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CARBONYLATION OF METHANOL IN THE PRESENCE  5 lU Field of the Invention The
present invention relates to homogeneous carbonylation catalyst systems,
and more particularly to multimetal homogeneous carbonylation catalyst
system stabilized and co promoted with a soluble inorganic iodide salt, in
particular, an alkali metal or alkaline earth metal salt or quaternary
iodide salt of nitrogen or phosphorus. Description of Related Art
Producing acetic acid by means of methanol carbonylation with a rhodium
salt catalyst is 15 2U a well-known commercial process as disclosed in U.S.
Patent No. 3,769,329 issued by Paulik et al. and described by Eby and
Singleton (Appl. Ind. Catal. 1, 27S, (1983). US `329 discloses the use of
organic halides such as methyl iodide to promote the reaction. It is stated
in US `329 that a substantial quantity of water. typically about 14-15 wt %
is necessary to attain a high reaction rate. Hjortjaer and Jensen (Ind. En
Chen~; pl'OC. Res. Dev 16, 281-285 ( 1977)) have shown that increasing the
reaction water from about a finite amount to about 14 wt % increases the
reaction rate of methanol carbonylation. However having a large amount of
water present in the process incurs an expensive operating cost to separate
water from the acetic acid product desired. It has been found that under
the Paulik et al. conditions at lower than 14-15 wt % water content in a
carbonylation reaction system, the carbonylation rate decreases
significantly and the rhodium catalyst tends to destabilize and thus
precipitate out of the reaction system. U.S. Patents No. 5,001,259;
5.026,908: and S,144,068, Smith et al., disclose a method to 25 solve the
difficulties of high reaction water and catalyst destabilization described
above. These patents disclose the use of a rhodium salt catalyst in a low
water carbonylation system, i.e., water concentration from at least a
finite amount to less than 14 wt %, preferably less than 7 wt %. The
carbonylation reaction is further promoted and the catalyst is stabilized
to prevent precipitation by using a soluble alkali or alkaline earth metal
iodide salt, i.e, such as lithium iodide, or by using a soluble quaternary
ammonium or phosphonium iodide salt. 



3o A disadvantage of the process described in US `259 et al. is described
in US 5,l55,265; US 5, l 5 5,266; US 5,202,481; U S a206,434; US 5,371,286,
and 5,783,731. The process increases the concentration of iodide,
unsaturates, and carbonyl impurities. These patents stress   10 APR 2003 z
the necessity to remove these impurities from the process, Another
disadvantage of the process of US '259 et al. is that as the water content
is decreased, so is the rate of reaction. Therefore efforts have been
directed at maintaining and incresing the rate of reaction under water
conditions of loss than 14-1 S wt J. A method of increasing the rate of
traction, as shown in the US '6D8, i5 to increase the hydrogen partial
pressure in the reaction system. lnercasing hydrogen partial prcssurr. ce.n
be accomplished by having hydrogen in the Carbon monoxide fcedstock fed to
the carbonylation reaction. CoInmGlCi;s~1 oatbon rnonoxidt feodstocks
fraquentty contain hydrogen as an la~urity, and under nornoal
circumstances, thea~e is no need to remove these impurities. i p US
4,994,608 stresses the necessity to control the hydrogen Jn the carbon
ruonoxide feed to reduce the formation of carbon dio~cide. In addition to
having hydrogen prcatnt ir1 the carbon monrncida Food) hydrogen can be
genoraLOd in-situ by the competing yvatcr-gaa Shift roactaon that occurs
during the rencrion, Thus, because flf the formation of this in-situ
hydrogen, the atrtount of hydrogen in the carbon monoxide feed is suggested
in US `60B io lx from about D.3 to about 10 1s W ol% The iridium-catalyzed
methanol cerbonyiation process as described in EP 752,406 Stresses thG
nCC~BBIty to maintain n low hydrogen concenttation in the catbon monoxide
Toed Lo the reacwr to avoid the forrnatlon of hydrogenated by-products.
Iridium is a gong hydrogenation catalyst under the condhlons of the
irJdiumcatalyzcd process- Therefore, the amount of hydrogen in the csrbozt
2o monoxide feed Ia suggested In EP '486 to be less than 0.3 mol% and the
partial pressure of hydrogen in the carbonylation reactor to be less than 3
x 104 Pa (0.3 bar). Methods disclosed in rhc art to enhance the rate of
car6oaylation with catalysts containing rhodium include the us~o of
promoters. EP 643,d34 describes the use of ruthenitrm or osmium es co
promoters. EP 618.183 broadly describes the use of rhodium as a promoter to
enhance the rate of 25 iridium catalyxad carbonylation fractions.
Slmilarty, GB 3,298,Z00 broadly describes the use of ruthtnium, osmium, or
rhenium with rhodium also s~s a co-promoter to enhance the iridiumcmtalyzcd
carbonylation reaction. FR-A,2750985 discloses a process of methanol
carbony)ation employing a two reaction ztmo system and rhodium and iridium
catalysts. However) it is not clear from these refertwnces whether iridium
could be added to a 3o rhodium-catalyzed system when inorganic iodide salts
are pre~scnt ionic iodides, such as the alkali or alkaline earth metal
iodides, bad been previously tbougbt to inhibit and consequently deactivate
the iridium cstatyst. Doklesa and Forstez i.-r rtdv. Catalysts, ,~, 81
{198b) end references oitzod therein, particularly Fors~ter, J. Chem. Soc.,
Dalton Trans., 1979, p.1639, have 



~ o aPR Zoo3 indicated that ionic iodides decrease the rate of methanol
carbonylation when an iridium catalyst is employed. The use of rhodium salt
and iridium salt catalysts for methanol carbonylation is disclosed in
Canadian 2,120,407 and GB 2,298,200. Can `407 and GB `200 also teach that
ionic iodides 5 poison the iridium catalyst. It is suggested therein to
limit the amount of ionic iodides fl-Olll 0 to about 2 vin %. Sources of
ionic iodides include: 1 ) from alkali or alkaline earth metals as a
promoter; 2) from corrosion metals common in the reaction system; and 3)
from phosphoniun ~ or ternary ammonium ions as promoters. More recent
patent publications also teach that the use of alkali metal iodides and 1o
alkaline earth iodides are to be avoided in the iridium-catalyzed
carbonylation. These references include WO 98/22420, EP 84G G74 A1, EP 849
248 A1, EP 849 251 A1. Although, EP 849 248 A l indicates that under
certain conditions wherein the wafer concentration in the reactor is at or
below that at which the maximum in the graph of carbonylation rate versus
water concentration occurs, iodides of alkali metals and alkaline earth
metals may be added. It is taught that under ~ 5 these conditions the
presence of iodide ion in high concentration may be detrimental, when the
carbonylation catalyst is solely iridium. No mention therein is made of the
use of alkali metal or alkaline eai-lh metal iodides in a mixed
rhodium-iridium catalyzed carbonylation reaction by generating iodide ions
in the liquid reactor composition. EP 752,40G cautions to minimize the
ionic contaminants derived fi-on ~ corrosion metals, 20 particularly,
nickel, iron and cluomium, or phosphines and nitrogen containing compounds,
or ligands which may quaternize in sits due to the belief that these ions
also poison the iridium salt catalyst system. The poisoning occurs by
generating iodide ion in the liquid reaction composition which has an
adverse effect on the reaction rate. The present invention addresses the
technical difficulties described above. Disclosed is a 2s method to improve
the rate of carbonylation while maintaining the stability of the i-hodiu~n
catalyst and limiting the formation of impurities. SUMMAR'f' OF THE
INVENTION The present invention relates to a process for producing a
carboxylic acid by 3o carbonylation of an al)cyl alcohol and/or a reactive
derivative thereof, i.e. an alkyl ester or ether, in the presence of a
homogeneous catalyst of rhodium salt, an ionic iodide catalyst
stabilizer/copromoter, iridium salt, and an alJcyl iodide promoter. The
ionic iodide stabilizer/co-promoter   10 APR 2003 4 may be i17 the form of
a soluble salt of an alkali metal or alkaline earth n7etal salt or a
quaternary a1711110111u117 Ol' phosphonium salt that will generate an
effective amount of iodide ion i11 the reaction solution. Tl7e
stabilizel'/co-promoter is preferably a soluble iodide salt fron7 alkali
metals or alkaline earth metals, ill particular lithium iodide.
Alternatively, the stabilizer may be a soluble quaternary anllnonium or
phosphonium iodide salt. The alkyl halide is preferably 111et11y1 iodide.
DETAILED DESCRIPTION OF THE DISCLOSURE 



More particularly, the present lnventlon provides a process for the
carbonylation of a11 10 alcohol, ether, or ester to products conlppising a
carboxylic acid, the anhydride thereof or coproduction of the carboxylic
acid and anhydride. )Jven more particularly, the present invention provides
a process for the carbonylation of methanol io produce acetic acid by
reacting methanol with carbon nlonoxide in a liquid reaction medium
containing a catalyst comprising rhodium salt, an ionic iodide
stabilizer/co-promoter, and iridiun7 salt; water, acetic acid, methyl
iodide 15 promoter, and methyl acetate; and subsequently recovering acetic
acid fi'onl the resulting reaction product. The process is conducted so as
to maintain in the reaction mediun l duping the course of the reaction
about a finite amount to less than 14 wt % of water together with (a) a
salt providing an effective an7ount in the range of about 2 wt % to 20 wt %
of an ionic iodide ill the reaction solution as a catalyst
stabilizer/co-promoter selected front the group 20 COnSlSt111g of alkali
and alkaline eal-th metal salts and/or quaternary salt of nitrogen or
phOSphOrLlS, (b) about 5 wt % io 30 ~~'t % of methyl iodide, and (c) about
0.5 ~~~t % to 30 ~rt % of methfl acetate. The ionic iodide
stabilizer/co-promoter may be in the forn7 of a soluble salt from alkali 25
metal or alkaline eal-lh metal salt or a quaternary ammonium or
phoSphOlllunl Salt which generates all effective amount as defined above of
iodide ion ill the reaction solution. The catalyst stabilizer/co-promoter
is preferably lithium iodide, lithium acetate or nnxtures thereof. The
catalyst SySieIl1 Call further con lprise a tl'a11S~111011 117e1a1 salt aS
a CO-pl'01170ier Selected f1'0111 the gl'OUp CO11S1St117g Of Salts Of
1'Utl7elllu111, tul7gSte17, OSllllulll, 111C1Cel, Cobalt, plat117u171, 30
palladium, manganese, tlta111u117, Val7adlul77, COppel', aluminun7, t111,
alld al1t1111017)'. The present invention may include llydrogen, generally
added in conjunction wish the carbon monoxide feedstock to the
carbonylation reactor. 1i has been found chat the presence of   10 APR 2003
s hydrogen increases rate of reaction, and lninitnizes forn7ation of
organic impurities. An advantage of the present lI1Ve11t1011 1S tltat a
1I1g17eI- CdI-bOll)'1at1011 I-ate 15 aChleved v'hen adding iridium salt io
the catalyst Sf Stelll COI11p11S111~T rhodium salt and an alkali metal or
alJcaline earth n7etal salt, and/or soluble quaternary aI711170n1u111 Or
phosphonium salts, pro\'14111g 5 an effective amount in tile range of about
2 wt % to 20 \~~t % of an ionic iodide in the reaction solution over using
rhodium salt alone. The stabilizer/co-promoter has been found to stabilize
111e 1'h041ll111/ iridium catalyst without pl'eCIp11at7071 OCCUl'1'lllg
dul'lllg the carbonylation reaction and provides additional catalyst
activity. Another advantage of tile present invention is that the
production of impurities such as 10 acetaldehyde and especially unsaturated
aldehydes such as crotonaldehyde and 2-ethyl crotonaldehyde is
significantly reduced when rhodium/iridiun'l/iodide ion catalyst system is
en lployed using conditions equivalent to illose used with the
rlaodiunl/iodide salt catalyst system alone. Such an advantage inlproves
product quality and reduces the need for additional purification to remove
impurities. 15 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS The present
invention provides an inlprovement on carbonylation processes wllerein an
alcohol, ester, or ether is converted io a carboxylic acid and/or the
anhydride thereof. The following description is directed to the
carbonylation of metllanol to produce acetic acid. 



2o However, the technology is applicable to the carbonylation of higher
homologues of metllanol to form acids which are the higher h0111010gue5 Of
acetic acid. A previously used methanol carbonylation process conlprises
reacting methanol Vvlth CaI-b0I1 I110I70XIde Ill a liquid reaction
nledilull containing a rhodium salt catalyse and comprising water, acetic
acid, methyl iodide promoter, methyl acetate, and ionic iodide
stabilizer/co-promoter and subsequently recovering 25 acetic acid from the
resulting reaction product. As described hereinabove, a previously used
methanol carbonylation process included the use of iridium salt catalyst,
plus the ocher con lponents mentioned in conjunction v~'itll the rhodium
catalyzed system except for aclalov,~ledginn~ the benefit of the iodide
salt. In the present 111VeI1ti0Il, the metal catalyst comprises rhodiun7
and iridium, and the reaction medium further includes all alkali or
alkaline 3o earth nletal iodide salt and/or a quaternary a1111170111u111
OI- phosphoniuln iodide salt as a catalyst siabilizer/co-promoter. The
n7etal catalyst can also include other transition nletals. The
carbonylation reaction s5'stenl play further include hydroben i17 the
carbon monoxide feed.   10 APR 2003 G 1-Iydrogen fl-o111 greater than about
5 ppin with iridium does not have significant effect on production of
unsaturaies. This allows one to use Hz if desired in the CO feed or
reaction medium. With respect to production of propionic acid, hydrogen has
a significant effect. Therefore, low hydrogen in the reaction medium may be
more desirable depending O11 11I1purlty 5 production. The metal catalyst
can be added to the liquid reaction composition for the carbonylation
reaction in any suitable form which dissolves in the liquid reaction
composition or is convertible to a soluble form. The amount of rhodium
added to the reaction medium is generally between about 100 and 5000 ppm,
and is preferably between about 300 and 1000 ppm. Examples of the rhodium
catalyst are well lalown to those skilled in the ant and were best
described in the Paulik et al. US `329 patent. The amount of iridium salt
added to the reaction medium is generally beiw~een about 100 and 5000 ppm,
and preferably between about 200 and 2000 ppm. Examples of suitable
iridiun-z-containing salts which may be added to the liquid reaction
composition include iridium acetate, iridium oxalate, iridium acetoacetate,
iridium n petal, IrCl3, IrI3, Ir13r3, 15 IrC13~3Hz0, IrBr;~3H20, Irz03,
IrO,, [Ir(CO)2I]~, [Ir(CO)ZCl]2, [Ir(CO)zBr]Z, [Ir(CO)~Iz]-I-I+,
[Ir(CO)2Brz]-H-`, [Ir(CO)2I4]-H+, [Ir(CH3)I3(CO)2]-H+, and Ir4(CO),Z.,
preferably complexes of iridium such as acetates, oxalates and
acetoacetates which are soluble in one or more of the carbonylation
reaction components such as water, alcohol and/or carboxylic acid. Other
transition metal salts may be added to the reaction medium as well. Such 2o
transition metal salts may include salts of ruthenium, tungsten, osmium,
nickel, cobalt, platinum, palladium, manganese, titanium, vanadium, copper,
aluminum, tin, and/or antimony salts. Generally, the amount of these
transition metal salts is between about 100 and 4000 ppn z. Any alkali
metal or alkaline earth metal salt, such as salts of lithium, poiassiuzn,
IllagIleS1uI11, and calcium, can be used as a catalyst
StabIllZer/CO-pI'OI'170teI' provided that the salt 25 is sufficiently
soluble in the reaction mediun-z to provide or generate an effective amount
of a soluble ionic iodide for the desired level of catalyst
stabilizatiol~/promotion. In particular, lithium salts; such as lithium
iodide and lithium acetate, are useful, with lithium iodide being
preferred. The concentration of the iodide ion in the reaction medium is
generally between about 2 and 20 wt %, preferable between about 10 and 20
v~~t %. 3o The concentration of water in the reaction medium is typically
between about a finite amount (>50 ppm) and 14 v~t %. The concentration of
water is preferably betv~een about 0.1 and 8 n %, and most preferably
between about 0.5 and 4 wt %. The concentration of methyl acetate   10 APR
2003 in tbc rcactioti tncdium is generally between about 0,5 end 30 wt f,
proforably beuwden about 1 and 20 wt %, The roneentration of methyl iodide
in the reaction tnr~ciium is typi.ca.tly between about 5 and 30 wt 1,
preferably botwoen about 5 and 13 wl %. Acetic acld typically malaca up tho



balance of the rAnrtion m~ium. 'flee carbon mdtxoxlde part7al prass~re in
the csrbonylation reactor is typically ebou2 2.0265 x 1 OS Pa to 3.03975 x
lOG Pa absolute (2-30 atm), preferably about 5.0b625 x 105 Pa to 2.0265 x
l06 Pa absolute (5-20 atm). Because of the partial pressure of byproducts
and the vapor pressure of the contained liquids, the total reactor pressure
is from about 1.51988 x 106 Pa to 4.55962 x 106 Pa absolute (15-45 atm),
with the reaction temperature being approximately 150 to 250C. 1 o
preferably, the reactor temperature is about 175 to 220C. Trio
ca,rbonmonoxido foed to the cnrboaylatiou:r~ctor can captain bydrag~t.
Commorclal carben monoxide focdstocks froquentIy captain low lcvolr of
bydrogen as an iinput~ry) and theta is no need here to attempt to remove
such impurilacs. Tbo addition of iridium to the rhndium/lodlde ion system
in the present invenTlon deerr~ses the formation of the n.ldohyde
by-prvductas. trldiurn acts ea an efficient hydrogenation catalyst iin the
present rcactron whoroin tho hydrogen is prflvidcd from the water gns shift
reaction or Item hydrogon in the carbon monoxide feed yr both. One
advantage of the present invezulon is that a higher carbonylatian rnte is
achiovod when adding iridium salt to tho catalyst system comprising rhodium
salt and an Iodide ion as from an alkali metal or alkxlino oarth metal
iodide salt or a quatcmary ammonium or phosphonium iodide a0 salt ever
usiztg rhodium salt in the abccnce of such siabilizor/co-premolars. A
further advantage of the present im~gntian ie that the sdditioo of iridium
salt or iridium salt and ruthenium to a c~alyst systorn comprising rhodium
salt and an alkali or alkaline earth metal iodide rah or a quaternary
nmraonium or phosphonium iodide salt has b~ found to reduce tJ~ productdon
of acctnldcErydo and all impurities derived from acetaldehyde, tspooially
unsazvuatc.~d aldchydes such as crotnnnldchydo and ethyl-crotoneldehydo. A
typical reaction systctn which can bo amploya3 for the procoss of the
present inveation camprisas (a) a liquid-phase carbonylation roncior) (b) a
tla9her, and (c) a meibyl iodide-aretie acid splittEr cvlurnn. The
carbonylation rcac>ar is typic,~lly a stirred autoclave within which the
roactlng liquid eontcnts arc tnaintained automatically at a constant level.
into this t~cactot there are continuously introduced fresh mc~thsnol,
eufficiem water tn maintain at lea..t a finit,c concentration of water in
the reaction medium, recycled catalyst solution fi-flrn the flasher bast,
and recycled methyl iodide and meihyl acetate frnm the ovezhtra~d of the
methyl iodide-acetic   ~ o aPR 2003 acid splitter column. A distillation
system can be employed to process the condensed overhead stream from the
flasl-ler. The residue fl-0111 the flasher is recirculated to the reactor.
Carbon monoxide is continuously introduced into and thoroughly dispersed
within the carbonylation reactor. A gaseous purge stream is vented from the
head of the reactor to prevent buildup of 5 gaseous by-products and to
maintain a set carbon monoxide partial pressure at a given total reactor
pressure. The temperature and pressure of the reactor are kept constant by
methods 101'l0\~~11 111 the art. Crude liquid product is drawn off from the
carbonylation reactor at a rate sufficient to maintain a constant level
therein and is introduced to the flasher at a point intermediate between to
the top and bottom thereof. In the flasher the catalyst solution is
withdrawn as a base stream predominantly acetic acid containing the rhodium
catalyst and the iodide salt along with lesser quantities of methyl
acetate, methyl iodide, and water, while the condensed overhead of the
flasher comprises largely the crude product, acetic acid, along with methyl
iodide, methyl acetate, and water. A pol-tion of the carbon monoxide along
with gaseous by-products such as 15 methane, hydrogen, and carbon dioxide
exits the top of the flasher. 



The product acetic acid is drawn from the base of the methyl iodide-acetic
acid splitter column (it can also be v,~ithdrawn as a side stream near the
base) for final purification as desired by methods which are obvious to
those skilled in the al-t and which al-e outside the scope of the present
invention. The overhead from the methyl iodide-acetic acid splitier,
comprising mainly 2o methyl iodide and methyl acetate, is recycled to the
carbonylation reactor. experiments confirmed the f111d111gS In the art chat
iridium plus iodide ion resulted in 1111111171a1 to no rate of reaction. In
particular, it was found that about 10 v~rt % iodide ion plus iridium
resulted in no reactivity. Ho~~~evel-, the addition of iridium salt to an
rhodiunl/iodide ion catalyst system did not produce the expected inactivity
of iridium caused by the iodide ion; but 25 provided a significant
el~hancement of the catalyst activity. This finding of adding iridium to a
rhodium/iodide ion system as a rate promoter in a methanol carbonylation
system was surprising and unexpected. Also surprising and unexpected was
the significant reduction in the formation of aldehyde il-npurities, i.e.,
acetaldehyde, croionaldehyde, and 2-ethyl crotonaldehyde. Additionally, use
of hydrogen in combination ~~~ith rhodium/iridium/iodide ion catalyst 3o
system increased the rate of reaction while the impurities remained
relatively unchanged when compared to rhodium/iodide ion catalyst system.
The use of additional transition metals such as ruthenium, tungsten; and
like (as   10 APR 2003 described above) was found advantageous. A catalyst
system comprising rhodium/iridium/ruthenium/iodide ion catalyst system was
found to produce increased rate of reaction with impurities of the reaction
remained relatively unchanged. The following examples are included to
demonstrate preferred embodiments of the invention. 5 EXAMPLE 1 To a 300cc
Hastalloy B autoclave was added water, glacial acetic acid (Fisher ACS
grade), 10 anhydrous lithium iodide (Alfa), rhodium triiodide (Engelhard,
2l.28% Rhodium), methyl acetate (Aldrich) and methyl iodide (Fisher). The
weight per cent of reactants in the autoclave was as follows: water, 3%;
lithium iodide, 0 or 10% as indicated in Table I; methyl acetate, 27%;
methyl iodide, 20%; and acetic acid as balance. The amount of rhodium used
is indicated in Table I. Iridium salt was also added as iridium oxide
(IrO~) in an amount indicated in Table I. After the autoclave was charged
with 15 the appropriate components, it was pressured to 3.4473 8 x 105 Pa
(50 psig) with carbon monoxide and slowly bled off; this step was repeated
two additional times. The autoclave was then pressure tested for ten
minutes at 2.7579 x 10~ Pa (400 psig). The pressure was slowly bled to
about 1.86158 x 106 Pa 



(270 psig) and an electric heater applied heat. As the internal reactor
temperature reached the target temperature of 195C, the pressure was
adjusted to about 2.7579 x 106 Pa (400 psig) by adding carbon 20 monoxide
from a high-pressure reservoir as needed. When the reactor solution again
reached 195C, the stirrer was turned on at about 800 rpm and time zero was
established for the carbonylation reaction. The measure of change in
pressure of the carbon monoxide reservoir with time was used as a direct
indication of the rate of carbonylation. A temperat<u-e of 195C and
pressure of 2.7579 x 1 O6 Pa (400 psig) were maintained for 30 minutes. The
results of the reaction rate, reported as the space-time 25 yield (STY) of
carbon monoxide measured as moles of carbon monoxide per liter of reaction
solution per hour (mol/L-hr), are given in Table I. Batch results in Table
I illustrate the advantage of an rhodium/iridium/iodide ion catalyst system
(B) over a rhodimn/iridium catalyst system (C) and a system without iodide
ion (A). The same   10 APR 2003 10 table shows that 1000 ppm iridium added
to rhodiun~./iodide ion catalyse systen-1 significantly raises the
carbonylation rate from 18 to 22 (mol/L-lv-). The promotional effect of
iridium in the rhodium/iodide ion catalyst system is compared in lines B
vs. F. The ineffectiveness of the iridium/iodide toll catalyst system at as
low as 1 and 2 wt % iodide ion compared to the iridium 5 catalyst system
without iodide ion salt 15 5110W11 111 lines D and E vs. G and H of Table
1. Table 1. Batch autoclave results Catalyst LiI (wt %) Rh (ppm) Ir ( Iii)
STY (mol/L-luA Rh / I' 10 600 0 18 Rh / I- / Ir 10 G00 1000 22 C Rh / Ir 0
600 1000 20 D Ir/I- 1 0 1000 3 E Ir/I' 2 0 l 000 0 F Ir/I' 10 0 l000 0 G lr
0 0 1000 10 H Ir 0 0 2333 24 EXAMPLE 2 Continuous methanol carbonylations
were performed in a reaction system as described previously, wherein a
liquid-phase carbonylation reactor was used, followed by a flasher, and
then a n-lethyl iodide-acetic acid splitter column. The reactant
composition for eacl-1 system is 5 given in Table II. The results are given
in Table I1, and show the effects of hydrogen, iridium and ruthenium on the
rhodium/iodide ion catalyst system for the methanol carbonylation process.
As can be seen in Table II, the presence of hydrogen in the carbon monoxide
feed has the effect of increasing the carbonylation rate in the
rhodiun-1/iodide ion catalyst system at the expense of increased in-lpurity
formation particularly acetaldehyde and unsaturated aldehydes such as 1 o
croionaldehyde and 2-ethyl crotonaldehyde(K vs. L). This presence of
hydrogen in the carbon monoxide feed is often unavoidable, as commercial
sources of carbon n-lonoxide feedstoclc frequently contain hydrogen as an
impurity. I-3owever, the addition of iridium to the rhodium/iodide ion
catalyst sysieln significantly decreases the formation of acetaldehyde,
crotonaldehyde, and 2-ethyl crotonaldeh5~de when hydrogen is present in the
carbon monoxide ~ 5 feed (L vs. A~1). The results of continuous operation,
indicate that the addition of iridium to the catalyst system of
rhodium/iodide ion, even in the presence of hydrogen in the carbon monoxide



10 APR 2003 feed ehances the carbonylation rate from 20 to 23 mol/L-hr (IC
vs. M). Further rate improvement to 2G STY can be achieved by adding
ruthenium into the rhodium/iridium/iodide ion catalyst system (N). As the
amount of iridium in the system is increased, from 830 ppm to 20G0 ppm, STY
increases from 23 to 2G mole/L-lu~, without an increase in the
concentration of 5 acetaldehyde and unsaturated aldehydes (M vs. O).
Another benefit of addition of iridium into the rhodium/iodide ion catalyst
system is the significant improvement in formation of impurities,
particularly, of the unsaturates. The base case v,~ith rhodium/iodide ion
catalyst system generates a total of about 10 ppm unsaturates in the
reactor. With the presence of iridium, the unsaturates are lowered
significantly (L vs. M). When ruthenium is added to the
rhodiumliridium/iodide t0 catalyst system, STY increases from 23 to 2G
mole/L-hr, acetaldehyde concentration in the reactor decreases slightly
from 530 to 517 ppm (M vs. N), and propionic acid concentration increases
slightly, from 230 to 27l ppm in the product.   10 APR 2003 12 Table 1I.
Continuous Operation Results'~z~' Rh/Lil/lr R11/Lil Rh/LiI/13z Rh/Ir/Lil/H2
Rh/lr/Lil/Ru/HZ R11/lr/LiJ/Hz I K L M N O Total time11912119 14(hrs)LEI
(~~t %)1011121110 11R11 (ppm)570G50G34G50G80 703lr (ppm)90000830930 20G0Ru
(ppm)0000G50 0HZ in CO feed00185017861800 2060~pl~m)Water (v,~t
%)3.l3.02.03.02.3 2.8MeI (~t %)11.212.011.312.811.7 11.0MeOAc (wt
%)3.03.13.12.83.0 2.8Acid STY222021232G 2G (mol/L-hr) Reactor Acetaldehyde
410423700(pp171)Unsaturates 0210(hhm)Con(lensed flasher
overheadAcetaldehyde n.d.15002G00(1A)111)Unsaturates n.d.835(17p111)11'0(l
IICiUllSatlll'ateS 00(Phm)Propionic 1G075150acid (ppm)'n.d. = not
determined'-Reaction temperature was 195C ai 400psig=Unsaturates =
crotonaldellyde + 2-ethylcrotonaldehyde  530 517 n.d. 0 0 n.d. 3000 2000
2G50 0 0 0 0 0 0 230 27l 220  



10 APR 2003 13 What is claimed is: 1. In a process for producing acetic
acid by reacting methanol with a carbon monoxide feed in a liquid reaction
medium containing a catalyst comprising a rhodium salt and an iridium salt,
and comprising water, acetic acid, methyl iodide, and methyl acetate and
subsequently recovering acetic acid from the resulting reaction product,
the improvement which comprises: maintaining in said reaction medium during
the course of said reaction a finite amount to less than 14 wt % of water
together with (a) an effective amount of iodide ion in the range of 2 to 20
wt as catalyst stabilizer/co-promoter selected from the group consisting of
alkali metal and alkaline earth metal salts, quaternary ammonium,
phosphonium iodide salts, (b) 5 wt % to 30 wt % of methyl iodide, and (c)
0.5 wt % to 30 wt % of methyl acetate. 2. The process of claim 1 wherein
said metal salt is a lithium salt. 3. The process of claim 2 wherein said
lithium salt is lithium iodide. 4. The process of claim 2 wherein said
lithium salt is lithium acetate. 5. The process of claim 1 wherein the
rhodium salt is maintained in said reaction medium in a concentration of
100 ppm to 5000 ppm and the iridium is maintained in said reaction medium
in a concentration of 100 ppm to 5000 ppm. 6. The process of claim 1
wherein the catalyst further comprises a transition metal salt selected
from the group consisting of salts of ruthenium, tungsten, osmium, nickel,
cobalt, platinum, palladium, manganese, titanium, vanadium, copper,
aluminum, tin acid antimony. ?. The process of claim 1 wherein the catalyst
further comprises a ruthenium salt. 8. The process of claim 1 wherein there
is maintained in the reaction   10 APR 2003 14 ,. medium a finite amount to
less than 14 wt % water, 2 to 20 wt % iodide ion as lithium iodide, 5 to 30
wt % methyl iodide, and 0.5 to 30 wt % methyl acetate, with the balance
consisting essentially of acetic acid. 9. The process of claim 8 comprising
maintaining in said reaction medium during the course of said reaction 0.1
wt % to 8 wt % water. 10. The process of claim 1 wherein said metal salt is
lithium iodide and maintaining in said reaction medium during the course of
said reaction, 5 to 15 wt methyl iodide, 1 to 20 wt % methyl acetate with
the balance consisting essentially of 



acetic acid. 11. The process of claim 1 wherein the iodide ion in the
reaction medium is 10 to 20 wt %. 12. The process of claim 1 further
comprising hydrogen in the carbon monoxide feed at a level greater than 5
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