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OF THE INVENTION 5 Field of the Invention The present invention is directed
to an inmprovenent in the process for kthe carbonylation of nethanol to
produce acetic acid. Mre specifically, the inproved nethod of the present
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carbonyl ati on of nethanol w th carbon nonoxide, now 15 known as the
Monsant o process. Thi s BRACUKGROUND OINTHE INVENTION:S, as exenplified by
U S Patent No. 3,769,329 ("the 329 patent”) issued to Paulik o

"and. assigned to the Monsanto Conpany, is the process used to produce the
maj or'il'e K t %enc%t ic acid - commercially worldwi'de. The process utiliZes a
cat al%'sgé—g%ﬁp%-sgg’—of rhodi um either dissolved or otherwise 20 dispersed
in the |i qphélpre@nt inventidiEidueted b & ifrORainf BIthebfoictd f5othe bxdbnlatsiPt €7 as
exenplified by, preferably, nethyl iodide. Rhodiumcan be introduced into
t he refaoethanl dyprodnee dcaticagid.oMare specifivally, theimproved method of the present, i f
indeed it.is possible, tp identify .the, exact, nature of the rhodi um noiety
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typically and usefully, the reaction is conducted with the catal yst being

di ssolved in a liquid reaction medi umthrough which carbon nonoxide gas is
conti dbbl ed. The 329 patent indicates that the liquid reaction

edi um canyhge 31, AGhIER NI By irbdisled S GRbleliplacHEAGH BRLENAL 1t

may conpri se, exanpl e, pure el ng reacted, or
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Company, is the process used to produce the majority of the acetic acid commercially '

worldwide.
The process utilizes a catalyst comprised of rhodium, either dissolved or otherwise

20 dispersed in the liquid reaction medium and a halogen-containing catalyst promoter as
exempliﬁed by, preferably, methyl iodide. Rhodium can be inﬁoduced 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 ‘329 patent discloses a very large number of suitable halide .

25 . B prdﬁioters, most of ‘which are organic iodides, Most ltj*p'ically and uééfuily;-ﬁié'.réactibh is S
conducted with the catalyst being dissolved in a liquid reaction medium throughl which carbon
monoxide gas is continuously bubbled. _

The ‘329 patent indicates that the liquid reaction medium can be any solvent compatible
with the catalyst system and that it may comprise, for example, the pure alcohol which is being

30 reacted, or mixtures thereof with the desired carboxylic acid end product and/or esters of these
two compounds. The preferred solvent and liquid reaction medium for the process is the desired

carboxylic acid itself, i.e., acetic acid when methanol is being carbonylated to produce acetic
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froma reaction medi um conprising 14-15 wt % water, i.e., separating the
acet i cofale ctaftiommediemwdibés tendeney ismestypudrsmaced diringghpenuse ofidistiifationer gy i n

distillation and/ or additi.onal processing steps. |npprovenents have been
made (QPeTANOREHLIepaRs oS ARaguch s acid Rram e eashormeriven Whethe satboRc ent . o
hat er I i ] ' ts.
1A o Thencaide (ifer® UF MESEAIA! ofsi RIEREA, THY RN Bl oltinE drlbRsERR

bel ow df4heteabtion 1@edinmrihgreases as theevhtds. cofitenfoft the reablion mbditithlis A6&eased 026, 908;
5, 144, 068; _and Eurogpean Pat ent . ..161,874B2 all provide inpraoved mnethods
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20 Preferably, commercial acetic acid is anhydrous or nearly anhydrous ("glacial").

Recovering acetic acid in anhydrous or nearly anhydrous form from a reaction medium
comprising 14-15 wt % water, i.e., separating the acetic acid from the water, involves substantial
expenditure of energy in distillation and/or additional processing steps.
Improvements have been made to the basic Monsanto process exemplified by the ‘329
25 patent. Of interest for the purposes of the present invention are those improvements which have
allowed the operation of the process at water concentrations below 14 wt %. Commonly
assigned U. S. Patent Nos. 5,001,259; 5,026,908; 5,144,068; and European Patent No.
161,874B2 all provide improved methods of carbonylating methanol wherein the water content
is maintained substantially below 14 wt %. As disclosed in those patents, acetic acid is produced
30 from methanol in a reaction medium comprising methyl acetate, methyl halide, especially
methyl iodide, and rhodium present in a catalytically effective concentration. The patents also

disclose the unexpected discovery that catalyst stability and the productivity of the carbonylation
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25 commercial test which the acid product nust neet for many uses, the
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ot her car.bon H] unds known so to effect the er.ma nate tine,
operating a t 1S ne ower water regime exacerbated certain impurities inthe product acetic

acid. As a result, the acetic acid product formed by the above-described low water carbonylation
is frequently deficient with respect to the permanganate time owing to the presence therein of
small proportions of residual impurities. Since a sufficient permanganate time is an important

25 commercial test which the acid product must meet for many uses, the presence therein of such
impurities that decrease permanganate time is objectionable [Ullman's Encyclopedia of
Industrial Chemistiy, "Acetic Acid", Volume Al, p 56, 5™ ed]. Of particular concern are certain
carbony! compounds and unsaturated carbonyl compounds, particularly acetaldehyde and its
derivatives. crotonaldehyde and 2-ethyl crotonaldehyde (also referred to as unsaturated

30 impurities). However other carbonyl compounds known also to effect the permanganate time
are acetone, methyl ethyl ketone, butyraldehyde, and 2-ethyl butyraldehyde. Thus, these

carbonyl impurities affect the commercial quality and acceptability of the product acetic acid. If
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included treatment of acetic acid with oxidizers, ozone, water, methanol, amines, and the like. In

20 addition, each of these techniques may or may not be combined with the distillation of the acetic
acid. The most typical purification treatment involves a series of distillations of the product
acetic acid. Likewise, it is known to remove carbonyl impurities from organic streams by
treating the organic streams with an amine compound such as hydroxyl amine which reacts with
the carbonyl compounds to form oximes followed by distillation to separate the purified organic

25 product from the oxime reaction products. However, this method of treating the product acetic
acid adds significant cost to the process. |

There is disclosed in United States Patent No. 5,625,095 to Miura et al. and PCT
International Application No. PCT/US97/18711, Publication No. WO 98/17619 various methods
of removing acetaldehydes and other impurities from a rhodium-catalyzed acetic acid production

30 process. Generally, these methods involve extracting undesirable impurities from process
streams to reduce acetaldehyde concentrations in the system.

The approaches described above have achieved a certain level of success in controlling -
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Additional benefits also accrue from the method of the present invention. Operation of
the methanol carbonylation process may still be carried out in a low water regime without
sacrificing catalyst stability. The improved method does not require changes to the reaction or
distillation equipment. The improved method decreases the demands presently placed on the

25 distillation train of the plant, thus debottlenecking distillation and ciearing the way for additional
throughput.

In accordance with the present invention, an improved process for producing acetic acid
by reacting methanol with carbon monoxide in a liquid reaction medium comprising a rhodium
catalyst. a catalyst stabilizer/co-promoter which is an ionic iodide catalyst stabilizer/co-

30 promoter, water, acetic acid, methyl iodide, and methyl acetate and subsequently recovering
acetic acid from the resulting reaction product is provided. The ionic iodide will derive from any

of many solublc salts which are useful. It will be recognized that it is the concentration of iodide
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with fromabout 2 to 4 weight percent uysual]ly. bein preferred. The water
Honcereiersnes nMost praferably dheyalt is lifywn dodide or I wm@&?m 1.0 to about 10 wt.

Typically, methyl iodide is maintained in the reaction medium in a concentration range

of from about 1 to about 5 weight percent, with from about 2 to 4 weight percent usually being
preferred. The water concentration in the reactor is preferably from about 1.0 to about 10 wit.
percent of the reaction medium.

25 Rhodium is preferably present in the reaction medium at elevated levels, from about 500
to about 5000 parts per million by weight. From about 600 to about 2000 parts per million
thodium is more typical in the reaction medium, with from about 750 to about 1500 parts per

million being preferred within that range.

30 DESCRIPTION OF SPECIFIC EMBODIMENTS
With the successes of previous improvements to the chemistry of the carbonylation

reaction, particularly the reduction of the water concentration maintained during the reaction, we
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20 within which the reacting |liquid contents are maintained automatically

at a constfahpidabhernoganaous readtion systemivdrich isempleyed forthe progesssifyhe presentiuced
fresh_met.hanol , .suffi ci ter,t i nt ai t inite (>50
and GPEPUPA B bries LA plte Gabofy by eaHEs DA SRR ot (Reait Che
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recycl ed nethyl iodide,
.20 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 (>50 ppm and preferably at least about 0.1 wt %) concentration of water in the
reaction medium, recycled catalyst solution from the flasher base, and recycled methyl iodide, -
methyl acetate and water from the overhead of the methyl iodide-acetic acid splitter column. A
25 distillation system can be employed to further process the condensed overhead stream from the
flasher. The residue from the flasher is recirculated to the reactor. Carbon monoxide is
continuously introduced into and thor(;ughly dispersed within the carbonylation reactor. A
gaseous purge stream is vented from the head of the reactor to prevent buildup of gaseous by-
product and to maintain a set carbon monoxide partial pressure at a given total reactor pressure.
30 The temperature and pressure of the reactor are controlled by methods known in 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
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carbonyl ations were perfornmed in a reaction system as descri bed 20 above,
whi ch includes a stirred reactor, a flasher, and a nethyl iodide-acetic

acid L Lit.ek .col um. Except for varying nethyl iodide concentration the
reactg'g'h“—qgtegis ions were repeated in each of the follow ng exanples to

denonst r at CohtiRuctis hethian6f carssdiylgidnsRertyperfotdedim DiRactivnt sy usdRscribed
crot onal dehyde and 2-ethyl crotonal dehyde formation. The reaction
P¥ondi ebeyeswhich ipgledas astiried reactor, a flasher, and a methy! iodide-acetic acid splitter column.

Except for varying methyl iodide concentration the reaction conditions were repeated in each of
the following examples to demonstrate the effect of reduced methyl iodide on acetaldehyde,
crotonaldehyde and 2-ethyl crotonaldehyde formation. The reaction conditions are provided in
Table 1.

25 Each run achieved steady state conditions before collecting impurity data by operating
the reactor continuously to maintain constant target reaction compositions and conditions, as
indicated in Table 1. Then, for at least 12 hours thereafter, data was collected and plots were
maintained to indicate that the carbonylation reaction was in steady state mode.

The results of Examples 1-3 are provided in Table 1. With respect to Table 1, the values

30 are mass balance data taken over at least a 12 hour period at steady state conditions. The results
of Examples 1 and 3 each represent a single mass balance run. The results of Example 2 is an

average of two mass balance operating periods.



Table 1. 25 Each run achieved steady state conditions before collecting
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Although the invention has been illustrated by the preceding examples, the invention is

not to be construed as limited thereby; but rather, the invention encompasses the entirety of the

subject matter disclosed. Various modifications and

embodiments can be made without

departing from the spirit and scope of the present invention.

'Acetaldehyde and unsaturate make rates (value X 10 mol/L-hr appears in Table I)
are determined from condensed flasher overhead feed to methyl iodide - acetic acid splitter

column

*Reaction temperature was 195°C at 400 psig



reaction tenperature in an anount operative to maintain a concentration of
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about 30 wt % of nethyl acetate, nethyl iodide, and subsequently
recovering acetic acid fromthe resdilti ng reaction priggshedt astBrenerﬁmdverrent
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whi ch conprises: reducing contam nation of the produ ilke| of
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3. The process of claim 2 wherein the salt is lithium iodide or lithium acetate.

4. The process according to claim 2, wherein the salt is a quaternary ammonium salt or

a phosphonium iodide or acetate salt.

S. The process according to claim 2, wherein the salt is an iodide or acetate salt of

sodium or potassium.

6. The process of claim 1 wherein methyl iodide is maintained in the reaction medium

in a range of from about 1 wt % to about 5 wt %.

7. The process of claim 6, wherein methyl jodide is maintained in the reaction medium

in a range from about 2 to about 4 wt %.

8. The process of claim 1 wherein water is maintained in the reaction medium in a range
of from about 1.0 wt % to about 10 wt % water.

9. In a process for producing acetic acid by reacting methanol with carbon monoxide in
a liquid reaction medium comprising a catalytically effective amount of rthodium; from about 0.1
wt % to less than 14 wt % of water; acetic acid; from about 2 wt % to about 20 wt % of a
catalyst stabilizer and co-promoter selected from the group consisting of lithium iodide, lithium

acetate, quaternary ammonium acetate salts, quaternary ammonium iodide salts, phosphonium

i




i nprovenment whi ch conprises: reducing contam nati on of the product acetic
acid of WO 0ae969.i npurities by maintaining in the reacti RCEEIORMSuri ng
the course of the reaction about 5 wt %or |ess of nmethyl iodide. 10. The
process of claim9 wherein nethyl iodf' de is maintained in the reaction
medium in a range of fromabout 1 wt Z6to0 about 5 wt % 11. The process of
claim10, wherein nmethyl iodide is n?l ntai ned in the reaction _nediumin a
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about rmprpvvmel%wluclne@gpmmﬂ 14 wt % of water; acetic acid; a salt soluble
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met hyl iodide; and froma %to about 30 wt % of nethyl acetate

and acet i c 10acThe mqabssgﬁ@enpusmheyem owthydiadide lamntmnad;udthemmmmedaml ting
reaction ch conprises: reducing contanination
of th_é““bfag’g ??rg@eq t%\&m@)jg)f F%&ﬁvmf i mpurities by maintaining in the
reaction mig.'e u%gﬁ!%éé@'of&ﬁm??@”@l’fer&ﬁ nhdtRy16ABEE {sQRaiRARH i th¥realiidh | €SS Of

met hyl i odi mal ntai ni ng a rhodi um concentration in the reaction
nmedi umediurf imaTamige fitonbalidut 2 tablsont 4 vEGE0 parts per mllion rhodium by

wei ght. 14. The process_according to claim 13, wherejn said rhodi um
concent r at i}dn The Rraesss of 3&\% ﬂ%nwhﬁéapmﬂt$r§s maintinedhinghe FraglionMERIuBY infy om

about Eﬁ%gccorgp%&maﬁ%“f o890 widoWi2g rhodium by weight. 15. The

process Ing to wherein sald rhodi umconcentration in said

reacti on nmagdi ulima protes lﬁdréprﬂdiﬂ:mg”aoatw acid by eéacting meeanol wiflo Garbon fivatkidd 500
parts per. mllion by ight. This Sheet Has Been Replaced | [1"1"I
1111111 3 ligyid rpmtqon*mqgmp [cPpmprising a catalytically effective amount of rhodium catalyst;

from about 0.1 wt % to less than 14 wt % of water; acetic acid; a salt soluble in the reaction

medium at the reaction temperature in an amount operative to maintain a concentration of ionic
iodide in the range of from about 2 to about 20 wt % effective as a catalyst stabilizer and co-
promoter; methyl iodide; and from about 0.5 wt % to about 30 wt % of methyl acetate and acetic
acid and subsequently recovering acetic acid from the resulting reaction product, the
improvement which comprises:

reducing contamination of the product acetic acid of carbonyl impurities by maintaining
in the reaction medium during the course of the reaction about 5 wt % or less of methyl iodide
and maintaining a rhodium concentration in the reaction medium of from about 500 to about
5000 parts per million rhodium by weight.

14. The process according to claim 13, wherein said rhodium concentration in said
reaction medium is maintained in a range of from about 600 to about 2000 parts per million
rhodium by weight.

15. The process according to claim 14, wherein said rhodium concentration in said

reaction medium is maintained in a range of from about 750 to about 1500 parts per million by
_———// \\
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weight.



