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OF THE | NVisidlo1fibe7e Fi el d of 'the Invention The present i nvgrdbeeriss: d| rect ed
to an inprovenent in the pr océss for the car bonyl ation of nethanol

produce acetic acid. Mre specifically, the inproved nethod of the present
i nvention reduces the formation of carhonyl inpurities in the carbonylation
reaction by way of 1Q conducting the reaction with relatively | ow hydrogen -

partial presREAODIUM/INORGANICTODIDE CARRASTSYSTEMFOR METHANOY, enpl oyed
processes for synthesizing acetic acid one of the nost useful comercially
is the catal ééB%A iRROGESSWHE SMRRQYVER IMPYRIEBROFELEs t aught -
in US. 15 Patent No. 3,769,329 issued to Paulik et al. on Cct. 30, 1973.
The carbonyl ation catalyst conprises rhodium either dissolved or otherw se
di spersed in a liquid reaBACKGROUNDOR THEINVENTION t ed on an inert sol i d,
al ong with a hal ogen-containing catal yst pronoter as exenplified by net hyI
i odPde. General | y, the reaction is conducted with the catal yst being

di ssol veRleldbfthd Intidtitidn - reaction medi um t hrough whi ch carbon nonoxi de gas
is continuousTy bubbled. Paulik et al. dis 20 close that water nay be added
to the reactiBhe pésentinvention @Cblecteditotmnmbrmmbnteﬂ the procegsdor thérearbongrtationh 0N

rate, Q Jon ween 14-15 i cally used.
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pr ocess, gescrl bed in U S. - Igat giri?f[l e5 091, Zg%ﬁﬁg%gg%&éogg@f and

5, 14, oe@n yeking fhe reactipn withrelativellomdivdragen pastialpreseures inis reactar. bel ow 10 wt %
can be used in the "low water” carbonylation process. Enploying a | ow

wat er concentration sinplifies downstream processing of the desired
carboxy|TheRelated At its glacial form One inprovenent which has been made to

the "l ow water" car bon&atlon ocess is disclosed in U S. Patent No.
4,994, 608, WA %‘gplay%"gﬁfmﬁ frispnthesizingasetic acid qneiof the mosgosefilodi um

ol nt o oo adally 8 (6ol e BrBOR D OF motahIIAR ABOH AR (o
di 421 os dtntant Nea%:761y32%issued tocBaulibiet Alor60Et1 30) 197PGMeldStB®‘1ﬂatiﬁ)2:ata&st :
comprises rhodium, either dxssolvgd or 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. Generally, the reaction is conducted with the catalyst being dissolved in a liquid .
reaction medium through which carbon monoxide gas is continuously bubbled. Pauiik et al. dis-
20 close that water may be added to the reaction mixture to exert a beneficial effect upon the
reaction rate, and water concentrations between about 14-15 wt % are typically used. This is the
_so-called "high water" carbonylation process.
An alternative to the "high water" carbonylation process is the "low water" carbonylation
_ __ process, as descnbed in U. S Patent Nos. 5 001 259 5,026,908, and 5 144 068 Water
28 concentrations below 14 wi % and even below 10 wt % can bé used in the "low water” |
carbonylation process. Employing a low water concentration simplifies downstream processing
of the desired carboxylic acid to its glacial form. _
One improvement which has been made to the "low water" carbonylation process is -
disclosed in U.S. Patent No. 4,994,608, which discloses a carbonylation process utilizing a
30 rhodium catalyst wherein a partial pressure of hydrogen between 4 and 150 psiais maiﬁtained in
the carbonylation reactor. The presence of the hydrogen is disclosed as having the effect of



I ncreasing the rate of carbonylation by keeping the rhodiumin its active
rhodium (1) form It is noted in the 608 patent that it is possible to
operate a WOV car bonyl ati on process at relatively | AOTVESPHRESEDf
hydrogen partial pressure, albeit at relatively low | evels of rhodium See
Figure 1, as well as Table Il, col. 14, lines 8 through 32 of the 608
patent. 5 In the present invention, howdver, it has been found that while

the presence of hydrogen in the carbonylation reaction does in fact
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compounds is not well understood. One prominent theory for the formation of the

bt )

crotonaldehyde and 2-ethyl crotonaldehyde impurities in the methanol carbonylation process is
that they result from aldol and cross-aldol condensation reactions starting with acetaldehyde.
Substantial efforts have been directed to removing acetaldehyde.

25 Conventional techniques used to remove acetaldehyde and carbony! impurities have
included treatment of acetic acid with oxidizers, ozone, water, methanol, amines, and the like. In
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

30 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



product fromthe oxine reaction products. However, this nethod of treating
the product acetic acid adds cost to the process. There is disclosed in
United Staygeui@sent No. 5,625,095 to Mura et al. and P@Erussatmssnat i onal
Application No. PCT/US97/18711, Publication No. WD 98/17619 vari ous net hods
of renovi ng acet al dehydes and other inpurities froma rhodi umcatal yzed
acetic acid production process. Ceneraglly, these nethods involve
extracting undesirable inpurities fromprocess streans to reduce

acet al dekydier FOA TR iRk rabon plodits. Howeodr thisaabodsiaeatnshe brodactackicved a .
certain | evel of success in controlling carbonyl inpurity 10

concent ragidiaddscast torthePI9Ees8uct acetic aci d produced by net hanol

carbonyl ati on. Nonet hel ess, even with the use of these prior art renoval
met hods, acet al dehyde and carbonyl inpurities that derive from

acet al dehyde Thereris disclosedlity UnitedStatesPateit Nibe 5,623,095 totMiyra etabtapd BCdehy de,
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carbonylation, Pparticularly one ich can be performed economcally wt hout
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about 2 to about 20 wt %effective as a catalyst stabilizer and.
' Coapr onsahonylation, praiewlatin one whiglscancheerfopmadkecoRmirally; vithout adkii
to 30 wt. % h . . i AR ; fthas ween
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| east 500 ppm by wei ght based on the weight of rhodiumnetal in the
reaction mxture; and (f) acetic acid. Typically, a hydrogen IIRi WO
01/ 16070 PCT/ US00/ 21562 4 JyiMiMARYIOETHE ENVENTEON! ai ned bet ween about |
and 4 psia, and sonetines between, about 1.5 and

20 There is provided in the present invention an improved process for producing acetic acid

by reacting methanol with a carbon monoxide feedstock in a carbonylation reactor holding a
reaction medium containing a catalytically effective amount of thodium which includes -
maintaining catalyst stability and system productivity by maintaining in said reaction medium
during the course of said reaction at least a finite concentration (0.1 wt %) up to less than 14 wt
25 % of water together with (a) 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, (b) from about 1 to 20 wt %
methyl iodide, (c) from about 0.5 to 30 wt % methyl acetate, (d) a partial pressure of hydrogen
between about 0.1 and 4 psia at reaction conditions comprising 15 to 40 atmospheres total
30 ‘reaction pressure (absolute), (€) a thodium concentration of at least 500 ppm by weight based on
the weight of rhodium metal in the reaction mixture; and (f) acetic acid. Typically, a hydrogen

stem productivity by maintaining in said reaction

nergMeabout 0.5



3.5 psia. The inprovenent may be practiced wherein said hydrogen parti al
pressure is nmaintained by venting or purging gaseous conponents of the
reacti on madotmserdhe invention is also 5 enbodi ed where tRETASN/2156f
hydrogen to carbon nonoxi deif-ed to said carbonyl atibn reactor is from?O
nol e percent to about 0.5 nole percent, although a concentration of
hydrogen in the carbon nonoxi de fed to4the carbonyl ation reactor from
about 0.001 nole percent to about 0.3 nole percent is nore typical. A
concent r phtiahpredsuie)is mairtained betweenaholtdranddpsiej aid sbmeitines baweken abeuttlofhgmdit i on
reactor is from about 0.005 nole percent to about 0.0250 nole percent may
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con@@nt r &h¢ mactsm mixtuse. $pecifiestabilizersdnclpde lighinmiedide; lithinmagetate as well ps saltsabout
0.1 wm %

of sodium, potassium, phosphorous, nitrogen and the like. A comprehensive but non-exhaustive

list appears in Table V of United States Patent No. 5,026,98 to Smith et al., the disclosure of

which is hereby incorporated by reference. It will be recognized that it is the concentration of

iodide ion in this catalyst system which is important, and not the cation associated with the

25 iodide. Further, at a given molar concentration of the iodide anion, the nature of the cation is not
as significant as the effect of the iodide concentration. Any metal salt, or any salt of any organic
cation can be used provided the salt is sufficiently soluble in the reaction medium to provide the
desired level of iodide. Also, the ionic iodide stabilizer/co-promoter may be in the form of a

.soluble salt of an alkali metal or an alkaline earth metal salt or a quaternary ammonium or
30 - phosphonium salt that will generate an effective amount of iodide ion in the reaction solution.

Iodide or acetate salts of lithium, sodium and potassium are particularly useful.



“also referred to as " $PESCRIPTION OF S

to about 14 wt % whereas the partial pressure of hydrogen is maintained

bet ween about 1 and about 4 psia, and nore preferably the partial pressure
of hydrog ' i ntai ned between about 1.5 and about 3 bz A
particulaSﬁ?b%F@&erred process includes producing aceticP§3ﬁ§Mg§ reacting
met hanol with carbon nonoxide in a carbonylation reactor holding a
reacti on nedi um containing a honngene?us rhodi um catal yst, while

mai ntai ni ng catal yst stability and system productivity by - maintaining in
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of Whi Chy it DGR Rt Acashifdailydt Sxbilifk eEREFrombIe(B) orR abo 186 20 et P whi ch
are desirably satisfied to nmaintain optinmal performance of a _reaction
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. in the carbonyl ation reactor itself, as measured by the quantity of acetic -
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aci d f orbaeed ongbe weightofrhqdiumg r wei ght of liquid reaction
medi um contai ned in.the reactqor. This 1111111 WD -01/16070 PCT/ USQQ 21562 6

m ght be termed "reactor profii tivi tlyl;CI%‘rIC"éNeI%(gDOI{VlFf %é:_e-ti me yi It ",

The invention is deséribed in detail below in connection with examples which are
20 provided for purposes of illuSﬁ'ation only. The examples in no w_ajr limit the spirit and scope of .
the present invention which is set forth in the appended claims. - :

It will be appreciated that the rhodium catalyzed process for preparing acetic acid is well
known. Thus, the invention will be described in terms of differences from prior art processes
such as are described in United States Patcrit Nos. 5,001,259; 5,026,908; and 5,144,068, the

25 disclosures of which are incorporated herein by reference. '

There are two criteria which are desirably satisfied to maintain optimal performance of a
reaction system for the rhodium-catalyst carbonylation of methanol to acetic acid. This is over.
and above the maintenance df a stable catalyst system from which the rhodium catalyst does not
precipitate during the course of product recovery. First, it is desilfed to maintain a high

30 productivity in the carbonylé.tion reactor itself, as measured by the quantity of acetic acid formed

per unit time per unit volume or weight of liquid reaction medium contained in the reactor. This

HEl



Second, the present process inprovenent contenplates the maintenance of
optimal produyctivity, as neasured.by the ultjnmtely-recovered gl aci al
acetic aci dwonradese conbi ned system includiing both the carheppbsizian
reactor and the product recovery system It will be recognized 5 by anyone
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car boxylic a?li and/ or esters of these two conmpounds. The preferred sol vent

and react! 1/ 16070 PCT/ US00/ 21562 7 nmedium for the process of this
i nvegiti on COMhé Silivnd &ﬁﬁ&rﬁﬂ%ﬁtﬁ&ca&?j}s@ syMefidGhe pr-w:% invédtioh tﬁ?ay 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 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
25 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 of the feed alcohol which is carbonylatéd. For
example, in the carbonylation of methanol to acetic acid, the halide promoter will comprise
methyl halide, and more preferably methyl iodide.
The reaction medium employed may include any solvent compatible with the catalyst
30 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 reaction



carbonyl ati on of nethanol to acetic acid, the preferred solvent is acetic
acid. Water is also added to the reaction nmedium but at relatively |ow
concentr atwonsassr®at is, concentrations bel ow about 14 wcrfscbkissns been
shown (U.S. Patent Nos. 5,001,259, 5,026,908, 5 and 5,144,068) that
reaction rates substantially equal to and above. reaction rates obtained
wth water concentrations above about 4 w % can be achieved with water
concentrations below 14 w %and as lowas 0.1 w % In accordance with

t he presfediumfuctht pfotesstoff thisinoentiof comprises tie catbokylic sdidprodicai T, @k at | ow
wat er concentrations by including.,in the reaction nmediuman ester which

cor r espdisehonygtion af me to asetic,acid thepraferrad solvenhis apetic agidk d product of the

carbonyl atio t a Addi i on
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such as ouatdnpationschetiov alrout it %o dtjasibeen shdivd €U.STRatent Nas. 5,0@1,25925)026,90%t i on
of net hanql ic acid,. the, ester, is t hyl . acet at.e and the addi.ti onal
i odPde &5‘8 5&?%,{,%?@{113}@ 0 ries S&Bg‘?}ﬂﬂ[l}' ot q"ﬁ?h?ﬁ?rﬁ%ﬂ?@éest?éfah@am"g‘f erred.
It has bgag donbéiratibiasabbVioiont DN R e be AhiREd with WaRks corltBitiionsbdévtis and

iodide ion act 15 as rate .pronoters only when relatively high
concent rwt %@nd aploweasdhl wt %: He secordangrwithy the prasent inventien, thealesiradireactiome

ti s _hkgher, ) f 1S.¢ sent ..
Cl T t st e oAt AIGER 1B e o i o B ARG 47 8 1B ES Mbaigmeangiter o
5, 144, OGghick\estrdsperidstd the alcbhdl deinp ebonylstedand thé adidiprodact bf the cadenylaonhavi ng
a nethyl acetate concentration of greater than_about 2 wt % .iodide ion is
nedBssarrgacion apgmost pre qﬁ'«thbeagéd@memg tpdideden which jsaver andabayethe jodiderviich j ze
the rhodg ymGabeh mggmx{g@ L $3€h %&hﬂfibaﬁfoﬁéé&%}graﬂic i8digd) THhishylme acetate

concentrations on it ity, even at high watef concentrations. Table |
gi ves s nattwminylatiomofyaethafol troaveticdcid, Ithe ester isousthyl @cetate emd the agiditienal dideed-i n a -

process of the. presegnt. invent.jon. .25 Table | oad and preferred ranges of
Oorrponerﬁ’g‘?‘mgﬁ'ﬁlﬁf‘ﬂ‘?‘gﬁ!fﬁwif %F?ﬁ%&éﬁ?’ef?%ad W % Preferred wt % Broad

wt Pref err ed Rihas bead Riundthht diilied ohOwilerlcohdeniratidhs) théihy \MEthrd Ad® oafie jon act
PCT/ USOQ' 21562 8 I norganic: | odide 2-20 . 5-15=0 10-20 As Lithiumi odi de)

Metlhy| /Asétte promapters gulyovhsn selativslyuglpconcenteatinn oficach of éhese components arep0 5-16 -

- present and that the promotion is higher when both of these components are present - .-
simultaneously, as disclosed iri U.S. Patent Nos. 5',001,259, 5,026,908, and 5,144,068. .
 Additionally, it has been shown that in reaction mediums having a methy] acetate

concentration of greater than Iébout 2 wt %, iodide ion is necessary not only to increase the

20 reaction rate but also to stabiliize the rhodium catal'yét due to the deleterious effect of high methyl
acetate concentrations on its stability, even at high water concentrations.
Table I gives suitablé. ranges of some of the Various reactidn components used in a

process of the present invention.
25 Table 1. Broad and preferred ranges of Components.

STABILIZATION RATE ENHANCEMENT

Broad wt % |Preferred wt %| Broad wt | Preferred wt

_ - | | % %
[Water 0114 110 0.1-14 1-10

il



5 cetic Acid bal ance bal ance bal ance bal ance odi um (ppm 500-5000 750- 1500
500-5000 750-1500 Anounts of water, iodide ion, nethyl acetate, and nethyl
| odi de ar eWOdMI6BIt h as both a 10 broad range and a pref BERBSWOANS62, ot i ] |
range, for obtaining both catalyst stabilization and reaction rate
enhancenment. The "preferred” range is that which is preferred fromthe
st.andpoi nt of opti nal perfornance of the entire systemincl udi ng the
primary prodyct recovery syst.emas explained hereinabove. |t will be seen

that the recqfmeramiglediflecitr ad?Ons are e same 16P0 both 498Bilikation
and al so rat 4 i th one exception. The exception is thal the
"pre 15 ferr rﬂﬁﬂ%ﬁ &tde tB I_ cetateok% 0. 5-5, oV 0/ofor czagal ysi
stabilizati o g 4 % for.70pti nmal %e enha Fé*rent Broadl y
of course, ‘é‘]‘ "that in E2Pher ca §range hét ween %E % and 5
wt % woul d b E‘ﬁi‘l ctory, flat, dBPEEi ng upBPThet h s| cat al yst
stabi | i zat i orRBPIIHALPE ; »’-A..‘.!. onenP-1900)+ ~ 02003000 + 07305 -'.‘. in a

given plant operating situation, the bottomend of the desired nethyl
acetate range is slightly higher when nmaxi mal 20 rate enhancenent is being
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activity. An inportant addition to the reacti on medi um and the subje
mat t er ofeactien yatecenbancementy dhe " prafeimed brapgeis that wbwbmm&m@fromthhm mﬁ As

shown in P 4 t I rein
t he vvatelppgé}ﬂ’aé %& agg?ow ag"ﬁrgg‘%fn&m#’(’@dg‘%t%r ogen %’% %re}e‘?oé’a tg'?lepﬁhag not
nerel y agxplaiged hgéinabove! Itall b8 séen thafmimasmaﬂed eonckhtertionsire thevamielf6r
productlon of car boxylic acid. However, it has_now been found that a high
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to 40 atnospheres total reaction pressure. Preferably, the dr ogen
part i al . piteationy the hpttom pad @féhq\é@ﬁetme@wl agRTanges sjsh@yms’slzwh@ lawgmal 1 and
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t he reactlon such ter s shift reactlon drogen can
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An important addition to the reaction medium and the subject matter of the present

invention is a finite concentration of hydrogen. As shown in U.S. Patent No. 4,994,608, in a

25 carbonylation process wherein the water content is below about 14 wt %, hydrogen in the reactor
is not merely an inext gas, but actually improves the reaction rate for the production of
carboxylic acid. However, it has now been found that a high partial pressure of hydrogen in the
carbonylation reactor will also increase the formation of by-products, such as crotonaldehyde, 2-
ethyl crotonaldehyde, butyl acetate and hexyl iodide, beyond desired levels. To achieve the

30 improved carbonylation reaction rates for the formation of the desired carboxylic acid and limit
the rate of by-product formation, the carbonylation reactor should contain a hydrogen partial
pressure of between about 0.1 and 4 psia at the reactor conditions of 150-250°C and 15 to 40
atmospheres total reaction pressure. Preferably, the hydrogen partial pressure will be between



5 be added in the carbon nonoxide feed to provide the necessary hydrogen to
the carbonyl ation reactor. The hydrogen in the carbon nonoxi de feed can be
added del ivemomtsedoy, suitably in a feed concentration of PEFAISOMAIRS20f

bet ween about 0 nol % and 0.3 nol % preferably between about 0 nol % and
0.0250 mol % Typically, however, nost carbon nonoxi de feedstocks contain
hydrogen as an inpurity in an anount b2tween about 0.001 nol % and 0.5 nol %,
In such a case, to when hydrogen is an inpurity in the carbon. nonoxide

f eedst oakout i @ané ¢opsic gehmarsquefbrablydbgtween about hé apd B iasianddbressures avbereinhe
source of . t.he. hydrogen present in the reactor is uninportant, so 1long as

t he reqﬁ?gﬁf@kﬁéfiﬁgweﬁﬁgg re is maintained. It will be appreciated that
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appropriate control of the. reactor vent or purge. In cases where the
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resent invention, the carbonyl ati.on,reaction may. be .carried ou
P 20 have learned that as the water conycentratlon decreases, car ony}/n'_np ges, namgy acettaldehyde

and carbonyl impurities that derive from acetaldehyde, particularly, crotonaldehyde and 2-ethyl -
crotonaldehyde, increase dramatically. Despite there being no definitively recognized chemical
pathway within the carbonylation reaction which leads to the formation of acetaldehyde,
crotonaldehyde, and 2-ethyl crotonaldehyde, we have learned that the formation of these

25 impurities is a multi-faceted problem. Indeed, other factors may also affect their production. -

Nonetheless, we have discovered that by maintaining the hydrogen partial pressures at or

below levels previously recognized as beneficial, particularly at low water concentrations, the
production of acetaldehyde and its derivatives, particularly crotonaldehyde and 2-ethyl
crotonaldehyde, is dramatically reduced. Previously in the prior art, hydrogen partial pressure

30 has been maintained in the reactor concentrations at about or greater than 4 psia. By maintaining

the hydrogen partial pressure during the carbonylation reaction at about 4 psia or less, quite



by intimately contacting nethanol, which is in.the liquid phase, with
gaseous carbon nonoxi de 5 bubbled:through a«}iquid reaction nedi um

cont ai ni ngwolenélr@di um cat al yst, hal ogen-cont ai ni ng pr onopcEgSewmRIsENENt |,

al kyl ester, and additional soluble iodide salt pronoter, at conditions of
tenperature and pressure suitable to formthe carbonylation product. Thus,
if. the feed is nethanol, the hal ogen-qgntaining pronoting conponent will
conprise nethyl iodide, theialkyl ester will comifise nethyl acetate and

i f an i ogiedgectadlyt, wehaedfouay €, produetiomel cictonaldehyid, land D+etiryl sretohaldelydenth

numer ous, sol ubl e _salts which are useful. Wien an iodide stabilizer is used,
it will beesubstantisllirediged-nat it is the concentration of iodide ion in this
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i odi de, and that at a given ‘ol ar concentration of iodide t nature of
t he cat i pnintimatelt cantactingymiethaselnwhigh is ih ¢hediquistphasd, withegaseous casberomonoxideat i on.
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lithiumiodi de being nbst 20 preferred. The reaction tenperature wll be
appiloxi naetfypumerous sojuble galts which are yssful. A laﬁg%st%-‘hzeamé’fwl@mc bei ng
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can vary w I's typically about 30 atnosphéres, and preferably,
about 4- fiét thextatios psseciesd withaheipdidef andithat pba givert mplae songemratibn bfiodidedhect s and

t he vapor presgure.of.the 25 contained Liquids, the total.reactor pressure
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| i qui d- phase honpgeneous, carbonyl ation reactor, (b) a so-called "flasher",
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overhead of the net | odi de-acetic acid splitter colum. Alternate
di s2d | | apreferredyst ens can be enployed so long as they provide neans for

recovering tngy gl dRnieahrifi il B MPploRitilr 150-550oE Fith B8 Rferature 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 by-products and the vapor pressure of the
25 contained liquids, the total reactor pressure will range from about 15 to 40 atmospheres.
A reaction system which is employed, wherein the present improvement is used,
comprises (a) a liquid-phase homogeneous carbonylation reactor, (b) a so-called "flasher", and
(c) a "methyl iodide-acetic acid splitter column”. The carbonylation reactor is typically a stirred
autoclave within which the reacting liquid contents are maintained automatically at a constant
30 level. Into this reactor there are continuously introduced fresh methanol, sufficient water to

maintain at least a finite concentration of water in the reaction medium, recycled catalyst



catal yst solution, nethyl iodide, and nethyl acetate. In the preferred
process, a mxed carbon 5 nonoxide/ hydrogen feed is continuously introduced
into the GadheOigdleati on reactor just below the agitator weralseessssed to
stir the contents. The m xed gaseous feed is, of course, thoroughly

di spersed through the reacting liquid by this neans. A gaseous purge stream
Is vented fromthe reactor to preventyjpbuil dup of gaseous by-products and
to maintain a set carbon nonoxide partial pressure at a given. total

react or spiASHHM thSHasherBasa) lahd Rgydl@EmyBlibdide 8id Bethiacetate fiotn the SeesS| bl e

10 to control the hégrogen partial pressure in the reactor. The tenperature,
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the car 5o tion reac
20 hydrogen, and carbon dioxide exits the top of the flasher.

The product acetic acid drawn from the base of the methyl iodide-acetic acid splitter
column (it can also be withdrawn as a side stream near the base) is then drawn off for final
purification as desired by methods well known in the art and which are outside the scope of the
present invention. The overhead from the methyl iodide-acetic acid splitter, comprising mainly
25 methyl iodide and methyl acetate, is recycled to the carbonylation reactor.

The primary reaction control method comprises continually analyzing the liquid contents
of the reactor as well as the carbon monoxide and hydrogen content of the gas in the reactor vent
and, on the basis of these analyses, controlling the flow of carbon monoxide, hydrogen, water,
methanol, and methyl iodide to maintain the specified reaction medium composition. It should

30 be further explained that the methanol addition to the carbonylation reactor is based not on an
analysis of its contents for methanol but, rather, on analysis for methyl acetate content. Most of



In a continuous process which is described above, the catal yst systemis
mai ntai ned, wwth the reactants being continuously supplied to the reaction
zone cont ayBighigsobd1e cat al yst systemat 5 the desired tenpeepustoeisd
pressure. The products are continuously w thdrawn, as described above by
wi t hdrawi ng a portion of the solution containing the catal yst system
unreacted feed, equilibriumconponentgy and the desired product. The
desired product is then separated from such solutifon to permt recycling
of the C@baeilisholGs BérveRbdalnfon! ittinkcaiuteM icrethylGostale when iteaftSlle cibeshiana al so
equi l i brium conponents. 10 The foll ow ng exanples are included to

denonst rmmpreferred enbodi nents of the invention. It should be
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of hydr oged aipalsd juilifugbedihfontdig.PP) on the formation of by-products while
carbonyl ati ng nethanol. Operating conditions and results appear in Table
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15 that many changes can be made in the specific embodiments which are disclosed and still obtain

!‘

a like or similar result without departing from the spirit and scope of the invention.

Examples 1-4
A continuous pilot plant equipped generally as described above with a 4-liter reactor

20 operating at 1.5 liter reaction volume was used to inveStigate the effect of hydrogen partial
pressure (H,PP) on the formation of by-products while carbonylating methanol. Operating
conditions and results appear in Table II below. "Column Residue Impurities" refers to
impurities in the crude acetic acid product and "H,PP" refers to the partial pressure of hydrogen
in the reaction vessel in pounds per square inch absolute.

25
Table II. Hydrogen Partial Pressure Data

EXAMPLES 1 2 3 4

Reactor H,pp (psia) 2.0 33 9.4 14.6

Methanol Feed (grams/min) | 14.9 15.0 15.0 15.0
30




5 Rh, ppm 631 652 657 651 Lil, wt %6.6 8.2 8.4 8.7 Rx. Tenp. deg .C
195.2 194.0 191.8 192.3 Colum Residue Inpurities 10 Propionic Acid, ppm
140 197 S%ﬁ%q Crotonal dehyde, ppm1 4 6 8 2-ethyl-Cr ptorRbeabeede, ppm 1
3 6 8 But etate, ppm3 6 13 16 15 As can be seen in Table Il the
colum residue inpurity profile is inproved at | ower hydrogen parti al
pressures in the reactor. Wile the fo,kegm ng exanpl es denonstrate the
reducti on of crotonal dehyde and the Ii 20 it will be appreciated by one

of skill int ga rtC({ Mfdsitiysner i ppurities and byproducts in.rhodi um

catal yzed car stens | Jude bﬁt%l acetgig, butyhgiodide, ethyl,
acetate, ethy te ae,/xyl io 12 and boi ligg i nmpurikies. The
present inve ﬁ%ﬁ)‘)edrs 0 m ni ¢€ Pprody t| on oflthese urities as

vel | . V\hllet 8L/t i on has be %’Bgescrlb in detdLl, varjpgus

modfi fication fPPB‘artl cular 25 di ment ithin ﬁe spi rtg and scope of

t he present iIbeM%Pon will be re érq app Znt to gse of ¥skill in the

art. The i nveit.iTemp degfefi ned in|tf appen’(?écfJ clai n®1i o1 1 WB-d1/ 16070

PCT/ US00121562 14 CLAIMS What ils clainmed is: 1. In a process for

produci ng  aceColamacResidue Ingmritiesg net hanol with a carbon nonoxi de

f egdst ock i.n Propieniedteid,ppbmon read¢tldd hol di¥®§ a reacitBon nmedb¥m containing a
cat al yti cal | yCrotdnaRiehydésppmiount 0fl rhodi um the inpfovenent8to reduce

i mpurities W glyComdrakRAydefBimYai ning cagal yst st@bility 8nd system
productivity mtglﬂig b0 1N saqi3d reactign  medi urg duri ngighe course of
said reaction at least "a finite ¢goncentration of fromabout 0.1 w % up to
| ess than 14 (o) Satt—sotrubteT T tieTeact i on
me#l um at the reaction tenperature in an anpunt operative to maintain a

concentration of jonic,i he nge of. from about about 20 wt
% ef fective A§canb %’Ee&%‘ylsfq’éqdﬁﬂ?q@i‘@“r&ﬂa TRYFI RIP lsmovefllag’r?\wzgf)out 1to
20 wt W%%Eéﬂpdr@ﬂ'pﬁé’sméﬁ}ntﬁét@i@t&bom 0.5 to 30 vt % nethyl acetate, (d) a

While the foregoing examples demonstrate the reduction of crotonaldehyde and the like,

20 it will be appreclated by one of skill in the art that other unpurmes and byproducts in rhodium
catalyzed carbonylation systems include, butyl acetate, butyl 1od1de, ethyl acetate, ethyl 1od1de,
hexyl iodide and high boiling impurities. The present invention appears to minimize production
of these impurities as well. s

While the mventmn has been described in detail, various modifications of particular

25 embodlments w1thm the spirit and scope of the present invention will be readlly apparent to

those of sklll in the art. The mventlon is defined in the appended claims

I



partial pressure of hydrogen between about 0.1 and 4 psia at reaction
conditions conprising 15 to 40 atnospheres total reaction pressure, (e) a

rhodi um co@esdifkdpi on of at |east 500 ppm by weight basegcaustinssei ght of
rhodiumnetal in the reaction mxture, and (f) acetic acid. 2. The

I nprovenent of claim1 wherein said hydrogen is maintained at a parti al
pressure between about 1 and 4 psia. 3.iThe inprovenent of claiml wherein
sai d hydrogen is maintained at a partial pressure_between about 1.5 and
3.5 psia. 4. The inprovement of clai THAMIST €i n sai'd hydrogen parti al
pressure is nmaintained by venting or purging gaseous components of the
reacti on medium 5. The i nprovenent according to claimi1, wherein the

concentr@ 1\8 c(ﬂl nggl[.ogen in the carbon nonoxide fed to said carbonylation

react or e percent to about 0.5 nole percent. 6. The

| mprovenent agc dha@ippgeesofor pridinibg acstie add by tdaetirpomethansl avittoaicaboni packioxizn i n
the carbon nonoxide fed to said carbonylation _reactor is fromabout 0.001

mol e per &qéﬁto%memshona lation Frgeter hplding g réaction medium coptaipingrataliciyi ng to
claimé, ¢ ohﬂ@‘oﬁﬁ&ﬁ&ﬂ%@hﬁ v&&en@%@lﬂ:%%gg\ﬂ'ﬁeggvm&acro séonoxi de fed

to said car ony at1on reactor roma percent to about
0. 0250 nol e pmng&ammhmammyméthnmdmtmmyymmsmNmﬁmm t he
concentrati,on

f hodi t) I ~=l1 1 | T
Sact " dhadiin dring G soiTed ot il Geapkion gtieast it oiapentration of gt 300t gt Vo
PCT/ USCOug 16 R8s thh 14 e\a% bORatERegeiRer with'(B) {¥aRtisbRBlele theaedttioR aidliual4t ted 5000

parts per m/llion rhodiumby weight. 9." The inprovenent according to claim
8, wher eireaction tbmperatire in annvawnt PRertie to Maingdinja consgriration Ofrmimmhds in the

R o e L
r hodi um mm ato 20wt % methyl iodide ¢¢)i fiom Aot 05to 30 m%mauhym:etate a)mange of
| ot ovenIHTeBEEE: FgHsEeR P ShOHCl-LFR 4 BeacHon SObiogE CamPTRBR S he
group ¢ 40 atmospheres total reaction pressure, (¢) a thodium concentration of at least 500 ppm by
weight based on the weight of thodium metal in the reaction mixture, and () acetic acid.
2. The improvement of claim 1 wherein said hydrogen is maintained at a partial
pressure between about 1 and 4 psia.
3. The improvement of claim 1 wherein said hydrogen is maintained at a partial
pressure between about 1.5 and 3.5 psia.
4. The improvement of claim 1 wherein said hydrogen partial pressure is maintained by
venting or purging gaseous components of the reaction medium.
5. The improvement according to claim 1, wherein the concentration of hydrogen in the
carbon monoxide fed to said carbonylation reactor is from 0 mole percent to about 0.5 mole
percent.
6. The improvement according to claim 5, wherein the concentration of hydrogen in the
carbon monoxide fed to said carbonylation reactor is from about 0.001 mole percent to about 0.3
mole percent.
7. The improvement according to claim 6, wherein the concentration of hydrogen in the
carbon monoxide fed to said carbonylation reactor is from about 0.005 mole percent to about
0.0250 mole percent.

8. The improvement according to claim 1, wherein the concentration of rhodium in the

\
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consi sting of quaternary amoni um salts, phosphonium salts, and salts of

the. Goup A and Goup IIA netals. 12. The inprovenent according to claim
11, wherei wosaneoreal t conprises lithiumiodide or |ithi usposiRiss2.13. The
process according to.claim1l.1, wherein said salt conprises a quaternary
ammoni um i odi de or acetate salt or a phosphoniumiodi de or acetate salt.

14. The process according to claim 11, 1ssherein said salt conprises an

i odide or acetate salt of sodium 15. The process according to claim 11,
wher ei n eaitin swidiune Gpainsizsd betweertatdet 500 and S6Q0 parts pert thillidn hodiamsbyum  16.

The i nmprovenent according to claiml,wherein the concentration of water in
t he rea‘t‘f?%gels mai nt ai ned at fromabout 1w %to about 10 wt % 17. The °

| mprovenent &g COhélinidoténdht adcBidifl to \Hakh 8] whéraﬁ s#id iiddfim BErRefikHien i saity dr ogen
s maintai ned between about 1 and about psia. 18. The i nprovenent

accor di rigaction sedium iIsmaigggined ina range offrom @boupﬁ%tg @beut 300(geazis pgemillien

mai nt ai nr%g R&[ a bout 1.5 and about 3.5 psia. 19. In a process for
produci ng -acet1’c ati d by reacting nethanol with carbon nonoxide -in-a

c?; bonyl at i ortgc e’mﬁdm’fprds\@hﬁh gt@cadfn%acblam@mﬁreﬁnaimﬁfﬁoﬁium R@céht@tibBingaidcal |y
ef fective anount, of r hodi um the jnpraovenent i ch_conpri ses;

mei nt ai rERRoR Aedinm s rsinigioes 11,2 mpge offEomphayt by te aboutd J0%marsRermillion By i n
sai d reag V\Fﬁb medi um during the course of said reaction fromabout | to
about 10 % of water together with (a) a salt soluble in the reaction
ITEdI um at t hdlr ¢Hutinprovemeptacedrding to claian 1,avhetrin saidsalits selectaddrdmh the g‘rdup

111 1ti This eet Has Been Re

L1111 T 19opsiptrg o mmaémw*afﬁis@a%p%%%%@ 5‘2@%“2 f?ée 4?’&“8 t‘é

concent r@oup MACkhetaRNi ¢ i odide in the range of from about to about 20 w %
effective as a catalyst stabilizer and co-promoter, (c) fromabout 0.5 to

30 wt % met hyl2- abkerimpEovement agcording to dﬁlﬂplbmwd%ﬂl@ﬂ@g@#ﬂiﬂumm%out
0.1 and élﬂﬁhmaaﬁ:etﬁt%?wt _| on condi ti on_s :corrprl si ng .15 to

13. The process according to claim 11, wherein said salt comprises a quaternary
ammonium iodide or acetate salt or a phosphonium iodide or acetate salt. .

14. The process according to claim 11, wherein said salt comprises an iodide or acetate
salt of sodium. | _ _

15. The process according to claim 11, wherein said salt comprises an iodide or acetate
salt of potassium.

16. The improvemént according to claim 1,wherein the concentration of water in the
reactor is maintained at from about 1 wt % to about 10 wt %.. _

17. The improvement according to claim 16, wherein the partial pressure of hydrogen is
maintained between about 1 and about 4 psia. _ _ _

18. The improvement according to claim 17, wherein the partxal pressure of hydrogen is
maintained between about 1.5 and about 3.5 psia. _

19. In a process for producing acetic acid by reacting methanol with carbon monoxide
in a carbonylation reactor holding a reaction medium containing a catalsrtica}ly effective amount
of a rhodium, the improvement which comprises:

maintaining catalyst stability and system productivity by maintaining in, sa1d reaction
medium during the course of said reaction from about 1 to about 10 wt % of water together with

(a) a salt soluble in the reaction medium at the reaction temperature in an amount operative to

WEEEE i i i
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40 atnospheres total reaction pressure, (e) a rhodiumconcentration of at

| east about 500 ppm rhodium by wejght based on the weight of rhodium

nmet al , andwﬁq)mmctlc acid. 20. The mprovemant accor di ngptousoo186219,

wher ei n said rhodi umconcentration is naintained between about 750 ppm and
1500 ppm based on the weight of rhodiumnetal. 21. In a process for
producing acetic acid by reacting methagol with a carbon nonoxide in a
carbonyl ation reactor holding a reaction nediumcontaining a catalytically

ef f ect | V@aatftonceitration bOidhie Todids il the tangé ORFror P S1ie About RO We thicRective
I mpurities which conprises: maintaining atal st Stabl|lt}% andsstem
BB gotHe

product|%&ﬁW%‘P‘h¥%ﬁlaﬁﬁlﬁﬁW‘§%@ff PY;P- W@&lw @irse of
said re [ t up to
ass { hapuld] it BFRdrdlchbBhicen RO 01 onis e acl P it olbnghisly #9100P, 0
medi um a40 athmsphemctmmkmadherrpmsmr(e) hrhodnuramcmraUpmoﬁatilaast dboutn®¥(i0rppai N a
concentration of e in an f fr bout, 2 to about 20 w
% effect&\?@“&’sb W‘E‘ a§§f 'g‘ glhétgfhgﬁgnggpt% 8@th°(38d fromabout 1 to
20 wt % net hysg, i ‘I’Héﬂxﬁaro{e@ﬂeniﬁ&B}dﬁngchlaﬂnﬁﬂv%eggn‘éﬁld%dMnﬁ'%ncéﬁﬁtﬁh% and (d)

a partial pressure of hydrogen between about 0.1 and 4 psia at reaction

condi t i omeintaimndrtietiesy ab@ut 766 pro and hﬁ&ﬂmb@dm&b%ﬁ@dm&l e, and
_(e) acetic ag 1?1_3? #r?&?éf orlprcﬁa %mg%géllc gﬁl %tin metfxanol | ltilacar on mono:lmlie 11

"1t T1HIN I
in a carbonylation reactor holding a reaction medium containing a catalytically effective amount

of a thodium catalyst, the improvement to reduce impurities which comprises:

maintaining catalyst stability and system productivity by maintaining in said reaction
medium during the course of said reaction at least a finite concentration of from about 0.1 wt %
up to less than 14 wt % of water together with (a) 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, (b)
from about 1 to 20 wt % methyl iodide, (c) from about 0.5 to 30 wt % methyl acetate and (d) a
partial pressure of hydrogen between about 0.1 and 4 psia at reaction conditions comprising 15

to 40 atmospheres total reaction pressure, and (e) acetic acid.
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