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Eur opean pad 769,320Guéd/t6 Fadlik &l 6 Octobera0, 19781 Théicarbonylation catalyst comprises

rhodium, either dissolved or otherwise dispersed in a liquid reaction medium or supported on an

- - A\ B\W W/ W

15 inert solid, along with a halogen-containing catalyst promoter as eXempliﬁed by methyl iodide.
The rhodium can be introduced into the reaction system in one 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. US ‘329
discloses a number of suitable promoters, most of which are organic iodides. Most typically and

20 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 ohe carbon atom more than the alcohol in the presence of a rthodium
catalyst is disclosed in US 5,001,259 and European patent 161,874 B2. As disclosed therein

25 acetic acid (HAc) is produced from methanol (MeOH) in a reaction medium comprising methyl
acetate (MeOAc), methyl halide, methyl iodide, (Mel), and rhodium present in a catalytically-
effective concentration. The invention therein resides 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

30 industrial practice of maintaining approximately 14 wt % or 15 wt % water). As described in Us

*259, the carbonylation reaction proceeds by maintaining in the reaction medium, a cataiytically-
effective amount of rhodium, at least a finite concentration of water, methyl acetate and methyl

jodide, and a specified concentration of iodide ions over and above the iodide content which is
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_ In the environment maintained in
t he rmsact | comtivessdhsis,asoltibn centaining the solublsichtalystiegmplex is separpied fromche regetor
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catal yst conplex is separated fromth eact or A
Y mgPybdenum, chrognium. and the like and guiid up in the catalyst recycle stream. Such foreign

metals, if present in sufficient quantity are known to interfere with the carbonylation reaction or
20 accelerate competing reactions such as the water-gas shift reaction (carbon dioxide and hydrogen
formation) and methane formation. Thus, the presence of these corrosion metal contaminants
have an adverse effect on the process, in particular, a consequent oss in yield based on carbon
monoxide. Further, foreign metals can react with ionic iodine thus making this component of the
catalytic sysfem unavailable for reaction with rhodium and causing instability in the catalyst
25 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 regeneration of
' the catalyst is not only desirable but necessary. .
According to US 4,007,130, a carbonylation catalyst solution comprising the complex
reaction product of a rhodium component or an iridium component, 2 halogen component, and
30 carbon monoxide which contains metallic corrosion products is intimately contacted with a ion
exchange resin in its hydrogen form and the catalyst solution recovered free of the metallic
corrosion products. As disclosed in US 130, the contacting is effected by passing the catalyst

solution containing the undesirable corrosion metal contaminants through a bed of the ion
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carbonylation catalyst solutions which contain alkali metal ions, in particular 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 of the present
20 invention to provide a process for treating carbonylation catalyst solutions containing lithium to
remove metallic corrosion products therefrom and to recover the catalyst solutioh in a form
suitable for return to the process as an active catalyst without the need for excessive replacement
of the components therein.
US 4,894,477, herein incorporated by reference, teaches the use of strongly acidic ion
25 exchange resin in the lithium form to remove corrosion metals (e.g., iron, nickel, molybdenum,
chromium, and the like) from the carbonylation reaction system. The process described in US
'477 is particularly applicable to those processes which are useful for the carbonylation of
methanol to acetic acid under low water conditions, such as set forth in US 5,001,259. Low
water conditions improve the acetic acid purification/production process. However, as lithium
30 concentrations in the low water conditions carbonylation reactor are increased to increase
rhodium stability and as the water levels in the reaction system are decreased, the capacity of the
ion exchange corrosion metal removal process per cycle is diminished. Alternatively stated,

there isa greater tendency for corrosion metals to build up in the carbonylation catalyst solution |



However, US ' 130 does not contenplate using the catal yst solutions such as
set forth in the af orenentioned US 5,001, 259. Thus, in the inproved
catal yst solutions as previously di scussed, there is present a
specified concentration of iodide ions over and above the iodide

content whi Golesndagesent as nethyl iodide or other organic gl hi s
additional iodide ionis 10 present as,a salt, and nost PE?&JFS&‘?I&;B{E , a
lithiumiodide. What has been discovered I's that in regenerating the
catalyst S diduRatlrBEAE! Tilob SRRt SordifondRlafls | AT
passi ng the catal ?/s{btso ut%nothrougﬂ a be ag%“g&gﬁé‘ﬁ%ﬁ%%ﬁ%%%s’ﬁ@?ﬁsi n

t he hydr ogdront the parbenylation reactiéors cThisprdblem wiS ndt réhgnikadat théime bR filing UMY, i on
in the cat Ic¥$t. s?l gti‘ﬁ)n. i@ {%r ef er abl reggved, The renoval of the
al kal i met ACPTGIER, B asisableonrgdde aprpersy fF trgpting the corkompletien eawlyst selutions  y
and 15 ¥ RBiove hiétafllc dofBsibR probit frbiR 4/|6Wwater condition carbonylatidn G9! ¥, 11

i s necessary to provide an inproved process for regenerating

carbonyl ation catal yst solutions which contain alkali nmetal ions, in

particul ar ks !Hi?ﬁﬁp]'ﬁ I t he renoval of corrosion netal

cont am nantswlpiom e caFa]ﬂysEENTslcﬁ%tions and to avoid the renoval of

the desirabl e cOhppresmt mventibmrelueitosprodesOfs regbierdting P BREARS R Ptk f«?ﬁ&ay of
[ t

t he present _20 inyention to provide a process for_treating carbonylation
catal yst s efﬁtmgylmcaﬁ%%@?womm%l% water conditiopsrpTke qetalyst salwiopwontains on

ducts t ; ' ' f .
G tabl o 1 agoete PRI Corhfleled SR Birobf i Sotibinafy, e dphdhe st omeriva.

f or extessintimately centasting the catalyst sobiftion with@o iqoexelrange tesinr(EER). in the alkali metal
US 4,894, 4%7. herei,n incorporated by.refer.ence, teaches the use of sirongly
acidic i on¥°2g" Pte%e&bgf %ﬁflﬁé‘gﬁl %Prﬁnh a%(c}és TEIER &M"P‘gl"%ﬂa&' 12 Apiraize Eﬁ“i“B@‘t en

net al s (e. gorrosidnQfictals fioitethe catily$t B6lafiotand, recover a cdtdlyR BbIHITdN S Embeiak ©)
fromthe carbonyl ation reaction_ system The process described in US

'477 is pafentamingaticontanty The seresiengmetpl contamingnts dnclude igoncickel, shvosinm) for the
car bonyl at iy thanol to acetic acid under |ow water

condi tions, suc nuéns,arsu(ia%heflgir@,[ h in US 5,001, 259. Low wat er condi tions
i mproV®e t he aceGesgerally e pataliyitisolutiomhdsprwatierconcentrasion ©f from abloutcite abowt SO wt

reactor ar 2 PRIRRILBPES F Reph Aub e snd holFhedlenb e bt 1500 Yoot o

wat er | evelmproved dofrosion frictabrentovak em ar e decreased, the capacity of the
i on exchange coirosi on netal renoval process per cycle is dimnished.

Al ternatively sibicserdance with the preganpinvention i catalyst solitioncnmprising rhedivmandah
metals t0 RuidChn#e chibehttfionYr QRAN hidla) fols, prirLMS ithiRin b Which is contaminated

20 with corrosion metals and has a set water concentration is intimately contacted with an ion
exchange resin wherein an additional quantity of water is added to the resin in an amount
sufficient to increase the concentration of water (or decrease the concentration of the alkali metal
ions) in the catalyst solution and a catalyst solution is recovered free or substantially reduced of
the metallic contaminants.

25 Generally, the contacting is effected by passing the catalyst solution containing the
undesirable metal contaminants through a bed of the ion exchange resin in the alkali metal form,
preferably' the Li form, and recovering as the effluent from the bed the catalyst solution
containing the rhodium component and the lithium component, but substantially freed from the
corrosion products which are removed by the resin bed. Upon exhaustion of the ion exchange

30 resin, the resin bed can be regenerated by treatment with a lithium salt such as lithium acetate
and reused. Sources of water for the ion exchange resin bed include but are not limited to fresh
water added to the resin bed, or water from process streams throughout the reaction system

wherein water may be the sole or primary component from the carbonylation reaction system.
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various processing strcams. Thus these streams may contain the corrosion metal contaminants

and are the streams to be contacted with a ion exchange resin to remove corrosion metal
contaminants. The improvement of this invention comprises increasing the water content,
preferably of the process streams, passing through the ion exchange resin, in an amount sufficient

25 to optimize removal of corrosion metal contaminants and recovering a process stream of
substantially reduced metal contaminant content. _

Another embodiment of the present invention relates to a process for improving the
productivity of a catalyst solution comprising a set water concentration, a set concentration of
alkali metal ions, and corrosion metal contaminants selected from the group clonsisting of iron,

30 nickel, chromium, molybdenum and mixtures thereof, which process comprises intimately
coritacting the catalyst solution with an ion exchange resin in the alkali metal form, preferably
the lithium form, and an aqueous medium, preferably water, in an amount sufficient to decrease

the concentration of metal ions in the catalyst solution and recovering a catalyst solution of
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catal yst sol ution, %i ch . . catalyst solution is then recycled to the
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carbonylation products. For example, the present inventive technology may be applied to the
production of acetic anhydride or the coproduction of acetic acid and acetic anhydride.
Generally anhydrous conditions are employed for the carbonylation process for the production of

15 acetic anhydride or the coproduction of acetic anhydride and acetic acid. In accordance with the
present invention, for the production of acetic anhydride or the coproduction of acetic anhydride
and acetic acid, an aqueous medium, preferably water, may be added to the ion exchange resin
bed to improve the corrosion metal removal process and thus improve productivity of the
catalyst solution. Other processes where the present invention may be employed include the

20 carbonylation of alcohols, esters, or ethers to their corresponding acids, anhydrides, or mixtures
thereof. Generally these alcohols, esters, or ethers contain from 1 to about 20 carbon atoms.

In the low water carbonylation of methanol to acetic acid as exemplified in US
5,001,259, the catalyst which is employed includes a rhodiuxﬁ component and a halogen’
promoter in which the halogen is either bromine or iodine, or bromide or iodide compounds.

25 Generally, the rhodium component of the catalyst system is believed to be present in the form of
a coordination compound of thodium with a halogen component providing at least one of the
ligands 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

30 into the reaction zone rhodium in the form of rhodium metal, rthodium salts and oxides, organic
rhodium compounds, coordination compounds of 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
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achieved with water concentrations below 14 wt % and as low as 0.1 wt %.

In accordance with the carbonylation process described in US '477, the desired reaction
rates 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 carbonylation

20 reaction and an additional iodide jon which is over and above the iodide which is presentasa
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 that under low water concentrations, methyl
acetate and lithium iodide act as rate promoters only when relatively high concentrations of each

25 of these components are present and that the promotion is higher when both of these components
are present simultaneously. This had not been recognized earlier. The concentration of lithium
iodide used in the reaction medium described in US '477 is believed to be quite high as compared
with what little prior art there is dealing with the use of halide salts in reaction systems of this
sort.

30 As mentioned above, the low water carbonylation catalyst solutions are useful in
carbonylating alcohols. Useful feedstocks which can be carbonylated include alkanols having 1-
20 carbon atoms. Preferred feedstocks are alkanols containing 1-10 carbon atoms, and more

preferred are alkanols of 1-6 carbon atoms. Methanol is the particularly preferred feed and is



of acetic acid, the invention is equally applicable to processes for the
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and substit wf Gdoupl lkgdd 20of the periotiim|tablietas set forth in the "Handbook o\Ch&@istip autlPhysics,
PCT/ US96/ 1651)111glished by CRC Press, Cleveland, Ohio, 1995-96 (76th edition)). In particular, alkali metZl
iodides are useful, with lithium iodide being preferred. It is, however, the use of lithium iodide
and the inadvertent loss thereof during removal of metal contaminants from catalyst solutions by
ion exchange which is the problem directly solved by the catalyst regeneration process of this
20 invention.

Typical reaction temperatures for carbonylation will be approximately  150-250°C,
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 2-30 atmospheres, and
preferably, about 4-15 atmospheres. Because of the partial pressure of byproducts and the vapor

25 pressure of the contained liquids, the total reactor pressure will range from about 15 to 40
atmospheres.

anure 1 illustrates a reaction system which can be employed, in the catalyst
regeneration process of the present invention. The reaction system comprises a liquid-phase
carbonylation reactor, a flasher, a methy! iocdide-acetic acid splitter column (hereinafter splitter

30 column), a decanter, a drying column, and an ion exchange resin. For purposes of illustration,
one IER is shown in figure 1. It is understood that the carbonylation process may have greater
than one IER bed available for use. The carbonylation reactor is typically a stirred autoclave
within which the reacting liquid contents are maintained automatically at a constant level, Into
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Use of a drying column is one means of purification of acetic acid product. The overhead from

25 the splitter column, corhprising mainly methyl iodide and methyl acetate, is recycled to the
carbonylation reactor along with fresh methyl jodide; 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 carbonylation reactor vent streams. A portion of the

30 overhead from the splitter column is introduced into a decanter which partitions the methy!
iodide and methy) acetate streams into 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
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reactor pressure will range from about 15 to 40 at m)sP eres.
is preferred that water from within the reaction system be directed to the resin for use in the

improved corrosion metal removal process. A water balance then remains within the

20 carbonylation reaction system. Examples of water sources include (but are not limited to) water
contained in the recycle dilute acetic acid streams, water from the light phase, or water from
combined streams (for example the combined heavy and light phase streams, or combined light
phase and dilute acetic acid streams) which together may have a high concentration of water
present. Water may be employed from any point within the reaction system.

25 The addition of water to the ion exchange resin can be varied to optimize corrosion metal
removal. At carbonylation reactor conditions employing 14 wt % or 15 wt % water, only small
improvements in the amount of corrosion metal removal per ion exchange resin exhaustion cycle
would be expected. However, under low water carbonylation reactor conditions the necessity for
proper water concentration in the IER corrosion removal process is significant. Generally, the

30 water content in the catalyst solution is from about 5 to about 50 wt %. However a preferred
range is from about 5 to about 30 wt % and a more preferred range is from about 5 to about 15 wt
%.

The resins useful for regenerating the catalyst solutions according to the present
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| odi de salt abtsimghen thh carbanydation process twas shanged from a high water to a low water process.

However, here, it was found that as water concentration was decreased in the reaction process, so
was the ability to remove corrosion metals in the presence of a high lithium ion concentration
using a macroreticular resin.

20 Contacting of the metal-contaminated catalyst solutions and the resin can be effected ina
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 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,

25 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 120°C, although lower or higher temperatures are limited only by the stability of the resin
to be employed. Preferred temperatures are those in the range from about 20°C to about 90°C;

30 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. Generally, atmospheric pressure or
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advantage is that its use eliminates the rinsing step normally required after the regeneration

process when other regenerates are employed.

20 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, or product being produced, to avoid the formation of
any insoluble corrosion metal compounds during the regeneration cycle. Precipitation of these
compounds during the regeneration cycle could reduce the regeneration performance of the

25 column and also cause plugging of the resin bed. Typically, acetic acid concentrations of from
about 0.1 to about 95 wt % can be used, with acetic acid concentrations of from about abdut 0.1
0 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 continuous. In a continuous process, a slip stream

30 from a catalyst solution being recycled to the reactor for producing the acids, is withdrawn,
passed through the ion exchange resin bed, along with an aqueous recycle stream to provide
sufficient water concentration to enhance the amount of the corrosion products being adsorbed

thereon, and the effluent, free of said corrosion products, along with the combined aqueous
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contam nants therefrom The only criteria necessary is that the processing
stream be at a tenperature whi ch does not deacti vat eﬁ [ 'Q.
Ceneral |y, t WEOPHS8¥ssi ng streans which are treated W Ssﬁ}jégé a
finite concentration of the rhodium catal y8t and/or lithiumcation fromthe
additional lithiumiodide salt which is added as a_catal yst pronpter. In

figure 1, ttesycle mateninkis aeturned to the qatplysheesrclestreamaand Bence to:the E3FigFmIRedoRy eat ed
to renove corrosion netals, : i ' i Ial

acetic aci de’écthflé%ﬁﬂpflg PHEN bg%?%gg‘é{%&%lg %?%ag%r?]l?aﬁtoﬂgrefsfnqgﬁ\ﬂaﬁable Héglsjérjb e§ ttl14‘?eor
the water t gespbbchfies dxbaustediinoneredintial, thestip strestreof chtalyst solution dan befdivdrted to a
reaction system or watg: frogg vvi&hi n the.reaction systemwhich is
ultimately frash hedawhiledhe exbaysted bed s supjected to TegenF‘é“‘gﬂ- eferred that water from

wi thin £he react iﬁﬁi@éﬁfi&msl?ﬁ'ﬂﬂf fiRstAd Byahd fliowiiginon lifitikEékamples.ne

i nproved corrosion netal renoval process. A water bal ance then remains

wi thin the 20 carbonyl ation reacti on system Exanples of water sources
i ncl ude (buhg&rﬁ ﬂ%g limted to) water contained in the recycle
dilute acett P treans, water fromthe |ight phase, or water from

conbi ned streans (for exanple the conbi nggbldeavy and |ight phase streans,
or conbi ned | i ght phase and dilute acetic _acid st.r ea%gqsi% whi ch |

t oget her mafComparson of cerosianaeisiremeyab fomrcalplysisolution® at vapouswater congentzations
be enployed 4, i bk SRR Hgenipystem 25 The
addi ti ll)ér)l of dm%&%mﬁﬁgﬁaga#s‘e&}éﬁgﬁggﬁpgéi n gaglﬁbe varied to optim ze
corrosion netal removal . At carbonyl ation reactor conditions
enploying 14 wt %or 15 wt,_ % wat er, onl V. |1 j nts in the
anount of corrosion Memval pw‘gchangm%%%i on cycle
woul d be expected. Howevger, under | ow wapgr carbonyl ai09n reactor
conditions the necessity for proper water concentration in the |IER
corrosion renmoval proces® is signifi canf:4 CGeneral ly, 3¢ 30 wat er
content.in the catalyst golution is frqgggbout 5 to alpyst 50 wt % However
a preferred range is fromabout 5 to about 30 wt % and a nore
preferred range is fromébout 5 to abous.115 w 1.85 The resins
useful for regenerating }he cat al yst sq‘I6thi ons accordi6r_’;g to the present

* Catalyst solution was obtained from the flasher residue. The exhaustive cycle was run down
20 flow at a feed rate (typically at 1-2 bed volume per hour) through 100 m! Rohm & Haas, '

Amberlyst-15 (A-15) macroreticular strongly acidic jon exchange resin in the Li form followed

by a rinse step and regeneration of the IER bed using 10 wt % LiAc aqueous solution typically

containing about 10 wt % acetic acid.



WD 97/ 15544

PCT/ US96/ 16516 invention are cation exchange resins either of
t he strong-acid or the weak-acid type. As menti oned previously,
any cation is acceptable provided the corresponding cation is enployed in

the iodi de Ry®9Riseds For purposes of illustrating the presgefusdergdisi on, a

cation exchange resin inits lithiumformis enployed. Both
strong- and weak-acid type resins are readily available as 5 comer ci al
products. The weak-acid cation exchange_@gz&;’r ns are nostly copol yners of
acrylic or met hacrylic acids or s or the correspondi ng

nitriles, Comparisbeof afrrosionswetalrenkmukbiiion aeyntheticahtatyst solution** 2 vasisus water
Strong-acid catign exchan resins, ich are the_resins preferred for use
in the pretQugenirations. ﬁ‘&%\f‘gﬁ?ﬁ’ﬁw n @%WE’E‘PPGPW‘B‘FE%OM nantly of

sul f onat ed styrene-divinyl benzene copol yners al t hough sonme of the
avail able resins of this type are phenol -forml dehyde condensati on 10

pol ymérs. Either thdxgmple ype or tﬁ@mﬁ&kﬁreticuﬁﬁﬂmﬂﬂﬂdﬁ&n is suitable
but the latter is preferred si@E; organic Coaﬁégents are present in
the catal yst solutions being treated. ™ MacCroreticul ar resins
are commonly enployed i7n the catal ytici.20t. They reqo4?es m ni mal
water to maintain their swelling properties. The present invention is
particularly suﬁprising since i¥3%s believed b?zihose of skill in
the art that with use @f nacroreticul 54 ype 15 reggy. very little water
is necessary for their use. As such, problens were not anticipated with the
resi ntaowhen t he carbonyll0ati on process k81 changed fromid7high water to a | ow
wat er process. 1 However, here, %b was found t?gé]as wat er
concentrati on was decréased in the reé ?on process, ~* was the
ability to renove corriesi on netals i n3ghe presence oBeazhigh lithiumion

concentration using a macroreticular resin. 20

Contacting of the metalid-contaninated 8&8&l yst sol uti 894%and the resin can
be effected in a stirred vessel wherein the resin is slurried with
the catal yst solution with good agitation and the cat al yst sol ution

is then rettAesried obbatcheexpatimeitowerefcohducted ieanh, witheappraxiroajely § 3.3 etloA-150ERY 80 |

treatnent of .the catal,yst solutions is ual ffecte SSi. t.he
et al | cont RS feeheAad Sriin fblaithhd Biece oS el apfts G0 Yol 3 S
resi n. Theaddifictls b8 watef, OSHNE1EH w26 antalyzed 8fted 18 ahd20.OHéurfid e3tablivhGquiliBBum. The
sem -conti nuous or continuous oggnr ation either with manual or autonatic

control enfssels of gxamples 6-13 shava end-similar 4o that iugteateddy| catalystpms of expmples L-Sof

i on- exchange. ' The i on exchange treatnent can be effected at
tenperatures in the range fromabout O[err] to about 120[err]C,

al t hough | ower or higher tenperatures are limted only by the stability of
the resin to be enployed. Preferred tenperatures are those in the
range from about 20[err]C to about 90[err]C;, 30 chromi umrenoval is nore
efficient at the higher tenperatures. At the higher tenperatures, a
nitrogen or CO purge is desirable. If tenperatures above the boiling point
of the catal yst



sol uti onsh.asmetq{;pha,x Iacg(hen operation under pressure will be required to
mad ntain. t the |liquid phase. However, pressure is not
a crrtical eral |y, atnospherjc pressure or :

\F/,\QT%/S égfl%w THIS SHEET HAS BEEN "
ED

a pressure sl Wh¥¥¥54bove at m)sph\ri & 'RSEPeL'e"E. ey-ed—but supera‘f%ﬁ?ﬁ’éﬁlﬁ or
subat nospheri c pressures can be uséd if desired.

The rate of flow of the catalyst solution through the resin during the

. corrosion me€bAIMS renoval process will, in general, be that
reconmended th aﬂfﬁﬁ ]PIHE

1 to about 2 f@&%%@gﬂ%@%@%@ﬁé%d@g}%f ¢ g%(?(ow r%s% %Jsi&\%él{ ﬁB rom
about watbr donditiond) kaid Solsh dbﬁiaiﬂi&gsrhpdmmhﬁdl ralkaﬂftﬁml andfirther dongridifie bed
wi t h rhodi um cont ai ni ng process stre sing of the

resif bed wi ¢dsrosienaetal contpainanis. vich R.i?@éﬁ“}ﬂﬂ?di?d{‘m?‘? Ph“gﬂé"tmg e calal¥t ocess
from which t&?\xtﬁ:ﬁ%{hy&txoxp&cﬂﬂngﬁz bt il of SRRt it SVellerdS opiflzb Geriflaflf | S

essentlal fo e rhodiumfromthe resin bed
rinsing or wasivsiog nesalefréra theadtaljst solutionand,freconera@atalyst solwtion o€ redncedteerrosion
- renpval step. After the resin has becone exhausted, i.e.,

when the netRFALCARIATHPANS RO o by eaki ng through into the effl uent,

the resin cap be TRGAERESSTRMhIRAY WiRedh (e résiek Qishomp@hi atioobxthhnipe réin.
~organic salts; for illustrative purposes, preferably lithiumsalts,

| General |y, the | iThempgessoficlairad gvherein said cqnia%m&w@‘&é%@m%ge the catalyptselugion
jconcent{atl H"‘*‘%{,‘t”gﬁ‘ E@@ohﬁrﬁx?g?ﬁmé 1w %to about 20 wt % 15

QJantltles enp procedur es are those well established in the art

and recomendled bThe process of cldira 1rvéerain saidirebinds weenemtedafterexhaustion by washingwith e
.1s preferred re eneratl ng agent since the acetate anion is _
. enpl oyed in gﬁgal system and is readily available for use. A further

advant age i sst hatTﬁép‘ioé&ﬁoﬁ'ld:ﬁ‘Me?&n 5di@ alkhINfkefalsaR i€Mhiv atBlatey 1 equi red
. after the regeneration ocess when ot her regenerates are enpl oyed.

s 20 . Tonm&@f%mﬂoshwnﬂ@taaml mastad IOASHBM- capaci ty and to
0 |y high
. renrltZ r?sa'[ ?2?\2 o?flﬁl é}h&gp"fda‘ 4W}R’?{lﬁ {m{}ﬁ%e@ffl id b vely hig

f conc o acerat e ium acetate regeneration
' solution sho8) d clwimbcessfonthezarbbnydationiof methangitoshstic adid inrcaghanyilationireactor by
i nsol ubl e,.corr

RN I VG I e I T R
methano! and a catalyst solution of low water content comprising rhodium, a methyl iodide
promoter, methyl acetate and lithium iodide to produce acetic acid and said acetic acid is
20 recovered from the effluent of said reactor by concentrating the effluent into a variety of process
streams comprising one or more of the components of said catalyst solutidn and product acetic
acid wherein said streams contain lithium and corrosion metal contaminants, and said streams are
- contacted with a cation exchange resin to remove corrosion metal contaminants, the
improvement comprising: increasing water content passing through the cation exchange resin in
25 an amount sufficient to optimize removal of corrosion metal contaminants and recovering a
process stream of substantially reduced metal contaminant content.
9. The process of claim 8 wherein said resin is a strong-acid cation exchange resin.
10.  The process of claim 8 wherein said contacting is effected by passing the catalyst solution
through a fixed-bed column of said resin.
30 11.  The process of claim 8 wherein said resin is regenerated after exhaustion by washing with
a lithium salt.
12.  The process of claim 11 wherein the lithium salt is lithium acetate.

13. A process for improving the productivity of a catalyst solution comprising a set water and

* c L M S *




conpoundsis Sheed ling BednReplaggéner at i on cycl e coul d reduce the regeneration
performan hij Mif col um aE@’ Hﬁgg@t’jjfl ng of the resin bed.
Typi cal | y concentr at Qfﬂ’ - about 0.1 to about 95
w - % can used, W th acetic aci con lons from about about 0.1
to 20 wt % 51,9,59 ef erred. The treatment opctfiefighg! YSt

sol ution ca e operated as a batch or a_continuous operation. The
preferred type of operation is conti nuoud® In a continuous process, a slip
stream 30 L&T e 0 .the reactor for :
produci ng ?lhael{ ac gng&&yﬁi‘ﬁag‘?&&“ﬁ%% g sse%‘g‘%t ge‘“ H GomLthe gro “"Bxchange

resi n bed, conkistisg ofiiton, xaace@,cmmamrmlybdmumtan&mﬁm ﬂfetbof ahehich process
sufficient water concegtratl on to en anc nmount of the corraqsion

product s bYATRRYISEHABMAIEY contacting spidsptatyst s e asption gxchange pesin and watgr in

g g; rlgz '4 Z N 8 SAdimt Suf iR indehst tfmé‘@on%&iﬁih&?& ﬁzﬁé{r%’ Yftimize removal of corrosion V'O

PCT/ U396/ 1:@6tabeontaminant. 13

he react bt Trbeicas ToripRovinglos aRaic R Ed ey on et R Rt iton WP

greater t hajhyoRgs ésdditiont, $aid éslutiaDichtainifig #58im o8 alkAR metal and fubtB& BniARMHEGTES
exhausted in one resin bed the slip stream of catal yst solution can be

di verted teprepsion metal coptuminapsiiFh pracess eonapries igtiwatelycontaeting the eatalyst t o
regenerat i g, o?thhanlon ex mﬁm&m &Mh&%@mgﬁmmbﬁmmﬂvo} he

follow ng non-Timting exa
Tabl e1ol corrosion &mqlsafromohe atalysosolationand redoxtr a eatabystsoldtionnf esdicddytotrosion
sol uti on* at@ilari ous er concentrations 10 (Li/Fe nolar ratio in

catal yst sBf BTWS Qe 4/ - 5. 1)

15. A catalyst solution prepared in accordance with any of the preceeding claims.

A



Exanpl e Water, W.% Fe rermIVaI. g/L IER

1- 1.23 o2 0.09
2— ; 6.4 ' 0.36 15
3. 10. 96 . 0. 93
4 15.1 1.85
16516
5 WO 97/15544 460 6.9 PC&US!, yst
solution was obtained fromthe flasher residue. The exhaustive cycle was
run down 20 flowat a feed rate (typidally at 1-2 bed vol ume per hour)
t hrough 100 mM Rohm & Haas, Anmber | yst-15 (A-15) macroreticul ar
strongly acidic ion exchange resin in the Li formfoll owed by a
rinse step and regeneration of the IER bed using 10 wt % Li Ac aqueous
solution typically cont ai ni ng about 10 wt % acetic acid. "
WD 97/ 15544 Q"
PCT/ US96/ 16516
Table 2 Conpari son ﬁ corrosion netglsrenoval from a}synt ri%gm)
catal yst solution** at varj ous water §oncent rations. Y(Li/ | ar
ratio in catal yst sol ugl on} approx. 54: 1) 56 Exarrpl e
Water, W.% Fe ré¢d®jal \ g/L | ER
0.27 @ 846 7
1.70 #8112 - 8
5.34 1.325 h 9
10. 62 b 2. 76§ _ -
. N _ S
(@) 3
'\ g§
W J ()
< P
1
1 e
~ ¢ E
g \ 3
- 3
53 }
x
W
:
s g
g 9 -
x

co
MeOH



10 10 14. 81 3. 137
11 1802 . 3.34 12
347146 3. 673 |

13

47. 36 m “ **A series of batch experiments were

conduct ed each \H“l“m“ﬁmtt E y 13.3 m__A-15 I ER, 80 g of acetic

- acid solution cortafnihg approx 973 ppm e and approx. 6502 ppmLi wth

~ various addi ti ons of water. SanBLﬁ%re anal yzed after 13 and 29.5
hours to establish equilibrium The sults of exanples 6-13 show a

trend simylar LGrblal fds itnbitivir! (i pRUuGRAG oY S caftéfiFlatibn SRR IsGlRnidn Smployed

A process uhdr 1gwrpvacey coglitiors, gidcarbdriylation catalyst solution nglluaiuﬁngrrhediml gkali '

sol-ution enpl oyed under |.ow e(ﬂi{er cond| t| s car bonyl ati.on

catal yst stalidng rughss t"a’i‘?ﬁ% PRSHPE R Vhich Pﬁ?f‘?ls COmRYSEF GPRtACHRS
cont & ni n %&g{)@?g@% ﬁﬁ%lgét s6RBbA WithaR ish extharzd rﬁ@mataqﬂaﬁ SR EnGaRt3&hi Ng

5 the car talyst solution wth an ion exchange resin and
vat er i n anbrimgthe wasn tonceneation of the catalyst solution asticproeseds ahe contacting of

Wthin a %%%‘i’ i g onsonf Y25 5 i e bt Uout s B! » Sy solpin B, yst.

sol ution duc?dco eﬂbﬁ%&ﬁ‘éoﬁ@ﬁﬁxﬂﬁt&mwta' cont ani nant content.
The process FOI m 1 wherein the resin is a strong-acid cation exchange

resin. 102. 3. The pibhessiof oleira § vdterein therresin istacarongracid icerionorrchange mgin. s
ffected th t al, yst | h |
of o d rdai h The pbcess pf Fich 1 Rierit sl éHipeting i el st BsIBE g ™

regener at @o@ﬁxﬁ%%i&@ﬁ%ﬁﬂl ng with . a alkali metal salt. !

5. The pr cess of claim4 wherein said alkali nmetal salt is l|ithium

acetate. 4. The process of claim 1 wherein said resin is regenerated aﬁerexhaustmnby washing with
a alkali metal salt.

5, The process of claim 4 wherein said alkali metal salt is lithium acetate.
15 Y The process of claim 4 wherein the alkali metal is potassium.
1 The process of claim 4 wherein the alkali metal is sodium.
8  Inaprocess for the carbonylation of metbanol to acetic acid in a carbonylation reactor by
passing carbon monoxide through a reaction medium contained in said reactor and comprising
methanol and a catalyst solution of low water content comprising rhodium, a methy! iodide
20 promoter, methyl acetate and lithium iodide to produce acetic acid and said acetic acid is
recovered from the effluent of said reactor by concentrating the effluent into a variety of process
streams comprising one or more of the components of éaid catalyst solution and product acetic |
acid wherein said streams contain lithium and corrosion metal contaminants, and said streams are
contacted with a cation exchange resin to remove corrosion metal contaminants, the
25 improvement comprising:
increasing water content passing through the cation exchange resin so as to bring the warer
concentration of the catalyst solution as it proceeds through the contacting cycle within a range
of about 0.25 wt % to about 50 wt % so as to optimize removal of corrosion metal contaminants
and recovering a process stream of substantially reduced metal contaminant content. g
30 9. The process of ¢laim 8 wherein said resin is a strong-acid cation exchange resin. ] ,_}"”",
10.  The process of claim 8 wherein said contacting is effected by passing the catalyst solution - “

through a fixed-bed column of said resin.
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15 s« S 3004 q@lempﬁxocess of claim4 wherein the al kal i nmetal is potassium
7 &pr ocess of ciﬂuul llm HI'I;I“IIE al kali netal is sodium 8.
Fn, 78O Fcess for the calbiehyie 161l 8t hanol to acetic acid in a

car bonyl ati on reactor by " passi ng carbon nonoxi de through a reaction

medi um contained in said reactor and corrpli' si ng met hanol and a
catal yst solution of |ow water content corr%ori sing rhodium a nethyl iodide

and st o bt | (VReey BF AN € WARR il dVeHTd Al et BRI, B iy

by concenty ghiumgsdihe effluent into a variety of process streans
conprising one or nore of the conponents of said catal yst solution and

product ack:i ¢ The process of ¢laign bl whereinthelithium saltis ithigm aeetate+ hi um and

corrosion Jgtal ' : e 0 . i a
cati on exchange PRAFR b Ehixdving e Aol S BrinSlarion cumleIBAER Eask b

| Npr ogemeniatgosBnditions\Gaid solution compri€ing a 5@ watsrand albali frietal peeenthgionahdugh t he
cation exchange resin so as to grl ng the water | concentration of the
cat al yst Imesion ncsal CpRtapMRANtSSQ 0@1*%'6%&‘%&9&&1%&0#;50%%%61,

Bhg
range 0 R 0 9 . i.[¥ I
of gor r osi%ﬁlyﬁé?@& s{oai B’gﬁéﬁ%ﬁﬂ?’g&’ %h%%%cﬁ%oﬁoec%é%s?%ﬁ%%a srag(?:){:aéséswés ?@ﬁ?éﬁ
slub_stagt\iMe:dddn_tdcﬁdgeﬁae_ ; with alcatioxéx@hange Iﬁésiﬁ:;iglmér:inaﬁamo%&suﬁciéﬁh&&ﬁng(ﬁss of
~claim erein said resin is a strong-acid cation exchange resin. - .
. 10.  The Watgrcogeentation of the gatalyet sofution 25 § Prosse éﬁ%@&gce&macbwﬂaggi ng

t he qat al yaﬁgﬁoqia%li“whsm%w ab&*irsﬁlﬁ!%.a fi xed-bed columm of said résin.

16 € process of claim8 wherein said resin is regenerated
after exhadsti Quplicessdshiniigovibg the productivityeof d dafionylation atalyst solution édiployed he
process of claim 11l whergin the lithiumsalt is |ithi %gcet at e.

13. A prusdes low weter popditionsgsaid solytion sopteining shodipm and alkali metal eng furthef o) yst

sol ution . ion maat wﬂiut' , ' §@:|:H£. ISl set

wat er andq"g a 'ji‘é)‘\r!ry’er[ogfonconcec% ratron’ gér?l’gﬁ pré&éjco or r403| on %@g?hﬁ@s@

cont arrj narsblutiof with andioh exohahderesin and wavsrdin an amgunt kufficient tortirinig ehe water oni um

e D mnaion o okl sShtof s Bl ool T sy e vl  Sehge
of about 0.25 wt. % to about 50 wt. % and, recover a catalyst solution of reduced corrosion

metal contaminant content.
15.  The process of claim 1 wherein the water concentration of the catalyst solution as it
proceeds through the contacting cycle is within a range of about S wt % to about 30 wt %.
20 16.  The process of claim 15 wherein the water concentration of the catalyst solution as it
proceeds through the contacting cycle is within a range of about 5 wt % to about 15 wt %.
17.  The process of claim 13 wherein the water concentration of the catalyst solution as jt
proceeds through the contacting cycle is within a range of about 5 wt % to about 30 wt %.
18.  The process of claim 17 wherein the water concentration of the catalyst solution as it
25 proceeds through the contacting cycle is within a range of about 5 wt % to about 15 wt %.
19.  The process of claim 14 wherein the water concentration of the catalyst solution as it
proceeds th;_-gugh the contacting cycle is within a range of about 5 wt % to about 30 wt %.
20,  The process of claim 19 wherein the water concentration of the catalyst solution as it
proceeds through the contacting cycle is within a range of about 5 wt % to about 15 wt %.
30
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a contacting cycle with a cation exchange resin and water in an anount
sufficient to bring the water concentration of the catalyst, .
solution as it proceeds through the contacting cycle wfhi n 3}0 IPosFEP Y
of *about 0.25 wt %to about 50 wt % 14.7 A proté&k 9 royi ng
the productivity of a carbonylation catal yst sol ution enpl oygr [PER
~under | ow water_conditions, said solution containing rhodi ungsg s al kal »

metal and furtBECT 'CW%W PROMIEMIONC oNnt ami , WDz v eg

rocess ] on ' t el

P onamee RN AHONADAPATEATON PR R 3 b mw@@%&%ﬁg@&ﬁ@_
conc e[V dntiretons}Patery SlassifieationPst  sol utli on @B Iritémaiing C@BGEnNakBegh t h3VO 97/15544
cont apt i KI97C\5LA4T, 53708/ BOLJ 31MAN0E Al1| of about 0.25 wt. %to about 50 wt},
% and| recover a catal yst_sol ution of @) pteznytiong] Pybliefiog Pate: ! Mg 01,0597

~cont afm_nant content. rocess of claim1l rein_the watelr
concehP ZieaHongiApplicon Nypmher, ¢ §8F’H‘E9F’béﬁ'53 ) et S e D e Qqéj ';%%t

cont apkd) MersalisabiFningatd t hi N6 ddban®e 1 iosglout  FATVBE s DE, BROESE 1-13!& 6B, i) IE

16.- | The process of claim 15 wherein the watM&Ne8R&Bntrati on of the

cat al y@&)ﬁ%}&hon as it proceedd through the contacting cycle is
w thin a ressesonl abortocdberibesie7hiensabows 1>Ebm'éd % 17. The process
of clpim 13 wherein the water concentr atfi d’f""tﬂhea"e'a'[sm‘}rwmsol ution as it

DI 0CERg abillagh 0N b OBkl CoRMiHATIch i t g e et e aﬁk‘tl‘rm{%f‘&ff %s'f'?a

about WUSASS]; Route 202-206, Shiferville, NI DEBR6 (08)DCEYS Of amdndiesn. 17 Wher ein t he wat

concep r tion cat gl SO gs it 25 proceeds through the
conta mﬁéﬁﬁnﬁhﬁﬁﬁ%ﬁ’ A@g&(ﬁ%‘;ﬁtout 5w %to about 15 wt %
19. he piva©ess Cimkt, Tk 4 (sl wherei n t e water concentration of the
cataly 0 oce t hrough the contacting cycle is
Wi t hi ﬁé‘* Qﬁm&wﬁm ﬁégﬁ%? 30 wt % 20.  The process
of clfim 18 wherein the vvater concentratlon of the catalyst solution as it

proceeds through the contacting cycle ig within a range of about 5w %o
about| 15 wt % 30 -

(54) Title: PROCESS FOR IMPROVING PRODUCTIVITY OF A CARBONYLATION CATALYST SOLUTION BY REMOVING
CORROSION METALS ,

{(57) Abstract

A process for treating low water content carbonylation catalyst solutions which contain a rhodium component and an alkali metal
component to remove metallic corrosion products is disclosed. The process comprises contacting the catalyst solution with an ion exchange
resin, preferably in the lithium form, and a sufficient amount of water to decrease the concentration of alkali metal ions to optimize removal
of corrosion metal products.




