iodide/methyltriphenylphosphonium iodide/nicke! iodide mixture

15 was 10 mL. The reactor was brought to reaction pressure and temperature
as per Example 1. After the reactor melt had reached 180°C the CO flow
was increased to 300 SCCM and 43 SCCM hydrogen was added to the gas
mixture. A solution consisting of weight ratios methanol/methyl iodide/water
= 67/29/4 was fed to the reactor system at 0.25 mL/minute. The density of

20 the liquid feed system was 1.0 g/mL. The pressure in the reactor ranged
between 200 and 210 psig (13.8 and 14.5 barg). After the liquid feed was
started, the melt temperature indreased to about 184°C and remained at
that value. The results are summarized in Table 7.

25

TABLE 7
Exampie Sample % MeOH | Production Rate (moles/L.-hr)
Number Time, Hours ‘ Conversion HOAG MeOAG
5-1 23.5 255 0.06 0.16
52 35 203 0.03 0.08
5-3 19.05 207 0.02 0.09




TABLE 7 Exanple Sanple % MeOH Production Rate (noles/L-hr) Nunber Tine,
Hours Conversion HOAc MeOAc 5-1 23.5 25.5 0.06 0.16 5-2 3.5 20.3 0.03 0.08
5-3 19.05 20.7 0.02 0.09 25 - 6 NOV NN WD 03/093211 PCTI US03/ 14422 e
EXAMPLE 6 This exanple illustrates the carbonyl ation of methangl NO¥i Agh
rhodium in I}%ﬁl ﬁri\t hyl i m dazolium i odi de. The reactor described in Exanple
1 was chard%% *#11, 3- di et hyl i mi dazol i um i odi de (19. 94gPCHGR 442 hodi um 5
trichloride hyrdrate (83.7ng, containing 40.01 w % Rh), water (6.3Q9),

met hanol (1.0g) and acetic acid (1.5g) thro®yh the top of the reactor with
carbon nonoxide flowi ng at 20 standard cubic centineters per mnute (SCCM
t hrough the base of the reactor. The water. nethanol and acetic acid were
used to facilitate the | oading of the 5t)<§‘é4plf§)ﬁponents into the 10 reactor.
The reactor was presstHid i ' t 180C. The
carbon nonoxi de f eeda?g% EQ%E% ﬁ%?reag%s‘etgef%?b??gigf%g%f %Aﬁgﬁﬁ?&ﬂ?ﬂaﬁeed
consi sting of wenghd-dinaethplimidaeslivioiqdigst AHe readiordeseribed BoExamplefewaat 0. 25
m./ m nute. The c [ er o .produced/ L- hr
and MeQAc pr oduc(gﬂ[cfjlrr ﬁécﬁ{rmgﬂgg 8%@?@3@5?%&%1 'Ef‘gfgfg’gﬁg'.gd'ggﬁﬁ@'%dé | e Sanple %
MeCOH Producti on trRahlerifeblyeiate-(88)7md\eobiaining 401 MaW KRhGowster 66.84), HOAc McCAc

6-1 3.63 92.8 9.43,3.64 -2 19.5 97, . 4,79 6-3 5 96.7 18.61 516
Thus Exanpl e 6- 3MGHEROLEHRa0g ?‘i?“&%&ﬁﬁﬁgggg!owh E&tfi’atﬂ@‘w&?‘f’i)ﬂ@h

carbon monoxide flowing at 20 standard cubic centimeters per minute
(SCCM) through the base of the reactor. The water, methanol and acetic
acid were used to facilitate the loading of the other components into the
10 reactor. The reactor was pressurized to 200 psig (13.8 barg) and heated to

180°C. The carbon monoxide feed rate was increased to 300 SCCM and
the liquid feed consisting of weight ratios methanoi/methy! iodide = 70/30
was fed at 0.25 mL/minute. The corresponding methanol conversions,
moles HOAc produced/L-hr and MeOAc produced/L-hr are provided in

15 Table 8.
TABLE 8
Example Sample % MeOH Production Rate (moles/L-hr)
Number Time, Hours | Conversion ROAG MeOAG
6-1 3.63 92.8 9.43 3.64
6-2 19.5 97.2 16.69 479
6-3 4.5 96.7 18.61 5.16

Thus Example 6-3 when compared to Example 2-2 illustrates that 1,3-

dimethylimidazolium iodide provides comparable rates and conversion as

20 observed with 1-butyl-3-methylimidazolium iodide.
_ EXAMPLE 7
This example illustrates the carbonylation of ethanol to ethyl
propionate and propionic acid in the presence of rhodium and 1-butyl-3-
25 methylimidazolium iodide. The reactor used in Example 1 was Ioaded as




di met hyl i m dazol i um i odi de provi des conparabl e rates and conversion as 20
observed with 1-butyl-3-nethylimdazoliumiodide. EXAMPLE 7 This exanpl e
illustrates the carbonylation of ethanol to ethyl propionat®e@NdYpPRE onic
acid in the _presence of rhodiumand 1-butyl-3- 25 nethylim dazolium odi de.
The reactor“&%‘?ﬂ’s’?’zﬁl Exanpl e 1 was | oaded as N?CV2D6 WO 03PQYBRIA4422

PCT/ US03/ 14422 -28- per Exanple 1 using 4 nL water instead of 2 nL water.
After pressurizing to 200 psig (13.8 barg)2&and heating to 180C, catalytic
activity was established by first carbonylating methanol using the liquid
feed consisting of weight ratios nethanol/nethyl iodide = 70130 under the
condi ti ons usedPS' Fxamrignbuging 4amb wateriesieath o2 miswdter AitBrapssarizing.  The

et hanol AT DoRy bt b0 (8% RG] ATRAERTe 480 AR RALRY Bagh Lohing to

et hanol -cont ar n and®conversions’sim t0 those of
Exanpl e 2 wer e establisheziby filsecarbanyidiifgemdthans| udientrenmugkitet @oasistig ur e

consisting of i ght .ratios ethanol /ethyl iag =.65 7/34.3 fed at 0.13
nmUni nute. The 1\5?‘%@3"‘ Fﬁitﬁ’s;{nﬁigﬂgﬁ?’&}e@ﬁﬁ%dﬁr %’%ﬁ‘%ﬁh%ﬁw& o Yed fed at
150 SCCM  ssanplieExdmple 22 Andker thdsBRkEd rfkRamplades. ThestHmpri tions.
Sample 7-4 was taken with the furnace set at 190C, the liquid feed at 0.06

nL/mnute and CcRBAOYatien wasedormed forddst ThewrRetie apitchibade theons used to
anal yze the pro . : [ [
exanples. The r %su t é‘égrﬁtgmi eégrgg%%iahaﬁﬁyiﬁgﬂs SEH@EO g{c%%éﬁrrp 8 (lzl?’rp| e %
Et hanol Pr oduct i2omerRatbsetvedl €be lighid feed\wad thenTihapgetitaua sniGore, evrssisiing
Propionic Ethyl .Acid. Pr.opinat -1.9.93 0, 80, Q. 7-2.17. 65. 8
o8 OMhe IS sy oldhy GRS b tiodidr™s 68 2B iy G prlgimite. Fhe
10 feed had a density = 1.0 g/mL., Carbon monoxide was fed at 150 SCCM.

Samples 7-1, 7-2 and 7-3 were taken under these conditions. Sample 7-4

was taken with the furnace set at 190°C, the ligquid feed at 0.06 mL/minute

and the CO at 75 SCCM. The gas chromatograph conditions used to

analyze the products were the same as those used in the previous

15 examples. The results are summarized in Table 9.
TABLE 9
Example Sample % Ethancl | Production Rate (moles/L-hr)
Number Time, Hours | Conversion Propionic Ethyl
Acid Propionate
7-1 9.93 . 74.2 - 0.80 0.85
7-2 17.42 65.8 1.16 1.25
7-3 24.58 . 65.9 1.13 1.25
7-4 19.67 - 983.0 1.49 0.79
EXAMPLE 8

This example illusirates the proc_iuction of acetic anhydride (Ac,0) by
20 the carbonylation of methyl acetate in the presence of rhodium and 1-butyl-
3-methylimidazolium iodide. This example also illustrates that the catalyst
system maintains good activity after being used for both ethanol and methyi
acetate carbonylation. The reactor containing the catalyst system of

Example 7 was used in this example. After experiment of Example 7-4 was



EXAMPLE 8 This exanple illustrates the production of acetic anhydride (Ac20
by 20 the carbonylation of nmethyl acetate in the presence of "[@g n;land
1-butyl - 3-methylimdazoliumiodide. This exanple also ill usth 4 ?ﬁJﬁmt t he
catal yst s em mai ntai ns good activity after being used for both et hanol
and net hyl X‘&%%’l’“ﬁ?’élcar bonyl ati on. The reactor containi ng PéBUSEBLad2ySt
systemof Exanple 7 was used in this exanple. After experinent of Exanple
7-4 was .-6NOV2005 WD 031093211 PCT/ US03/ 14222 -29- conpleted, the furnace
tenperature was | owered to 180C, and the weight ratio nethanol/ et hyl

i odide = 70/ 30 was fed at 0.13 nL/mnute along wth 150 SCCM CO for 5.33
hours. Pressur e CRE®'SIed b fveaceaterorrialyes was iowvesed ki 89°C. ang thaweighdd was

t hen changed toratmnggggb RCCh r

consi sting of 8 rati @eﬁ@fi’@l aceté?%cfgtgﬁgoqggp Inluhgfhé'eﬂoﬁiﬁﬂge
65/ 21/ 14 havi ng 1§ FHaM GO for5. GS@t)nts Ressstieedwas n@iri8inediat Qﬂﬁm@ 13l&ese

Col lecting the SPEALTe BER AL TaRBla Pandin RRrolosCrm CRlind hEGAR cal *° '

failure in8he Ihwqmgdnfaaelda Woigh ferdott dopisting biaw&ightlidtiby ﬁ‘ié!@ﬁ@céiawﬂawﬁ:

Tqui d feed pumgotlEeRubPaiar BoRu e Tabladma - 1 A ormbieersdaods

col l ected. Li qulnifmmﬂeqhe%@rﬂanenmwsmr@m@lrmﬁédhsfegﬁmanbfaﬁ%@srsaphy An
accuratel y-wei ghed one-gram sanpl e was luted wth an Internal 15

standard sol ut i deupliepaesedbefare ¢olleating theoprogdoctaampley seewn T8 1AL with

t tril t 30M X 0. 25
mm X 0. 25 m or o B FEacrgRficeh ot B % Ak ot rhB eBf i ROl Tng 1
psig (1 baﬂg) hdlydwgeodion was gaintbinediah®0psig { 03.Bibang during thejeatiicor

t t t =7
20 =2 i m nut 45 R Pt ol et ooy ek Reto b8 sl en

paraneters: 3 minUsee 1@ wagolldbtedm nute to 250C, 250C for O m nutes.

Exanples 8-1 and 8-2 were performed with the furnace tenperature
Liquid product samples were analyzed by gas chromatography. An

accurately-weighed one-gram sample was diluted with 5 mL of an internal
15 standard solution prepared from dilution of 20 mL p-xylene to 500 mL with
acetonitrile. One microliter of this mixture was injected onto a 30M X 0.25
mm X 0.25 micron DB 1701 column under the following conditions using
14.5 psig (1 barg) helium carrier gas flowing at 3.0 mL/minute. Injector
parameters: T = 250°C, split flow = 100 mL/minute, split ratio = 75:1, purge
20 = 2 mL/minute; Detector parameters: flame ionization, T = 250°C; Oven
parameters: 3 minutes at 35°C, 15°C/minute to 250°C, 250°C for 0 minutes.
Examples 8-1 and 8-2 were performed with the furnace temperature
at 180°C, liquid feed rate = 0.13 mL/minute with gas flow rate = 150 SCCM
CO and 8 SCCM hydrogen. Example 8-3 was performed with the furnace
25 temperature at 180°C, liquid feed rate = 0.25 ml/minute and gas flow rate =
300 SCCM CO and 15 SCCM hydrogen. Example 8-4 was performed with
the furnace temperature at 190°C, liquid feed rate = 0.25 mb/minute and
gas flow rate = 300 SCCM CO and 15 SCCM hydrogen. The results are
summarized in Table 10. )
30 TABLE 10



at 180C, liquid feed rate = 0.13 nL/mnute with gas flow rate

and 8 SCCM hydr
t emperature at
300 SCCM CO

furnace terrpera{urzé
rate = 300 SCCM CO and 15 SCCM hydr ogen.
Tabl e 10. 30 TABLE 10 6 NOV 200& WO 03/ 09323%% -PCTI US03/ 14422

Sample Tinme, %

8-1 3.17 63.3 (-

The data in Tab
Exanpl es 8-2, 8§
was col |l ected,

rati o nmet hanol /

= 150 SCCM CO

ogen.
180C,

Exanpl e 8-3 was perfornmed with the furnacgi,@aq o
liquid feed rate = 0.25 nlL/m nute and gas f\l ‘Qrgg?ex =
CCM hydr ogen. Exanple 8-4 was perforned with the

at 190C, liquid feed rate = 0.25 ni/ ni Fot/BSUEA#22gas fl ow
The results are sunmarized in

-30- Exanpl e
Nunber Hours Conversion (noles/L-hr). Ac20

- : : —3— 1.4
e JIRG st at éo"%%q)% £ion W%Er‘%i: 7
A t EPNYEIEI08anp| e (B10198¢

edjin
not AOY™B-1. e (8-4

t emperature was | owered to 180C A0+t he

fed atb33 13 n) mi nut@2al ong

MeOAc Prod. Rate
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being used for met hanol car bonylations in EXxanptes 7 and 8,

|l e 7 and acetic anhydride carbonylation in

Bhos\gata irp Table 10 reflect that steady state operation was achieved in

Examples 8-2, 8-3 and 8-4 but not in 8-1.

After the sample of Example 8-4 was collected, the Fumace

temperature was lowered to 180°C and the weight ratio methanol/methyl

iodide = 70/30 was fed at 0.13 mlL/minute along with 150 SCCM CO at 200

psig for 5.0 hours. The product was removed from the product collection

tank, and the reaction was allowed to continue for an additional 18.0 hours.

The methanol conversion was 99.6 % and production rates of 9.1 moles

HOAG/L-hr and 1.4 moles MeOAc/L-hr were measured. Thus the moiten

catalyst solution still had excellent methanol carbonyiation activity after

being used for methanol carbonylations in Examples 7 and 8, ethanol

carbonylation in Example 7 and acetic anhydride carbonylation in Example

8. |

EXAMPLE 9
This example illustrates the production of acetic ahhydride {Ac;O) by

the carbonylation of methyl acetate in the presence of paliadium and 1-
butyl-3-methylimidazolium iodide. The reactor of Example 1 was loaded

with 1-butyl-3-methylimidazolium iodide (14.45g, 10 mL) and a mixture of

palladium acetate (73.1 rﬁg. 0.325 mmol) dissolved in methyl acetate (3

mL). The reactor was pressurized to 200 psig (13.8 barg) with CO (20

SCCM) and heated to 180°C. The gas feed was then changed to 150

SCCM CO and 8 SCCM hydrogen. and a liquid feed consisting of weight

ratios methyl acetate/acetic acid/methyl iodide = 65/21/14 having a density



Th| S exarrpl e |Ilustrat es the production of acetic anhydride (Ac20) by the
carbonyl ati on of nethyl acetate in the presence of palladiumand 1-

butyl - 3-nmet hyl i mi dazol i um i odi de. The reactor of Exanple 1 wa3 i badedllhwi t h
1- butyl -3-nmet hyl i m dazolium i odi de (14.45g, 10 m.) and a m xture of 20

pal | adi um ad¥Q &W320¥3. 1 ng, 0.325 mmmol) dissol ved in et hypcpgsiais, (3 ).
The reactor was pressurized to 200 psig (13.8 barg) wwth CO (20 SCCM and
heated to 180C. The gas feed was then changgg.to 150 SCCM CO and 8 SCCM
hydrogen. and a liquid feed consisting of weight ratios nethyl
acetate/acetic acid/ methyl iodide = 65/21/14 having a density 6 NOV 2006 WO
03/ 093211 PCT/ USOBQ wasied at 9113 mL/ImGUMaExdrBdleaIQ 0.9:3, 93/ endi Stewefexanpl es

9-1, 9-2, 9-3, or e cond t|o S. nple 9-5
was per f or med uglg ﬁ'{w%dﬁ‘ﬁ egrée&geré 5)n|s ﬁ rﬁplpgfg W%Pur nace

t emperat ure. Exaﬁpieegél-arﬁi Vg fm@ﬁfrefe@ﬁﬂ aa90tQGGniade téiﬁp@r’@&ﬁ@c@xe% laygdr ogen
with the carbon_é\ﬁgi?gﬁo érﬁ%ﬂ%&g@ t{ég r at s unchan ed. Th% results are
sumari zed in a ﬂ}‘?[ﬂ S‘éﬁrﬁ ther@rbPRod. Rate
8 Como o A o R A 1
0.32 EXAWPLE 102b® This exanple illustrates the carbonyl ation of ﬁet hahol
in the presence of palladiumand 1-but A 13 thyI i m dazolium i odi de. The
reactor containing the catalyst system E% arrpl e 9 was used in this

exanple. After Example Sample Time, % MeOAc Prod. Rate
Number Hours Conversion (moles/L-hr)

Ac,O

9-1 3.0 58.1 0

9.2 19.58 19.8 0.02

9-3 5 17.6 0.05

9-4 19 19.5 0.07

9-5 4.5 18.4 - 0.10

9-6 19.5 19.9 0.32

EXAMPLE 10
10 This example illustrates the carbonylation of methanol in the

presence of palladium and 1-_butyl-3~methytimid'azolium iodide. The reactor
containing the catalyst system of Example 9 was used in this example. After
experiment of Example 9-6 was completed, the furnace temperature was
kept at 190°C, and the weight ratio methanol/methyl iodide = 70/30 was fed

15 at 0.13 mL/minute along with 150 SCCM CO for 4 hours. Pressure was

' maintained at 200 psig (13.8 barg). The product was removed from the
product collection tank, and the reaction was allowed to continue. Examples
10—1., 10-2, 10-3, 10-10-4 and 10-5 were performed at these conditions.

_ Examples 10-6 and 10-7 were performed with the weight ratio

20 methanol/methyl iodide = 70/30 at 0.25 mL/minute along with 300 SCCM
CO. '
The results are summarized in Table 12.



experinment of Exanple 9-6 was conpl et ed,
at 190C, and the wei ght
0. 13 nm nute al ong vvith 150 SCCM CO for 4 hours:

ﬁsﬂ%spi

at 200 psigygd
collection tan

The product was renoved fromthe
the reaction was allowed to continue. PEREMHEE2 10- 1,
10-2, 10-3, 10-10-4 and 1'0-5 were perforned at these conditions.

t he furnace tenperature was
rati o net hanol / net hyl

Exa

10-6 and 10-7 were performed with the wei ght32r-ati o 20 net hanol / net hyl

kept

i odide = 70/ 30 wa .at
Pressure was %nggﬁté%ﬁed
pr oduct

npl es
i odi de

70/ 30 at 0.25 nUm nute along with 300 SCCM CO. The results are sunmari zed

in Table 12. - 6 NOV 2005 WO 03/ 093211 PCTIEU 03/ 14422 -32- TABLE 12 Exanpl e
Sanmpl e % MeOH Producti on Rat e (nol es/ L-WWL nmber Time, Hours Conversion
HOAc MeOAc 10-[T Bahmphd. T9 T 18 RiedB3 E 67
59.0 2.39 3.56 | 104dma%. 5 74;,1;3 J,.iﬁﬁ ) vd e %0@62%%3‘2%%5’&% 6 19,5
44.0 1.39 3.831-10-74.0. 44 5 T % E F 11 |jeanD£M§Ip1lustrates
the carbonyl atijon of0-fet hanol 15t he |5 pré&énce [of cb#al t and 3 19
1- but yl - 3- net hytimprgotigmiogizde: Tircrwq?gluu of —Exarmt ed
wi th 1-butyl-3-net hyl I'm dazol i um’i odi|{de (14.45qg,| 10 I'??g) and f%t ur ¢ of
cobalt acetate |t etrthgdrat e(49862 ng, 2 nsmbes) | diszgbved [In vmsgr (3 n).
The reactor wa J\rmcnr;rzou fL’)ﬂﬂ n ln /1 _L ! (‘IL\I\ATh Tﬁ(’)ﬂ qQ I and
heated to 190C| The 5532 fded w&&2t her 10 %‘héngec to 189 ScqM C&-8Ad 8 |sccM
hydrogen and a [T quiglsT €€ CORSY STIMg of 7 g ghtj—Tat metHanot 3 get hyt
i odide = 70/30 lwas fed at 10.13 “ 193 2.97

10-6 19.5 44.0 1.39 3.83

10-7 4.0 445 1.39 3.64

EXAMPLE 11
This example illustrates the carbonylation of methanol in the
5 presence of cabalt and 1-butyl-3-methylimidazolium iodide. The reactor of

10

15

Example 1 was loaded with 1-butyl-3-methylimidazolium iodide (14.45g, 10

mL) and a mixture of cobalt acetate tetrahydrate{498.2 mg, 2 mmoles)

dissolved in water (3 mL). The reactor was pressurized to 200 psig (13.8
barg) with-CO (20 SCCM) and heated to 190°C. The gas feed was then
changed to 150 SCCM CO and 8 SCCM hydrogen and a liquid feed
consisting of weight ratio methanol/methyl iodide = 70/30 was fed at 0.13

mb/minute. The reaction was performed under these conditions for 3.7

hours, and then the product was removed from the product collection tank.

Examples 11-1. and 11-2 were pérformed under these same conditions.

Example 11-3 was performed in the absence of Hydrogén and at the same

carbon monoxide and liquid feed rates. The results are shown in Table 13.

TABLE 13
Example Sample . % MeOH | Production Rate (moles/L-hr)
Number Time, Hours | Conversion HOAc MeOAc
11-1 19.42 33.6 0.03 0.07
11-2 4.83 - 26.5 0.02 0.07




m./ m nute. The reaction was perforrred under these conditions for 3.7 hours,
and then the product was renoved fromthe product collection tank. Exanples
11-1. and 11-2 were performed under these same conditions. 15-Egampyeyht-3
was performed in the absence of hydrogen and at the sane carbon nbnoXi de
and |iquid YOI %es. The results are shown in Table 13. PCHABOFI4Z Exanpl e
Sanmpl e % MeOH Production Rate (noles/L-hr) Nunber Tinme, Hours Conversion
HOAc MeOAc 11-1 19.42 33.6 0.03 0.07 11-2%83 26.5 0.02 0.07 6 N OV 2906
WD 031093211 PCT/ US03/ 14422 -33- 11-3 19.67 35.3 0.03 0.09 EXAMPLE 12 This
exanple illustrates the carbonylation of methanol in the presence of

rhodi um and 1-butyl 483met hyl i migdizol i jum |@5l8de at one.08 at nbsphgip® pressure
(1 bar absol ut ey—Fhi-s—+edetion-was a-——glass reactor  Thei
reactor contained a coarse glass frit in a 15 mﬂID (18 mm OD) gl ass tube
that allowed gas to enter below the glpggmpiEti2 The frit acted as a gas

di spersion device and contained the ionic liquid above the frit when gas
was flow ng. TheI 5 mhigexgragle ilusbatesihe saewnylation dfl_’[@ﬂ'!m‘y)bmdhehe frit an

i et or of 22 %Qﬁ%e(asﬁﬂen "‘aﬁ%ri%.ﬁ ﬁ,ggﬁ%gﬁﬁgag&% AL i th an i nner

capt ure and5r et uatmasghernei mbssme (Abaeabdolute). This reaetic wa's besffﬂﬂnﬁed inqui d
m xture. The top_of the spherica

d t 10
1D (12 mm OOy RO C VIR 500 PR CotRe DR8P @ CHMRAIN (1eonal 5

inches (12.7 cmmanOD)aRiseREs: fHat bh&ué@?’astﬁ&ﬁ%&éwtﬁ@?@‘é@mt'ﬁb@ﬁ@f
approximately 2 nm 1D (3 nm CD) exited the side of the tube at 0.4

inch (1 cm abov%ct?%éS@cQ@Scﬁ'SR%Oa sRdiee @an coatgingd thadonia Higuid abawatiear d
toward the base g %Bﬁgﬁ@%%qromr@qge‘?g?ﬁrﬂrlD%ﬁe@s‘fﬁﬂé WRRdefOpRERpEd Tirst at

anbi ent t errper ature an
beyond the frit an additional 5.5 inches (14 cm) and then expanded into a

sphere with an inner diameter of 25 mm. The spherical region acted as an
expansion zone to capture and return material entrained from the
catalystfionic liquid mixture. The top of the spherical region was opened and
connected to a 10 mm ID (12 mm OD) fube which continued to extend

15 upward an additional 5 inches (12.7 cm) and was open at the top. A product
removal tube of approximately 2 mm ID (3 mm OD) exited the side of the 10
mm 1D tube at 0.4 inch (1 cm) above the top of the spherical region and
angles downward toward the base of the reactor. The reactor effluent was
condensed first at ambient temperature and then at —78°C.

20 The reactor was loaded with 1-butyl-3-methylimidazolium iodide
(14.45g, 10 mL)}, rhodium {richloride hydrate (83.7 mg, containing 40.01 wt
% Rh) and water (4 mL) through the top of the reactor 10 mm tube with
carbon monoxide flowing at 23 standard cubic centimeters per minute
(SCCM) through the glass frit. The top of the reactor 10 mm tube was

25 sealed with a rubber septum containing a 0.0625 inch (1.59 mm) OD
stainless steel thermowell. The thermowell extended down into the reactor
down to the glass frit. The Lindberg single element electric reactor furnace
was slowly heated o 180°C, and the weight ratio methancl/methyl iodide =
70/30 was fed at 0.02 mL/minute along with the 23 SCCM CO. Visual



20 The reactor was | oaded with 1-butyl-3-nethylimdazoliumiodide (14.45g,
10 mL), rhodiumtrichloride hydrate (83.7 ng, containing 40.01 wt % Rh) and
water (4 nL) through the top of the reactor 10 nmmtube with carigpn)orRoi de
fl ow ng at :;ﬁ?ndard cubic centinmeters per mnute (SCCM through the
glass frit. #lof the reactor 10 nmtube was 25 seal eBCHUSH/4Rubber
septumcontaining a 0.0625 inch (1.59 nm OD stainless steel thernowell.
The thernmowel | extended down into the reactay_ down to the glass frit. The
Li ndberg single elenent electric reactor furnace was slowy heated to 180C,
and the weight ratio nmethanol/nmethyl iodide = 70130 was fed at 0.02

mL/ mi nut e al ong exREtinaties of shesooi Kooid Wrmmheﬁea@dnwﬁéeleMéiwmﬂ;ﬂuk

PCTI US03/ 14422 [ | i t he reacti on

reveal ed t hat |thaﬁ'dc]% ucﬁ% 'ﬁ&q%da‘gﬁ (g? "@ﬁlf dﬁﬁg?%f%ﬂt\”%ﬁ

thick. The tenpdud liguid céacuhezobeuwfasl1|7qu1|7c3°<r;@a.atth@lrbamn@a%é [éﬁ%za%mC and

t he foam head re%gg ﬁ%egeﬂ 6C. The reaction was conti nued. ‘CT’ 16 hours.
h

The product was AEHPNINAF GORtUBY Il W@rﬂi%@"ﬁéﬂﬁsﬂ”@%wﬁmheaxanpl e
1. The met hgnol angiheRieH QHRSc c L- hr and
0.27 noles net ﬁyl acet at e/ L= hr rﬁeérpgto éﬂﬁceﬁﬁzﬁs th 2' g&%@eeg@éo t he

invention is adPnversioerwaedblielandd: Wl%tamﬁcapidﬂehaahdelﬂ tholespr essur e,

| ow tenperature rﬁ&ﬂyt ehﬂ@! epr8¢fiu gd?ﬁl{%@% chrbc%gs[ %E’E %& @TQ:« S

exanple illustrates ony thon o

r hodi um and but yictlve ﬂmdwyamamﬁbmmmlmnlabcblatmmyﬂbu@resml Bw al so
illustrates thatS %] ar bon "ﬁ% can qlzedaeqqfo med at CO net hanol 15 nol ar
ratio = 1 without™g rgeq o ‘?ﬁfet a9 g d conversion. The reactor
of Exanpl e1@ was | oaded wi th butyltridodecyl phosphom umiodide (9.44 g, 10
m. in the nolten state above its neltin p0|nt of 59-61C), rhodium
trichloride hydrate (83.7 ng, contai mﬁ‘?& Bf3wm % Rh) and nethanol (11

m.). The nethanol wes h?&s%nt\;ﬂe‘ci!%irb{és"’m@céf{)aﬂﬁgﬁén 8f mbfHandt RGhe
presence of rhodium and butyltridodecylphosphonium iodide. This example
also illustrates that the carbonylation can be performed at CO/methanol

15 molar ratio = 1 without adversely affecting the rate énd conversion. The
reactor of Example 1 was loaded with butyltridodecylphosphomium iodide
(9.44 g, 10 mL in the molten state above its melting point of 53-61°C),
rhodium trichloride hydrate (83.7 mg, containing 40.01 wt % Rh) and
methanol (11 mL). The methanol was used to facilitate transfer of the other

20 reagents. The reactor was pressurized to 200 psig (13.8 barg) with CO (20
SCCM) and heated to 180°C. The carbon monoxide feed rate was then
increased to 150 SCCM, and the weight ratioc methanol/methyl icdide =
70/30 liquid feed was fed at 0.13 mL/minute. The liquid feed rate was
maintained throughout the entire course of the reaction, but the melt

25 temperatures and gas feed rates were changed as shown in Table 14.
~ TABLE 14
Exampie Number Melt Temperature, °C SCCM CO
13-1 193 150
13-2° 193 , 150
13-3 211 150




20 reagents. The reactor was pressurized to 200 psig (13.8 barg) with CO (20
SCCM and heated to 180C. The carbon nonoxide feed rate was then _increased
to 150 SCCM and the weight ratio nethanol/nmethyl iodide = 70/5380N aﬁﬂﬁd
feed was feg, ﬁ 13 mUm nute. The liquid feed rate was nui ntai ned

t hr oughout 8% e course of the reaction, but the mel tPCHUS0MET at ur es
and gas feed rates were changed as shown in Tabl e 14. TABLE 14 Exanple
Nunmber Melt Tenperature, C SCCM CO 13-1 1935150 13-2 193 150 13-3 211 150
6 MOV 2006 WO 03/093211 PCT/ US03/ 14422 -35- 13-4 211 150 13-5 221 150
13-6 222 150 13-7- 224 83  13-8 2 83 13-9 222 6 13-10 222 68 13-11

220 64 13-12 2P2 64 Thes- éorrespondl ng metZﬁémoI conqer5| ons Hifd aceticjacid
and et hy| acefate pTu%u tTont afes—are vi-ded——TFable- 5
Exanpl e Sanpl e 2% MeCH Production Rate erPZE/L hr) [Nunmber m Hour s
Conversi on HOAc| McCAc 1861 3.75 %’9 9 1.1922.84 1342 19.25 1y 82297 4. 31
13-3 4.75 83.0 p~0+4-54-13-4-19.83.87 1 5 61 4 40
13-7- 224 83
- 13-8 - 222 - B 83
13-9 222 ' 68
13-10 222 ' 68
13-11 220 64 o
13-12 222 64

The corresponding methanol conversions and acetic acid and methyl
acetate production rates are provided in Table 15.

TABLE 15

Example Sample % MeOH Production Rate (moles/L-hr)

Number Time, Hours | Conversion HOAcC MeOAc
13-1 3.75 29.9 1.19 2.84 -
13-2 19.25 70.8 2.29 4.31
13-3 4.75 83.0 5.07 4.54
13-4 19.83 87.1 561 4.40
135 508 | 904 751 419
136 19.0 917 §.00 3.91
13-7 5.67 87.0 10.67 2.77
13-8 - 1842 96.9 - 11.56 3.00
13-9 5.08 96.8 10.08 3.41
13-10 23.58 96.8 9.76 3.58
13-11 21.08 . 964 8.79 3.83
13-12 22.42 97.9 9.85 3.32

in Examples 13-11 and 13-12 the molar feed rates of methanol and carbon

monoxide were essentially the same.



13-5 5.08 90.4 7.51 4.19 13-6 19.0 91.7 8.00 3.91 13-7 5.67 97.0 10.67
2.77 13-8 18.42 96.9 11.56 3.00 13-9 5.08 96.8 10.08 3.41 J%%é%!zggﬁﬁ
96.8 9.76 3.58 13-11 21.08 96:4 8.79 3.83 13-12 22.42 97.9 9. i_ 51n
Exanpl es 13-11 and 13-12 the nolar feed rates of nethanol and carbon

nmonoxi de weP® W48B4tial |y the same. 6 NOV 2006 WO 03/ 0932 IACTACISAUBRB114422
-36- EXAMPLE 14 This exanple illustrates the carbonylation of nethanol in
the presence of rhodi umand methyltributylLggaesphoni umiodide. This exanple
5 also illustrates that the process of the invention can operate at 100 %
met hanol conversion and produce a product rich in acetic acid and low in

wat er and net hyl acetate. The reactor of Exanple | was charged with a

sol ution of nethyltributyl phosphoni umg%@eﬁﬁ? 1 9g) in methanol (2.5 g),
rhodiumtrichloride hydrate (171.4 ny, L I'ng 40.01 wt % Rh) and water

10 (3 nL). The vol undhi¥ exanepladiugrhiet ithutarbohasisioss mBiHaagi idehen a met hanol -
and water-free basis wa he net hanol and water were used to

; 10, L. T [ at © W :
facilitate the [POERRNGG 02{ hedidmanddpeingiiuldrhosphepiupniodidea dhisrexamipde r eact or
was pressusi zeqyddPindhtos tHat ¢ ' jeated to
209C. The carbon nonoxi d?f%edﬁegv\g%ct eﬁ@%@g@&%@@%@ﬁ@ clgmd 15 the
wei ght ratio netmethangleenFgisidnoaicirogudnd goducttchlinf zmeticssid dreddoatin0. 13

220G, and the congrobiefyR sk, oo R Thad ThaRebhaite 1o
ensure that acetsotutianiof nvatiwitiibntiphosphienise ibdidé (2.1 gRai eiethahde(Z.®a§ti on  was
run o 3.5 ot g Hd ol BRSE nG H9Mmb CodHhitia 0T S5 KA anuira
10 (3 mL). The volume of the methyltributylphosphonium iodide on a methanoi-
and water-free basis was 10 mL. The methanol and water were used to
facilitate the loading of the other reactants into the reactor. The reactor was
pressurized to 200 psig (13.8 barg) with CO (20 SCCM) and heated to
209°C. The carbon monoxide feed was then increased to 150 SCCM, and
15 the weight ratio methanol/methyl iodide = 70/30 |iqﬁid feed was fed at 0.13
mbL/minute. The temperature of the molten reaction medium increased to
about 220 °C, and the upper portion of the reactor was maintained at 220°C
to ensure that acetic acid would not condense in the reactor. The reaction
was run for 3.5 hours under these conditions to allow the reaction to come
20 to steady state. Then the collection vessel was drained, and the samples of
Examples 14-1, 14-2 and 14-3 were taken. The liquid feed rate was then
decreased to 0.06 mL/minute, ai)d the CO flow was reduced to 75 SCCM.
The heater temperature was adjusted to maintain a melt temperature of
about 220°C, and the reaction was run for 3.58 hours under these
25 conditions to allow the reaction to come to steady state. Then the collection
vessel was drained, and the sample of Example 14-4 was taken. The
methanol conversion in all cases of Example 14 was 100 %. Table 16
summarizes the results of Exampié 14 and includes the weight percent
water found in the condensed product.
30 TABLE 16



20 to steady state. Then the collection vessel was drained, and the sanples
of Exanples 14-1, 14-2 and 14-3 were taken. The liquid feed rate was then
decreased to 0.06 nlL/ninute, and the CO fl ow was reduced to 75 SCGI\NUVT}’@g
heater tenperature was adjusted to maintain a nelt tenperature of abouf
220C, and tWO@WEE on was run for 3.58 hours under these PEF/E93#423 ons to
allow the reaction to cone to steady state. Then the collection vessel was
drai ned, and the sanple of Exanple 14-4 was 3yaken. The nethanol conversion
in all cases of Exanple 14 was 100 % Table 16 summarizes the results of
Exanpl e 14 and Jincludes t weight percent water found in the condensed
product. 30 TABLEEX8MGIaNOY 208@mpla0 (37rodection ReF|(wes/hd22 We%-wateanpl e
Sanpl e Product i{on Negoler( myl ke, -Hours OHEREr NUumMheDAE ng, iWdRmdudiOAC

MeQAc in Produgt—t471;26-3335-20-931+35—34-216-93-16-3-0-9-1.10 14-3
17.12 15.0 0.811.13%14-4120. 2993 9|0 2 B8  EXAVPLE 15 This ER&npl o
illustrates the amoung of |reacd epts gnd pﬁp@uct% prggent in m{&'%oni

| i qui d nedi um Under._steady state aperating.condiiftions 5 at| ftwo
conversion levdls. é redctof7sist e usetb.Pn tHis eRdple fis simBlar fto
that used in anptg_f exgeptshtmt—a 1300 gt Hastiettoyp £ —adtoctape—+i+-tit ed
with a dip tube,_ ovgr‘rgaad stirEPé??an baf?rbes Wgs usg'c?v i nsteadd%ﬂ he
original unstirred Hastelloy C reactor. A band heater heated the autoclave
head, and a heated transfer |ine conn%e[ﬁ tEe autocl ave to 10 the
condensati on apparatus of Exanple 1. BhEt!2nt ni xture was in the vapor
state before contact imhg &RenAdtiRdsialesINé HiioBRt bitebdBnBURCHBYEcts The T eact or
was | oaded with nethyl tributyl phosphoni umiodide (121 g, 100 m), rhodium
trichl ori de hydmageentgsthedgnic lighidaneding uraleo steady stapperating conditions

5 at two CO conversion levels. The reactor system used in this example is
similar to that used in Example 1 except that a 300 mL Hastelloy C

autociave fitted with a dip tube, overhead stirrer and baffles was used

instead of the original unstirred Hastelloy C reactor. A band heater heated
the autoclave head, and a heated transfer line connected the autoclave to
10 the condensation apparatus of Example 1. The reactant mixture was in the
vapor state before contacting the catalyst solution in the autoclave.
The reactor was loaded with methyltributylphosphonium iodide (121
g, 100 mL), rhodium trichloride hydrate (837 mg, containing 40.01 wt % Rh)
and methanol (100 mL). The methanol was used to facilitate transfer of the
15 reagents. The reactor was pressurized to 228 psig (15.7 barg) with CO (60
SCCM) and heated to 220°C. The carbon monoxide feed rate was then set
for 1500 SCCM, and the weight ratio methanol/methy! iodide = 70/30 was
fed at 1.30 mL/minute. The reactor was operated'in this fashion untit the
condensed vapor samples were of similar weights thereby indicating steady
20 state conditions. The last two samples taken under these reaction
conditions at one-hour intervals weighed 114.69 g (Sample A) and 115.68 g
(Sample B) respectively. Sample A contained the following weight
percentages by gas chromatographic analysis: 14.73 methyl iodide, 7.94
methyl acetate, 74.64 acetic acid, 0 methanol, 1.91 water. Sample B



and net hanol (100 nL). The met hanol was used to facilitate transfer of the
15 reagents. The reactor was pressurized to 228 psig (15.7 barg) vm'th CO (60
SCCM and heated to 220C. The carbon nonoxide feed rate was thengsigy Jmg
1500 SCCM and the weight ratio nmethanol/nmethyl iodide = 70/ 30 was dL at
1.30 niL./ni BY®OPhe reactor was operated in this fashion WIWSOSMMZ
condensed vapor sanples were of simlar weights thereby indicating steady 20
state conditions. The last two sanpl es.takeg.su_nder t hese reaction

conditions at one-hour intervals weighed 114.69 g (Sanple A) and 115.68 g
(Sanpl e B) respectively. Sanple A contained the follow ng wei ght

per cent ages by gamtmmmﬂmtfomdmﬁbN«Bxgiﬂ@bmmﬁgekﬁy@sm&ﬁhtdgﬁébmte 7.94

nmet hyl acet at e, 74 64 a,[gé% % E g%% E 91 water. nmple B 6 NOV
2006 WD 03/ 093 2PN gUY '?d'd§8 Y'r?é’&tattﬁe7ﬁ o as%ww ghit
per cent ages by Qﬁéthghblofmieaﬂétépfué}bo@ﬁ@hmhé coﬂ%r@n&n@@ﬁwﬂnole%fgeetyﬁ 06

net hyl acetate, 75.13 acetic acid nmet hanol ) bon“nonoxi de

conver si on (100)(4?‘?@11‘&;9%?10&@&9@(1 mmMpmf@sbmSmleww perecent for
bot h Sanpl eg &) oxi de
(750 SsccM was pg@ OBfgeart rsosﬁgwgn&%ﬁﬁo}oﬁﬁm% @% resultlagg’% g&garrpl e C
Sanple Cis i ndltbatughethe o’ielttfbeo:ambwrtresdlhm@ﬁmpls Qurtbmppledi stisdipatdbgent i n
the ionic liquid der onditions alt ne addi ti onal
carbonyl ation re¥ ?8W°UHL9PF8§8@F‘%0QMC W@%%@%@?PHLW%‘B?%WB@%HFS@ The
wei ght of Sanpl estéadiPsthttesiofions 2@RbGFESIke aadnu@rﬁmrcamdﬁytatba rédriopmount  of
reactants and products |n the nelt at steady state. (29. 21 Q)

l e
contai ned the fJPRHRFFY dufepdhe cHbpp anngyisle MQ@aE“%W?'QHg@fO%ﬁFB@ﬁlQ anal ysi s:
0.11 di net Ryl etthgfeforeereﬁ%sgﬁfsrﬁﬂ liﬁﬁé‘fj'hﬁilﬁ’toﬁu an e ﬁt@f're%t‘étg@,gta?\ﬁgg Lﬁ% acetic

acid and 0.76 water. The tenperature was a for
monoxi de feed 18 th@WIM§t&a‘tﬂerstaietSample%32w ceamdinetidhevisiligivingr at i o

ret hanol 1ot b LR eRee B SRR B doRe bR R RO s,
wei ght's t hereby 3.H0dhethyliiogdet2atynethivibectats) d5t050astic Bkl 4ratb0.76 vager. sanpl es
taken under The temperature was adjusted for 230°C, the carbon monoxide feed
15 rate was then set for 938 SCCM, and the weight ratfo methanol/methyl
iodide = 70/30 was fed at 1.63 mL/minute. The reactor was operated in this
fashion until the condensed vapor samples were of similar weights thereby
indicating steady state conditions. The last three samples taken under
these reaction conditions at one-hour intervals weighed 142.70 g (Sample
20 D), 147.43 g (Sample E) and 142.86 g (Sample'F ) respectively. Sample D
contained the foliowing weight percentages by gas chromatographic
analysis: 0.06 dimethyl ether, 17.40 methyl iodide, 12.98 methyl acetate,
67.32 acetic acid, 0.29 methanol, 2.79 water. Sample E contained the
_ following weight percentages by gas chromatographic analysis: 0.07
25 dimethy! ether, 17.30 methyl iodide, 12.75 methyl acetate, 66.51 acetic
acid; 0.30 methanol, 3.04 water. Sample F contained the following weight
percentages by gas chromatographic analysis: 0.08 dimethyl ether, 17.14
methyl iodide, 12.82 methyl acetate, 67.82 acetic acid, 0.26 methanol, 3.03
water. Carbon monoxide conversion was 74-75 percent for the three
30 samples. The liquid feed was continued for an additional 5 minutes,



t hese reaction conditions at one-hour intervals weighed 142.70 g (Sanple 20
D), 147.43 g (Sanple E) and "142.86 g (Sanple F) respectively. qﬁgﬁr@ ~
contai ned the foll owi ng wei ght percentages by gas chromatographi digéis:
0. 06 dineth&] ether 17.40 met hyl iodide, 12.98 nethyl acetate

acetic acid, thanol, 2.79 water. Sanple E contai ned®¢HES? @6??omnng
wei ght percentages by gas chronatographic anal ysis: 0.07 25 dinethyl ether,
17.30 methyl iodide, 12.75 nethyl acetate, -G§.51 acetic acid; 0.30

met hanol , 3.04 water. Sanple F contained the follow ng weight percentages
by gas chronatographlc anal ysis: 0.08 dinethyl ether, 17.14 nmethyl iodide,
12. 82 net hyl acdpbnwed by agrraowtihanchidead, atd. %mlrétllhateoﬂort\@o ofnuteamdile Car bon

nonoxi de conver 0. iquid
feed was conti nuﬂg%ﬂ}é"ﬁiﬁgﬁhe é%?ﬁﬁcgﬁ&[&g{ (rﬁ B@%ﬁﬁa&qﬂ%@%@é S\ECC@? @3%211
PCT/ US03/ 1445\% l;%seﬁ d!hl’oug!&d"aebtyle& fqnwre rﬁmtrh@awinggaesﬁmren Ghmpled alsbedf or
two m nutes ile a n|n oxi de fl ow noxi de
(938 SCCM was %’é@@ﬂ%%‘?@d@ trﬁ%J"i‘n%q ‘{?O'T‘é‘f‘e rﬁ@“%ﬁfof F@%‘tﬂ”ﬁdﬂ@ﬂ”f ©89mpl e G
Sanple G al go caﬁrﬁdahﬁﬁ th Mo BAIES floRPitkirhalt Saniile @@e@u*gm&ﬁémea
continued liquid feed 5 in addition to those renoved fromthe nelt. Sanple G
(56.80 g) cont ai ﬂ?@douq\ﬂég weidho werrg Masieg by gse coeatnatgeranhic apalysisirbbdit ogr aphi c

anal ysis: 0.03 t ate,
85.95 acetic am@h{mr‘}h )%'e‘ilé]\g/\gpqeéhﬁ\%/@@% g%&‘%%@%%%?ﬁ rl%i%é“c?a%g} CLAI M5
W claim 1. Consmch2ddsvgiencess for preparing a carbonyl ation product
conprising: 5 1. continuously feeding to a reaction zone carbon nonoxi de, a
carbonyl at abl e reactant, and a halide selected fromchlorine, bromne,

i odi ne and conpounds thereof, wherein said carbon nonoxide, carbonyl atable
reactant, and halide are in the gas



phase; 10 II. continuously contacting said carbon nonoxi de, carbonyl atabl e
reactant, and halide of Step | with a non-volatile catal yst solution
conprising an ionic liquid and a Goup VIII metal under carbonylafign/ 73"
condi tions t ature and pressure wherein said tenper re. i s _greater
t han t he de&%B&?ﬁ@sgf said 15 carbonyl ation product; and Iﬁ%.H@BﬂPﬁﬁﬁously
recovering fromsaid reaction zone a gaseous effluent conprising said

car bonyl ation product. 2. Process accordi ng-4®-C aim 1 wherein said catal yst
solution conprises 20 from25 to 100 wt % of said ionic |liquid based on the
total weight of said catalyst solution. 3. Process according to Claim?2
wherein said catal yst sol ution conprisesCLAM®n 50 to 100 wt % of said ionic
i quid based on the total weight of said 25 catalyst solution. 4. Process
according to Caim3 wherein said halide is hydrogen iodide, nolecular

i odi ne, or an al Wgclaim:aronatic iodide having up to 12 carbon atoms. 30 6

NOV 2J06 WO 03/ 09 i [ 144 -41 5. Process according to Claimé4
wherein said car 8‘0%&?@@%’)&%%8%ﬁ)ﬁﬁ?’%a”ng@ %%F%M%erﬁgagqo 'St¥hsi'st | ng
of al cohoI6$,5 et her s, andonmdmmmyiﬂcajedingm dfr@@dti@h&oha\cbﬂﬂ:moh?id% gar EOS
atonms. 5 6. Process accordin aim5 further conprisin eedi ng hydr ogen
into said reaction zo.ngair nglah%l%req%qtoam{)a EQW?. .‘E}Sﬁfrﬁg?l'aﬂ‘i’@@a-of 1:99 to
L:2. 7, Process accor di BebrhieCloir® hd striRfinds SREHELS Wherdif adidrd er | nt o

into 10 said reaction zone in a nolar ratio to said carbonylatable reactant

of 0.01:1 to 3:1. 8. Phywxisiessadonyiatpblereackinkandiiediceiate sulhg gas
carbonyl ati on product i %hase'

10 Il continuously contacting said carbon monoxide, carbonylatable
reactant, and halide of Step | with a non-volatile catalyst solution
comprising an ionic liquid and a Group Vilf metal under
carbonylation conditions of temperature and pressure wherein
said temperature is greater than the dew point of said

15 carbonylation product; and

(1. continuously recovering from said reaction zone a gaseous

effluent comprising said carbonylation product.

2. Process according to Claim 1 wherein said catalyst solution comprises
20 from 25 to 100 wt% of said ionic liquid based on the total weight of said

catalyst solution.

3. Process according to Claim 2 wherein said catalyst solution comprises
from 50 to 100 wt% of said ionic liquid based on the total weight of said

25 catalyst solution.

4. Process according to Claim 3 wherein said halide is hydrogen iodide,
molecular iodine, or an alkyl or aromatic iodide having up to 12 carbon
atoms.

30



selected fromthe group consisting of carboxylic acids, carboxylic acid 15
esters, carboxylic acid anhydrides, and m xtures thereof; said _ Do
carbonyl atabl e reactant is selected fromthe group consisting of aIEkW}\f Pabiith
al cohol s, dialkyl ethers, alkyl carboxylic acid esters, and ol efins having
up to 8 car bgﬁ"é@?ﬁ%l and which react with water, alcohols, RGFI/EHBBHRY| | C
acids to form al cohols, ethers, or carboxylic esters under carbonylation 20
process conditions; and said catal yst soluti-gq conprises 50 to 100 wt %
based on the total weight of said catalyst solution, of an ionic liquid
selected froma Lqﬁuat ernary amonium salt, a quaternary phosphonium salt,
and a tertiary sulfBra@ss agrerdimbod:laim é vderciasaidratiranyataitleaiactdniiker ei n

Ra-v Ra 12 07200 6 REYS0s e SRIBRAESA ool RS - 42
Docket 71536 wher ei acilt estdR® halRBg uprid 184 amsan atodependent |y sel ected from

al kyl or substituted al kyl noieties having up to 20 carbon atons,
cycl oal kyl or- substituted cycloal kyl having 5 to 20 carbon atons, or aryl

or substituted a8.yPréuesR@csrding 3CIsn BAR eBmprising fdedifg Ny@logBn ifo10-
Process according to Claim8 wherein said ionic [i % dis Selfected from the
group. consisting ofdifdeastiprzanedn pgaplaesatin i salg camor soroxideRE1R9%0 / R B N
" Rt QRS and Q {88 N N-r. '

7. Process according to Claim 6 further comprising feeding water into into
10 said reaction zone in a molar ratio to said carbonylatable reactant of
0.01:1 to 3:1.

8. Process according to Claim 7 wherein said carbonylation product is
selected from the group consisting of carboxylic acids, carboxylic acid
15 esters, carboxylic acid anhydrides, and mixtures.thereof; said
carbonylatable reactant is selected from the group consisting of alkyl -
alcohols, dialkyl ethers, alkyl carboxylic acid esters, and olefins having
up to 8 carbon atoms and which react with water, alcohols, or carboxylic
acids to form alcohols, ethers, or carboxylic esters under carbonylation
20 process conditions; and said catalyst solutidn comprises 50 to 100 wt%,
based on the total weight of said catalyst solution, of an ionic liquid
selected from a quaternary ammonium salt, a quaternary phosphonium

salt, and a tertiary sulfonium salt.

25 9. Process according to Claim 8 wherein said ionic liquid is an iodide

compound having the formula

R1

i !



Rro—wheret+rf—at—teast one-+ing atomis a quarternary nitrogen atom and 10
ei ndependentfy sel ected from hydrfpgéenw, 7a) yI or

sulpsiritsat BeoAblYA i eti es havihg U hesERveAr bon at ong, “Bycl oal kyl ¢ NG

substituted -cycl oal kyl having ??to “20%’%@%‘!}?&0%, om;a;.?ly or subst |‘{J§P§2144?2

ar)d having 6 to 20, carbon: atons; and R5, R~. and.Rt are independently,

sel’ected from alkyl of substituted, alkyl-#®ieties having up to 20 carbon

15 atons, cyclDwak&tyt1388 substituted cycl' oal kyl having 5 to 20 carbon atons,

or aryl- or substituted aryl having 6 to 20 carbon atons. 11. Process

according to Caim8 wherein said Goup Vjil netal conprises Rh, Ir, N,

Co, Pd, or conbi nati on¥i&ieinddr R26" @ndi ciedrdependenivn gelestied fearmatkyt or

wherein 'said G oup V, PRV i i f I
Sudstimbalaity nidtiet%@dxavﬁ\a 1 t%aﬁoaééf’é%%?%ied&g. QI ng_ 2003

conprises at |least one netal pronoter 1 Enafangszelt

~-T- . . _ . ~" -~substitutpd cyglopfiyi hapig 5 fr 2 e onaten2 0uang wsrimbituted
j US0314422 Docket 71536:5i8her et &L4r85h ki GAY pskgting of Re, Ru, Gs,
Pd, and Pt, wherein é‘:t'rgflﬁyeam)%;ar raté% g‘? tsbg?daﬁeffai q%?’(%)r?r’bter to said Ir is
about 0.1 to @bout 15. 13. Process according to Claim 12 wherein said

catal yst sol ution I i - t.o Lew s .aci- el ect ed
fromthe group cor?sa:'J EHE%QSSO co%@ﬁ%@n g%v%ﬁgﬁég'd]ﬁﬂ'cq&'d 'P@?Fﬁe‘éﬁﬂ%,
wherei n the nol ar r athiecgrotip.coasidfitgof setemicyclicdodides having the foumiuth | s at | east
1:1. 14. Process according to Cam1l wherein said Goup VIII petal is Ir
and 10 said catal yst solution ffir t her conprises at |east one fewis acid

sel ected fromthe grougiconsi sl/i ng ¢f conpounds of Zn, Ga,

W and Mb, wherein the no ratio of said Lewis acid to sa

is at least 1:1. 15 15.Pro (rﬁﬂngto(ﬁ m 11 where
carbonyl ation product is ageti@/acid;, said carbonyl atabl e
nmet hyl al cohol; said hailag' ge.

‘ wherein at least ohe ring atom is & quarternary nitrogen atom and

10 R®, R%, R®, R, and R" are independently selected from hydrogen, alkyi
or substituted alky! moieties having up to 20 cari::on atoms, cycloatkyl or
substituted cyelealkyl having 5 to 20 earbon atoms, or aryl or substituted
aryl having 6 to 20 carbon atenﬁs;.and R®, R, and R are independently.
selected frorh alkyl or substituted atkyl moieties having up to 20 carbon

15 atoms, cycloalley! or substituted éyeloalkyl having 5 to 20 carbon atoms,
o aryt o substituted aryl having 6 to 20 carbon atoms.

11. Process according to Claim 8 wherein $aid Group Vill metal comprises
Rh Ir, Ni, Co, Pd, or combinations thereof.
20
12.Process according to Claim t1 wherein said Group Vili metal is Ir and
said calalyst sotution further comprises at least one metal promoter

1 Envfansszeit 28.5ep. 19:08 23-00-2003,




IIBIJQLL_LQdI de sai dionic liquidis methyltributyl phpsphonium i odide,
butyl tridodecyl phosphoni u?‘)n i de, 1-butyl -3-met hy[r ';d?zelg Wpy Qg@,@je
J{,p’.ﬁm@gd’reﬁzhw Aj‘azol i um i odi de; samﬂ_ DV |1 netal i $ rhodium sgj B 4422

‘t-enperature I s- from 150 to 240C; 'sat ressure is from3 bara to 5
arid sai d gaseous effluent conprises acétic acid, nethyl acetate, or a
m¥xture thepggfet 71585 Process according to Caim 15 wherein said catalyst
solution conprises 25 from60 to 100 wt% said ionic liquid based on the
total weight of said catalyst solution. Enpfangszeit 23.Sep. 19:09
23..09.2003r 'f_2i seledted fromFthe. grBup consisting of Re, Ru, Os, Pd, and Pt, wherein

the molar ratio of said metal promoter to said Ir is about 0.1 to about 15,

13. Proces§ according to Claim 12 wherein said catalyst solution further
5 comprises at least one Lewis acid selected from the group consisting of
compounds of Zny, Ga; In, Cd, Hg»W, and Mo, wherein -the molar ratio of
said Lewis acid to said ionic liquid is at least 1:1.

14.Process according to Claim 11 wherein said Group Vill metal is Ir and
10 said catalyst solution further comprises at least one Lewis acid selected
from the group consisting of compounds of Zn, Ga, In, Cd, Hg, Re, W,
and Mo, wherein the molar ratio of said Lewis acid to said ionic liquid is
at least 1:1.

156 15.Process according to Claim 11 wherein said cari')onylation product is
acetic acid; said carbonylatable reactant is methyl alcohol; said halide.is
methyi iodide; said ionic liquid is méthyltributylphpsphonium iodide,
butyltridodecylphosphonium iodide,‘!ibutyl-3—metﬁy!imidazolium iodide,
or 1,3-dimethylimidazolium iodide; said Group VIIl metal is rhodium; said

20 -temperature is from 150 to 240°C; said pres.é".ure is from 3 bara to 50
bara; and said gaseous effluent comprises acetic acid, methy! acetate,
or a mixture thereof.

_ 16.Process acc;ording fo Claim 15 wherein said c;étalysf solution comprises

25 from B0 to 100 wit% sald ionic liquid based on the total weight of said
cétalyst solution.

2! Enofangszeit 23.5e0.

23.09-2003



