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ot herwi se 20 di spersed in the liquid reaction mediumand a

hal ogpﬁ1$%@ﬁmﬁgdgat al yst pronoter as exenplified by, preferably, nethyl

i odi d um can be introduced into the reaction system in any of many
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of whi'ch are organic 10 eal Iy ant tTon is

mondugé@dcﬁn%fhetrb@usamhmwabmm sfiméaiMediden a |iquid reaction medium
t hrough whi carbon nonoxide gas is continuously bubbled.. The "329 patent
I ndi cates that the liquid reaction nmediumcan be any sol vent conpati bl e

W th iﬂ S; ﬁi %Ixst system and that it may conprise, for exanple, the pure
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preferred solvent and Ii qU| d r eact di um for e process 1s the desired
the most useful commercially is the carbonylation of methanol thh carbon monoxide, now

15 known as the Monsanto process. This methanol carbonylation process, as exemplified by U.S.
Patent No. 3,769,329 ("the 329 patent") issued to Pawlik and assigned to the Monsanto
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 10dide. 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 cntical. The ‘329 patent discloses a very large number of suitable halide

25 promoters, most of which are organic 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. _

The “329 patent indicates that the liquid reaction medium can be any solvent compatibie
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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cat al yst ability. 2.4 Preferably, commercial acetic acid is anhydrous or

near | yfandtiahod uarbohigilden.al ") . Recovering acetic acid in anhydrous or
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conpri (E,SI;@I Sretshlydtarainmd tyadreity wé hayr ihekgiitiel inespeactédd medium in order to combat the
tendency for rhodium to precipitate, i.e., to maintain catalyst stability.

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 methano! 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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Nonetheless, as the methano] carbopylation process has been:practiced at:increasingly - - -
lower water concentrations other problems have beerj found to:have arisen: Specifically,.. .- -
operating at this new lower water regime has exacerbated.certain ifnpurities:in the product acetic: . - .zt =
acid. As a result, the acetic acid product formned by the.above-described low water carbonylation (o
is frequently deficient with respect to the permanganate.time owing to the presence therein of
smnall proportions of residual impurities. Since a sufficient permanganate time is an important
commercial test which the acid product must meet for many uses, the presence therein of such
“impurities that decrease permangenate time is objectionable [Uilman s Encyclopedia of
Indusrrial Chemistry, "Acetic Acid”, Volume 41, p 56, 5™ ed]. Of particuler concern are certain
carbonyl compnu.ﬁds and unsahurated carbonyl compounds, particularly aceteldehyde and its
denvauves, crotonaldehyde and Z-ethyl crotonaldehyde (also referred to as unsaturated
impurities). However other carbonyl compounds known alse to effect the permanganate time are
acetone, methyl ethyl ketone, butyraldehyde, and 2-ethyl butyraldehyde. Thus, these

carbony] impurities affect the commercial quality and acceptability of the product acetic acid, If
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crot onal dehyde inpurities in the methanol carbonylation process is that
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have _included treatment of acetic acid with oxidizers, ozone, water,
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Impurities fromorganic stréans by treating the organic streans with an
am ne conp@lonsemisahl tashriqbsossd toaainnee witiatdehydaetd cavbomy! inperites horwey |
conmpounds, to form oxines followed by distillation to separate e purified
or gana@?%dﬁfeaew of pRFRRK WKk PEAIZERCP700F PRISH IRAIRANOHARIDED ,an% H}esﬁﬁetlnod

A It r g@t.rlijtiglg, g OP{hQ&L&%Eh:ﬁ&@ésirﬁay 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 1o remove carbonyl impunties from organic streams by
treating the organic streams wifh an amine compound such as hydroxyl amine which reacts with
the carbony] 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 disciosed in United States Patent No. 5,625,095 to Miura et al. and PCT
International Applicatioh 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 undestrable impurities from process
streams 1o reduce acetaldehyde concentrations in the system.

The approaches described above have achieved a certain level of success in controlling
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| NVENTI ON The. i nproved, nmet hod_of the present invention unexpectedly reduces
car boS§ty ngmqn@ pocessggrstapsylthap peenclound then yetnceh e velsrof omsthyli ingide leai ¢
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Thus, the improved method of the present invention provides the benefits associated with a
change in the chemistry of the carbonylation reaction to reduce the formation of acetaldehyde,
crotonaldehyde, and 2-ethy) crotonaldehyde rather than additional equipment and process steps
20 to remove them after they have formed.

Additional benefits also accrue from the method of the present invention. Opezation 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 clearing 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 preduct is provided. The ionic iodide will derive from any

of many soluble salts which are useful. 1t will be recognized that it is the concentration of iodide
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Generally, the salt is a quaternary ammonium, phosphonium, or salt of a member of the
group consisting of the metals of Group IA and I1A of the periodic table that provide an effective
amount of ionic iodide. A comprehensive but non-rcxhaustive list appears in Table V of United
States Patent No. 5,026,908 ro Smith et al., the disclosure of which is hereby incorporated by

20 reference. Most preferably, the salt is lithium iodide or lithium acetate.
' 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 wt,
percent of the reaction medium.

25 Rheodium 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
rhodium 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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menber of the group consisting of the metals of Goup A and. Il A of the
periodic table that provide an effective anmount of ionic iodide. A

conpr ehenWw@/B049 non- exhaustive |ist appears in Table V of pPORMUSRISSE at es
Patent No. 5,026,908 to Smth et al., the disclosure of which Iah’ehiﬁe

I ncorporated by reference. Mst preferabl y, the salt is lithiu 204
lithium acetate. Typically, nmethyl iodi Tde is maintained in the reaction
mediumin a concentration range of fromabout | to about 5 weight percent,
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mllion y wel From about 6 about 2 parts I on od| um
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decreases, carbonyl inpurities, nanely acetal dehyde and car
i npur nslgeesmlyhmudxecdbg nfatiyhiadidt abubehiyatyn jpahd reactbar | y, crot onal dehyde and

2- et hyl naI ehyde, .increase dramatically. Despite there being no
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production. It has been found in accordance with the present invention that
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acet al dehyde and its der:xati ves: partlcul arly crotonal dehyde and 2- et hyl
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has b I.nt al concentr s at bout 5 w % or higher. By
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reaction at AqpQul) RynfbgekeAls re&Son sPitbhOvPRIRGG S or R pPALESs SOHPFrekiif

production
invention comprises (a) a liquid-phase carbonylation reactor, (b) a flasher, and (¢) a methyl

iodide-acetic acid splitter column. The carbonylation reactor is typically a stirred autoclave
20 within which the reacting liquid contents are maintained autormnatically 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 catzﬂyst solution from the flasher base, and recycled methyi iodide,
methy! 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 thg
flasher. The residue from the flasher is recirculated to the reactor. Carbon monoxide is
continuously introduced into and thoroughly dispersed within the carbonylation reactor. A
‘gaseous purge stream is vented from the head of the reactor to prevent buildup of 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 leve! therein and is introduced to the flasher at a point intermediate between



15 of acet al dehyde, crotonal dehyde, and 2-ethyl crotonal dehyde, to be
substantially reduced. Preferably nethyl iodide is present at less than 5
w % A typical honpbgeneous reaction systemwhich is enployed for the
‘process &O@HES06 esent invention conprises (a) a |iquid-ph@3aIS00,21561

carbonyl ation reactor, (b) a flasher, and (c) a nethyl i odide- [ '
splitter colum. The carbonylation regctor is typically a stirrggq;£¥g€§@€%

20 within which the reacting liquid cBntents are maintained automatically
at a constant level. Into this reactor there are continuously introduced
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flasher the catal yst solution is withdrawn as a base stréeam predom nantly
acet i spluter, doopmismigmhaigiyt inethyhodidemethy bdcgste amidwathe is mdiced smthe al ong with
| esser  quantities of nethyl acetate, nmethyl iodide, and water, while the
condeﬁ§@HU@V§WHE§B°bf the flasher conprises |argely the crude product,

acetic aci dryalod i hedhl Wgﬁnﬂé%géﬁg SuppliES Y the pBERLAL oerD HiiRhike 8

portion of the carb noxi gaseous "by- products suc

met hameentivlr Digeea exansles ae honintinded, dRwexér o MR o egtidt thdiecopeasiter . The dry
acetic acid (<1500 ppm water) product is drawn fromthe base of the nethyl
15 odi dEvEREQT i ARy veryYAsdishpald n@bgmmnsmd FIMOWAEE geadifionhREAACISE, 8T les

stre ar. th se) _for. final rifigcation as desired by nethods which
ar e obURB R SR RBEE aicfisiall PRroftdd R e RREROR Y ol of de the scope
of the present inventions. The overhead fromthe nethyl iodide-acetic acid
splitter, conprising mainly nethyl iodide, nethyl acetate and water, is
recycEramplgsike carbonyl ation reactor.

Continuous methanol carbonylations were performed in a reaction system as described

20 above, which includes a stirred reactor, a flasher, and a methyl 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 crotbnaldehyde 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 }, the values

30 are mass balance data taken over at least a 12 hour peniod at steady state conditions. The resuits
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.



The follow ng specific exanples are supplied for the purpose of better

illustrating the 1invention. These exanples are not -i ntended, however, to

limt or restrict the scope of the 15 invention in any way and shoul d not

be const rwediasiepr ovi di ng condi ti ons, paraneters, or val uePCHHSWR1IMISt be

utilized exclusively in order to practice the present invention. Exarrpl es

1-3 Conti nuous net hanol carbonyl ations were perforned in a rea(%]']oﬁ y
S

as described 20 above, which includes % stirred reactor, a fla and a
met hyl iodide-acetic acid splitter colum. Except for varying nethyl
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bal ance operating periods 6069 / US 561 Z 7B.2004,React or
acet al"tiemp@éledx/&%g@émfe@“?d‘% HBTestRS PRI BRI ST SRS RET | on

[_exce 0, yl iodide concentrations
6‘? abg]btfr%%vée %‘F%égtg&wqﬂﬁmn@ggg%@# Zﬁr”@e al dehyde nake rate, as
conpared toag ﬂﬁr@id Mdradle Diginetes Bt xlﬂmlmamﬂg itlstemebinCiddideadonoergration dueing
i mpurity make rates for acetal dehyde, crotonal dehyde, and 2-ethyl

cr ot onta dehyupatiorereactemaiand greferably dsloveh i &b theradesal dehy o eplel féW degfeaseds r om

the crude_.ace stream of the. .r ti ona,S Jef eam
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results are reported as the space- t'i me yield (STY) expressed as noles of

¢sr bontpkn atnGd vty rrmﬂmduo@de pﬁd’thc productiay Oﬁjimhmtatmmug‘éms iemers dnddimes on
Phe ekt b eaceBr e ey e FRE B3t BARTOSerBRe MeARoRariat “and
pref er ablyi P LbtaRietlydd tnak P Rudakat SR HSK OB T Bt G296 SaffMes, as well as
the ratio of unsaturates make rate to acetic acid make rate. In Table 1, "unsaturates” refers to the
sum of crotonaldehyde, and 2-ethy] crotonaldehyde.

20



significantly, as did the nake rate for unsaturates, crotonal dehyde and
2-ethyl crotonal dehyde. At a |evel of 2% nethyl |od| de in the reactor, the
production of acetal dehyde is 2'A tinmes less is than at 6. 7 wt %rrethyl

I odi de aM® 414604 oducti on of unsaturated inpurities is nor & ﬂéﬁqo’ﬁ”‘;

| ess. This significant decrease in the acetal dehyde nmake rate isd { FEB ZUU'R
denonstrated in Table 1 also as the g@tlo of acetal dehyde nmake rate to

acetic acid nmake rate in the various anples, as well as the ratio of
unsat_gél rates nmake rate ta ag?ﬁtg ,acid make rate. In Table 1, "unsaturates”
r ef er 52bg ]t (Gentinugus C’@PBF hyde and 2-et hyl crotonal dehyde. 20 WO

01/ 16992 10 Tabl e 1: Con nuous Operatlon Resylts 1,2 pGTIUSOCD 21561 2 7 (I):
I\E/lef’,mz/';L '\ ﬂfjﬂﬂﬁfvﬁﬂﬂ | I od| de (wt % Hydrogen Partial Pressure !
(o SEENRED FLASHER OVERHEAD * Acet al dohyde. Nake Rato (1ol /L- hr 1
yde e Rate (nol/L-hr x 10-5)
Acet aIRietppdm) STY: Acetic acid STY Unsat (rat €30Make Rat®d0(nol / L- 20k 10' 5)
Unsat %%‘}e%‘?w?% : Aetic acid STY 10 10 1( 63P3610 620 4, 39
Methyl Acetate (wt %) | 3.0 2.7 3.0
Methyl Iodide (Wt %) . . .. .. . . 20 35 6.7
Hydrogen Partial Pressure (psia) 12 11 | 11
10 Acetic Acid STY (mol/L-hr) 7 11 16
' REACTOR CONCENTRATION
| Acetaldehyde (ppm) 540 610 660
CONDENSED FLASHER OVERHEAD
Acetaldehyde Make Rate (mol/L-hr x 10-%) 8429 13672 20755
15 Acetaldehyde STY: Acetic acid STY 1204 1243 1297
Unsaturates Make Rate (mol/L-hr x 10%) 9 32 38
Unsaturates STY : Aetic acid STY 1.3 2.9 24
20 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 193°C at 400 psig



4.0 4.1 3.9 3.02.73.0 2.03.56.7- 12 11 11 7 11 16 540 610 660 8429
13672 20755 1204 1243 1297 9 32 38 1.3 2.9 2.4 20 Although the invention
has been illustrated by the preceding exanples, the invention is not to be
construed as limted thereby; but rather, the invention enconpasses té\a
entirety of the subject matter discl osed. Various nodificati ons@ahFEB 2004
enbodi nents can be nade wi thout departimg fromthe spirit and scope of the
present invention. 'Acetal dehyde and unsaturate nmake rates (value X 10.5
mol / L- hr ppagdaimgdTabl e |) are determined from condensed flasher
overhead feed to nethyl iodide - acetic acid splitter colum 2Reacti on
tenperature was 195C at 400 psig 27FEB2004 11 What is clained is: 1. In a
process fdr prdduaqurmssaioeptoduang deebiy ariddytreasngrethand| witl Qalﬁbfl!'dﬂwl%ﬁom de

in allqw actlon di um conpri si t i C f nt of
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aci d; a Sgidm S@hUR & ioMetd@ak QaGH ANof wikel; ubstitacid)en sabtasolutode it ewpemmr e in
an anount operative to maintain a concentration. of ianjc iodi

range of fm@hnm at gheBaGHONYETBPEIAINTG RANENGINE QPHRYE: LoJPARIaf ié?ncgﬁt&mc% ‘e
promoter, dé palids: rygj AL 52U 96 R oBQeikiiv¥oaala ERRII IstaBARECE, coTeL hy|

| odi de, an sequent recovering acetic acid fromthe resulting
reaction mrmdotet, ,mett]lrbd iodite; deameht Wt\Mntft: B0t of gethy) pecfes fﬁ@hﬂdﬂglgﬁ"ﬂaﬁétl on

of the prod ct r@&tl C(B'%g'hg ag%ﬁ?agcgo | il f{&lﬁm@ 1%§th5138 |t @b ngnggwkrﬂe,{the

reacti on rmEdi® € react’i on an45wt % of
et hyI |odymg,cc;inpn'lgh§ process of cl al m 1 V\/nerel n said salt is a quat er nary

amoni um or phosphonium salt or a salt of a ro stin
of the net alg dpg@%ﬁoptg‘mg}?&og}qfuﬂlq prody¢t Scetic ac1<5 c%f cargonﬁ 1m%r189§1%57 9
maintaining in the reaction medium during the course of the reaction less than 4.5 wt % of

methyl iodide.

2. The process of claim 1 wherein said salt is a quaternary ammonium or phosphonium
salt or a salt of a member of the group consisting of the metals of Group IA and Group HA of

the periodic table.
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.

3. 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 jodide is maintained in the reaction medium

in a range of from 1 wt % to less than 4.5 wt %.

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

in a range from 2 to 4 wt %.



the periodic table. 3. The process of claim2 wherein the salt is lithium
iodide or lithiumacetate. 4. The process according to claim2, wherein the
salt is a quaternary ammonium salt or a phosphoni um i odi de or ?tﬁﬁ
salt. 5. The process according to claim?2, wherein the salt is [ d@%r
acetate salt of sodiumor potassium 6. The process of claim1l wherein

met hyl iodide is maintained in the react?2 on nedi um in arange of froml w
%to less than 4.5 w % 7. .Th rocess, of. claim i . i.odi de

i s maint ai®ned fﬁhet RoEs3 LGl ST WasT &8 P?Hltaem? I 6]\;1\141}'% r%éé&g[{ﬁ%éh}()l = éﬁ) 9 FEB
2004 12 §angkhe aBROEOSH Bho al@kivelwabierein water is maintained in the
reaction mecF lumin a range of froml1l.0w %to 1.0 wt %water. 9. The
process of claim1 wherein the salt soluble in the reaction nediumis

sel ected Jfrom fie, QraunsCoRs! lsfﬂzh&ngQBe Ldit Bi1bHTR 5P e dBactioh thddiith ACR1e1eR.,

guat er nary anmoni UM acet at e , quaternary ammoni um i odi de salts,
phosphoni uran dei gleus ed)rtss;tmp Ioﬁi;uphmmmdrdeadvelnamacetsm ﬂsatcmtllrfeﬁm@@?‘lumlaéet@coup
A and G o 1A salts, and m 9
wher o1 nmERy IR sREe SR i et e PR rint (oS Sl BiFBRorlmicBu®
from1l w g eihePSoiuti®&rowp Iﬁam@ﬁbuﬁHA inﬂ@aﬁxf mbases teredf.ai m 10, wherein

met hyl 1 odi de is maintained in the reaction nediumin a range from2 to 4
W % 12. The process of claim 10, wherein water is naintained in the
reaction npdi um[“h pRceds %?gﬁlrﬁ]b \I/}?] S8 T 18R il Chaltaite IVRE BE reaton hb&um
process of claim1l PWher ei n e odi um concentration in the reaction nedium
i's maint dhaeshgkod im0 wtéo BOOS thar #S wigh. i | | i on rhodi um by wei ght. 14.
The process according to claim 13, wherein said rhodi umconcentration in
said reaction nediumis naintained in a range of from 600 to 2000 parts
per million. rhottheiprdiyss WEicHiih. 10, 5whékkia pethgle fxlidec somdintgnedoircitted readibn
wherein said _rhodi um concentration in said reaction nediumis maintained
in a range"@Hum inaTapge el 239 Wafts per nillion by weight.

12, The process of claim 10, wherein water is maintained in the reaction medium in a

range of from 1.0 wt % to 10 wt % water.

13. The process of claim 1 wherein the thodium concentration in the reaction medium is

maintained from 500 to 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 600 to 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 750 to 1500 parts per million by weight.



