
EP 0 265 140 B1 Description Field of the Invention 6     The invention
relates to a process for the regeneration of carbonylation catalyst
solutions containing rhodium and lithium and corrosion metal contaminants
so as to reduce the metal contaminant content: the invention is especially
useful for removing such contaminants from such catalysts solutions used in
processes for carbonylating methanol to acetic acid in the presence of a
rhodium-containing cataylst. 10 Description of the Prior Art Among
currently-employed processes for synthesizing acetic acid one of the most
useful commercially is the catalyzed carbonylation of methanol with carbon
monoxide as taught in U.S.-A-3,769.329 issued to Paulik et al on October
30, 1973. The carbonylation catalyst comprises rhodium, either dissolved or
is  otherwise dispersed in a liquid reaction medium or else supported on an
inert solid, along with a halogen- containing catalyst promoter as
exemplified by methyl iodide. The rhodium can be introduced into the
reaction system in any of many forms, and it is not relevant, If indeed it
is possible, to identify the exact nature of the rhodium moiety within the
active catalyst complex. Likewise, the nature of the halide promoter is not
critical. The patentees disclose a very large number of suitable promoters,
most of which are organic 20 iodides. Most typically and usefully, the
reaction is conducted with the catalyst being dissolved in a liquid
reaction medium through which carbon monoxide gas Is continuously bubbled.
An improvement in the prior-art process for the carbonylation of an alcohol
to produce the carboxylic acid having one carbon atom more than the alcohol
in the presence of a rhodium catalyst is disclosed in European patent
application 161,874; published November 21, 1985. As disclosed therein
acetic acid 25  (HOAc) is produced from methanol (MeOH) in a reaction
medium comprising methyl acetate (MeOAc), methyl halide, especially methyl
iodide, (Mel), and rhodium present In a catalytically-effective
concentration. The invention therein resides primarily in the discovery
that catalyst stability and the productivity of the carbonylation reactor
can be maintained at surprisingly high levels, even at very low water
concentrations, i.e. 4 wt.% or less, in the reaction medium (despite the
general Industrial practice of maintaining 3o  approximately 14 wt.% or 15
wt.% water) by maintaining In the reaction medium, along with a
catalytically- effective amount of rhodium, at least a finite concentration
of water, methyl acetate and methyl iodide, a specified concentration of
iodide ions over and above the iodide content which is present as methyl
iodide or other organic iodide. The iodide ion is present as a simple salt,
with lithium Iodide being preferred. The applications teach that the
concentration of methyl acetate and iodide salts are significant parameters
in 35 affecting the rate of carbonylation of methanol to produce acetic
acid especially at low reactor water concentrations. By using relatively
high concentrations of the methyl acetate and Iodide salt, one obtains a
surprising degree of catalyst stability and reactor productivity even when
the liquid reaction medium contains water in concentrations as low as about
0.1 wt.%, so low that it can broadly be defined simply as "a finite
concentration" of water. Furthermore, the reaction medium employed improves
the stability of the 40  rhodium catalyst, i.e. resistance to catalyst
precipitation, especially during the product-recovery steps of the process
wherein distillation for the purpose of recovering the acetic acid product
tends to remove from the catalyst the carbon monoxide which in the
environment maintained in the reaction vessel, is a ligand with stabilizing
effect on the rhodium. In operation of the process for the carbonylation of
methanol to acetic acid on a continuous basis, a 45 solution containing the
soluble catalyst complex is separated from the reactor effluent and
recycled to the reactor. However, with operation over extended periods of
time, corrosion products, namely, iron, nickel, molybdenum, chromium and
the like form and build up in the catalyst recycle stream. Such foreign
metals, if present in sufficient quantity, are known to interfere with the
carbonylation reaction or accelerate competing reactions such as the
water-gas reaction (carbon dioxide and hydrogen formation) and methane 50
formation. Thus, the presence of these corrosion metal contaminants has an
adverse effect on the process, in particular, a consequent loss In yield
based on carbon monoxide. Further, foreign metals can react with ionic
iodine thus making this component of the catalytic system unavailable for
reaction with rhodium and causing instability in the catalyst system. In
view of the high cost of the rhodium-containing catalyst, replacement of
spent catalyst can be effected only at a prohibitive cost. Consequently, a
method for 55 regeneration of the catalyst is not only desirable but
necessary. According to U.S. Patent No. 4,007,130, a carbonylation catalyst
solution comprising the complex reaction product of a rhodium component or
an iridium component, a halogen component and carbon monoxide which
contains metallic corrosion products is intimately contacted with a cation
exchange resin in 



2    EP 0 265140 B1 its hydrogen form and the catalyst solution recovered
free of the metallic corrosion products. As disclosed therein, the
contacting is effected by passing the catalyst solution containing the
undesirable corrosion metal contaminants through a bed of the cation
exchange resin and recovering as the effluent from the bed the catalyst
solution containing the complex rhodium or iridium component but
substantially free of the 5  corrosion products which are adsorbed on and
removed by the resin bed. Upon exhaustion as Indicated by breakthrough of
the corrosion metal products in the effluent, the resin bed Is regenerated
by treatment with a mineral acid such as hydrochloric, sulfuric, phosphoric
or hydriodic acid and re-used. However, U.S. Patent No. 4,007,130 does not
contemplate using the catalyst solutions such as set forth in the
aforementioned EP-A-0161874. Thus, in the improved catalyst solutions as
previously discussed, l0 there is present a specified concentration of
iodide ions over and above the Iodide content which is present as methyl
iodide or other organic iodide. This additional iodide ion is present as a
simple salt, and most preferably, as lithium iodide. What has been
discovered is that in regenerating the catalyst solution in order to remove
the metal contaminants by means of passing the catalyst solution through- a
bed of a cation exchange resin in the hydrogen form as disclosed in
US-A-4,007,130, the lithium ion in the catalyst solution 15  is also
reduced. The removal of the lithium ion from the catalyst solution greatly
reduces the reactivity and stability of the reaction medium. Accordingly,
it is necessary to provide an improved process for regenerating
carbonylation catalyst solutions which contain lithium to allow the removal
of corrosion metal contaminants from the catalyst solutions and to avoid
the removal of the desirable components from such solutions. It Is
therefore an object 20 of the present invention to provide a process for
treating carbonylation catalyst solutions containing lithium to remove
metallic corrosion products therefrom and to recover the catalyst solution
In a form suitable for return to the process as an active catalyst without
the need for excessive replacement of the components therein. 25 SUMMARY OF
THE INVENTION According to the process of the present invention, a catalyst
solution comprising rhodium and a finite concentration of lithium ions and
which is contaminated with corrosion metals is intimately contacted with a
cation exchange resin In its lithium form and a catalyst solution is
recovered free of the metallic 3o contaminants and without drastic
reductions In the lithium content. Generally, the contacting Is effected by
passing the catalyst solution containing the undesirable metal contaminants
through a bed of the cation exchange resin in the Ll* form and recovering
as the effluent from the bed the catalyst solution containing the rhodium
component and lithium but substantially free of the corrosion products
which are removed by the resin bed. Upon exhaustion of the ion exchange
resin, the resin bed can be regenerated by treatment 36 with a lithium salt
such as lithium acetate and reused. BRIEF DESCRIPTION OF THE DRAWING The
Figure Is a schematic diagram illustrating the flow of process streams used
in the catalytic 40 carbonylation of methanol to acetic acid and the
removal of metallic corrosion products from the process streams. DETAILED
DESCRIPTION OF THE INVENTION 45     The process of the present invention is
applicable to the regeneration of catalyst solutions containing soluble
rhodium complexes and metallic contaminants such as iron, nickel, chromium
and molybdenum. The catalyst solutions to which the regeneration technique
of the invention is particularly applicable are those which are useful for
the carbonylation of methanol to acetic acid under low water conditions
such as set out in EP-A-0161874. Thus, the catalyst solutions to be
regenerated In accordance with the process of 5o the present invention will
contain the rhodium catalyst and lithium which is present as a lithium
Iodide salt. In the low water carbonylation of methanol to acetic acid as
exemplIfLed In EP-A-0161874, the catalyst which is employed includes a
rhodium component and a halogen promoter in which the halogen is either
bromine or iodine. Generally, the rhodium component of the catalyst system
Is believed to be present In the form of a coordination compound of rhodium
with a halogen component providing at least one of the ligands 55 of such
coordination compound. In addition to the coordination of rhodium and
halogen, it is also believed that carbon monoxide ligands form coordination
compounds or complexes with rhodium. The rhodium 



component of the catalyst system may be provided by Introducing into the
reaction zone rhodium In the form of rhodium metal, rhodium salts and
oxides, organic rhodium compounds, coordination compounds of 3    EP 0265
140 B1 rhodium, and the like. The halogen promoting component of the
catalyst system consists of a halogen compound comprising an organic
halide. Thus, alkyl, aryl, and substituted alkyl or aryl halides can be
used. Preferably, the halide promoter is present in the form of an alkyl
halide in which the alkyl radical corresponds to the alkyl radical 5  of
the feed alcohol which is carbonylated. For example, in the carbonylation
of methanol to acetic acid, the halide promoter will comprise methyl
halide, and more preferably methyl Iodide. The liquid reaction medium
employed may include any solvent compatible with the catalyst system and
may include pure alcohols, or mixtures of the alcohol feedstock and/or the
desired carboxylic acid and/or esters of these two compounds. The preferred
solvent and liquid reaction medium for the low water 10 carbonylation
process comprises the carboxylic acid product. Thus, in the carbonylation
of methanol to acetic acid, the preferred solvent is acetic acid. Water is
also added to the reaction medium, but, at concentrations well below what
has heretofore been thought practical for achieving sufficient reaction
rates. It is known that in rhodium-catalyzed carbonylatIon reactions of the
type set forth in this invention, the addition of water exerts a beneficial
effect upon the 15 reaction rate (U.S. Patent No. 3,769,329). Thus,
commercial operations run at water concentrations of at least 14 wt.%.
Accordingly, It is quite unexpected that reaction rates substantially equal
to and above reaction rates obtained with such high levels of water
concentration can be achieved with water concentra- tions below 14 wt.% and
as low as 0.1 wt.%. In accordance with the carbonylation process useful in
the present invention, the desired reaction rates 20 are obtained even at
low water concentrations by including in the reaction medium an ester which
corresponds to the alcohol being carbonylated and the acid product of the
carbonylatlon reaction and an additional iodide ion which is over and above
the iodide which is present as a catalyst promoter such as methyl iodide or
other organic iodide. Thus, in the carbonylation of methanol to acetic
acid, the ester is methyl acetate and the additional iodide promoter is an
iodide salt, e.g., lithium iodide. It has been found 25 that under low
water concentrations, methyl acetate and lithium iodide act as rate
promoters only when relatively high concentrations of each of these
components are present and that the promotion is higher when both of these
components are present simultaneously. This has not been recognized in the
prior art previous to disclosure of commonly assigned EP-A-0161874. The
concentration of lithium iodide used in the reaction medium of the present
invention is believed to be quite high as compared with what little prior
art 3o there is dealing with the use of halide salts in reaction systems of
this sort. The low water carbonylation catalyst solutions are useful in
carbonylating other alcohols besides methanol. Thus, useful feedstocks
which can be carbonylated include alkanols containing 1-20 carbon atoms.
Preferred feedstocks are alkanols containing 1-10 carbon atoms, and more
preferred are alkanols of 1-5 carbon atoms. Methanol is the particularly
preferred feed and is converted to acetic acid. 35     The carbonylation
reaction may be carried out by intimately contacting the above defined feed
alcohol, which is in the liquid phase, with gaseous carbon monoxide bubbled
through a liquid reaction medium containing the rhodium catalyst,
halogen-containing promoting component, alkyl ester, and additional soluble
iodide salt promoter. at conditions of temperature and pressure suitable to
form the carbonylation product. Thus, if the feed is methanol, the
halogen-containing promoting component will comprise methyl 40  iodide and
the alkyl ester will comprise methyl acetate. It will be generally
recognized that it is the concentration of iodide ion in the catalyst
system that is important and not the cation associated with the iodide, and
that at a given molar concentration of iodide the nature of the cation is
not as significant as the effect of the iodide concentration. Any metal
iodide salt, or any iodide salt of any organic cation, can be used provided
that the salt is sufficiently soluble in the reaction medium to provide the
desired level of the 45  iodide. The iodide salt can be a quaternary salt
of an organic cation or the iodide salt of an inorganic cation, preferably
it is an iodide salt of a member of the group consisting of the metals of
Group la and Group Ila of the periodic table as set forth In the 'Handbook
of Chemistry and Physics" published by CRC Press, Cleveland, Ohio, 1975-76
(56th edition). In particular, alkali metal iodides are useful, with
lithium iodide 



being preferred. It is, however, the use of lithium iodide and the
inadvertent loss thereof during removal of so  metal contaminants from
catalyst solutions by ion exchange which is the problem directly solved by
the catalyst regeneration process of this invention. Typical reaction
temperatures for carbonylation will be approximately 150-[err], with the
temperature range of about 180-220 C being the preferred range. The carbon
monoxide partial pressure in the reactor can vary widely but is typically
about 0,2026 - 3.039 MPa (2-30 atmospheres), and preferably, about 0,4052
55 - 1.519 MPa (4-15 atmospheres). Because of the partial pressure of
by-products and the vapor pressure of the contained liquids, the total
reactor pressure will range from about 1,519 - 4,052 MPa (15 to 40
atmospheres). A reaction system which can be employed, In the present
improved catalyst regeneration process is 4    EP 0 265 140 B1 shown in the
Figure and comprises a liquid-phase carbonylation reactor 10, a flasher 12,
and a methyl iodide-acetic acid splitter column 14. The carbonylation
reactor 10 is typically a stirred autoclave within which the reacting
liquid contents are maintained automatically at a constant level. Into this
reactor there are continuously introduced fresh methanol, sufficient water
to maintain at least a finite concentration of water in 5  the reaction
medium, recycled catalyst solution from the flasher base, and recycled
methyl iodide and methyl acetate from the overhead of methyl iodide-acetic
acid splitter column 14. Alternate distillation systems can be employed so
long as they. provide means for recovering the crude acetic acid and
recycling to the reactor catalyst solution, methyl iodide, and methyl
acetate. In the preferred process, a mixed carbon monoxide feed is
continuously introduced into carbonylation reactor 10 just below the
agitator 10o which Is used to stir the contents. The gaseous feed Is, of
course, thoroughly dispersed through the.0 reacting liquid by this means. A
gaseous purge stream Is vented from the reactor to prevent buildup of
gaseous by-products and to maintain a set carbon monoxide partial pressure
at a given total reactor pressure. The temperature of the reactor is
controlled automatically, and the carbon monoxide feed is introduced at a
rate sufficient to maintain the desired total reactor pressure. 15
Liquid product Is drawn off from carbonylation reactor 10 at a rate
sufficient to maintain a constant revel therein and is introduced to
flasher 12 at a point intermediate between the top and bottom thereof. In
flasher 12 the catalyst solution is withdrawn as a base stream
(predominantly acetic acid containing the rhodium and the iodide salt along
with lesser quantities of methyl acetate, methyl iodide, and water), while
the overhead of flasher 12 comprises largely the product acetic acid along
with methyl iodide, methyl acetate, 20 and water. A portion of the carbon
monoxide along with gaseous by-products such as methane, hydrogen, and
carbon dioxide exits the top of flasher 12. The product acetic acid drawn
from the base of methyl iodide-acetic acid splitter column 14 (it can also
be withdrawn as a side stream near the base as shown in the Figure) is then
drawn off for final purification as desired by methods which are obvious to
those skilled in the art and which are outside the scope of the 25 present
invention. Drying column 16 is one means of purification. The overhead from
methyl iodide-acetic acid splitter 14, comprising mainly methyl iodide and
methyl acetate, is recycled to carbonylation reactor 10 along with fresh
methyl Iodide, the fresh methyl Iodide being introduced at a rate
sufficient to maintain in the carbonylation reactor the desired
concentration of methyl iodide in the liquid reaction medium. The fresh
methyl Iodide Is needed to compensate for small losses of methyl Iodide in
the flasher and 3o carbonylation reactor vent streams. Typically, the
overhead from methyl Iodide-acetic acid splitter will contain a heavy phase
of aqueous methyl iodide and methyl acetate and a light phase comprising
aqueous acetic acid. Any water from the purification stage which will
contain small amounts of acetic acid can be combined with the light aqueous
acetic acid phase from splitter 14 for return to reactor 10. It has been
found that metal contaminants, in particular, iron, nickel, chromium and
molybdenum can be 35  present In any of the process streams as just
previously described. The accumulation of these metal contaminants has an
adverse effect on the rate at which acetic acid is produced and the
stability of the process, In general. Accordingly, ion exchange resin beds
are placed within the processing scheme to remove these metal contaminants
from the processing streams. In the Figure, Ion exchange resin bed 20 is
placed to remove corrosion metal contaminants from the catalyst solution
recycled from the flasher base to 40 the reactor 10. Ion exchange bed 22 Is
placed to remove corrosion metal contaminants from the combined 



aqueous acetic acid stream and, thus, prevents corrosion metal ingress to
the catalyst solution. It should be understood, that any of the process
streams can be treated with the Ion exchange resin bed to remove metal
contaminants therefrom. The only criteria necessary is that the processing
stream be at a tempera- tures which does not deactivate the resin.
Generally, the processing streams which are treated will have a 45  finite
concentration of the rhodium catalyst and/or lithium cation from the
additional lithium iodide salt which is added as a catalyst promoter. The
resins useful for regenerating the catalyst solutions according to the
present invention are cation exchange resins either of the strong-acid or
the weak-acid type in their lithium form. Both types are readily available
as commercial products. The weak-acid cation exchange resins are mostly
copolymers of acrylic 50  or methacrylic acids or esters or the
corresponding nitriles but a few of those marketed are phenolic resins.
Strong-acid cation exchange resins which are the resins preferred for use
in the present invention are constituted predominantly of sulfonated
styrene-divinylbenzene copolymers although some of the available resins of
this type are phenol-formaldehyde condensation polymers. Either the gel
type or the macro- reticular type resin Is suitable but the latter Is
preferred since organic components are present in the 55 catalyst solutions
being treated. Contacting of the metal-contaminated catalyst solutions and
the resin can be effected in a stirred vessel wherein the resin is slurried
with the catalyst solution with good agitation and the catalyst solution is
then recovered by decantation, filtration, centrifuging, etc. However,
treatment of the catalyst solutions is usually 5    EP 0 265140 B1 effected
by passing the metal-contaminated solution through a fixed-bed column of
the resin. The catalyst regeneration can be carried out as a batch,
semi-continuous or continuous operation either with manual or automatic
control employing methods and techniques well known in the art of
ion-exchange. The ion exchange treatment can be effected at temperatures in
the range from about 0' to about 5  120 C, although lower or higher
temperatures limited only by the stability of the resin can be employed.
Preferred temperatures are those in the range from about 20' to about 90' C
since chromium removal is more efficient at the higher temperatures. At the
higher temperatures, a nitrogen or CO purge is desirable. If temperatures
above the boiling point of the catalyst solutions are employed, then
operation under pressure will be required to maintain the solution in the
liquid phase. However, pressure is not a critical variable. 1o Generally,
atmospheric pressure or a pressure slightly above atmospheric is employed
but superat- mospheric or subatmospheric pressures can be used if desired.
The rate of flow of the catalyst solution through the resin during the
corrosion metal removal process will, in general, be that recommended by
the resin manufacturer and will usually be from about 1 to about 20 bed
volumes per hour. Preferably, the flow rates are kept to from about 1 to
about 12 bed volumes per 15 hour. After contacting, washing or rinsing of
the resin bed with water or the carbonylation product from the process from
which the catalyst being treated is derived such as acetic acid is
essential for removing all the rhodium from the resin bed. The rinsing or
washing is effected at similar flow rates as in the removal step. After the
resin has become exhausted, i.e., when the metal contaminants are breaking
through into the effluent, the resin can be regenerated by passing
therethrough a solution of lithium salts. Generally, the 20 lithium salt
used in the regenerating cycle has a concentration in the range from about
1% to about 20%. Quantities employed and procedures are those well
established in the art and recommended by the resin manufacturers. Aqueous
lithium acetate is preferred as a regenerating agent since the acetate
anion is employed in the reaction system and is readily available for use.
A further advantage is that its use eliminates the rinsing step normally
required after the regeneration process when other regenerates are 25
employed. To maximize corrosion metal regeneration capacity and to maximize
resin bed column performance at relatively high concentrations of lithium
acetate, the lithium acetate regeneration solution should contain some
acetic acid to avoid the formation of any insoluble corrosion metal
compounds during the regenera- tion cycle. Precipitation of these compounds
during the regeneration cycle could reduce the regeneration 3o performance
of the column and also cause plugging of the resin bed. Typically, acetic
acid concentrations of from 0.1 to about 95 wt.% can be used, with acetic
acid concentrations of from about 0.1 to 20 wt.% being preferred. 



The treatment of the catalyst solution can be operated as a batch or a
continuous operation. The preferred type of operation is a continuous one
wherein a slipstream from a catalyst solution being recycled 35  to the
reactor for producing the acids, iswithdrawn, passed through the
ion-exchange resin, the corrosion products being adsorbed thereon, and the
effluent free of said corrosion products is returned to the catalyst
recycle stream and thence to the reactor. The ion-exchange operation can be
cyclic. As the resin becomes exhausted in one bed, the slipstream of
catalyst solution can be diverted to a fresh bed while the exhausted bed is
subjected to regeneration. 40     The Invention is illustrated in the
following examples which, however, are not to be construed as limiting it
in any manner except as it is limited in the appended claims. EXAMPLE 45
A run to remove corrosion metals from the acetic acid solution leaving the
flasher was carried out using in the lithium form a fresh, strong acid
cation exchange resin of the sulfonated styrene-divinylbenzene copolymer
type known to the trade as "Amberlyst-15", resin manufactured by the Rohm
and Haas Co. A glass column (2 cm ID X 50 cm) was charged with 53 cm3 of
the resin in the hydrogen form. The resin was supported on a glass frit at
the bottom of the column. The resin had been soaked in water for 24 50
hours before it was loaded in the column, after which the resin bed was
backwashed with approximately 4 bed volumes of water to remove fines and
classify the resin bed. The resin was converted to the lithium form by
passing 200 ml of a 10 wt% lithium acetate in 1 wt.% acetic acid/99 wt.%
water solution through the bed followed by a column rinse with acetic acid.
The catalyst solution was then passed through the resin bed until the
column capacity for the corrosion metal contaminants was exhausted. The bed
was then 55 washed with acetic acid followed by resin regeneration to the
lithium form using 200 ml of a 10 wt.% lithium acetate in 1 wt.% acetic
acid/99 wt.% water solution. Analysis of corrosion metals in the effluent
from the exhaustion, rinse and regeneration cycles indicated effective
removal by the lithium form of the resin of the metal contaminants, in
particular iron, from the flasher catalyst solution that contained a high
concentration 6    EP 0 26 140 B1 of soluble lithium ions. These results
are summarized in Table I. Similar results were also obtained after a
number of regeneration and exhaustion cycles using lithium acetate in
various aqueous acetic acid solutions as the regenerant solution. 5
Table I Corrosion  Metal Removal  from Acetic Acid Solution  of the Flasher
Using Strong Acid Amberlyst-15  Cation Exchange Resin 10
Resin Bed Capacity(a) (gas metal/L resin) (c)         Removal
Regeneration    Column Regeneration(C) Corrosion Metal)  Cycle
Cycle                       (%) 15 Iron                     13.1
12.7                         97 Nickel                     5.1
4.3                        87 Chromium                   2.1
2.6.                      124 20 Molybdenum                 2.7
2.6                        96 25 (a)   Column  operated at ambient
temperature  (err)  and atmospheric pressure. Column resin bed volume (BV)
is 53 ml. Column flow rate during removal cycle is 1.8 BV/h Column  flow
rate during regeneration  cycle is 0.8 BV/h 30        1.0 wt.% LiOAc  in 1
wt.% HOAc/99 wt.%  [err] is used as the regenerant solution (b)   Flasher
catalyst solution contained 4100 ppm Fe,  2100 ppm Ni, 1300 ppm Cr, 700 ppm
Mo and 4100 ppm Li. (c)   % column  regeneration =  (resin bed capacity
from regeneration cycle/resin bed capacity from removal cycle) X 



100. 40 Claims 1. A process for the regeneration of carbonylation catalyst
solutions containing rhodium and lithium and further containing corrosion
metal contaminants which comprises intimately contacting said catalyst 45
solution with a cation exchange resin in the lithium form and recovering a
catalyst solution of reduced metal contaminant content. 2. The process of
Claim 1 wherein the resin is a strong-acid cation exchange resin. 50  3.
The process of Claim 1 or 2 wherein the contacting is effected by passing
the catalyst solution through a fixed-bed column of the resin. 4. The
process of any of Claims 1-3 wherein the resin is regenerated after
exhaustion by washing with a lithium salt 55 5. The process of Claim 4
wherein the lithium salt is dissolved in a regeneration solution of water
and acetic acid. 7    EP 0 265 140 B1                  * c   L  M   S* of
soluble lithium ions. These results are summarized in Table I. Similar
results were also obtained after a number of regeneration and exhaustion
cycles using lithium acetate in various aqueous acetic acid solutions as
the regenerant solution. 5                                        Table I
Corrosion Metal Removal from Acetic Acid Solution of the Flasher Using
Strong Acid Amberlyst-15 Cation Exchange Resin 10
Resin Bed Capacity(a) (gas metal/L resin) Removal         Regeneration
Column Regeneration(C) Corrosion Metal[err])  Cycle
Cycle                       (%) Iron                      13.1
12.7                         97 Nickel                     5.1
4.3                        87 Chromium                   2.1
2.6.                      124 20 Molybdenum                 2.7
2.6                        96 25 (a)   Column  operated  at ambient
temperature  (err)  and atmospheric pressure. Column resin bed volume (BV)
is 53 ml. Column flow rate during removal cycle is 1.8 BV/hr Column  flow
rate during regeneration  cycle  is 0.8 BV/h 30        10 wt.%  LiOAc  in 1
wt.% HOAc/99 wt.%  [err] is used as  the regenerant solution (b)   Flasher
catalyst  solution  contained  4100 ppm Fe,  2100 ppm Ni, 1300 ppm Cr, 700
ppm Mo and 4100 ppm Li. 35 (c)   % column  regeneration = (resin bed
capacity  from regeneration cycle/resin bed capacity  from removal  cycle)
X 100. 40 Claims 1. A process for the regeneration of carbonylation
catalyst solutions containing rhodium and lithium and further containing
corrosion metal contaminants which comprises intimately contacting said
catalyst 45     solution with a cation exchange resin In the lithium form
and recovering a catalyst solution of reduced metal contaminant content. 2.
The process of Claim 1 wherein the resin is a strong-acid cation exchange
resin. 



5o  3. The process of Claim 1 or 2 wherein the contacting is effected by
passing the catalyst solution through a fixed-bed column of the resin. 4.
The process of any of Claims 1-3 wherein the resin is regenerated after
exhaustion by washing with a lithium salt. 55 5. The process of Claim 4
wherein the lithium salt is dissolved in a regeneration solution of water
and acetic acid. 7    EP 0 265 140 B1
* 6. The process of Claim 5 wherein the acetic acid constitutes from 0.1 to
95%  by weight of the regeneration solution. 7. The process of Claim 6
wherein the acetic acid constitutes from 0.1 to 20%  by weight of the 5
regeneration solution. 8. The process of any of Claims 5-7 wherein the
lithium salt is present in an amount from 1 to 20% by weight. 10 9. The
process of any of Claims 4-8 wherein the lithium salt is lithium acetate.
10. The process of any of Claims 1-9 wherein the corrosion metal
contaminants comprise iron, nickel, chromium or molybdenum or a mixture of
any thereof. 15  11. The process of any of Claims 1-10 wherein the
carbonylation catalyst solution is first obtained as a process stream from
a process for the carbonylation of methanol to acetic acid in a
carbonylatlon reactor by passing carbon monoxide through a reaction medium
contained In the reactor and comprising methanol and a catalyst solution of
low water content comprising rhodium, a methyl iodide promoter, methyl
acetate and lithium iodide to produce acetic acid and the said acetic acid
is 20     recovered from the effluent of the reactor by concentrating the
effluent into a variety of process streams comprising one or more of the
components of the catalyst solution and product acetic acid. Revendloations
25  1. Procidd pour la regeneration de solutions catalytiques de
carbonylatlon contenant du rhodium et du lithium et contenant en outre des
produits mdtalliques corrosifs de contamination, qui consiste i mettre en
contact Intime ladite solution catalytique avec une resine 6changeuse de
cations sous la forme lithium et A rdcuperer une solution catalytique de
teneur reduite en produits metalliques de contamina- tion. 30 2. Procdd6
suivant la revendicaton 1, caract6rlis en ce que la resine est une resine
dchangeuse de cations du type a acide fort. 3. Procddd suivant la
revendication 1 ou 2, caractdris6 en ce qua la mise en contact est
effectude en 3S     faisant passer la solution catalytique au travers d'une
colonne a lit fixe de la resine. 4. Proc~d4 suivant rune des revendications
1 a 3, caract~ris4 en ce que la rosine est reg6neree aprbs 6puisement par
ravage avec un sel de lithium. 40  5. Procdde suivant la revendication 4,
caract~ris6 en ce que le sel de lithium est dissous dans une solution de
r~g~n~ration d'eau et d'acide acetique. 6. Proced4 suivant la revendication
5. caract6risd en ce que l'acide ac6fique constitue de 0,1 A 95% en poids
de la solution de regeneration. 45 7. ProcMd6 suivant la revendication 6,
caract~risW en ce que l'acide acdtique constitue de 0.1 a 20% en poids de
la solution de regeneration. 8  Procedi suivant rune des revendications 5 a
7, caract*ris4 en ce qua Il sel de lithium est present so     suivant une
quantit6 comprise entre 1 et 20% en poids. 9. Procedd suivant I'une des
revendications 4 a 8, caractdris; en ce quo le sel de lithium est de
l'acdtate de lithium. 56  10. Proced6 suivant rune des revendications 1 a
9, caractdris4 en ce que les produits metalliques corrosifs de
contamination comprennent le fer, la nickel, le chrome ou le molybdbne ou
un m6lange quelconque de ceux-ci. 



8    I 1111111111111111111111111 EP0265 140 B1                    *   c   L
M   S  * 11. Proced6 suivant l'une des revendications 1 a 10, caracteris6
en ce que la solution catalytique de carbonylatlon est d'abord obtenue
comme un flux de procede a partir d'un proc6d6 pour la carbonyla- tion du
methanoi. pour le transformer en acide acdtique dans un reacteur de
carbonylatlon en faisant passer du monoxyde de carbone dans un milieu
reactionnel contenu dans le reacteur et comprenant du 5      methanol et
une solution catalytique de faible teneur en eau comprenant du rhodium, un
agent Initlateur d'lodure de methyle, de I'acetate de methyle et de l
iodure de lithium pour produire de lPacide acetique et ledit acide acetique
est recuperee a partir de lPeffluent du reacteur en concentrant l'effluent
en une variete de flux de proc~d6 comprenant un ou plusieurs des composes
de la solution catalytique et du produit d'acide acetique. 10
Patentansprliche 1. Verfahren zum Regenerieren von rhodium- und
lithiumhaltigen Carbonylierungskatalysator-Losungen, die aulerdem
korrosionsf6rdernde metallische Verunrelnigungen enthalten, dadurch
gekennzelchnet, 76     daRi die genannte Katalysatorlosung In innigen
Kontakt mit einem Kationenaustauscherharz in Lithium- form gebracht und
eine Katalysatorl8sung mit herabgesetztem Gehalt an metallischer
Verunreinigung rUckgewonnen wird. 2. Verfahren nach Anspruch 1. dadurch
gekennzeichnet, daR das Harz ein stark saures Kationenaustau- 20
scherharz ist. 3  Verfahren nach Anspruch 1 oder 2, dadurch gekennzelchnet,
daB die Katalysatorlosung zum Herbeiflh- ren des Kontakts durch eine
Festbettkolonne des Harzes geleitet wird. 25  4. Verfahren nach einem der
Anspr~che 1 bis 3, dadurch gekennzelchnet, daR das Harz nach seiner
Erschopfung durch Waschen mit einem Lithiumsalz regeneriert wird. 5.
verfahren nach Anspruch 4, dadurch gekennzeichnet, daB das Lithiumsalz in
einer Regenerierungsl6- sung von Wasser und Essigsaure gelost wird. 30 6.
Verfahren nach Anspruch 5, dadurch gekennzeichnet, dal die Essigsaure 0,1
bis 95 Gew.-% der Regenerierungslsung ausmacht. 7. Verfahren nach Anspruch
6, dadurch gekennzeichnet, daR die Essigsaure 0,1 bis 20 Gew.-% der j  36
Regenerlerungsl6sung ausmacht. 8  Verfahren nach einem der AnsprUche 5 bis
7, dadurch gekennzeichnet, daB das Lithlumsalz in einer Menge von 1 bis 20
Gew.-% vorliegt. 40  9. Verfahren nach einem  der AnsprUche 4 bis 8,
dadurch gekennzeichnet, dai es sich be! dem Llthlumsalz um Llthlumacetat
handelt. 10. Verfahren nach einem'der Ansprache 1 bis 9, dadurch
gekennzelchnet, daO es sich bel den korrosions- f6rdemden metallischen
Verunreinigungen urn Eisen, Nickel, Chrom oder Molybd~n oder um Gemische 45
daraus handelt. 11. Verfahren  nach  einem   der  Anspriche  I  bis  10,
dadurch  gekennzeichnet, daR  die Carbonylierungskatalysator-L8sung
zunachst als Prozelstrom aus einem Verfahren zur Carbonylierung von
Methanol zu Essigsaure In einem Carbonylierungsreaktor durch Hindurchleiten
von Kohlenmonoxid 50     durch ein in dem Reaktor befindliches
Reaktionsmedlum gewonnen wird, das Methanol und elne rhodiumhaltige
Katalysatorlosung mit niedrigem Wassergehalt umfaet, welche
Katalysatorl6sung einen Methyliodid-Promotor, Methylacetat und Lithiumlodid
enthilt, urn Essigsaure zu erzeugen, und dal die genannte Essigsaure von
dem Reaktorablauf rUckgewonnen wird, indem der Ablauf zu einer Anzahl von
Prozeflstrdmen konzentriert wird, die eine oder mehrere der Komponenten der
Katalysatorlasung und 55    Produktessigsdure enthalt.    


