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15 Patent No. 3,769,329 issued to Paulik et al. on Oct. 30, 1973. The carbonylation catalyst

comprises rhodium, either dissolved 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
methy! iodide. Generally, the reaction is conducted with the catalyst being dissolved in a liquid
reaction medium through which carbon monoxide gas is continuously bubbled. Paulik et al. dis-
| 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 altemnative to the "high water" carbonylation process is the "low water" carbonylation
process, as described in U.S. Patent Nos. 5,001,259, 5,026,908, and 5,144,068. Water
25 concentrations below 14 wt % and even below 10 wt % can be 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 wflich 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 psia is maintained in

the carbonylation reactor. The presence of the hydrogen 1s disclosed as having the effect of



2 increasing the rate of carbonylation by keeping the rhodiumin its
active rhodium (1) form It is noted in the 608 patent that it is
possi ble to operate a nethanol carbonyl ation process at relatively | ow

| evel s ofwonpdnesyen partial pressure, albeit at relatively lpawissorlss2of
-rhodium See Figure 1, as well as Table fl, col. 14, lines 8 through 32 of
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and hassrRng R TR ATRLER Y Werpify Bl Nod GO AT B gt fomf 04"

in car hRedianb 608 pdian dsdt ACk postsiie to Spdiit Aandhared taBoIaidrPprocdsi e par ti al
pressure of hydrogen should be 10 maintai ned such that the rate of

f or mat irclativély bgwpeedsiof kydregeni partial gpresserej albeihgrelatvely dow ddbietsoaf rbodiutrh eSee
resent_.i nvention to.provide "l.ow water" carbon tion process wherein a
Bart i al ‘%‘FE?SG?E’QH&F Ipﬁg’@r[krgfé’hﬁi“nh’f‘ﬁeg\@é?‘lﬁ;‘nf?lcﬁf“‘i‘%ﬁogé’é@f‘?-on i S mai ntai ned
t I I ' ot r - [ ' ted
' an arti oltd Uig PiePl fveiBn BBk, s tBES RN A MHHE Rreiin DERIINSE

Acet i ¢ intlieCcarbdiBMatidn@actidpaddes in facliABhse/the Cabahylaticn Rle, G 6f fBaasiid NS,

pp. 369-380 that enhanced rhodium catal yzed systens have increased

) y
st andi ngdesirablasbrprodustsi sehas grotepaidshyrde, 2npthplrrofonaldehyden butybacetase,andehydes
at a higher. rate., The hi ghet. rate of acetal dehyde formation can lend to
e ndPRRdeH S 0 oD oIt TGRS TS0 JE Fh G B GHS 40 FaPon RN se
chem cgbedifch¥aYedn! Médald] arBRhPRAAGY, tREPAARY ek bR b veeads to
20 theq%)cr oductioen of cr ?)Iécgnal deﬂ?}dg%]’ 2-gt hylﬁrcr otonalyggo%égéghgﬁd b|gt her {
pHEr mangeaatmededol iy theoateoafifdmmatonodtbywerbiuasid dinsitezio dt isGherefore ah object of
theory for the formation of the crotonal deh,;éde and 2-ethyl crotonal dehyde
i npur i theRrepentimentionia Rervided Hewyvaer” sarhonplaees prosesstupareinfaRaridl aressure om

Subst ot aRtoBRR i 1 RO ERR iRl EREIPE S b ThA Wb pi R PR AR S
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The precise chemical pathway within the methanol carbonylation process that jeads to

20 the production of crotonaldehyde, 2-ethyl crotonaldehyde and other permanganate reducing o
compounds is not well understood. One prominent theory for the formation of the
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 carbonyl 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
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However, this nmethod of treating the product acetic acid adds cost to the

process. h€odoS disclosed in United States Patent No. 5, R85 1562 M ura
et al. awnérbE&T I nternational Application No. PCT/US97/ 187?‘%,5
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SUMMARY OF THE INVENTION _
There is provided in the present invention an improved process for producing acetic acid
by reacting methanol with a carbon monoxide feedstock in a ca:bonylation'rcactor holding a
reaction medium containing a catalytically effective amount of rhodium which includes
maintaining catalyst stability énd system productivity by maintaining in said reaction medium
during the éours'e of said reaction at Jeast a finite concentration (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 10 maintain a concentration of jonic 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 .68 kPa and less than 24.1 kPa at reaction conditions comprising 1.5 MPa to 4.0 MPa total
reaction pressure (absolute); (¢) a rhodium concentration of at least 500 ppml by weight based on

the weight of thodium metal in the reaction mixture; and (f) acetic acid. Typically, a hydrogen



2 7 FEB 2004 partial pressure is naintai ned between 6.8 kPa and | ess than
24.1 kPa and sonetires between 10.3 kPa and |less than 24.1 kPa. The

[ nproverrggﬁ e practiced wherein said hydrogen parti al ' LS
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carbon nonoxi de fed to said carbonylation reactor is fromO nole percent

to about 0.5 nole percent, although a céncentration of hydrogen in the
carbon nonoxide fed to the carbonylation reactor from about 0.001 nole

per centpaitial plessite i mAintdMdDRRESEBKPA $nd TR $hah LRI &Rh andSohRAMmEI Behaden 00.30Pa «
hydr ogen .i he carbon nonoxide fed to said carbonylation reactor is from

in
about (AIgds 1‘%4-b§19‘é:ent to about 0.0250 nol e percent may Likew se be.
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recognized that it is the concentration of Todide ion in this catalyst
syst eniOPDEHRs|tBe regyiite partial pragsurods mawtaiegd on associated with the i odide.

Furt her, at Lven [ar concentratign of the iodide anion, the ur.e of
the cat ] on Toeiprobed briest RHGT AR EouR pracriead pbgienn i copgtisEAuon of shoditm
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pot assi um aféeparatyse stabilizyr id3eiketed UM B oA EbnERhLSO 12 WoKi2h are soluble in
the reaction mixture. Specific stabilizefs include lithium iodide, iithjum acefatc as well as salts
of sodium, potassium, phosphorous, nitrogen and the like. A comprehensive but non-exhaustive
list appears in Table V of United States Patent Np. 5,026,98 to Smith et al., the disclosure of
which is hereby incorporated by reference. It will be recognized that it is the COhcentration of
iodide 1on in this catalyst system which is important, and not the cation associated with the
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 jodide 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 quatemary arnmonium; or
phosphonium salt that will generate an effective amount of iodide ion in the reaction solution.

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



2 7 FEB?2004 5 The concentration of water in the reactor is generally
mai ntai ned at fromabout 0.1 w %to about 14 Wt % Wnereas the partial

pressur enef giiggHeogen i s nmaintai ned between 6.8 kPa and 24, _nore
preferably the partial pressure of hydrogen is maintained bet 237 Zgﬁ?

and 24.1 kPa. A particularly preferred process includes produci
acid by reacting nethanol with carbon nonoxide in a carbonylation reactor
hol di ng a reaction medi um contai ning a® honogeneous rhodi um catal yst, white
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DESCRIPTION OF SPECIFIC EMBODIMENTS

The invention is described in detail below in connection with examples Wh_ich are
provided for purposes of illustration only. The examples in no way 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 ac_:id is well
known. Thus, the invention will be described in terms of differences from prior art processes

“such as are descnibed in United States Patent Nos. 5,001,259; 5,026,908; artd 5,144,068, the
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 of a stable catalyst syétem from which the rhedium catalyst does not
precipitate during the course of product recovery. First, it is desired 1o maintain a high
prcthctiQiry in the carbonylation 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



6 mght be termed "reactor productivity" or "reactor space-tine yield",
also referred to as "STY". Second, the present process inprovenent
contenpl ates the mai ntenance of optinmal productivity, as nmeasured by the
ul ti mat ewo s1ewoxer ed gl acial acetic acid in the conbi ned systrawsoorzssk udi ng
both the carbonylation reactor and the product recovery system @t7HiB 28&4 :
recogni zed 5 by anyone skilled in the art that water is an undesirable
conponent of the crude acetic acid and ®that the nore water there is in
this streamthe greater will be the operating costs and required capital
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feed aF or exanple, in the carbonyl ation of
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with rhodium.

20 The rhodium component of the catalyst systcm.in the present invention may be provided
by introducing 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. 'fhus, 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 carbonylated. For
example, in the carbonylation of methanol to acetic acid, the halide promoter will comprise
methy! 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



-7 medium for the process of this invention conprises the carboxylic acid
product. Thus, in the carbonylation of nmethanol to acetic acid, the
preferred solvent is acetic acid. Water is also added to the reaction

“medi um  BYR OHI607®| ati vel y | ow concentrations; that is, coOMCBESHERIEEGNS

bel ow about 14 wt % It has been shown (U.S. Patent Nos. 5,001, 3
5,026,908, 5 and 5,144,068) that reaction rates substantially i aFEBOZ%d
above reaction rates obtained with watet concentrati ons above about 14 wt %
can be achieved with water concentrations below 14 w %and as low as 0.1
W % edase BrdRO R Bt IT thil fn G R Rbmpi¥a the 8ftbo kIR BRSIrb&ikt ?ﬂﬁé iPhe rates
are obtained even at |ow water concentrations by ‘including in thé reaction
medi uncahomdation ofsnethhnaldo mestizoavdd, tho pteffieredl soblend is kedtizgciiar bonyl at ed and
the acid product. of the carbonylation reaction and, nost preferably, an
addi ti onal MORFHE AseRAdRT knthe seastien mgsiumpbi at retalivelydpweonganimtionss that iss ent

as a c I . S [, Lodi er .organi¢~Lod de.. [hus,
o0 3 CORRIR YRI5 AR Eillock RO 61 SOFREL 96088620 ook
‘aget at gnd5,044,068) haiiehdtiintates @bt ffly dQLAND LA abovedeactiOfl rAEs HRhihed Withh
lithiumiodide being preferred. It has been found that under |ow water
concenwatgr consspratensydboue abaut d 4awicoi cad ibd@chievedagith water asnceatratioms belomel 4
only whep, re] atively hi concentyations of each of these conponents are
pr esentt %‘hﬂ“{ W%%@-Eﬁ%t frb‘i‘FcP aﬂF"gWé‘?" thiengsent inyetion, thecdesirerdisaptian s ar e
presen ' | ' t . 01, 25

5. 026, B3 Hrane /ol 3 5h oWk or 2 dhs yincl BhE I B BN B gt on
medi unwhith\ongsgonds tdthe atcubibhbéing eaiboaylatediand theicidproab@lof tadrbgitiod W

P iodide ion is necessary not only to increase the reaction rate but also
tig st alsRFtioneand, moshprgfarably saraadditionnl éodide tonavideh istovei adsabe € thetiodifie Mihagth

met hyl .. acetate concentratjons.on it tabjlit even. at .hi gh, wat er
ConcenPTBis = S7E HrO RhlrB S5et A il jBpt ofjer SigRBicdpailig This e
reacti ' i f; [ o . | e
S (ABBTRICITAUAR ot QUG RSN Ui iy e

ENHANQEWENTerBs amibdue s4ttPmathdithiauh ididé Bringprefdredr ef erred wt Water 0. 1-14

1-1.0 0.1-14 .1- l1)0 01/16070 .
It has been found that under low water concentrations, methyl acetate and iodide ion act

15 as rate promoters only when relatively high concentrations of each of these components are
present and that the promotion is higher when both of these components are present
simultaneously, as disclosed in {J.S. Patent Nos. 5,001,259, 5,026,908, and 5,144,068.

Additionally, it has been shown that in reaction mediums having a methyl acetate
concentration of greater than about 2 wt %, iodide ion is necessary not only to increase the
reaction rate but also to stabilize the rhodium catalyst due to the deleterious effect of high methyl
acetate concentrations on its stability, even at high water concentrations.

Table I gives suitable ranges of some of the various reaction components used in a

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

STABILIZATION . | RATE ENHANCEMENT

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

: % %%
IVVater 0.1-14 1-10 0.1-14 1-10




PCT/ USOCOn1562 2 7 F F B 2004 8 Inorganic lodide As Lithiumiodide) Methyl
Acetate Methyl iodide Acetic Acid Rhodium (ppn) 2-20 5-15 2-20 10-20
0.5-30 0.5-5 0.5-30 2-5 1-20 5-16 1-20 5-16 bal ance bal gegustiahasse

bal ance W8J318880 750- 1500 500- 5000 750- 1500 Amounts of water, iodide ion,
met hyl acetate, and nethyl iodide are set forth as both a broa%?eﬁ@mw
a preferred, or optimal, range, for obtaining both catalyst stabilization
and reaction rate enhancenent. The "préferred" range is that which is
preferred fromthe standpoint of optinmal performance of the entire system
i ncl udi ng 4 beoxyaniekodige oduct 228covery Syktem as &xXPl ai ned 1Retki napove. It
wi |l be seén that the recgmended concentrations.are the same for oth
stabilizati hithivge dodidglie enhancenent with one excepti on. \E:]E excgeption

i s that thdVieth@-Adesateed” |rafge3®or net Byi-dacetat 833V0.5-5 % fo
catal yst stjmtuthylsadiden whereas-20t-is 2-5-W % for 1@ftinal ratlé
enhancement|, BsOadidy of cqursglandehi s nemhsict hat i balaideher chaanee rapge
bet ween 0.

g W %ppe be $aiisdoact ospo-s000 t haso-1depenpi ng
upon whet h h:é@m!l% ngi' gt ﬁgggg.gl Hzatton—or—maxT el Tate enfrancenent t hat
one ainms to maximze in a given plant operating situation, the bottom end
of the desired nethyl acetate range is slightly higher when maxinmal rate
enhancenent ,i s bei ng sought... Addi t | Ay kid@hre epeirtmsAsiRd to
the system CEHOUIROS 8?&38@8850&%5M3£%5’e%‘93%rt.aP ‘oréssure 1 n the

car bonyl aj }?{kéﬁﬂ% flrredd6CERASA Grangd, férobtditing Betty et pd stapilizatiemandn | ead
to aloss o catal]g? activity. An inportant addition _to the reaction.
medi unfeagtibrt faze sntineahemntTher prfferréds rangede that thbehplie&ﬁqufﬂanﬁlil%?%‘ip°‘m
concentration of hydrogen. As shown i.n U.S. Patent No..4 '

car bonfi entiraal parfsE@age & ERTEFESRRIUEIRR s RTEY PR a%é‘ﬁ‘?g%xm\%# %A;
hydrogen,i.n khe teactor, J: BihY r@RdmirSidkd B&foenttbtiorRGirdiflel samientpf Oves
t he re?@?Bﬁégg{eénaﬁg&gt He‘hgrﬂéﬁ%u% |gn 01‘r carboxylic. acid. However, it ‘has
now begginfspiyilzdtivatana Adoratesihbhciment itk oneexdeptignlr Tigeexdeptiorhts that the "pre-

carbonyl ation reactor will also increase the fornation qf ba}é'-P-r%dth% such
as cr ofeored!' daskgecfor nethy! acetate is 0.5-5 wt % for catalyst stabilization whereas it 1s 2-5 wt % for

optimal rate enhancement. Broadly of course, this means that in either case a range between 0.5

wt % and 5 wt % would be satisfactory, but that, depending upon whether it is catalyst -
stabilization or maximal rate enhancement that one aims to maximize in a given plant operating
situation, the bottom end of the desired methyl acetate range is slightly higher when maximal
rate enhancement is being sought. Additionally, the amount of rhodium added to the system can
be increased as the hydrogen partial pressure in the carbonylation reactor is decreased, since the
decreased hydrogen can lead to a loss of catalysf activity.

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
carbonylation process wherein the water content is below about 14 wt %, hydrogen in the reactor
is not merely an inert gas, but acfual]y 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, buty] acetate and hexyl iodide, beyond desired levels. To achieve the
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 pa:.tial
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 |



. ethyl crotonal dehyde, butyl acetate and bexyl iodide, beyond desired

| evel s. To achieve the inproved carbonylation reaction rates for the

formatio f-the desired carboxylic acid and Iimt the rate of by-product
ey el

formation' rbonyl ation reactor should contain a hydrBgbWSpytks
pressure of between about 0.1 and 4 psia at the reactor conditfopF[B 2004
150- 250C and 15 to 40 atnobspheres total reaction pressure. Preferably, the
hydrogen partial pressure will be betw®en WO 01/ 16070 9 PCTI USO0I 21562 2 7
E E B 2004 about 1 and 4 psi, and nore preferably between about 1.5 and 3.5
psi a. Abbutpr @sk4p8samismbrerpetforabbt leheeknrabber | .5 andBSqisid. eAD pesSties as BBRin

sour ce of ygjroge I n the carbonylation reactor is fromthe production of
hydrogé??‘e‘%? &7 42 2PSobHe PFESsHi® reacti on nedi um such as by the water gas

shift reactiQn. r . akso . ad in g he,carbon nongxi de feed
to provide t% Sr?gié%sﬁsg“ﬂ%yg‘g}“g‘é% 5P gn)ﬁﬁéo%crggggr& gy 8‘5 R’ggléct“(? _o%;{grogen _
hydr oge® reattiohien € refiti oNRReiNiA Ssub B 8eh AR WRRer §H§ﬂ%£dt{3?£ qﬁ;ﬁwgeééﬂ:{ abdy in
a feed concentration of hydrogen of.between about 0 nol % and 073 nol %

-prsef er &blagdésbintbe narbbmw otonOxidertdedotaprd vide Gl5R:crsasy hylypgenablte carbueyletion nost
car bon nonoxi.de feedstocks contain hydrogen as an inpurity in an anount
bet meﬁeﬂ&%mﬁe h@gffgﬁ’b Ivthy HEF%B%’ 51%1"3@ ??314 apbp aad@agegrgera\mwwwawdgafepé an

i mpuri ty in the. ide f t en.need .be added

t he ca%%én&%ﬁﬁﬁﬁgﬁ é%g %ﬁﬂgﬁggaﬁﬁ%ﬁ&? ?1ae 9‘3%%59% rﬁ?cégbgﬁtbelg%cef’ha OPLQC'[ or
i's uni pY @it0.0350 mbBAgTasicAlNg howensr Shbs cBdohinfdnoRidRFeedstodks cHRial ai ned.

It wll be appreciated that the hydrogen partial pressure can be controlled

and nAHEPEFRAEE IMPHPY HopT araeunt beiverppbaitt 0t00d melie and 0.5aneol%r Ipsuche case,
the hyd . 15 tent of the_feed i | t . of

Che. hy HED SR A B Rric e BB monmbfh ceBron Gpdgeiparmiient b S00ehio

‘vent ed 4 capbiriRend:8dé TRl "The Wirteof tHe RYdI8EerCHe S f& the el i \;immtnl‘fﬁ&nr&%fes%”‘)ve

hydrogen in order to maintain the hydrogeh partial pressure
desi r etbngaasdhe requisith peftial psmesisesaintinpd.evi ous i nprovenents to the

chem stry of tﬂf carbon%lcgtion reaction, particularly the reduction of the
wat er concemt Vit Poiraresisied ihabthe byrsogen parsal rsssiresian becontalied prdir ned t hat

as the - ] r VA | ritl n

Soet ar BURiAE BESHLRAUE PoflEl 0P AR FRact FUERPEN Ik EPH dabd e b rogen
parti cubmehyof the feed dadete Ryl endimd stofelid bydrogend protlude e, tHURARR of
dramatically- Despite there being no definitively recognized chem cal

pat hwayy$ogen whighames bs yegted e prrgedisconingnalwhilsrin|oghed sases it isalesioabiate on of
acet al dehyd ot onal dehyde, .an -et hyl cr.otonal dehyde, ,we, have | ear ned
Fhat -t R SRR BrdeE Y isei e it fhb pRLRL BISREY WM e et rasee.

I ndeed, ot hawith ! RE&essBYf phevibid litnBfovenBis ko MeQPemidudof the carbonylation

reaction, particularly the reduction of the water concentration maintained during the reaction, we

have learned that as the water concentration decreases, carbonyl impurities, namely acetaldehyde
and carbony! impurities that derive from acetaldehyde, particularly, crotonaldehyde and 2-ethyl
crotonaldehyde, increase dramatically. Despite there being no definitively recognized chemical
pathway within the carbonylaﬁon reaction which leads to the formation of acetaldehyde,
crotonaldehyde, and 2-ethyl crotonaldehyde, we have learned thét 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 acetaldeﬁyde and its derivatives, particularly crotonaldehyde and 2-ethyl
crotonaldehyde, is dramatically reduced. Previously in the prior art, hydrdgen 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



Nonet hel ess, we have di scovered that by maintaining the hydrogen parti al
pressures at or below |levels previously recognized as benefici al,
particularly at | ow water concentrations, the production of acetal dehyde
and. i ts WeygiMadzpves, particularly crotonal dehyde and 2- et hytrasoorz1562
crotonal dehyde, is dramatically reduced. Previously in the prior art,
hydrogen partial pressure 30 has been maintained in the reactor 9 7 FEB 2004
concentrations at about or greater than 4 psia. By maintaining the
hydrogen partial pressure during the cdrbonyl ation reaction at about 4 psia

or less, quite WO 01/16070. PCT/ USQOQ 21562 2 FEB 20Q4 10 unexpectedly, we
have. FOEFREEAD HEJHIE 91 Bt PEIIEDT Lo ue debyEe g Y SroeoNarary B, 1t
be su g@&!ﬂ ed. In accordance with the present invention, the

car bo%jg/}sa |onia!]¥§%[ﬁgg% may be carried out by intimtely contacting

met hanol , Viia6dbrdnck With e prddehtdnPiiaie, thel dafbdptfivhsreSaioAGRay BN e oud

bubbl ed through a |liquid reaction nedium containing the rhodi um catal yst,
hal ogé&p-intime/yndontpcting methangl.cohiph iscimtthe Hgwidl phase.avith gasdousdatirbaromanoxide ubl e
i odid I ronoter,..at conditjons of . .tenperature an essure sujtable
15T oHBEIRS RTEIOh SO TSRO GRALE cRtaining e HOdE Aty sE hEoREepT I ies

hal ogens caat A i : T . b

Al ol PRSI AL IR L6, ERTRRNEGhal SohLICI S TRk o RhdiGons 5F
enpl oyefiperaties arddpressutretuitablel to dorp tHesearidhydamongiroduereThwss ifaht fdeldds sal t s

whi ch are useful. Wien an iodide stabilizer is used, it wll be recognized
t hat imethanof,iihe halpgeneqniainmg sempHag gempenent willirosmprise eyl iadide.dhe oyl i s

| mpor t ant d n t L ci.at-ed with the iodide, . and that at a

o ven g AT ComBie befy R nBET A8 B st oG b B Rl Mgl
§d 9Ni fah¢ BPhuAerold SolGble@akts Whidhee Lodur ewnhen ag Médigt sQBilizAMs vakd, 3 wilkbd .  Of
any salt of any organic cation, can be used provided that the salt is

suf f i ctcognized et ith$ diei qontérdratibn o€ audidoionne dhis wataby 3 spsténd ¢hat heinpetang dnd evel
of the iodide. The salt .can he.. uagternary.salt of an organig¢. cation or

t he s&Pt 3‘Sf‘“‘%’lﬁ’f‘ #538518%A i“éﬂb%‘fli‘%‘ﬁ,ge’g’r"aftg?‘é‘élaﬁ‘ﬁ’*{“ mg?aaﬁomarra oG ’t"dtﬁf 'ge
menber, ; LSt fs: d of
the_ paigypf B AN PRRlighitpnille hyPE oF Ui RIS HEA RN, Ay Bl o O

publ i shenly balt IR0y Rrgatc cAticty eArnbelusedprovilod that the {6k Buffididnt9sblubldin the
particular, alkali netal iodides are useful, with lithiumiodi de bei ng nost
P0 pr atastippmedinie tq prpvideghe desissdrlayel of the lofidse Thspralhoande alauatesmre s8I0 wi t h

the t r at . f bout 180-2200C bei th . ef. Th
e b oARRERRl ioh 37 B saRlordd Ahro At ARG rBRLAy WIS RUSHAY Laifof SMEG e 4F
typi cahd Qroﬁ?@b‘ﬁsiﬁh%%f@ﬁé‘ﬁ:%ﬁl‘@éﬂ?rml@ﬂq aRd @r@ﬁ?‘wa)’of tﬁ@ﬁéﬁod% tadle ALJEPERENES -

Because of the partial pressure of by-products and the vapor pressure of
t he the "Handbook of Chemistry and Physics" published by CRC Press, Cleveland, Ohio 1975-76

(56th edition). In particular, alkali metal iodides are useful, with lithium iodide being most
20 | preferred. '
The reaction temperature 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 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 10dide-acetic acid splitter colun.m“.' 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



-25 contained liquids, the total reactor ’pressure wi |l range from about 15
to 40 atnospheres. A reaction systemwhich is enployed, wherein the
pr esent i{v)rovemant is used, conprises (a) a |liquid-phase honbgeneous

a

"car bonyl a¥OM/6¥8ctor, (b) a so-called "flasher”, and (c) RCT/HBOOMR}F62

| odi de-acetic acid splitter colum". The carbonylation reactor | } #EBI ﬁﬁd |y
a stirred autoclave within which the reacting liquid cont ent s &de 4
mai nt ai ned automatically at a constant B0 level. Into this reactor there
are continuously introduced fresh nethanol, sufficient water to maintain

at | eassoluiohiffirh ehecdbe Bdsal dndte@fclafahSth lmdiiteaﬂd%ﬁ&ﬁ}l%eﬁ%#mkhé g\ﬁéﬂ?éa@d'
catal yst WO 01/ 16070 PCT/USOOR 1562 2 7 FEB 2004 Il solution fromthe

f I asherofitasmethyhbdidecaeetie deidespliftér dotuthnle Adiechatedistillatanay stems taobe thployed
overhead,6 of the nethyl iodide-acetjc acid splitter colum. Alternate

di sti | 159dPREASHEY BrAvIdemeas fantscoyamse the crusis@celic agidgndresydling tortharsadtor

recover) 3 -G aci clj to .t he reactor .catalyst

sol ut i oéﬁ&%ﬁ%%tﬁvﬁé#g%tg@%glﬁa %&H%Bﬁa%cg%%e.nntﬂﬁ pﬁfé"%jr%f"é?sf"eadnﬂ?e é’é’é%’,“ a
m xed Gasdeaiehydpoex el Rxdhageiuslhyaatolscedqnid the ubbiy it REMEER s BHIOw e
carbonyl ati on reactor just below the agitator whichis used to stir the

cont entagitatghwhighyis ysegbio st thefesatentss , Thef mixsdrgaesous fiendosigificpurselithprengleig
throughd.t he rfgqe}cti nlg1 I i%&i d b}élﬂt hi s. nmeans. s@ aseous gur e streamjis vented
from t KePEPES S?gli )1 Eﬁthq Pl BFaFa s § ¥OBY Pi¥Ed Is3yrartadfromithtt ai n
a set GadckRRo PRIVeN lﬂﬂldﬂﬁrotf'gﬂéeoupbﬁ-ﬁétiﬁ{%tﬁndato%éﬁﬁﬁiﬁ Qﬁeﬁléa@smo%xﬁewg-

By controlling the venting of gases, I's al so possi to con

hydr oggmespure tak algivendetalireactonptelisure. e By toontrolling the ntingtofpesesf it iswlss paeibly i s
con- trolled autonatically, and the carbon npnoxi de/ hydrogen feed iIs

bt r ocl o ERRtE! G Byeirage partalirasuieqn theeAFIST. Lhf ResHite PE Rt RctpRiscoDr

pressur, Loudi-d.. | .S . rbonyl.ati.on reactor.at. a
rate su ?IF%?%#FQ Pgﬁ%ﬁ{l gencag%&\(lz@ﬁ[g ){e{ﬁ%&? ‘g?\?gpgf%grlg}nr?% glrlf(:fdiaéai tffﬁg{fbeé’ht(i o]
t he fl| asdisthinathe degiidnbtal ralorpelisaire. bet ween the top 15 and bottom t hereof.
In the flasher the catalyst solution is withdrawn as a base stream

( pr edom nantyiquid Peaduct isddrawve o omithgycarhenylatieti wactanat a tate suffitierd te alaintainong

with |esse ant.i ti.es of t hyl .acetate,. nmethyl. jodide,. and water), while
the. ovarhsa P Hieko R dof o5 Mioditsa 2he gt R 4 bt Bl oo en thkhop
alPNg \ehdl Bottdth ihidredfO dh @k fIARENHe cBGHIsEES AR WRh@&hwnAs RPaLd Q&aﬁf the
carbon nonoxi de and hydrogen al ong Wi th gaseous by-products such as

met handpreddmihanye acetistradideomiainingith itebdien iahd thehvedidepalhlonpevifd lasseer . The

product_acetic_.aci.d drawn fr t he, base of the .nmethyl i|odide-acetic acid
spl i t t @pantitiss ofmethyl ae%mtcamﬁ%@%% ﬂﬂgwréé’v@%‘ﬁ@v@fb?@a‘?ﬁt%ﬂﬁmﬁe base)

5§ bR St gl Bl B, B ELIRGE i
over hegdrifonafithdearb®t phokiddiafé hadroges aRa dvistppiseb &y by-sroanEts SbohdasRéthAné,
hydrogen, and carbon dioxide exits the top of the flasher.

The product acetic acid drawn from the base of the methy! 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 methy! 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 methano! 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



25 nethyl iodide and nethyl acetate, is recycled to the carbonylation
reactor. The primary reaction control nethod conprises continually
analyzing the liquid contents of the reactor as well as the carbon

nonoxi deyv@pghéuyglr ogen content of the gas in the reactor vegtrrussodissen the
basis of these anal yses, controlling the flow of carbon nonoxi (E Fxgr%ﬁn
wat er, nethanol, and nethyl iodide to maintain the specified r Zc n

medi um conposition. It should 30 be fubt her expl ai ned that the nethanol
addition to the carbonylation reactor i's based not on an analysis of its
contents for t hanol _but., rather.. on analysis for nmethyl acetate cqntent.
Mot 1 meBeReY s St neshmnedizely 15 S i) gges WheR Al shlerh Bifarbanylation
converréﬁ%g)rgl nost imediately to nethyl acetate when it enters the
carbonylation reactor. In a continuous process which is described above,

t he cat al ygh adeati@uvisSprveesstvatiicteid devdribed abdve, firaatalyst Sydiah Romatdihediovigd vy
supplied to the reaction zone containing the catal yst systemat 5 the ‘
desi r ¢ht neaetpots beinsecataupndy supplied Th thegeastion zenegantadningitha eatalyst systemdatawn,
as degcribed, above b i, t hdr aw a portion of. the solution coptaining the
3ot al i ocyed sSporiAmet et TR BroR{h e hoPmhS AR A drs e e
pPr odughovelbe wigatdvitg RIS of the sOBtoR BRRAIRIMRANE Eﬁﬂyst\%zgt@nﬁ QhithtRa fEQ,
permt recycling of fghe catal yst containing solution I ch i ncl udes

unr eaefwiibribmrecbrapohentss ané the desived produdnfibe detised prehithes ther saparated froanpl es
are included. to denonstrate preferred enbodinents of the. invention. |t
shoul uaiesoimtipnsto RATEYL 15FYSlne-ef the catalystcontaning, solution whigh inqladesarmeactishs

di scl i . B‘."i‘@l ' foll ow represent techniques di scovered by
the i g%eg%ﬁd%éohqu?ﬁnC [ ocﬁﬁn\é{ﬂ F&Q

ors to I'n the practice of the invention, and thus{

@an be consThéefolewing 6mﬁ]§lia§M:Qndl’ﬁﬁd&bH&ﬂoﬂﬁfb@é%xfc%cﬂtemﬁéﬁﬁﬁéﬂ@BftHdOWEVGF,
those of skill in the art should, in |ight of the present disclosure,

appr etivgntion.1 § shiould baappretiated &y thase of ekiln thej ant thatehe trsbiques dwsblos¢drmthe

whi ch ar.e di scl.qgs and still obtain.,.a like or. simlar resul.t wtho

dopar EFHGPES ST B R Ferbessnte SRR o vscT Y et St fiin el the
cont i pERKse B HRlinPemitn, A4 HRRREN 88 B6Hsidert BTodQfiGle préiered MbRedMdritsa 4- 11 ter
reactor 20 operating at 1.5 liter reaction volune was used to investigate
t he efpfaetice.oHomwedendeosepeiskilbin thpae shauld it HRRR) theiptebent idechstirey appreciate

by- products whil e carhonyl atjng net hanol . eratin conditions and results
Bppearthat mapyihangss ey bsmades thetpe sqwhydr?ﬁﬁwwm e Aisploped ard stIhBRRIM | es

im[‘ w rln(ﬁ)crgee%‘ri]l%irﬁﬁ%tljegul"f‘%ﬂloﬂ{ 85H4fingP 08k i 155 dfGnt fIReRALA. @ Pressure

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-prodﬁcts while carbonylating methanol. Operating
conditions and resuits 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

Reacror Hypp (psia) 2.0 ' 33 9.4 14.6

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




.in the reaction vessel in pounds per square inch absolute. 25 Table I1I.

Hydrogen Partial Pressure Data EXAMPLESL 2 3 4 Reactor H2pp (psis)2.0 3.3

9.4 14.6 Methanol Feed (grams/min)14.9 15.0 15.0 15.0 30 WD 01/16070

« PCT/ USOOWPI8A6707 FEB 2004 13 Reactor Conposition 10. 611 PI0/UBe02 1362/t hyl
| odi de, wt % Met hyl Acetate, wt 9%2.62.52.52.5 Water, %l. 04. 04714[1 % %Em

ppn631652657651 Lil, wt %. 68. 28. 48. 7 Rx. Tenp. deg C195 2194. 01@ )

10Col um Resi due Inpurities 1401973635QQ Propionic Acid, ppm

Cr ot onal dehyde, ppnil468 2-et hyl - Crot onal dehyde, ppnl368 Butyl Acetate,

ppnB61316 15RAe§cﬁﬁ.rc,gﬁ §§ggni n Taple Il the colum residue inpurity profile
IS i nproved gl gogen p ¢§ pres es inmgreactgé Wil e the
f or egoi ng ex% S ggﬁb { ate th ductio f crot | dehyd ‘3nd t he
like, 20 it 2 %Ctaa‘&p%é’l at ed b 6one of §<| Il in £Re art thdt ot her
i npurities afdaBypvtdducts in rhodj Eh cat al4@ed car bédyl ati on43yst ems

i 5cl ude, but WRh, apmt at e, butyl iodjéB, ethyl658cetate, 68Thyl iofide, hexyl
i odi de and hiLglyvhAask! i ng i nmpuritiesgsThe present | nve9T4i on appggrs to

'm nim ze proguctron dégct hese inpuigss es asjgag) . Whiyegthe i fyeqt i on has
been described in det arl, various| nodifications of part I cul ar
Column Residue Impurities
10 Propionic Acid, ppm 140 197 363 500
" Crotonaldehyde, ppm 1 4 6 8
2-ethyl-Crotonaldehyde, ppm | 1 3 6 8
, Butyl Acetate, ppm 3 6 13 16
[.
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As can be seen 1n Table II the column residue impurity profile is improved at lower
hydrogen partial pressures in the reactor. |
| While the foregoing examples demonstrate the reduction of crotonaldehyde and the like,
20 it will be appreciated by one of skill in the art that other impurities and byproducts in rhodium
catalyzed carbonylation systems inciude, butyl acetate, butyl iodide, ethyl acetate, ethyl iodide,
hexyl iodide and high boiling impurities. The present invention appears to minimize production
of these impurities as well.
‘While the invention has béen described in detail, various modifications of particular
o embodiments within the spirit and scope of the present invention will be readily apparent to

those of skill in the art. The invention is defined in the appended claims



enbodi ments within the spirit and scope of the present invention will be
readily apparent to those of skill in the art. The invention is defined in
t he appended clains 2 7 FEB 2004 14 CLAIMS 1. A process for producing
acetic acid by reacting methanol with a carbon nonoxide feedst @i FEBaZUth
carbonyl ation reactor holding a reaction nediumcontaining a catalytically
ef fective anount of rhodiumconprising: nmaintaining in said reaction nedi um
during the course of said reaction at |d4st a finite concentration of from
0.1 wt. SpApmiko I ess than 14 wt. % of water together with (a) a salt
soluble 1n the reaction nediumat the reaction tenperature in an anount
operative to lnai ntAaprocess fooprodnting héeatio acid byaaaating mkithimol withhaecartomge of from
2 to 20 wt. % effective as. a catalyst stabilizer ., and co-prompter, (b) from
| to 20 "nox eﬁje‘?q%gﬂc g carbon C'et}ow aﬁ%h@gws aggaciion mgdiup qoplaliing &t e, (d)
a parti ghtaBiieaiRHéffeclle IMEOLAMTIMABIYRShpritRgkPa and | ess than 24.1 kPa at
reaction conditions conprising 1.5 MPa to 4.0 MPa total reaction pressure,

and the concemintainingiinshidrgativgencdium idneng dwrdourse wf sais irchetibn dt keast adinite
carbonyl ation reactor is frqm0.001 I erce to less than Q.2 | e
percen%/ cpRgentfation, Iﬁ?ﬂ’@o%%’érc‘% FBE9 giﬁs@g“if‘%e& ‘{ql"'é"é@ tﬁ%‘?ﬁﬂwﬁ{ﬂgﬁégﬁa@ﬁ on
the wei GhtheGkactich sbditith Fethdlredclioh Rnpepftiel iR An Tnbhkt sherARA té aitsigll ¢ aci d.

2. The process of Caim1l wherein said hydrogen is nmaintained at a partial
pr essur eongeatraermoiaogiclidide imthe eange ol o2 to12(kwh % 8ffedthve asneatadyst gabilikeri m 1

ana | o dng RERrsmSEe R A ThoRb T GmBy GipBRE e RiraR FE R foe P et
parti al (@;@ﬁ@uﬂ?réﬁuﬁmm@o@aﬁbw@ﬂ@stum&n@uespm&izaga RS AQbctioR OBRIIEMsS Of
the reaction nmedium 5. The process according to Claim1l, wherein the

concent carpgpingfl.SiiFe dedM VRa teial reeciiop presaraoariddbe cenvenwatingi of hydragemin thei on

ecor i aoph PR e (afs PROGRBoh Reack 0 6P POy PRRETRlsnPre 1bman® 8287 T on
medi um insolerpéroémi(eerrhbeiuneeshcbRtatdndf 20REst 390 mmngrweﬁghd based oM e it Yof

wei ght. 7. The process according to Caim6, wherein said rhodium
concent rbadiyn metaldathe repctipnimiztiresand (hhacetinggicht ai ned in a range of from 600

to 2000 parts per il |1 S r.di . [ 2 '
sai d rhod umtsonc b PR oftlall? yieRaT S BSGREH BindiBiafe o PriiSule
range othefweemsZAP4 mdlbRGhpa24.5kpgr mllion. 9. The process according to

Claiml, wherein said salt is selected fromthe group

3. The process of Claim 1 wherein said hydrogen is maintained at a partial pressure
between 10.3 kPa and less than 24.1 kPa.

4. The process of Claim 1 wherein said hydrogen partial pressure is maintained by
venting or purging gaseous components of the reaction medium.

5. The process according to Claim 1, wherein the concentration of hydrogen in the
carbon monoxide fed to said carbonylation reactor is from 0.005 mole percent to .0250 mole
percent.

6. The process according to Claim 1, wherein the concentration of rhodium in the
reaction medium is maintained between 500 and 5000 parts per million rhodium by weight.

7. The process according to Claim 6, wherein said rhodium concentration in said
reaction medium is maintained in a range of from 600 to 2000 parts per million.

8. The process according to Claim 7, wherein said rhodium concentration in said
reaction medium is maintained in a range of from 750 to 1500 parts per million.

9. The process according to Claim 1, wherein said salt is selected from the group
consisting of quaternary ammeonium salts, phosphonium salts, and salts of the group 1A and

Group IIA metals.



consi sting of quaternary amoni um salts, phosphonium salts, and salts of
the group 1A and Goup I1A netals. 2 7 FEB 2004 15 10. The process
according to Claim9, wherein said salt conprises lithiumiodi dz ?r 04
lithiumacetate. 11. The process according to Claim$9, wherein %a cfEsBouZU
conprises a quaternary anmonium i odide or acetate salt or phosphoni um

| odi de acetate salt. 12. The process ac grdi ng to Caim9, wherein said

salt conprises an iodide or acetate saft of sodium 13. The process

according to1f] ai mne Er&*&@s’ RcBrdvil @ Claint 9CHRREINSER AR cbRPHIS IRhunP IR ?
salt of potassium 14. The process according to Claim1, wherein the

concent Aighipwrecetatenat er in the reactor is maintained at from1l w. %to 10

w.. % 15. e process according tg Caim 14 erein the partial pressure
of hydrogen 15 haTRPRTRerRRi e Gah Rrthaiin S % epmbite il os
accor di aginidhieh d6didd & acelaed QiltdriphesphdhfunlodRic@ssitic®aRf hydrogen is

mai nt ai ned between 10.3 kPa and 24.1 kPa. 17. A process for producing

acetic acid B¢ r eddeiprsencaceariing wiGlnine A wesreinsaidsall somprises andpdideyt at i on

react or i r tion nmediumcontaining a catalytically effective
anmount agﬁgtgséigggsloﬁbnpri sing: maintaining in said reaction medi um during

the course ofi3sai dhepasdessPitchidaip th C18inl 0, Wherein%adfsal@b@brit@omtib&ke vEth ()
a salt soluble in the reaction nmediumat the reaction tenperature in an

amount épriatasalyef padassaimut ai n a concentration of ionic iodide in the range

(by Trom 1 420" e pibelas b BTt Byt Syl R Sl R IR "

acet at e reactbr ismpiatdined at Hiroas 5 wte24ab 10wdr ogen between .68 kPa and | ess than
24.1 kPa at reaction conditions coari sing 1.5 MPa to 4.0 MPa total

reaction pred8ur e ThgpepcessaccerdingdaiClaim bh vatereiy drecnpsiialipresstrs of Aydrogen is
nonoxi de, £ ad g@b&@égnﬁ%rﬁﬁ% hiﬂﬁ’ reactor is from 0.001 nole percent to
| ess t han rgB 1 {12)

nol e percent a rhodi um concentration of at |east 500
ppm rhodi um Bbg. weiThkprdeaseatcondinigte Cleingls, wierdih dibi pamialpraburedftlydrogerniget i C
actd- o aintained between 10.3 kPa and 24.1 kPa,

17. A process for producing acetic acid by reacting methanol with carbon monoxide
in a carbonylation reactor holding a reaction medium containing a catalytically effective amount
of a rhodium comprising:

maintaining in said reaction medium during the course of said reaction from 1 to 10 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 2 to 20 wt.
% effective as a catalyst stabilizer and co-promoter, (b) from 1 to 20 wt. % methyl iodide, (c)
from 0.5 to 30 wt. % methyl acetate, (d) a partial pressure of hydrogen between .68 kPa and less
than 24.1 kPa at reaction conditions comprising 1.5 MPa to 4.0 MPa total reaction pressure, and
the concentration of hydrogen in the carbon monoxide fed to said carbonylation reactor is from
0.001 mole percent to less than 0.25 mole percent () a rhodium concentration of at least 500

ppm rhodium by weight based on the weight of rhodium metal, and (f) acetic acid.



