DESCRIPTION METHODS FOR PRODUCING ACETIC ACID TECHNICAL FIELD The present
invention relates to methods for producing acetic acid by reacting methanol with carbon monoxide in
the presence of a rhodium catalyst. BACKGROUND ART A method for producing acetic acid by
continuously reacting methanol with carbon monoxide using a rhodium catalyst and methyl iodide in
the presence of water is one of the most excellent industrial production methods of acetic acid (refer to
Patent Document 1). The original method, however, requires a great deal of energy to remove water in
a purification process, since the resulting re%cEtiscr)Iél rrfiEg(%uIrS has a high water content. If the water
content of the reaction mixture is reduced, the thodium ca%TaIyst is inactivated and the productivity of
acetic acid decreases. As a possible solution to reduce the water content of the reaction mixture
without inactivating the rhodium catalyst, propose improved methods in which a catalyst stabilizer such
as an iodide salt is added to thergacton Systen were propased(refer tgyPatent Documents 2 and 3).
The improvements in these methods serve to stabilize the rhodium catalyst and to reduce byproducts
such as carbon dioxide and propionic acid. The methods, however, invite increase in by-produced
carbonyl-containing reducing impurities to thereby decrease the quality of produced acetic acid. These
impurities indlydNacétaldehyde, as well as crotonaldehyde, 2-ethylcrotonaldehyde, and other products
of consecutive reactions, such as aldol condensation, of acetaldehyde. In addition, the methods also
invite increase in By protiRedrdikyl 1otfiaés, Suchdsheg | fodide e from aeeraldehyde. Such
alkyl iodides will degrade palladium catalysts used in the production of vinyl acetate from acetic acid
and ethyler@°St16rated Japanese Pateht Nd: 3222385 Hidtl G2 thetRo® for Brodticing high-purity
acetic acid ’tc)% continuouslcy reacting ngLetganol with cgrbog monoxide in the presence of a rhodium
catalyst, an |o§id8%%ﬁ,egn§ me h)?l i0 |%Ie,l|lﬁmwﬁ|%ﬁaf & Fedction is carried out while maintaining the
acetaldehyde content of the reaction mixture to 400 ppm or Less. This document mentions a specific
method of maintaining the acetaldehyde content of the reaction mixture to 400 ppm or less by
removing aggtaldekydefronga process mixture circulating to a reactor, but it lacks a detailed
description on inhibition of aldehyde production.

A method for producing acetic acid by continuously
reacting methanol with carbon monoxide using a rhodium
catalyst and methyl iodide in the presence of water is one
of the most excellent industrial production methods of
acetic acid (refer to Patent Document 1). The original
method, however, requires a great deal of energy to remove
water in a purification process, since the resulting
reaction mixture has a high water content. If the water
content of the reaction mixture is reduced, the rhodium
catalyst is inactivated and the productivity of acetic acid
decreases.

As a possible solution to reduce the water content of
the reaction mixture without inactivating the rhodium
catalyst, propose improved methods in which a catalyst

stabilizer such as an iodide salt is added to the reaction



POT Japanese Translation Patent Publication No. 2003- 508363 discloses a technique for reducing
impurities by controlling the hydrogen partial pl’eSSL%:e within the range of 0.1 to 4 psia (0.7 to 27.6
kPa) at a low water content in a method for producing acetic acid by reacting methanol with carbon
monoxide in the presence of a rhodium catalyst. Such an extremely low hydrogen partial pressure
generally fails to ensure a sufficiently high catalytic activity in the production of acetic acid. Japanese
Examined Patent Application Publication (JP-B) No. 8-5839 mentions that the production rate of acetic
acid decreases at a low hg/drgr%en paréial sure of 40 kPa) or less, In a digig)n, highly pure

re si (276 %
carbon monokide fortaintng a hiRitim (agrre]gﬁr?t otf%y%?ogeer}stis%aﬁlr&ﬂ] fot czon?rrcl) ing'the hydrogen

partial pressyre 3t such.ayery law jevel, Lhe production of bighly Bgres%%{BQ_an%mﬁk%e requires

enhanced famhneé%r purl}élcatlon and invites increased cost. The present inventors have verified that
the acetaldehyde; cpntent-and,amoynts efptherbwrodysts cannet be sufficientlyyeduged even by this
method. POT International Publication Number WO 2004/60846 discloses a process for producing
acetic acid miwhichacetia asicbis psaduced-atia pradustian taedS T of &aagmpl/lh ot gore at a
water content of 2 percent by weight or less and a rhodium content of 12000 ppm or more. According
to this docunment ca seactiondpr progiicingdmethanen(OH30H #a512-4C 4654 20)takes priority over a
water gas shift reaction (CO + 5120 -4 002+ 512), and water forms and accumulates in the reaction
system at alWiRier Ebatent frrthehreaetioh Systerreis percent by Weigktfortessiaecayoid this, the
method uses methyl acetate in the reaction system for chemically controllin%}he water content. The

added mettifatetaté Eomes i LBt MR WateR M the Systhm ana i hyarolyred iff acetic acid and

methanol. The rfsultin m%thangl is usgd as.a r%\ﬁ niateri’%ll for Rh roduction of a%%tic acid. The
. we as ro.oqﬁ deH% e, 2—ethylcrotonalde ﬁ aq§ ther .
increased rhodium Contentin the system, 'however,”increases no onK/ € production rate of acetic

acid but alsgggghg@y-gr@dgggg acetaldehyde. Acetic Qgidsqﬁqla%%taglfgg(j!e increase proportionally

with increase in rhodium content. Specifically, acetaldehyde increases substantially proportionally with

increase in aggticacid:Aba low walereantent, the rate of agyeous gas shift.reaction decreases to
thereby decrease the hydrogen partial pressure. At such a low hydrogen partial pressure, the rates of

hydrogenatiohseactiens ef dcetaldebyde fe.gy-GH3CHE:H H2 4/ CH3E€H2(H) decrease 40 thereby
increase the acetaldehyde content of the reaction mixture and increase the rate of condensation
reactions ofhacetaldehydel<Corseguently mredueing tsubstances suchwastcrefonaldehydeds 2-
ethylcrotonaldehyde as products consecutive reactions of acetaldehyde increase to thereby cause
poor resultsVihd pfREsRAT pertarighidie st i protefaédticacid PTRE Présent irkfentors have
verified the above facts as a result of investigations. In contrast, at a somewhat high hydrogen partial

pressure, e\t dta RYEOQER partial pre&dure of 119012 S 175 89896.5 kPa) as described in POT

International Publication Nymbber WO, 2004/60846,ater formecupan. by-production gfmethane must
be removed. This requires extrfenergy and an extra agent for removing water and fere y reduces

the production eficisney. This pisgngrepses the by-productipngf fatie agiibthat s a reducing

substance and causes poor resulfs in a potassium permanganate test. Applied Homogeneous

Catalysis with Qrgangmetallic, Gompeunds £2ne ditionm §2000), Velume 151041364 Cefanese) relates

to techniques for synthesizing acetic
rhodium catalyst, an iodide salt, and methyl iodide, in

which the reaction is carried out while maintaining the
acetaldehyde content of the reaction mixture to 400 ppm or
less. This document mentions a specific method of
maintaining the acetaldehyde content of the reaction
mixture to 400 ppm or less by removing acetaldehyde from a
process mixture circulating to a reactor, but it lacks a

detailed description on inhibition of aldehyde production.



acid at a low water content and mentions that the stability of a rhodium complex is increased by adding
lithium iodide, that the carbonylation reaction rate ngarkedly increases with an increasing methyl
acetate content at low water contents, and that the Tarbonylation reaction rate is increased by the
action of the iodide salt. This document, however, lacks the description about the control of
acetaldehyde content. The present inventors have found that while the addition of lithium iodide for
improving the stability of a rhodium complex increases the production rate of acetic acid, it further
increases the production rate of acetaldehyde..,  JP-A Nq. 6-40999 discloses a method for producing
acetic acid, in Wh%ﬁTa rRABASIT R artie Sé%? whité kggpt)i%rdtthg%ve?lelrc Eonteht %oabo%%g_percent by
weight or less gogldha fethylacetare.conent o2 percentey, Weight o ore, agd thie resulting
reaction mixture is distilied. This document mentions that the y-p oduction o? propionic acid
decreases with apdnareasingoetyhacefate ent and.the propionicacid content-ghthe reaction
mixture becomes less than 500 ppm at a methyl acetate content of 2 percent by weight. As is
described appve,.however, theireaction rate of acetaldehydethydrogenationedecreasesunder a low
hydrogen partial pressure at a low water content, the acetaldehyde content of the reaction mixture
increases ta therely iricreasectheaeadtion rate of ateétaldehydielgondeasatiory atthobigh tie production
level of propionic acid due to carbonylation of ethanol decreases. As a result, reaction products of
acetaldehydé EdnderigatibnTivéresdelto tHerEBeimpaif tHecquality of Abstitladid CRG aehigle a process
for efficiently producing acetic acid which saves resources and energy, the by-production of both
acetaldehyd&'GHd TBnSSURRABGEE S proditRI6T abétaldehydBT SGEHAS c8RdéRatibh reaction
products, propianic acid, and hexyl iodide, must be effectively inhibited. PQT International
Publication f?ﬁlr?]lﬁert\ﬂloé 5665/%2%45 léig%rocsle%nat ﬁo%v-eﬁ %ygparggg s% for p?ocgfulc‘frﬁ;t dcetic acid using
two or less distilafian columas, inawich & proguetflow soptains proplonic Ackd ipuiiies at low level,
and the level of aldehyde impurities in the product flow is controlled through a technique selected from
(i) maintainiggthe hydrogentpartialpressure inthe reactor 9 less thanabaut6:psig{41.3}kPa) at a
total pressure of from about 15 to 40 atmospheres (1.5 to 4 MPa) in the reactor; or (ii) maintaining the
methyl iodide-eenient ofntheaeactioh sidure-ofdess! thibscakoit Ssweighs petoentyer{biyeemoving
aldehyde impurities. The reduction in hydrogen partial pressure, however, increases by-production of
consecutivecrsactien products otacdtatiehyde incllidingRektalde Ryriescondensation reéagtion products
to thereby impair the quality of acetic acid, as mentioned above. The reduction in methyl iodide content
reduces the'prodbEtioH Fste S oF RB oMY Hedidlde frieSut blse adetit aditUEs dBSEHBedih Example of
this document (Table 3), Namely, it reduces the production efficiency of acetic acid and is industrially

and economidfy fidesifatié PRERCDOCIMERT 1T SHpatiede EXamiNed Patent Appliéation
;’ﬂﬁ::ggﬂgg %E%%ge g%t:g%%?il o RAtgq Document 2: Janpnese Lnexamined Patent Application
highly pure carbon monoxide requires enhanced facilities
for purification and invites increased cost. The present
inventors have verified that the acetaldehyde content and
amounts of other byproducts cannot be sufficiently reduced
even by this method.
PCT International Publication Number WO 2004/60846
discloses a process for producing acetic acid in which
acetic acid is produced at a production rate (STY) of 15

mol/L-hr or more at a water content of 2 percent by weight

or less and a rhodium content of 1000 ppm or more.



Patent Document 3: JP-A No. 60-239434 Patent Document 4: Granted Japanese Patent No. 3244385
Patent Document 5: POT Japanese Translation Patent Publication No. 2003-508363 Patent
Document 6: Japanese Examined Patent Applicétioﬁw Publication (JP-B) No. 8-5839 Patent
Document 7: POT International Publication Number WO 2004/60846 Patent Document 8: JP-A No.
6-40999 Patent Document 9: POT International Publication Number WO 2002/62740

Non-Patent Document 1: Applied Homogeneous Catalysis with Organometallic Compounds (2nd
Edition) (2002), Volume 1, 104-136 (Celanese) DISCLOSURE OF INVENTION PROBLEM TO BE
SOLVED BYSFHE tNVENTION' TS AGS? ﬁﬁ Y, an o%?éaccitolf?ﬁle pPerse%?n%%ﬁﬁgﬁ is to provide a

method for efficiently praducing high-quality acetic aci hich method can reduce production of
byproducts r\r}\ﬁt%ﬁ?%:ad %glr?g e+r§[§cﬂ%In Hrgf‘e Jrof%%e icojda"?l\iyfae Svén af'A fow waler contént-and a low

hym@genpag@Jshift reaction (CO + H,O0O — CO, + H,), and water forms
and accumulates in the reaction system at a water content
in the reaction system of 5 percent by weight or less. To
avoid this, the method uses methyl acetate in the reaction
system for chemically controlling the water content. The
added methyl acetate comes in contact with water in the
system and is hydrolyzed into acetic acid and methanol.
The resulting methanol is used as a raw material for the
production of acetic acid. The increased rhodium content
in the system, however, increases not only the production
rate of acetic acid but also that of by-produced
acetaldehyde. Acetic acid and acetaldehyde increase
proportionally with increase in rhodium content.
Specifically, acetaldehyde increases substantially
proportionally with increase in acetic acid. At a low
water content, the rate of aqueous gas shift reaction
decreases to thereby decrease the hydrogen partial pressure.
At such a low hydrogen partial pressure, the rates of
hydrogenation reactions of acetaldehyde (e.g., CH3CHO + H;
— CH3CH,0H) decrease to thereby increase the acetaldehyde
content of the reaction mixture and increase the rate of
condensation reactions of acetaldehyde. Consequently,

reducing substances such as crotonaldehyde and 2-



pressure in a reaction system. Another object of the present invention is to increase the
productivity of acetic acid and to inhibit by-producti%ns of acetaldehyde and consecutive reaction
products of acetaldehyde to thereby provide a simple and efficient process for producing acetic acid.
MEANS FOR SOLVING PROBLEM After intensive investigations on methods for producing acetic acid
by carbonylating methanol in the presence of a rhodium catalyst, the present inventors obtained the
following findings. Specifically, the content of active Rh[l] complex decreases at a low water content
and a low hydrogen partial pressure in the reaction system, and that the production rate of acetic acid
Cignifcantly e CAeRe G4 hBIHAR (At A TS e of TS A i (37 6 KPAY: T8 achieve
hydrogen paptal piesshiff 168 11N & RSL (27,6 KBA), a.0igbepyity.cathan,mpgoxide [CO) feedstock
having a hydrogen contént of less than 0.01 percent by mole is required. This increases cost for CO
purification fagilities and for G preduction. A increasing rhediym-eontent proportionally increases the
production rates of not only acetic acid but also by-produced acetaldehyde. A more severe problem at
a low hydrogea pariéal gessuie ds that,sofrconsecutiverreagtions -aldhef acetaldehyde, the reaction
rate of condensation of acetaldehyde increases and the production levels of reducing substances such
as crotonaldetsdetand 24 ethy d trogertakdehyde increase tecausexpooer resuktsirethehpatassium
permanganate test and to impair the quality of acetic acid. Acetaldehyde must be removed by
chemical tréatfiepd andiot 'separationtd Keep satistactory gualiyefhe prodhact atetfic acid. At such a
high hydrogen partial pressure that the production rate of methane is higher than that of carbon

dioxide, waldr PréddcedPdpdnt thePby-Pratfiictidn of indtharné mustba refiovea S This 8guités extra
energy and addition of an agent for removing water to thereby C roduction efficiency and
increase thg %%o unclﬁ%]ﬁrtl:‘?)%iL of %ilet%:ug)c% Cﬁ%sl,qé szﬁﬁ%%%rserg hei Eggpﬁsgﬁ%%o’n Iveq\?geo]? formic acid

which is a redycing sybstange and causes Poog resghlts,in the patassiyn pepmanganatefest. — To

provide an efficient production process of acetic acid which can save resources and energy, the
by-production of acetaldehydg andcansegutive reaction pradusts thereot-austhe positively reduced.
Such consecutive reaction products of acetaldehyde include propionic acid; hexyl iodide; condensation
reaction progugts akaceigldebyde;stichras erotonatdehydes and cossegutivereasticn peoducts of
these condensation reaction products. For the positive

increases the by-production of formic acid that is a

reducing substance and causes poor results in a potassium
permanganate test.

Applied Homogeneous Catalysis with Organometallic
Compounds (2nd Edition) (2002), Volume 1, 104-136
(Celanese) relates to techniques for synthesizing acetic
acid at a low water content and mentions that the stability
of a rhodium complex is increased by adding lithium iodide,
that the carbonylation reaction rate markedly increases
with an increasing methyl acetate content at low water
contents, and that the carbonylation reaction rate is
increased by the action of the iodide salt. This document,
however, lacks the description about the control of

acetaldehyde content. The present inventors have found



reduction of consecutive reaction products of acetaldehyde, acetaldehyde can be chemically treated to
thereby reduce its content. For better result, acetal%ehyde is preferably removed out from the reaction
system. A more preferred solution is to inhibit the formation of acetaldehyde during the reaction.
However, the technique of reducing the acetaldehyde formation by reducing the methyl iodide content
is industrially and economically undesirable, since the technique acts to reduce not only the production
rate of acetaldehyde but also that of acetic acid to thereby impair the production efficiency of acetic

acid. CO&S?@uSQ ){L eth%%eseﬁlnv_entors tm .q%getalled a£1a| ses of the reaction rat%ln relation

tl
with the formafiond 0f atetic 'Scid 38 2 maih feaction p%lalucjtf) an %cet%fdeh%é?ﬁﬁ@r%g%n?and carbon

dioxide), angt@swﬂl@nfso@agormg&w%o%%aué@n%@sdg found that, of factors inyolved in

reactions [reaction temperature, CO partial pressure and hydrogen partial pressure in the gaseous

phase of the feactgr metbyhiodide;content, methyl acetate conterny, water coptantrhgdium content,
and lithium iodide content (iodide salt) of the reaction mixture], only the CO partial pressure in the

gaseous phaseof dte reastenanththeanethyl acetate content of the reaction mixture serve to
accelerate the main reaction while inhibiting side reactions, as shown in following Table 1. In Table 1,
an - 12 - increasidg naniber of “#Omeansl agreéates coatribetiondo the fogpmadion iand an increasing
number of "-" means a greater action of inhibiting the formation. [Table 1] Table 1 Acetic acid
Acetaldehy@cetic acid, in which a reaction is carried out while
keeping the water content to about 10 percent by weight or
less and the methyl acetate content to 2 percent by weight
or more, and the resulting reaction mixture is distilled.
This document mentions that the by-production of propionic
acid decreases with an increasing methyl acetate content,
and the propionic acid content of the reaction mixture
becomes less than 500 ppm at a methyl acetate content of 2
percent by weight. As is described above, however, the
reaction rate of acetaldehyde hydrogenation decreases under
a low hydrogen partial pressure at a low water content, the
acetaldehyde content of the reaction mixture increases to
thereby increase the reaction rate of acetaldehyde
condensation, although the production level of propionic
acid due to carbonylation of ethanol decreases. As a
result, reaction products of acetaldehyde condensation
increase to thereby impair the quality of acetic acid. To
achieve a process for efficiently producing acetic acid

which saves resources and energy, the by-production of both

acetaldehyde and consecutive reaction products of



e H2(002) Methane Reaction temperature (activation energy) ++ +++ + +++ CO partial pressure ++ --

- 7 -

acetaldehyde, such as condensation reaction products,
propionic acid, and hexyl iodide, must be effectively
inhibited.

PCT International Publication Number WO 2002/62740
discloses a low—energy process for producing acetic acid
using two or less distillation columns, in which a product
flow contains propionic acid impurities at low level, and
the level of aldehyde impurities in the product flow is
controlled through a technique selected from (i)
maintaining the hydrogen partial pressure in the reactor to
less than about 6 psia (41.3 kPa) at a total pressure of
from about 15 to 40 atmospheres (1.5 to 4 MPa) in the
reactor; or (ii) maintaining the methyl iodide content of
the reaction mixture of less than about 5 weight percent;
or (iii) removing aldehyde impurities. The reduction in
hydrogen partial pressure, however, increases by-production
of consecutive reaction products of acetaldehyde including
acetaldehyde condensation reaction products to thereby
impair the quality of acetic acid, as mentioned above. The
reduction in methyl iodide content reduces the production
rates of not only acetaldehyde but also acetic acid, as
described in Example of this document (Table 3). Namely,
it reduces the production efficiency of acetic acid and is
industrially and economically undesirable.

Patent Document 1: Japanese Examined Patent



- --- Hydrogen partial pressure + ++ (-) ++ Methyl iodide content ++ ++ +
- 8 -

Application Publication (JP-B) No. 47-3334)

Patent Document 2: Japanese Unexamined Patent
Application Publication (JP-A) No. 60-54334

Patent Document 3: JP-A No. 60-239434

Patent Document 4: Granted Japanese Patent No. 3244385

Patent Document 5: PCT Japanese Translation Patent
Publication No. 2003-508363

Patent Document 6: Japanese Examined Patent
Application Publication (JP-B) No. 8-5839

Patent Document 7: PCT International Publication
Number WO 2004/60846

Patent Document 8: JP-A No. 6-40999

Patent Document 9: PCT International Publication
Number WO 2002/62740

Non—-Patent Document 1: Applied Homogeneous Catalysis
with Organometallic Compounds (2nd Edition) (2002), Volume

1, 104-136 (Celanese)

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

Accordingly, an object of the present invention is to
provide a method for efficiently producing high—-quality
acetic acid, which method can reduce production of by-
products without reducing the reaction rate of acetic acid

even at a low water content and a low hydrogen partial



++ Methyl acetate content ++ _ Water content + + +++ ++

- 9 -

pressure in a reaction system.

Another object of the present invention is to increase
the productivity of acetic acid and to inhibit by-
productions of acetaldehyde and consecutive reaction
products of acetaldehyde to thereby provide a simple and

efficient process for producing acetic acid.

MEANS FOR SOLVING PROBLEM

After intensive investigations on methods for
producing acetic acid by carbonylating methanol in the
presence of a rhodium catalyst, the present inventors
obtained the following findings. Specifically, the content
of active Rh[I] complex decreases at a low water content
and a low hydrogen partial pressure in the reaction system,
and that the production rate of acetic acid significantly
decreases at a hydrogen partial pressure of less than 4 psi
(27.6 kPa). To achieve a hydrogen partial pressure of less
than 4 psi (27.6 kPa), a high-purity carbon monoxide (CO)
feedstock having a hydrogen content of less than 0.01
percent by mole is required. This increases cost for CO
purification facilities and for CO production. An
increasing rhodium content proportionally increases the
production rates of not only acetic acid but also by-
produced acetaldehyde. A more severe problem at a low

hydrogen partial pressure is that, of consecutive reactions



Rhodium content +++ +++ +++ +++ Lithium iodide content ++ ++ + +++
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of acetaldehyde, the reaction rate of condensation of
acetaldehyde increases and the production levels of
reducing substances such as crotonaldehyde and 2-
ethylcrotonaldehyde increase to cause poor results in the
potassium permanganate test and to impair the quality of
acetic acid. Acetaldehyde must be removed by chemical
treatment and/or separation to keep satisfactory quality of
the product acetic acid. At such a high hydrogen partial
pressure that the production rate of methane is higher than
that of carbon dioxide, water produced upon the by-
production of methane must be removed. This requires extra
energy and the addition of an agent for removing water to
thereby reduce the production efficiency and increase the
production cost of acetic acid. This also increases the
by-production level of formic acid which is a reducing
substance and causes poor results in the potassium
permanganate test.

To provide an efficient production process of acetic
acid which can save resources and energy, the by-production
of acetaldehyde and consecutive reaction products thereof
must be positively reduced. Such consecutive reaction
products of acetaldehyde include propionic acid; hexyl
iodide; condensation reaction products of acetaldehyde,
such as crotonaldehyde; and consecutive reaction products

of these condensation reaction products. For the positive



The data in Table | will be described in more detail below. The increase in reaction temperature
increases the production rate of acetic acid, but also increases the production rate of acetaldehyde at
an increasing rate higher than that of acetic acid. The increase in hydrogen partial pressure somewhat
increases the production rate of acetic acid, but increases the production rate of acetaldehyde at an
increasing rate higher than that of acetic acid. The increase in methyl iodide content increases the
production rate of acetic acid, but further increases the production rate of acetaldehyde at an
increasing rate e%téal to or pi%hoer than that of acetic acid. Thgérlllc(::rggs% %n water contg}r& omewhat

. red 10N O ngecutive reachil T acetaglde
increases the - - pI‘OdUCtIOH raste o1 aceliCc aCI%, Buf)fﬁrt]%er increases the pro U&IO ra?é of

aceta'dehy%ec8&%%&%?%%”%£%teb5é’b<§ﬁaé?ﬁif‘ﬂ)$f%%)ak@etg%%%f %Coeﬂgglatef%b g-\ngrgase in rhodium

content increases the production rate of acetic acid, but also increas production rate of

acetaldehyde at an increasing fate substantiall equal tothatahacaticacid. SThe-thedium content
significantly affects the production rates of these products and must be carefully set. The increase in

lithium iodide-gontent ingreasesthe peodustion 1ate efiacedie acidy bub furtherdaereases the production
rate of acetaldehyde at an increasing rate equal to or higher than that of acetic acid. The increase in
lithium iodidecdariténtstabilizes thewrhodiunm lcemplexeatatyst and dncreasesthederoductioryrate of
acetic acid, but also increases side reactions. The lithium iodide content must therefore be carefully
set. Only thefCOrtidl ressur8 AreMhE méthg| dctaricbitemtiserte s adceléfate the main reaction
while inhibiting side reactions. The present inventors also revealed that the production rate of acetic

acid can be3REeasea Wi iNRBRMGURprOdUEio of B8etaltfe At rehatdgds!6f the hydrogen

partial pressure, bX %nclrgasiir:jg tg ]9% [ﬁlrtia}j1 5r ssure gpng/gr ﬁle mertlt&yel Sacggagﬁ é:ontselnt. 'ghe fact that
the production rate of acetalc eHy & i$'redlice y mcreasmgat eCO partlaﬁ pressure andror the methyl

- 14 - acetajq, content ngs,nat yetbeen known,and pas begn firstrevealed, by thg present invention.

By setting more preferred reaction conditions based on theseé relations, the productivity of acetic acid

can be increaseg-while inhikiting the-fosmation of consecutive reactionproduetsafacetaldehyde such
as aldehydes, alcohols, alkyl iodides, carboxylic acids, and carboxylic acid esters; and further

consecutivei reaetion predycts thereot, suek asaldehydesr alcobelscalkyliiodides, carboxylic acids,
and carboxylic acid esters. This saves facilities and energy for separation and purification of the
impurities and endbles theprodugtiont bEhighemeity aceticatidat lowdesti Gtheipregent invention has

been achieved based on these findings and considerations.
analyses of the reaction rate in relation with the

formations of acetic acid as a main reaction product, and
acetaldehyde, hydrogen (and carbon dioxide), and methane as
major byproducts. Resultantly, they found that, of factors
involved in reactions [reaction temperature, CO partial
pressure and hydrogen partial pressure in the gaseous phase
of the reactor, methyl iodide content, methyl acetate
content, water content, rhodium content, and lithium iodide
content (iodide salt) of the reaction mixture], only the CO
partial pressure in the gaseous phase of the reactor and
the methyl acetate content of the reaction mixture serve to
accelerate the main reaction while inhibiting side

reactions, as shown in following Table 1. In Table 1, an



Specifically, the present invention provides a method for producing acetic acid, including the steps of
continuously reacting methanol with carbon monoxide in the presence of a rhodium catalyst, an iodide
salt, methyl iodide, methyl acetate, and water and tliereby producing acetic acid at a production rate of
11 mol/L.hr or more while keeping the acetaldehyde content of acetaldehyde of a reaction mixture to
500 ppm or less, in which the reaction is carried out at a carbon monoxide partial pressure in a
gaseous phase of a reactor of 1.05 MPa or more and/or at a methyl acetate content of the reaction
mixture of 2, percent -, 15 b¥ H\{\t/)el%ht or more to therebéy keeé) the Iproductlo rate of acetaldehyde to

1/1500 or Ielsrécﬁﬁ‘es ISR Fate st aceticMerd:S < IV TS b produc iBh e Hogjotrhethydrogen partial

pressure in the gag%%%scef% se fr]tg}ea{'gagggggegri{% bly 100 kPa pr less %da?é)r% preferably 70 kPa

or less. The reaction is preferably carried out at a ogen partial pressure In the gaseous phase of
the reactor gf-£@ kPa qrdess,and a methyhaestate eontert,efthe reaction mixture of 3.1 percent by
weight or more. The water content of the reaction mixture is more preferably 3 percent by weight or
Less. In[a preferred embodiment of the production method, acetic acid can be produced at a
production rate of 15 mol/L.hr or more. In another preferred embodiment, acetic acid can be produced
while keeping the production rate of acetaldehyithgtbel/2500 or less of the production rate of acetic

acid. Iﬂequﬁh0d1ﬁ1heTﬂeSEﬁfﬂ“nﬁﬂ“QXb%”'u'!E"”gﬂyﬁf%fJ”Hbd&ﬁylﬂ b??%%ﬁ"é” includes
the steps separating the reaction mixture mag %CG'[IL acﬁ da process mlxtur% containing residual

componen é:léb F€Co Uhllll cuu acid; b‘palg}t_’_llg and |cnjlgrvu|g ca uuuyl mmput process
mixture, an g g\gﬁg tEnep (e % %afprocess mixture tq the reactor. - 16 - Accarding to a preferred
embodime t';OL“U lrlﬁliﬂ)u canft IUI hrer-inctugea purification-process which-inctudes the btUJJb.UI (A)
separating ﬁlcd%%atétrllun III]C)\Laj_C ”]_lleusg \%uei tite comport ent-and ! tow-= U|au|&:: L)UIIIPJIICIIL_'_l:f__y distillation,
the volatile ich-water,- methyl ou,ctcut:, and-methytipdide,andthe
|0W VO|atI| nnnnnnnnnnnnnnnn IA :..M+£+nl|. 4+ Al i_lj_n il Al e DY aninarad .-'._n% Ir\l\ | tl

- H&KICIIL |9 IILQIIIIII@ !CC I UJIUIII+L:|_(1L(1Iy calrmd LII_C TOouUTuc Dall,_\D) cpoal aLIIIU tne-yvolatile
componen g‘o ahigh- uo,'c.ing componentiand alov*v-t‘oilin" component bx;giJ?tiHa&Iﬁﬁ,—Hj?th'h-bOIllng
componen Eg}\?nqainm" “rﬁeli“ acith-and-thelow-boiling-component-containtng-water; methyl acetate,
and methylj %%l \,"30% b....é,n he quvv % )Iatire+c+omponentthJéJEhe re"“torﬁﬁ) separati?.g and

1 llqré OIIV' [TaYal If\\l\l hf\ili—t\—ftl on 1nnnnntt\hf in f‘l in C&nn /D L TaY \Ii';\lfi- I’I\(‘ij I

rem0V|ng Cou IJUIIyI IIIIPUIILICQ IIUIII LIIC LAAA A WAVJ R 1] | U CVUIl U crrvvwamnmicu ini QLUH \L} (4} I U 1TC Ol Ua

components; (E) recycling the residual components obtalned in Step (D) to the reactor (F) separating
acetic acid from the high-boiling component obtained in Step (B) by distillation; and (G) treating the
acetic acid obtainédth Stp(P) Withe® sivelr- B ier&arycs@panged catiomexenalfjeresin. Steps (B),

(D), and (F) can be carried out by using a total of three or less distillation columns.
The increase in reaction temperature increases the

production rate of acetic acid, but also increases the
production rate of acetaldehyde at an increasing rate
higher than that of acetic acid. The increase in hydrogen
partial pressure somewhat increases the production rate of
acetic acid, but increases the production rate of
acetaldehyde at an increasing rate higher than that of
acetic acid. The increase in methyl iodide content
increases the production rate of acetic acid, but further
increases the production rate of acetaldehyde at an
increasing rate equal to or higher than that of acetic acid.

The increase in water content somewhat increases the



EFFECT OF THE INVENTION According to the present invention, the formation of - 17 - by-products
can be reduced without reducing the reaction rate of acetic acid even at a low water content and a low
hydrogen partial pressure of the reaction system. Hi h-quality acetic acid can thereby be efficiently
produced. Furthermore, acetic acid can be efficiently produced with a high productivity using simple
processes and facilities while inhibiting the formation of acetaldehyde and consecutive reaction
products thereof. DESCRIPTION OF THE DRAWINGS [Fig. 1] A production flow chart as an

embodiment ro(f) éﬂle resent inventicgéFi&E%YA ﬁ%(gfcﬂio%ntﬂ%\ﬁ rcpﬁretrgs_%rgtggrseergbg iement of the

present invéntion. D eRfﬁﬁ%I\? T ’ 1 carbon monoxide
production rate of acetaldehyde at an increasing rate
substantially equal to that of acetic acid. The increase
in rhodium content increases the production rate of acetic
acid, but also increases the production rate of
acetaldehyde at an increasing rate substantially equal to
that of acetic acid. The rhodium content significantly
affects the production rates of these products and must be
carefully set. The increase in lithium iodide content
increases the production rate of acetic acid, but further
increases the production rate of acetaldehyde at an
increasing rate equal to or higher than that of acetic acid.
The increase in lithium iodide content stabilizes the
rhodium complex catalyst and increases the production rate
of acetic acid, but also increases side reactions. The
lithium iodide content must therefore be carefully set.
Only the CO partial pressure and the methyl acetate content
serve to accelerate the main reaction while inhibiting side
reactions. The present inventors also revealed that the
production rate of acetic acid can be increased while
inhibiting by-production of acetaldehyde, regardless of the
hydrogen partial pressure, by increasing the CO partial
pressure and/or the methyl acetate content. The fact that
the production rate of acetaldehyde is reduced by

increasing the CO partial pressure and/or the methyl



2 fresh methanol 3 reactor 4 gaseous purging flow 5 liquid product (reaction mixture) 6 evaporator
(flasher) 7 bottom flow 8 overhead 9 a low-boiling (ﬁmponent-acetic acid - 18 - separation/distillation
column - -

acetate content has not yet been known and has been first
revealed by the present invention.

By setting more preferred reaction conditions based on
these relations, the productivity of acetic acid can be
increased while inhibiting the formation of consecutive
reaction products of acetaldehyde such as aldehydes,
alcohols, alkyl iodides, carboxylic acids, and carboxylic
acid esters; and further consecutive reaction products
thereof, such as aldehydes, alcohols, alkyl iodides,
carboxylic acids, and carboxylic acid esters. This saves
facilities and energy for separation and purification of
the impurities and enables the production of high-purity
acetic acid at low cost. The present invention has been
achieved based on these findings and considerations.

Specifically, the present invention provides a method
for producing acetic acid, including the steps of
continuously reacting methanol with carbon monoxide in the
presence of a rhodium catalyst, an iodide salt, methyl
iodide, methyl acetate, and water and thereby producing
acetic acid at a production rate of 11 mol/L-hr or more
while keeping the acetaldehyde content of acetaldehyde of a
reaction mixture to 500 ppm or less, in which the reaction
is carried out at a carbon monoxide partial pressure in a
gaseous phase of a reactor of 1.05 MPa or more and/or at a

methyl acetate content of the reaction mixture of 2 percent



10 distillate (overhead) 11 a step for removing carbonyl impurities 12 line (reactor recycling line) 13
high-boiling component 14 acetic acid-distillation column 15 crude acetic acid 16 low-boiling
component 17 high-boiling components having a bjo?lin_g point higher than that of acetic acid 18
treatment tank filled with a cation exchange resin 19 acetic acid (product)

by weight or more to thereby keep the production rate of
acetaldehyde to 1/1500 or less of the production rate of
acetic acid.

In this production method, the hydrogen partial
pressure in the gaseous phase of the reactor is preferably
100 kPa or less and more preferably 70 kPa or less. The
reaction is preferably carried out at a hydrogen partial
pressure in the gaseous phase of the reactor of 70 kPa or
less and a methyl acetate content of the reaction mixture
of 3.1 percent by weight or more. The water content of the
reaction mixture is more preferably 3 percent by weight or
less.

In a preferred embodiment of the production method,
acetic acid can be produced at a production rate of 15
mol/L-hr or more. In another preferred embodiment, acetic
acid can be produced while keeping the production rate of
acetaldehyde to 1/2500 or less of the production rate of
acetic acid.

The method of the present invention can further
include a purification process which includes the steps of
separating the reaction mixture into acetic acid and a
process mixture containing residual components and
recovering acetic acid, separating and removing carbonyl
impurities from the process mixture, and recycling the

residual process mixture to the reactor.



20 carbonyl impurities 9' distillation column 10’ distillate 13" high-boiling component BEST MODE FOR
CARRYING OUT THE INVENTION According ta the present invention, acetic acid is produced by
continuously reacting methanol with carbon monoxide using a rhodium catalyst. The rhodium catalyst
generally exists as a rhodium complex in a reaction mixture. The rhodium catalyst can therefore be
any one, as long as it is a rhodium complex soluble in the reaction mixture under reaction conditions or
it can form the rhodium - 19 - complex. Specifically, rhodium iodine complexes such as RhI3 and
[Rh(C0)212] , and rhodiug,carbonyl comrpel%xes are %re{)eorgli)l usgd. tTltlue am%%rgagf the rhodium

catalyst in terms 0 Conteht P the reachon niixtirs is, for exan%ie,’ aboUt 280 t6 About 3000 ppm,

preferably afgI?HEﬁQQ t‘if’i‘%?%%o%o %38?‘1 and Q@nprﬁ%eéég'yﬁar%ﬁ{e %ﬂoit?{lﬁf’ 4L30Q ppm. The

rhodium catalyst used In the reaction is generally recycled an the present invention, an

iodide salt ig usgd tyically,fox stabilizing, thecrhodium catalyst at adowvatgr gontent and accelerating
a reaction for producing acetic acid. The iodide salt can be any one, as long as it can yield iodide ions
in the reactigpimixiure. Exapplasitherenf ase alkalivoetat iotidescsychnas kil dyal, K, Rbl, and Csil;
alkaline earth metal iodides such as Bel2, Mgl2, and Cal2; and iodide salts of aluminum group metals,
such as Bl3anrd All3aApart frooh thevmetdl iddide saltsrthe iodide saltalswinelueles organid iodide
salts. Examples of the organic iodide salts are quaternary phosphonium iodide salts containing methyl
iodide addu¢es-6ihydregen lodide hdtiGets DIPhvsphiries Seh @s triba|phosphine-and
triphenylphosphine; and quaternary ammonium iodide salts containing methyl iodide adducts or

hydrogen iotfideé* addicts SrRrFEYRN-COMaiRy CsmpEind STeh s tettiaryYarhings dpyridines,

inﬂdazomshﬁggfggd%%f¥?oqgﬁh%§§ggggging the volatile component into a
high-boiling component and a low-boiling component by
distillation, the high-boiling component containing acetic
acid, and the low-boiling component containing water,
methyl acetate, and methyl iodide; (C) recycling the low-
volatile component to the reactor; (D) separating and
removing carbonyl impurities from the low-boiling component
obtained in Step (B) to yield residual components; (E)
recycling the residual components obtained in Step (D) to
the reactor; (F) separating acetic acid from the high-
boiling component obtained in Step (B) by distillation; and
(G) treating the acetic acid obtained in Step (F) with a
silver— or mercury-exchanged cation exchange resin. Steps

(B), (D), and (F) can be carried out by using a total of

three or less distillation columns.

EFFECT OF THE INVENTION

According to the present invention, the formation of



- 20 - salts, alkali metal iodide salts such as LIT are preferred. The amount of the iodide salt is, in
terms of iodide ion in the reaction mixture, for examgle, about 0.07 to about 2.5 mol/L and preferably
about 0.25 to about 1.5 mol/L and is, in terms of content of the reaction mixture, about 3 to about 40
percent by weight and preferably about 4.5 to about 30 percent by weight. The iodide salt used in the
reaction is generally recycled and reused.  Methyl iodide is used herein as a catalyst accelerator.
The methyl iodide content of the reaction mixture is, for example, about 5 to about 20 percent by
weight and Breferab about 11 t%about 6 %%{centt %y Weigrhetdl\éleghr}/l iot ide used in.the reaction is

generally recﬁ}c—:l‘%ﬁoanoc fetsed” CeTHE WALST Cofitent of the reAtTion Mikitire i§ agﬁelr%ﬂy about 15

percent by WSEJ% o 'eéée(fﬁrcexggl € qut 0.1 to %%%ﬂaie%msg%%w@?%}?a prefgrably about 10
weig

percent by t or less (for example, about 0.3 to about 10 percent by weight), more preferably
about 5 pergentby.wgight pr less (farexample abaut 0.5 (o abeuld pereent by wei and
particularly preferably about 3 percent by weight or less (for example, about 0.7 to about 3 percent by
weight). Angxgessively high watericontent may ingsgasetherenergy dead, fos separating water in a
purification system and requires large purification facilities. At low - 21 - water contents under
conventionalueattiomearwditiens; the rate off acmatebgas Shiftreactidy decreasesdtheiiydregen partial
pressure decreases, and by-production of condensation reaction products of acetaldehyde increases
to thereby ifpair tRE eRiafify1of Hebtic aghkl ATEBRIIY B thessresentindentiohl hbweser, the quality of
acetic acid can be satisfactorily maintained without reducing the productivity thereof by carrying out the
reaction at ¥'€0 partdl predstie oTLE%Sfﬁlﬁ&a&lrﬂﬁreoén@@?Bﬁimﬁ%eaﬂgte content of the
reaction mi>étgresg1‘c 2 gg\rfceent QX Cv%%igrrllt orrlg %Ckceéap{r}getrhe O|%roduction rate of acetaldehyde to 1/1500
or less the pro%uctléln rate of acetic acid];oan maintaining Tie acetaldehyde content of the reaction
mixture to 500 ppm or less. The methyl acetate content of the reaction mixture is about 2 percent
by weight or more, preferably about 3.1 percent by weight or more, and more preferably about 3.5
percent by weight opmare, excepiwhentheeaction is conducted at a CO partial pressure in the
gaseous phase of the reactor of 1.05 MPa or more. In this case, the methyl acetate content can be, for
example, about 1 {@abouti2 percept by weighirbut is prefeabty akowr? pelseat by meight or more.
The upper limit of the methyl acetate content of the reaction mixture is, for example, about 30 percent
by weight, preferably ebout 15penceniby weight, - 22 - and more preferably about 10 percent by
weight. Methyl acetate is formed as a result of the reaction of raw material methanol with acetic acid.
The by-production[&fisypréductd shERAS Hektdldéhyte, HydidgehS anb Hiémane can be inhibited while
increasing the production rate of acetic acid, by keeping the methyl acetate content of the reaction
mixture at £MGRTEVEI "As tHe MEthy atettE, dne’68¢d fif'the reaction and/or one formed in the
reaction is generally recycled and reused. The residual main component of the reaction mixture is
acetic acid, target product, which also serves as a reaction solvent. A typical reaction temperature of
carbonylatio). aceording1Q the presentippention is about 150C to about 250C, preferably about 180C
to about 220C, and more preferably about 182C to about 195C. The CO partial pressure in the
gaseous phase ofithe feactar isaRout .05 MPa or more, preferably about 1.10 MPa or more, and
more preferably about 1.15 MPa or more, except when the reaction is conducted at a methyl acetate
content of the reactian-mxture-ef2 percent by weight or more. In this case, the CO partial pressure
may be, for example, about 0.8 to about 1.05 MPa but is preferably about 1.05 MPa or more. The
upper limit of the GOrpartilqpressure is, for example, about 3 MPa and preferably about 2.5 MPa. An

Increased CO partial pressure in the gaseous
4 gaseous purging flow

5 liquid product (reaction mixture)
6 evaporator (flasher)

7 bottom flow

8 overhead

9 a low-boiling component—-acetic acid



- 23 - phase of the reactor can increase the stability of the rhodium catalyst and inhibit by-production of
byproducts such as acetaldehyde, hydrogen, and m§thane while increasing the production rate of
acetic acid. The hydrogen partial pressure in the gaseous phase of the reactor is generally about
200 kPa or less, preferably about 100 kPa or less, and more preferably about 70 kPa or Less. A high
hydrogen partial pressure accelerates a methane-producing reaction (OH30H + H2-4 CH4+ H20), an
acetaldehyde-producing reaction (CH30OH + CO + H2-4 CH3CHO + H20), and a propionic
acid-producing reaction (CH3CHO + H2 4 CH3CH20OH, CH3CH20H + HI -4 0H20H2I + H20,
OH20H2I + iﬁﬁ?ﬁd%gﬂéﬁﬁddobwﬂa%i% reactions can be inhibited by reducing the

hydrogen partial p{%ss&re.tHerogen IS mai@ll f%r ed by a water gas shift reaction (CO + H20 -4 002+
HO). The hydrogen partlla p:rgessatljr((ae céﬁ‘fﬁé‘ﬁre%re)?e reduced by reducing the water content of the

reaction mixture. As isad%gpéﬁpeg@oygmggqg%d%g;qg%aggg@ pressure under conventional

reaction conditions, by-production of condensation reaction products of acetaldehyde increases to
thereby impair theiquality,ef pregiuet aceticasid.1Aeeprdingde the present invention, however, the
guality of acetic acid can be satisfactorily maintained without reducing the productivity thereof even at
a low hydrogen pdrtialpressure] by carryimgeautdhe - 24 - reaction at a CO partial pressure of 1.05
MPa or more and/or at a methyl acetate content of the reaction mixture of 2 percent by weight or less;
keeping the produtfion ¢&teist areialdehiyteltblH1500 of felsgthe production rate of acetic acid; and
holding the acetaldehyde content of the reaction mixture to 500 ppm or less. The lower limit of the
hydrogen partial ptesstrg9$ f6-&xarfipleSabout 5 kPa and generally about 10 kPa. The hydrogen is
formed as a result of the aq}geogs as shift reaction and, additionally, may be introduced into the

system together wlit ra ' materiat Cdrson MehGkide. The total pressure of the reactor is constituted

by the CO patrtial Ergﬁgggnq%%ﬂei%drlggﬁg DAL aé gr%sas\y{%,gpaartiglﬁrf PRres ooifrg){her by-produced
ioxide,

gases (methane, carbon and nitrogen), and vapor pressures of the ‘components in the reaction

mixture and,is generally within fhe rangg-ef-about d;5 to about 5 MPa. According to the present
invention, acetic acid is produced at a high production rate of 11 mol/L.hr or more (preferably about 15

mol/L.hr or more) while kegpingnthepraduation rate pf acetaldehyele to d4500neidess thenproduction
rate of acetic acid. To produce acetic acid at a high production rate under general conventional
reaction conditions Stheaeadtiorateimperaturd umust be elevated and the contents of the rhodium
catalyst, iodide salt, and

20 carbonyl impurities

9' distillation column

10' distillate

13' high-boiling component

BEST MODE FOR CARRYING OUT THE INVENTION

According to the present invention, acetic acid is
produced by continuously reacting methanol with carbon
monoxide using a rhodium catalyst. The rhodium catalyst
generally exists as a rhodium complex in a reaction mixture.
The rhodium catalyst can therefore be any one, as long as
it is a rhodium complex soluble in the reaction mixture

under reaction conditions or it can form the rhodium



- 25 - methyl iodide must be increased. These conditions, however, also increases by-production of
acetaldehyde. According to the present invention, h8wever, the ratio of the production rate of
acetaldehyde to that of acetic acid can be reduced'td 171500 or less by carrying out the reaction at a
CO partial pressure of 1.05 MPa or more and/or at a methyl acetate content of the reaction mixture of
2 percent by weight or less. The ratio of the production rate of acetaldehyde to that of acetic acid is
preferably about 1/1800 or less, more preferably about 1/2000 or less, and particularly preferably
about 1/2500 or less. The reflfgoq ccord}ilnéy to the _prgsent invention is carriecLo%t while keeping

the acetalde O§n & Eohtent-5rthe ré&tion mixtthe b Bbo* f))prrl}noer |&s8! yeﬁ{eeespinsdl the acSetaIdehyde

content of t %feactigp ixt resto 500-ppm rleﬁs, ¥ roducgon o{bggrodycts derived from
acetaldehyde can‘be sig]r%ﬁléantﬁf ?ﬁtﬁtﬁitea .%xgmop es of stich byproducts are reducing substances

such as crofonaidenyde and2-ethylerotonaldehyde; alkyhiodides:sugh as bexy) dedide; and carboxylic

acids such as propionic acid. The reaction according to the present invention is carried out at a CO
partial presswendf 185 Ma and/of Mareorat adnetyl acetate-eontent abthedeastionemixture of 2
percent by weight or less. Thus, the production rate of acetaldehyde can be markedly reduced.
Accordinglyaba2g - édsiduat |aidoilingicompements inclieding Water onethylHtetateaimethyl iodide,
and acetaldehyde after recovering acetic acid from the reaction mixture can be recycled to the reactor
as intact. It IS)Pfef&rEd, oweveprto sepafateshtyrepisvttatdedstipartbPadetdldiehy&e from the
low-boiling components and to recycle the residual components to the reactor, in order to minimize the
acetaldehydé EortRtioftheTahetior mixtife! THe ddEtaltigRyde 8Bntbft BFfHeT@acton mixture is
preferably about 4?0 ppm or less angl more preferably about 400 ppm or Less. The reaction
mixture is sﬁﬁjce%gede foa puriﬁcealfiso% process to thereby separate and recover acetic acid. For reducing

the material cost, the rgpgugg &§@¥stim¢eiggiggn§altameitgg dodidg, methyl acetate, and water are

generally recycled to the reactor. By-produced carbonyl impurities such as acetaldehyde are
preferably removed from ajarogess,mixture.ciraulating it the reactor sorasto iphibispy-production of

various byproducts as a result of consecutive reactions of the carbonyl impurities. Among the carbonyl
impurities, acetaldebyde ispartiedlady peaferably remaved fomithe @oeess mixigtiend he acetic acid is
preferably brought into contact with a cation exchange resin with at least 1% of its active sites is
replaced byea sifvier-lFased substencecstiameseury-bamedbe any one, as long as it

can yield iodide ions in the reaction mixture. Examples

thereof are alkali metal iodides such as LiI, NaI, KI, RbI,

and CsI; alkaline earth metal iodides such as BelI,, Mgl,,

and Cal,; and iodide salts of aluminum group metals, such

as BIs and AlIs;. Apart from the metal iodide salts, the

iodide salt also includes organic iodide salts. Examples

of the organic iodide salts are guaternary phosphonium

iodide salts containing methyl iodide adducts or hydrogen

iodide adducts of phosphines such as tributylphosphine and

triphenylphosphine; and quaternary ammonium iodide salts

containing methyl iodide adducts or hydrogen iodide adducts

of nitrogen-containing compounds such as tertiary amines,

pyridines, imidazoles, and imides. Among these iodide



- 27 - substance to thereby reliably remove alkyl iodides such as hexyl iodide. The acetic acid after this
treatment does not poison metal catalysts and is suitable typically as a raw material for acetic acid
derivatives, such as vinyl acetate, which are prod gd_using metal catalysts. The purification
process can comprise, for example, Step (A) for separating the reaction mixture into a volatile
component and a low-volatile component by distillation, the volatile component comprising acetic acid,
water, methyl acetate, and methyl iodide, and the low-volatile component comprising the rhodium
catalyst andSthletigdide ?<a|[i lSt(;,n% gBa)lfor ggg%ratin the volatile component into a hifh-boigr!g

component and a t’owqtl)ofﬁng compone:h |estiﬁatl|otr§ tﬁél%ighalﬁoi |r11& C%Fnep en (ezgrﬁf)rlsing acetic

ack and tEronanRllg coEPoRent SNl 1argt Melviacslale AN ML ol Sfep (O for
recycling the low-volatile component to the reactor; Step (D) for separating and removing carbonyl
impurities from thelow=bejling, compenent-ehtained by Step,(R)1e ield a residughgemponent; Step (E)
for recycling the residual component obtained by Step (D) to the reactor; Step (F) for separating acetic
acid from thechigh-boilingeanpenetwbiaivad i Step (B) kyodistillation; asd Step (G) far treating the
acetic acid obtained in Step (F) with a silver- or mercury-exchanged cation exchange resin. - 28 - Fig.
1 is a production ¢lomschart sleoviiaganembbdimer st of tlve productior method acéording to the present
invention. In this embodiment, carbon monoxide 1, methanol 2, and, according to necessity, water are
continuously®ed fo 4 CapssiRfationieadtor B Thenliguit edrteabihvthe Pedctor 33s BAtomatically kept to
a predetermined level. The carbon monoxide 1 is preferably introduced to just below a stirrer equipped

in the react8P8 9% galeb&E Barfing HoWw A Bxhausted FEIMAE réactor 536 therBoy prevent the

accumulation gfc%alsoerguls by é%delécﬁ i?drrg%intai'ré a saert1 C(iarbeolglsrgccjfnoxide partial pressure at a
constant tot%?pressure of the Teacfor. The reactor temperafﬂre is"automatically controlled. A liquid

product (reaction,mixiure) 5§ fxiragted from the reaglor,d at such a syfiicient Late gs;fo fpaintain the

constant liquid level, introduced into the middle portion between the top and the bottom of an

evaporator {flashep6,andisibjected 1o exaporation {Step(A}: 1B the,gvapprator 6, arcatalyst mixture

is extracted as a bottom flow 7 and returned to the reactor 3 [Step (C)]. The bottom flow 7 mainly
comprises ageiiaacid cantaiing theorhodiim catalystanshtbergdide salitogether with small amounts
of methyl acetate, methyl iodide, and water. An overhead 8 of the evaporator 6 mainly comprises
product aceticesitid abd furdierigomprises raethytiotlide; emethyitadetates and watet!Sheydverhead 8

iodide used in the reaction is generally recycled and

reused.

The water content of the reaction mixture is generally

about 15 percent by weight or less (for example, about 0.1

to about 15 percent by weight), preferably about 10 percent

by weight or less (for example, about 0.3 to about 10

percent by weight), more preferably about 5 percent by

weight or less (for example, about 0.5 to about 5 percent

by weight), and particularly preferably about 3 percent by

weight or less (for example, about 0.7 to about 3 percent

by weight). An excessively high water content may increase

the energy load for separating water in a purification

system and requires large purification facilities. At low



- 29 - is introduced to the bottom, the vicinity of the bottom, or the side of a low-boiling
component-acetic acid separation/distillation column (low-boiling component-acetic acid splitter
column) 9 and subjected to distillation [Step (B)]. A disfillate (overhead) 10 of the low-boiling
component-acetic acid separation/distillation column 9 mainly comprises methyl iodide and methyl
acetate with small amounts of water and acetic acid. The distillate 10 is subjected to a step 11 for
removing carbonyl impurities [Step (D)] and returned via a line (reactor recycling line) 12 to the reactor
3 [Step (E)]. A hi%h-boiling component 13 is extracted fipm the side in the ié{i.cirli'%/ of the bottom (or

t -, £ £ Yokl £ .
from the bol3i} of 98 fow? 8I|IH8 c%rrnp(f)(?ftla\rﬁ?-f'}lcéLt(i)é1 30|drsee%%raﬁf)orﬁ/<ﬁ(s)ﬁ1 ation cofumn }éeand is

introduced intQ an acetic acid-distillation,colymn 14 at.the side thereof and subj d ta distillation.
Then, crude acetic acig 15%5 eextrgcted f}rlolm the oﬁoﬁ]oor fror% the s%de’ in tﬁe v?l}?l}r%ty %ft e bottom of

the acetic agid-distillationcolimp 1[Step ()1 A lowr-beiling.companeryt 1§4ncluding water is

discharged out from the top of the acetic acid-distillation column 14, and high-boiling components 17
having a bodinggeoeistitigher thaadhabef aoetigacids arerdischarged oy drom the-betters thereof. The
low-boiling component 16 is recycled to the reactor 3. It is also possible to arrange a distillation column
for - 30 - distikingloff wates beforé ¢heraeeticaciddistitkation celumin 14zamnddodéeed the bottom flow of
this column to the acetic acid-distillation column 14. The crude acetic acid 15 is further fed to a
treatment tanke1 P packet- with eesiiverror merenEexchamyaticdtivhve xchange résindStep (G)]. In this
step, alkyl iodides, such as hexyl iodide, contained in acetic acid in trace amounts are efficiently
separated drftfreffovidtbtharehyyield MghH-ghantystetic B (produttsF189 A the carbonyl
impurities remogigg ste tlld %eﬁetaldgpyge and other carbonyl ilx%1a§uritiesé 39 suchtas a¢ taldehyde,

crotonaldeh%)/]acé, Sha JDuiLyré{l ?5& Are temoved front the dish er(SFE1 over%réaa) 16 of the low-boiling

component;acetic aid senargtion/distifation colump,9. The.carbonylimpurities, can be removed, for
example, by the method described in Granted Japanese Patent No. 3244385. For example, the

carbonyl impudties can bgremoved bysubjectingithe distilate-£0 ot the low-bailing ggmponent-acetic
acid separation/distillation column 9, the upper layer and/or the lower layer of the distillate 10, if
separated, aea gopcentrate of these-garbgnylimpeirities ¢hereinaftet these aressimplietefersed to as
"process mixture") to distillation, extraction, or a combination of these such as extraction-distillation.
Part or all of thelresidual compenentshafterrerhoval oftheagaebordyla@it-ic acid; and

maintaining the acetaldehyde content of the reaction
mixture to 500 ppm or less.

The methyl acetate content of the reaction mixture is
about 2 percent by weight or more, preferably about 3.1
percent by weight or more, and more preferably about 3.5
percent by weight or more, except when the reaction is
conducted at a CO partial pressure in the gaseous phase of
the reactor of 1.05 MPa or more. In this case, the methyl
acetate content can be, for example, about 1 to about 2
percent by weight but is preferably about 2 percent by
weight or more. The upper limit of the methyl acetate
content of the reaction mixture is, for example, about 30

percent by weight, preferably about 15 percent by weight,



impurities contain useful components such as methyl iodide and methyl acetate and are returned via
the line 12 to the reactor 3. Specific examples of processes for separating the carbonyl impurities
including acetaldehyde are a process of separaﬁng 2 process mixture containing acetaldehyde by
distillation using one distillation column; a process of separating low-boiling components comprising
acetaldehyde and methyl iodide from the other components by distillation and separating methyl iodide
from acetaldehyde by distillation; and a process of separating methyl iodide from acetaldehyde by
water extractri%'u..mThis process ugli)%[es the fact '[TSI acetaldehy%(\zis h?éw%gr?(iasrﬁible WiT water but

methyl iodida'fs iMRRISciBfe With Watdr. #°°The amdouiit of Aldehyd8s %%téa%'n the carbonyl

impurities r%rgggiglg gstqg 1} ds.such an amount as to Kkeep,the Iaé:ggéq%pydifc%g]nt of the reaction

mixture during steady continuous reaction to 500 ppm or less, preferably about 450 ppm or less, and
more preferably-abouit 400 PRMOT Lessn o ddg12 iss@ productinn flow chaytishewing another
embodiment of the production method according to the present invention. In this embodiment, a liquid
product (reagtiondnixtire) bifrom ageaetor Jlig dmtyericehtothg side afraidistiiationecalumn 9' and
subjected to - 32 - distillation [Step (A) and Step (B)]. A distillate (overhead) 10’ of the distillation
column 9' mignlyrdomprises methykiodide; erethyloadetatep and wateowitl atsmalf amoeint of acetic
acid, is subjected to a carbonyl impurities removing step 11 [Step (D)] and returned via a line 12 to the
reactor 3 [StP (E)] Prhecegibongl inpuriies kehovirgtstép 1298 eoRductéd il the samie anner as in
Fig. 1. A catalyst mixture mainly comprising acetic acid containing rhodium catalyst and the iodide salt
with small didUnits of AtetRylcetate Siiethyl iddidé, nd whtsfis 8xFacted asd Botigimflow 7 from
the bottom of the distillatiogicolumn g('/aand IS ret%medetg th%re&gor 3 %Sctggo(rcl:)]i A high-boiling

componentjl%' 8%21%&%88 front the Side f tie distiffation collimn & is introduced rto an acetic

acid-distillag%qlgglgmrylﬁfg&%el_%ige thereof and is subjected to distillation. A crude acetic acid 15 is

extracted from the side in the vicinity of the bottom of the acetic acid-distillation column 14 [Step (F)].
Water and other lawzboilingicomponents 16 arg discharged eutfromthe tep ofthe-acetic; s
acid-distillation column 14, and high-boiling components 17 having a boiling point higher than that of
acetic acid are=diseharged out froge thepboltom thereef. ciheslowsbeiing eemponents 16 are recycled to
the reactor 3. The crude acetic acid 15 is further fed to a treatment tank 18 packed with a silver- or
mercury- - 88adxchanged tatidn exéhangeiresin [Step (G nThes|edkyl iodides Such as hexyl iodide
contained in acetic acid in trace amounts are efficiently separated and removed to thereby yield
high-qualityacetieaeid 1900 afteceatiottexchahge resinsfedtment asihgdsilveragout
mercury-exchanged cation exchange resin can be conducted according to a known procedure, such
as the meth]o?iodgsérfbe%ﬁﬁlﬂtp-éﬁ@o%-ﬁ@%i?}ﬂ@mNO?Q%ZBJB@Qﬁ’-ﬂ?\lé‘.@gél 39 $7-B No.

7-14488, or JP-A No. 9-291059. Particularly, as described in JP-A No, 9-291059, a cation exchange
resin in whiGh Qt 1825t 196 5fits 3&%@ sais% E{E rép%gc%d%ﬁtha%ﬁl%?-b]aggdcdr mercury-based substance

is preferably usedand the Eaﬂ;ggrgiurgfg Qgﬂg@q%elgygteéiagggwgsep\ﬂggg the-crude acetic acid 15

is brought in contact with the cation exchange resin. In this method, the flow rate of crude acetic acid

15 is preferably ahout 05 toaRaUt AGNed valume prirhourpaad the egtmenttemperature is
preferably within the range of about 17C to about 120C. Better results can be obtained by bringing the

crude aceticineiddntareordactamith thereationeexehangye resiowat aboub1¥e40 @oub3sC in early stages
of operation and thereafter elevating the temperature stepwise. Thus, the contents of alkyl iodides
such as hexag iodide ihacetichacid eanbexeduced tod ppbdsy weight oefdsgl acetate

content of the reaction mixture of 2 percent by weight or
more. In this case, the CO partial pressure may be, for
example, about 0.8 to about 1.05 MPa but is preferably
about 1.05 MPa or more. The upper limit of the CO partial
pressure is, for example, about 3 MPa and preferably about

2.5 MPa. An increased CO partial pressure in the gaseous



According to the production method of the present - 34 - invention, the production levels of
acetaldehyde and consecutive reaction products t%ereof during reaction are very low, and Steps (B),
(D), and (F) can thereby be conducted using a tot of three or less distillation columns. For example,
Steps (A) and (B) can be conducted using one distillation column, as illustrated in Fig. 2. Step (D) may
use one distillation column for recovering acetaldehyde. According to the present invention,
high-quality acetic acid can be produced even using a total of three or less distillation columns.

EXAMPLES The ret ent invent'gion will be jllustrated int urther d%tail _vgith re ere}qlce to several
examples b%]fbé\l/\?\?vh?c by Mo néans imit the %(I:ltjcﬁreegfs the pr%sesr%a}n\}enjtlc?ﬁ. The oﬁowing acetic acid

productions ere egndugled) gecording to e prodystion o ot Fig. oln s qlpressure, 'G"

indicates the gauge pressure, and "A" indicates bsolute pressure. EXAMPLE 1 To a reactor 3
were continugusly fed reagtionyaw materials; tmethanok2 and.carhen manoxide 1), a rhodium catalyst

mixture 7 (containing a rhodium catalyst, an iodide salt, and acetic acid), and low-boiling components
12 (containingdnetyl ioglide; anethylacetaten and water. ad5tic acid.

The hydrogen partial pressure in the gaseous phase of
the reactor is generally about 200 kPa or less, preferably
about 100 kPa or less, and more preferably about 70 kPa or
less. A high hydrogen partial pressure accelerates a
methane-producing reaction (CH30H + H, — CH,; + H,0), an
acetaldehyde-producing reaction (CH30H + CO + H, — CH3;CHO +
H,0), and a propionic acid-producing reaction (CH3CHO + H;
— CH5CH,OH, CHsCH,0H + HI — CHsCH,I + H,0, CH3CH,I + CO + H,0
— CH3CH,COOH + HI). These reactions can be inhibited by
reducing the hydrogen partial pressure. Hydrogen is mainly
formed by a water gas shift reaction (CO + H,O — CO; + H).
The hydrogen partial pressure can therefore be reduced by
reducing the water content of the reaction mixture. As 1is
described above, at a reduced hydrogen partial pressure
under conventional reaction conditions, by-production of
condensation reaction products of acetaldehyde increases to
thereby impair the quality of product acetic acid.
According to the present invention, however, the quality of
acetic acid can be satisfactorily maintained without
reducing the productivity thereof even at a low hydrogen

partial pressure, by carrying out the



The rhodium catalyst mixture 7 and the low-boiling components 12 had been recycled from a
purification system. A reaction was thus conducted at a reaction pressure of 3.0 MPaG, a carbon
monoxide (CO) partial pressure of 1.3 MPaA, a hy ?og_en (512) partial pressure of 0.03 MPaA, a
reaction temperature of 188C, and, of the reaction mixture, a methyl acetate (MA) content of 5.5
percent by weight, a rhodium (Rh) content of 800 ppm by weight, and a lithium iodide (Lil) content of
9.6 percent by weight. The reaction mixture 5 was flashed using an evaporator 6, and a high-boiling
component contatining tget catalytic comporientr(rhodium ca]tfal)istc{fgixture 7) was ;:F)ressurized by a

pump and rﬁgﬁﬁe& W't reactor 3. Hashied c?on%ﬁgﬁlé:n%s% were Rd t6 A IsW-BS ir?g component-acetic

acid separation/distillation cgl eparated into low-hoiling c . ) igh-boiling
com ponen?sg%%%%e %?g%bgiﬁ%%%ri%%%%ﬁélég gvré[%té)?gd ﬁ?(; %%illggégnggg%?nr]{%%? gln%@a crude
acetic acid 1 having.a pyrityi3s aeeticacid of 92 sergenthy weight op morg was,ebtained as a side
flow in the vicinity of the bottom of the distillation column 14. The low-boiling components 10 were
subjected t@ exuaettom with waterte thenehyresiovesspercenpby male o acetaldehyde (AD) in the
low-boiling components 10 out of the system, and the residual low-boiling components were recycled
via a line 1atoethec 36-4 reacord3. ot boiing lve mponientsieh phtained fronttheftoptot the distillation
column 14 were also recycled to the reactor 3. The reaction mixture had a water content of the
reaction miGACEL PR perEéntlsy weight,ta Rigthyt fodige $Mel) lcontdritwt 1413 Befeedt by weight, and
an acetaldehyde content of 400 ppm by weight. The production rate of acetic acid (AC STY) was
19.4 mol/L.Ff thé BrodiEBn Pate df et Gyt (AD-S TNY WA A Mol A Bind th5€ fatio of the
production [‘;lal’tl% of acetaldlepa}/de to that od‘ %?SQC achd‘ﬁ%AqllAg% was 1/450Q. The grude acetic acid 15
ght, a

had a propionic a%(ladjﬁfﬁ) C ntgrl?tocl)lftﬁlppm by wel ro 8ﬁaﬁaeﬁysde (&Tﬁ content of 0.2 ppm by

weight, and 3, tgsidence timg in the pofasyilm permanganate test (permanganate yme) of, 190

minutes. The crude acetic acid 15 was fed to a packed tank 18 (33C) filled with a strongly acidic
cation exchgpge pesin havinga giant web structuwreearingzilver at-agtiversites,{trade name
"AMBERLYST 15", a product of Rohm and Haas Company) at a flow rate of 7.2 bed volume per hour
to thereby hestreated withathedanexabange: resin. No hexyl iodide (Hexl) was detected in the product
acetic acid 19. The detection limit of hexyl iodide is 0.2 ppb by weight. The above procedure was
repeated, except fBheedycting thve lowwsboiting Toniponent $0 efa the liment2 {a theerdalotor 3 without
removing acetaldehyde therefrom. The resulting - 37 - reaction mixture had an acetaldehyde content
of 1050 ppra'ly wélghe andhe RFGde decticacid hag 3 gropisife aeri- (P ‘contérit B 180 ppm by
weight, a crotonaldehyde (CrD) content of 1.6 ppm by weight, and a residence time in the potassium

permanganBfe test (pethiangahate fithelof 46 niiutesoduced gases (methane,

carbon dioxide, and nitrogen), and vapor pressures of the
components in the reaction mixture and is generally within
the range of about 1.5 to about 5 MPa.

According to the present invention, acetic acid is
produced at a high production rate of 11 mol/L-hr or more
(preferably about 15 mol/L-hr or more) while keeping the
production rate of acetaldehyde to 1/1500 or less the
production rate of acetic acid. To produce acetic acid at
a high production rate under general conventional reaction
conditions, the reaction temperature must be elevated and

the contents of the rhodium catalyst, iodide salt, and



EXAMPLE 2 To a reactor 3 were continuously fed reaction raw materials (methanol 2 and carbon
monoxide 1), a rhodium catalyst mixture 7 (containing a rhodium catalyst, an iodide salt, and acetic
acid), and low-boiling components 12 (containing 8th_yl iodide, methyl acetate, and water). The
rhodium catalyst mixture 7 and the low-boiling components 12 had been recycled from a purification
system. A reaction was thus conducted at a reaction pressure of 2.7 MPaG, a carbon monoxide partial
pressure of 1.2 MPaA, a hydrogen partial pressure of 0.031 MPaA, a reaction temperature of 186C,
and, of the reatcltlio? mi>§§1r% a met@yl acetate conten@gof ST%gercent bénwei%)ht, a rhodium content of
650 ppm bymvevel , anda |ﬁ1iﬁnﬁsiodi88 content of 9 percentc’ ﬁy (\fvoerilg it ThE Feactiohmixture 5 was
flashed usi e r | a high-bailing camp taining the,c i nent
(ot caaet T} e brasatnoad by o and oey e 6 e (a4 Fiashed
components 8werefed.te ailgwzbailing, compgneat-aceticacid separatiop/distiation celugn 9 and -
38 - separated into low-boiling components 10 and high-boiling components 13. The high-boiling
components d84vere fedde aldistillationcoluma 440 and awrtide acetic aaid I:=hawng ageurity as
acetic acid of 99.5 percent by weight or more was obtained as a side flow in the vicinity of the bottom
of the distillatiorl ¢alufrih 4. Thes weboiing compopnents t0.wvere subjectedato extrdetion with water to
thereby remove 30 percent by mole of acetaldehyde (AD) in the low-boiling components 10 out of the
system, andP#ie-fesidual fovi-bbiling compbnffts were Fedyeleta arlire-1 2 tangHevéhctor 3.
Low-boiling components 16 obtained from the top of the distillation column 14 were also recycled to
the reactor 3°Fhé réadtiontRikturdthdd s Wt cortBniora-8 per&dnt byRF&ighRt & Méthyl iodide
content of 12.1 percent by weight, and an acetaldehyde content of 400 ppm by weight. The
production rate %glgcgtlrc g&a%\ias 3 rﬁgffﬁﬂr,cff%e)é)qugd&clﬁ%aur%elgp age?glgéﬁfde was 3.2

mmol/L.hr, 3@%%@%&%3‘%@!&“@ pregugtiond aéecgfﬁ%eté'é‘?ﬁy%% to,that of QB%S(}; agid.yyas 1/3600. The

crude acetic acid 15 had a propionic acid content of 75 ppm by weight, a crotonaldehyde content of

0.2 ppm by weighty adiexyLiodide(tlexi}content0f 28 pRR>RY weighto and a residence dime in the
potassium permanganate test of 190 minutes. The crude acetic acid 15 was fed to a packed tank
18 (33C) filledwith-a stronglyacidie cabory exehangel resiv e 39 less.

The reaction according to the present invention is
carried out while keeping the acetaldehyde content of the
reaction mixture to 500 ppm or less. By keeping the
acetaldehyde content of the reaction mixture to 500 ppm or
less, by-production of byproducts derived from acetaldehyde
can be significantly inhibited. Examples of such
byproducts are reducing substances such as crotonaldehyde
and 2-ethylcrotonaldehyde; alkyl iodides such as hexyl
iodide; and carboxylic acids such as propionic acid. The
reaction according to the present invention is carried out
at a CO partial pressure of 1.05 MPa and/or more or at a
methyl acetate content of the reaction mixture of 2 percent
by weight or less. Thus, the production rate of

acetaldehyde can be markedly reduced. Accordingly,



having a giant web structure bearing silver at active sites (trade name "AMBERLYST 15", a product of
Rohm and Haas Company) at a flow rate of 7.2 bed volume per hour and treated with the ion
exchange resin. No hexyl iodide was detected in tfie product acetic acid. The above procedure
was repeated, except for recycling the low-boiling component 10 via the line 12 to the reactor 3 without
removing acetaldehyde therefrom. The resulting reaction mixture had an acetaldehyde content of 820
ppm by weight, and the crude acetic acid had a propionic acid (PA) content of 120 ppm by weight, a
crotonaldehyde (CrD) content of Q.5 ppm by weight, and a residence time in the potassium
ormanganb ALY GerhGRr A Hef SR Hit s XA 3724, Hreate 3 were

continuously fed LeactiopJaw, matelials methanolz apd FAIONMONPEIde 1. adhadiumcatalyst

mixture 7 (containing a rhodium catalyst, an iodide salt, an tic acid), and low-boiling'’components

12 (containipgdpethyliodides methylacetate. and ywater) ke rhediumecatalystmadure,7 and the
low-boiling components 12 had been recycled from a purification system. A reaction was thus

conducted atra reastiengressure of 3 MPats, a sathonrpenexide paxtialpressuse of 1.8 MPaA, a
hydrogen partial pressure of 0.03 MPaA, a reaction - 40 - temperature of 188C, and, of the reaction
mixture, a methylracetatencontentcofd. 3 peteerdt hypweight) & rhodium dentent of 800 ppheby weight,
and a lithium iodide content of 10.9 percent by weight. The reaction mixture 5 was flashed using an
evaporator 65 alnigh-bofirgronspdriert e8niaing the tatalyitie consgehent (rhodium catalyst
mixture 7) was pressurized by a pump and recycled to the reactor 3. Flashed components 8 were fed
to a low-boifif§RBRpdhEnt-acétittadia eparatiohldiSHEEbn (ol 84 sépkrated into low-boiling
components 10 anJ;i hi h-gboilin omponents 13. The high-boiling components 13 were fed to a
distillation c“fl)fuerﬁﬁ1 ﬂegﬁ % ¢ gé%%%tigefanc%hﬁ ﬁg\ﬁﬁgt;géoﬁlur%%%ua%é:ﬁc a@%‘eof 99.5 percent by

weight or more was pliained asa side flow inthe.vicinity, gt the;battom of the gistiigtion column 14.

The low-boiling components 10 were subjected to extraction with water to thereby remove 25 percent

by mole of agetaldehyde dpthedow:kailing, gampenentsAO-aut-0f the sistem. ang theesidual

low-boiling components were recycled via a line 12 to the reactor 3. Low-boiling components 16
obtained fram ¢hke top of the distillation column 14 were also recycled to the reactor 3. The reaction
mixture had a water content of 1.7 percent by weight, a methyl iodide content of 14 percent by weight,
and an acetaldehydescartentafc400npprintyeweight ukiteeproeldiction satewf atétie acidrwas 23.5
mol/L.hr, - 41 - the production rate of acetaldehyde was 2.3 mmol/L.hr, and the ratio of the production
rate of acetBlflefigdé td that b aestic aciHavas &/18000 The ERldeacdticcadi® 18 had'®@ propionic acid

content of 65 ppm by wenght, a crotonaldehyde content of 0.3 ppm by weight, and a residence time in
the potassi&rﬁcgé?ﬂrfé?iga 5te1REEHTPY0 fifffjtes the rhodium catalyst, the

iodide salt, methyl iodide, methyl acetate, and water are
generally recycled to the reactor. By-produced carbonyl
impurities such as acetaldehyde are preferably removed from
a process mixture circulating into the reactor so as to
inhibit by-production of various byproducts as a result of
consecutive reactions of the carbonyl impurities. Among
the carbonyl impurities, acetaldehyde is particularly
preferably removed from the process mixture. The acetic
acid is preferably brought into contact with a cation
exchange resin with at least 1% of its active sites is

replaced by a silver-based substance or a mercury-based



The crude acetic acid 15 was fed to a packed tank 18 (33C) filled with a strongly acidic cation
exchange resin having a giant web structure bearing silver at active sites (trade name "AMBERLYST
15", a product of Rohm and Haas Company) at a ffow rate of 7.2 bed volume per hour and treated with
the ion exchange resin. No hexyl iodide was detected in the product acetic acid. The above
procedure was repeated, except for recycling the low-boiling component 10 via the line 12 to the
reactor 3 without removing acetaldehyde therefrom. The resulting reaction mixture had an

acetaldehyde content of 710 ppm by weight,.and the crude acetic acid.had g propionic acid (PA)
LD PR el i e et pq e promont

content of 11 pSprﬁrE)(f/ewelah ) yde content o plp())mlby WelaHE anda residence

time in the potassium permangapgle lest (permanganate time) of 80 mipytez, COMPARATIVE

EXAMPLE 1 To a reactor 3 were continuously fed reaction raw materials (methanol 2 and carbon
monoxide 1) a rhpdiumy, - 42+ catalystimixiure 7x(eontaining A thodiun gatalyst; gn jodide salt, and
acetic acid), and low-boiling components 12 (containing methyl iodide, methyl acetate, and water). The
rhodium catalyst mixtire 7 1antbthedewthoiling-cempenrertstl2kagd beenr recygled figm a purification
system. A reaction was conducted at a reaction pressure of 2.8 MPaG, a carbon monoxide partial
pressure of0:87 MRaA vanhydirogen partial pressure of §. e NP A; @treagtions temperature of 187C,
and, of the reaction mixture, a methyl acetate content of 1.6 percent by weight, a rhodium content of
650 ppm by weighthgndatitfilrribdrie cOMERtsst 5-0 Pefcelit by Sfeigho Thereaeticn mixture 5 was
flashed usigﬁgﬁan evaporator 6, and a high-boiling component containing the catalytic component

(rhodium catafyBt riixture?) WaS presstiliZed B & mimp e rREsiEBd %o #iE-Reatttor 3. Flashed

component% § vg%relfeed Ctg a '8‘}1Vé%05i”% orgp;n%rlt\-]%cletitcﬁceid gg%argtign/di tillation column 9 and
separated into]10w}b0|ling cgmponents an ﬂlgh-bOlﬁ‘ng compongnt% ks high-boiling

components 13ware fed to a digtillatign golupan 14,.and aqrude acetc agid 1o having apuyity as

acetic acid of 99.5 percent by weight or more was obtained as a side flow in the vicinity of the bottom
of the distillation eolupun 141 The-lovibailing components 1@ Mese subjegtedhto extraction with water to

thereby remove 66 percent by mole of acetaldehyde in the low-boiling - 43 -
volatile component comprising the rhodium catalyst and the
iodide salt; Step (B) for separating the volatile component
into a high-boiling component and a low-boiling component
by distillation, the high-boiling component comprising
acetic acid, and the low-boiling component comprising water,
methyl acetate and methyl iodide; Step (C) for recycling
the low-volatile component to the reactor; Step (D) for
separating and removing carbonyl impurities from the low-
boiling component obtained by Step (B) to yield a residual
component; Step (E) for recycling the residual component
obtained by Step (D) to the reactor; Step (F) for
separating acetic acid from the high-boiling component
obtained in Step (B) by distillation; and Step (G) for

treating the acetic acid obtained in Step (F) with a

silver— or mercury-exchanged cation exchange resin.



components 10 out of the system, and the residual low-boiling components were recycled via a line 12
to the reactor 3. Low-boiling components 16 obtai%ed from the top of the distillation column 14 were
also recycled to the reactor 3. The reaction mixtur Rad a water content of 8.0 percent by weight, a
methyl iodide content of 13.0 percent by weight, and an acetaldehyde content of 300 ppm by weight.
The production rate of acetic acid was 11.7 mol/L.hr, the production rate of acetaldehyde was 10
mmol/L.hr, and the ratio of the production rate of acetaldehyde to that of acetic acid was 1/1200. The
crude acetic acid 15 had a propionic agid content of SSOCRPm by wei%ht, a crotonaldehyde content of

1.0 ppm by WeighE laqhexlyl iotlide ROR@BRESH30' pp %V)V/ Wei‘aﬁtt, a%laoa fésidetice time in the potassium

permangangfg test of. 140 9]{‘”%?% proHIg-20Qye pracedyre, was rgpeated bezéﬁle t for recycling the
al

low-boiling component 10 via the line 12 to the reactor 3 without removing acetaldehyde therefrom.
The resultingreagtion mixture had an acetaldenydg, contentaf-800- ppmLRY Weight.1and the crude
acetic acid had a propionic acid (PA) content of 600 ppm by weight, a crotonaldehyde (CrD) content of
3.0 ppm byneightnahexy! igdigle cantertaafrikpOpph by sveighty angatresidenee time in the potassium
permanganate test (permanganate time) of 30 minutes. COMPARATIVE EXAMPLE 2 - 44 - Toa
reactor 3 weren¢antinoously féddedction ranrinaterials (methamat2 andarbGreonoxidedl), a
rhodium catalyst mixture 7 (containing a rhodium catalyst, an iodide salt, and acetic acid), and
low-boiling EempeRENtST X feontaaifg MHethylidditie! aicthylccktatekard waterd. The rhodium catalyst
mixture 7 and the low-boiling components 12 had been recycled from a purification system. A reaction
was thus cd?fb%‘é?etoeﬁf“&f“é%%ctiﬁﬁ‘fﬁéssurglb‘if 258 MG IR BarboTEmbnoxidB pattdl Preéssure of 1.0
MPaA, a hydrrl%greondg%rtigl [Bressursetotb%}?s MPaA, a reaction tz&wp{ecriat%e QL%SSC, and, of the

reaction mixture, @ me vl acetatd content of ia..:%sﬁelr]égreltrbye\%lé|l °3 rhodilim Conteit of 660 ppm by

weigh, andg ity fodide, coprent, of, 22 Sunsroanty weight Therreactign misture 5 gs flashed

using an evaporator 6, and a high-boiling component containing the catalytic component (rhodium

catalyst mixiureo/ ) was prgssyrized By a-plemp andrecyeled 1o the rpactorn 3, Rlgshedseerpronents 8

were fed to a low-boiling component-acetic acid separation/distillation column 9 and separated into
low-boiling eempaaentsalihard Bigh-lkeiling compaoentsel 3 dheikighdhodingeampaenents 13 were fed
to a distillation column 14, and a crude acetic acid 15 having a purity as acetic acid of 99.5 percent by
weight or more sasrobtained asca sisledflow mtthehacinigpotthre bottome of trecdistillation column 14.
The low-boiling components - 45 - 10 were recycled as intact via a line 12 to the reactor 3 without
removing ac&t@aRRhyHE TRerefroft! LOWRboifiRg tBnfhoneRts 16 @s anfovietRgad! oPiecdistillation

column 14 were also recycled to the reactor 3. The reaction mixture had a water content of 4.0 percent
by weight, & Ffetfi1 160 dB8 tEhtENT bf 14 5 pérébhtly fight Ahd B aceefidétyde &ntent of 980 ppm

by weight. The prodg%tion rat% of agetic acid was 25.5 moI/Lﬁ.Qr, therpsr%dquio rate.

f
acetaldehycif’eu \(/:v}é\sa\?.SS rlrl]mojlﬁ_}ﬁr,]ana e ratio of thrélaplrgél?ét%n rate of ace 3faehyaglf()l %hat of acetic

acid was 1/60Q.The erude acetic acid, 13 haga propionic agid.contentqf 4800 pam by yyeight, a
crotonaldehyde content of 4.9 ppm by weight, and a hexyl iodide content of 720 ppb by weight.

and the bottom of an evaporator (flasher) 6, and subjected
to evaporation [Step (A)]. In the evaporator 6, a catalyst
mixture is extracted as a bottom flow 7 and returned to the
reactor 3 [Step (C)]. The bottom flow 7 mainly comprises
acetic acid containing the rhodium catalyst and the iodide
salt together with small amounts of methyl acetate, methyl
iodide, and water. An overhead 8 of the evaporator 6
mainly comprises product acetic acid and further comprises

methyl iodide, methyl acetate, and water. The overhead 8



These results are shown in Table 2. In Table 2, "002-STY" indicates the production rate of carbon
dioxide in mmol/L.hr; "OH4-STY" indicates the pro%1

T Léctign rate of methane in mmol/L.hr; "AD content a"
represents the acetaldehyde content of the reaction”mixture when the low-boiling components 10 were

recycled to the reactor 3 without removing acetaldehyde therefrom; "AD content b" represents the
acetaldehyde content of the reaction mixture when a predetermined amount of acetaldehyde was
removed from the low-boiling components 10 and the remainder was recycled to the reactor 3; "Crude

acetic acid a"Sm.eIzl:le & é‘rg 5 ctrgde acefg% a%idmwhetr}]ltehe Iow.-boigng compone tstlt% were £ecycled to
the reactor 3witHou rerlﬁovmg ace]%a}ﬂﬁe ycfe therefrom; dnd *Crude acetic acid B* méxnsa crude

acetic acid ywhen a pr dg%ergm_iq&%gwgyﬂg a%eogg[tggpggg was removed.from the low-boiling

components 10 and the remainder was recycled to the reactor 3. [Table i] Table 2 Example

Comparatived@mpléon /distillation column (low-boiling component—
acetic acid splitter column) 9 and subjected to
distillation [Step (B)]. A distillate (overhead) 10 of the
low-boiling component—-acetic acid separation/distillation
column 9 mainly comprises methyl iodide and methyl acetate
with small amounts of water and acetic acid. The
distillate 10 is subjected to a step 11 for removing
carbonyl impurities [Step (D)] and returned via a line
(reactor recycling line) 12 to the reactor 3 [Step (E)]. A
high-boiling component 13 is extracted from the side in the
vicinity of the bottom (or from the bottom) of the low-
boiling component—-acetic acid separation/distillation
column 9 and is introduced into an acetic acid-distillation
column 14 at the side thereof and subjected to distillation.
Then, crude acetic acid 15 is extracted from the bottom or
from the side in the vicinity of the bottom of the acetic
acid-distillation column 14 [Step (F)]. A low-boiling
component 16 including water is discharged out from the top
of the acetic acid-distillation column 14, and high-boiling
components 17 having a boiling point higher than that of
acetic acid are discharged out from the bottom thereof.
The low-boiling component 16 is recycled to the reactor 3.

It is also possible to arrange a distillation column for
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distilling off water before the acetic acid-distillation
column 14 and to feed the bottom flow of this column to the
acetic acid-distillation column 14. The crude acetic acid
15 is further fed to a treatment tank 18 packed with a
silver— or mercury-exchanged cation exchange resin [Step
(G)]. In this step, alkyl iodides, such as hexyl iodide,
contained in acetic acid in trace amounts are efficiently
separated and removed to thereby yield high-quality acetic
acid (product) 19.

In the carbonyl impurities removing step 11,
acetaldehyde and other carbonyl impurities 20, such as
acetaldehyde, crotonaldehyde, and butyraldehyde, are
removed from the distillate (or overhead) 10 of the low-
boiling component—-acetic acid separation/distillation
column 9. The carbonyl impurities can be removed, for
example, by the method described in Granted Japanese Patent
No. 3244385. For example, the carbonyl impurities can be
removed by subjecting the distillate 10 of the low-boiling
component—-acetic acid separation/distillation column 9, the
upper layer and/or the lower layer of the distillate 10, if
separated, or a concentrate of these carbonyl impurities
(hereinafter these are simply referred to as "process
mixture") to distillation, extraction, or a combination of
these such as extraction-distillation. Part or all of the

residual components after removal of the carbonyl
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impurities contain useful components such as methyl iodide
and methyl acetate and are returned via the line 12 to the
reactor 3.

Specific examples of processes for separating the
carbonyl impurities including acetaldehyde are a process of
separating a process mixture containing acetaldehyde by
distillation using one distillation column; a process of
separating low-boiling components comprising acetaldehyde
and methyl iodide from the other components by distillation
and separating methyl iodide from acetaldehyde by
distillation; and a process of separating methyl iodide
from acetaldehyde by water extraction. This process
utilizes the fact that acetaldehyde is highly miscible with
water but methyl iodide is immiscible with water.

The amount of aldehydes to be removed in the carbonyl
impurities removing step 11 is such an amount as to keep
the acetaldehyde content of the reaction mixture during
steady continuous reaction to 500 ppm or less, preferably
about 450 ppm or less, and more preferably about 400 ppm or
less.

Fig. 2 is a production flow chart showing another
embodiment of the production method according to the
present invention. In this embodiment, a liquid product
(reaction mixture) 5 from a reactor 3 is introduced to the

side of a distillation column 9' and subjected to
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distillation [Step (A) and Step (B)]. A distillate
(overhead) 10' of the distillation column 9' mainly
comprises methyl iodide, methyl acetate, and water with a
small amount of acetic acid, is subjected to a carbonyl
impurities removing step 11 [Step (D)] and returned via a
line 12 to the reactor 3 [Step (E)]. The carbonyl
impurities removing step 11 is conducted in the same manner
as in Fig. 1. A catalyst mixture mainly comprising acetic
acid containing rhodium catalyst and the iodide salt with
small amounts of methyl acetate, methyl iodide, and water
is extracted as a bottom flow 7 from the bottom of the
distillation column 9' and is returned to the reactor 3
[Step (C)]. A high-boiling component 13' extracted from
the side of the distillation column 9' is introduced into
an acetic acid-distillation column 14 at the side thereof
and is subjected to distillation. A crude acetic acid 15
is extracted from the side in the vicinity of the bottom of
the acetic acid-distillation column 14 [Step (F)]. Water
and other low-boiling components 16 are discharged out from
the top of the acetic acid-distillation column 14, and
high-boiling components 17 having a boiling point higher
than that of acetic acid are discharged out from the bottom
thereof. The low-boiling components 16 are recycled to the
reactor 3. The crude acetic acid 15 is further fed to a

treatment tank 18 packed with a silver—- or mercury-
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exchanged cation exchange resin [Step (G)]. Thus, alkyl
iodides such as hexyl iodide contained in acetic acid in
trace amounts are efficiently separated and removed to
thereby yield high-quality acetic acid 19.

The cation exchange resin treatment using a silver- or
mercury-exchanged cation exchange resin can be conducted
according to a known procedure, such as the method
described in JP-B No. 5-21031, JP-A No. 4-282339, JP-A No.
5-301839, JP-B No. 7-14488, or JP-A No. 9-291059.
Particularly, as described in JP-A No. 9-291059, a cation
exchange resin in which at least 1% of its active sites is
replaced with silver-based or mercury-based substance is
preferably used, and the temperature is preferably elevated
stepwise when the crude acetic acid 15 is brought in
contact with the cation exchange resin. In this method,
the flow rate of crude acetic acid 15 is preferably about
0.5 to about 40 bed volume per hour, and the treatment
temperature is preferably within the range of about 17°C to
about 120°C. Better results can be obtained by bringing
the crude acetic acid into contact with the cation exchange
resin at about 17°C to about 35°C in early stages of
operation and thereafter elevating the temperature stepwise.
Thus, the contents of alkyl iodides such as hexyl iodide in
acetic acid can be reduced to 1 ppb by weight or less.

According to the production method of the present
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invention, the production levels of acetaldehyde and
consecutive reaction products thereof during reaction are
very low, and Steps (B), (D), and (F) can thereby be
conducted using a total of three or less distillation
columns. For example, Steps (A) and (B) can be conducted
using one distillation column, as illustrated in Fig. 2.
Step (D) may use one distillation column for recovering
acetaldehyde. According to the present invention, high-
quality acetic acid can be produced even using a total of

three or less distillation columns.

EXAMPLES

The present invention will be illustrated in further
detail with reference to several examples below which by no
means limit the scope of the present invention. The
following acetic acid productions were conducted according
to the production flow of Fig. 1. 1In units of pressure,
"G" indicates the gauge pressure, and "A" indicates the
absolute pressure.

EXAMPLE 1

To a reactor 3 were continuously fed reaction raw
materials (methanol 2 and carbon monoxide 1), a rhodium
catalyst mixture 7 (containing a rhodium catalyst, an
iodide salt, and acetic acid), and low-boiling components

12 (containing methyl iodide, methyl acetate, and water).
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The rhodium catalyst mixture 7 and the low-boiling
components 12 had been recycled from a purification system.
A reaction was thus conducted at a reaction pressure of 3.0
MPaG, a carbon monoxide (CO) partial pressure of 1.3 MPaA,
a hydrogen (H,;) partial pressure of 0.03 MPaA, a reaction
temperature of 188°C, and, of the reaction mixture, a
methyl acetate (MA) content of 5.5 percent by weight, a
rhodium (Rh) content of 800 ppm by weight, and a lithium
iodide (LiI) content of 9.6 percent by weight. The
reaction mixture 5 was flashed using an evaporator 6, and a
high-boiling component containing the catalytic component
(rhodium catalyst mixture 7) was pressurized by a pump and
recycled to the reactor 3. Flashed components 8 were fed
to a low-boiling component—-acetic acid
separation/distillation column 9 and separated into low-
boiling components 10 and high-boiling components 13. The
high-boiling components 13 were fed to a distillation
column 14, and a crude acetic acid 15 having a purity as
acetic acid of 99.5 percent by weight or more was obtained
as a side flow in the wvicinity of the bottom of the
distillation column 14. The low-boiling components 10 were
subjected to extraction with water to thereby remove 50
percent by mole of acetaldehyde (AD) in the low-boiling
components 10 out of the system, and the residual low-

boiling components were recycled via a line 12 to the
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reactor 3. Low-boiling components 16 obtained from the top
of the distillation column 14 were also recycled to the
reactor 3. The reaction mixture had a water content of the
reaction mixture of 1.2 percent by weight, a methyl iodide
(MeI) content of 14.3 percent by weight, and an
acetaldehyde content of 400 ppm by weight.

The production rate of acetic acid (AC STY) was 19.4

mol/L-hr, the production rate of acetaldehyde (AD-STY) was
4.3 mmol/L-hr, and the ratio of the production rate of
acetaldehyde to that of acetic acid (AD/AC) was 1/4500.
The crude acetic acid 15 had a propionic acid (PA) content
of 75 ppm by weight, a crotonaldehyde (CrD) content of 0.2
pem by weight, and a residence time in the potassium permanganate
test (permanganate time) of 190 minutes.

The crude acetic acid 15 was fed to a packed tank 18
(33°C) filled with a strongly acidic cation exchange resin
having a giant web structure bearing silver at active sites
(trade name "AMBERLYST 15", a product of Rohm and Haas
Company) at a flow rate of 7.2 bed volume per hour to
thereby be treated with the ion exchange resin. No hexyl
iodide (HexI) was detected in the product acetic acid 19.
The detection limit of hexyl iodide is 0.2 ppb by weight.

The above procedure was repeated, except for recycling
the low-boiling component 10 via the line 12 to the reactor

3 without removing acetaldehyde therefrom. The resulting
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reaction mixture had an acetaldehyde content of 1050 ppm by
weight, and the crude acetic acid had a propionic acid (PA)
content of 180 ppm by weight, a crotonaldehyde (CrD)
content of 1.6 ppm by weight, and a residence time in the potassium
permanganate test (permanganate time) of 40 minutes.

EXAMPLE 2

To a reactor 3 were continuously fed reaction raw
materials (methanol 2 and carbon monoxide 1), a rhodium
catalyst mixture 7 (containing a rhodium catalyst, an
iodide salt, and acetic acid), and low-boiling components
12 (containing methyl iodide, methyl acetate, and water).
The rhodium catalyst mixture 7 and the low-boiling
components 12 had been recycled from a purification system.
A reaction was thus conducted at a reaction pressure of 2.7
MPaG, a carbon monoxide partial pressure of 1.2 MPaA, a
hydrogen partial pressure of 0.031 MPaA, a reaction
temperature of 186°C, and, of the reaction mixture, a
methyl acetate content of 5.5 percent by weight, a rhodium
content of 650 ppm by weight, and a lithium iodide content
of 9.9 percent by weight. The reaction mixture 5 was
flashed using an evaporator 6, and a high-boiling component
containing the catalytic component (rhodium catalyst
mixture 7) was pressurized by a pump and recycled to the
reactor 3. Flashed components 8 were fed to a low-boiling

component—-acetic acid separation/distillation column 9 and
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separated into low-boiling components 10 and high-boiling
components 13. The high-boiling components 13 were fed to
a distillation column 14, and a crude acetic acid 15 having
a purity as acetic acid of 99.5 percent by weight or more
was obtained as a side flow in the wvicinity of the bottom
of the distillation column 14. The low-boiling components
10 were subjected to extraction with water to thereby
remove 30 percent by mole of acetaldehyde (AD) in the low-
boiling components 10 out of the system, and the residual
low-boiling components were recycled via a line 12 to the
reactor 3. Low-boiling components 16 obtained from the top
of the distillation column 14 were also recycled to the
reactor 3. The reaction mixture had a water content of 1.8
percent by weight, a methyl iodide content of 12.1 percent
by weight, and an acetaldehyde content of 400 ppm by weight.

The production rate of acetic acid was 11.6 mol/L-hr,
the production rate of acetaldehyde was 3.2 mmol/L-hr, and
the ratio of the production rate of acetaldehyde to that of
acetic acid was 1/3600. The crude acetic acid 15 had a
propionic acid content of 75 ppm by weight, a
crotonaldehyde content of 0.2 ppm by weight, a hexyl iodide
(HexI) content of 28 ppb by weight, and a residence time in
the potassium permanganate test of 190 minutes.

The crude acetic acid 15 was fed to a packed tank 18

(33°C) filled with a strongly acidic cation exchange resin
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having a giant web structure bearing silver at active sites
(trade name "AMBERLYST 15", a product of Rohm and Haas
Company) at a flow rate of 7.2 bed volume per hour and
treated with the ion exchange resin. No hexyl iodide was
detected in the product acetic acid.

The above procedure was repeated, except for recycling
the low-boiling component 10 via the line 12 to the reactor
3 without removing acetaldehyde therefrom. The resulting
reaction mixture had an acetaldehyde content of 820 ppm by
weight, and the crude acetic acid had a propionic acid (PA)
content of 120 ppm by weight, a crotonaldehyde (CrD)
content of 0.5 ppm by weight, and a residence time in the
potassium permanganate test (permanganate time) of 160
minutes.

EXAMPLE 3

To a reactor 3 were continuously fed reaction raw
materials (methanol 2 and carbon monoxide 1), a rhodium
catalyst mixture 7 (containing a rhodium catalyst, an
iodide salt, and acetic acid), and low-boiling components
12 (containing methyl iodide, methyl acetate, and water).
The rhodium catalyst mixture 7 and the low-boiling
components 12 had been recycled from a purification system.
A reaction was thus conducted at a reaction pressure of 3.5
MPaG, a carbon monoxide partial pressure of 1.8 MPaA, a

hydrogen partial pressure of 0.03 MPaA, a reaction
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temperature of 188°C, and, of the reaction mixture, a
methyl acetate content of 5.3 percent by weight, a rhodium
content of 800 ppm by weight, and a lithium iodide content
of 10.9 percent by weight. The reaction mixture 5 was
flashed using an evaporator 6, and a high-boiling component
containing the catalytic component (rhodium catalyst
mixture 7) was pressurized by a pump and recycled to the
reactor 3. Flashed components 8 were fed to a low-boiling
component—-acetic acid separation/distillation column 9 and
separated into low-boiling components 10 and high-boiling
components 13. The high-boiling components 13 were fed to
a distillation column 14, and a crude acetic acid 15 having
a purity as acetic acid of 99.5 percent by weight or more
was obtained as a side flow in the vicinity of the bottom
of the distillation column 14. The low-boiling components
10 were subjected to extraction with water to thereby
remove 25 percent by mole of acetaldehyde in the low-
boiling components 10 out of the system, and the residual
low-boiling components were recycled via a line 12 to the
reactor 3. Low-boiling components 16 obtained from the top
of the distillation column 14 were also recycled to the
reactor 3. The reaction mixture had a water content of 1.7
percent by weight, a methyl iodide content of 14 percent by
weight, and an acetaldehyde content of 400 ppm by weight.

The production rate of acetic acid was 23.5 mol/L-hr,
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the production rate of acetaldehyde was 2.3 mmol/L-hr, and
the ratio of the production rate of acetaldehyde to that of
acetic acid was 1/10000. The crude acetic acid 15 had a
propionic acid content of 65 ppm by weight, a
crotonaldehyde content of 0.3 ppm by weight, and a
residence time in the potassium permanganate test of 190
minutes.

The crude acetic acid 15 was fed to a packed tank 18
(33°C) filled with a strongly acidic cation exchange resin
having a giant web structure bearing silver at active sites
(trade name "AMBERLYST 15", a product of Rohm and Haas
Company) at a flow rate of 7.2 bed volume per hour and
treated with the ion exchange resin. No hexyl iodide was
detected in the product acetic acid.

The above procedure was repeated, except for recycling
the low-boiling component 10 via the line 12 to the reactor
3 without removing acetaldehyde therefrom. The resulting
reaction mixture had an acetaldehyde content of 710 ppm by
weight, and the crude acetic acid had a propionic acid (PA)
content of 115 ppm by weight, a crotonaldehyde (CrD) content
of 1.4 ppm by weight, and a residence time in the potassium
permanganate test (permanganate time) of 80 minutes.

COMPARATIVE EXAMPLE 1

To a reactor 3 were continuously fed reaction raw

materials (methanol 2 and carbon monoxide 1), a rhodium
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catalyst mixture 7 (containing a rhodium catalyst, an
iodide salt, and acetic acid), and low-boiling components
12 (containing methyl iodide, methyl acetate, and water).
The rhodium catalyst mixture 7 and the low-boiling
components 12 had been recycled from a purification system.
A reaction was conducted at a reaction pressure of 2.8 MPagG,
a carbon monoxide partial pressure of 0.97 MPaA, a hydrogen
partial pressure of 0.14 MPaA, a reaction temperature of
187°C, and, of the reaction mixture, a methyl acetate
content of 1.6 percent by weight, a rhodium content of 650
ppm by weight, and a lithium iodide content of 5.0 percent
by weight. The reaction mixture 5 was flashed using an
evaporator 6, and a high-boiling component containing the
catalytic component (rhodium catalyst mixture 7) was
pressurized by a pump and recycled to the reactor 3.
Flashed components 8 were fed to a low-boiling component-—
acetic acid separation/distillation column 9 and separated
into low-boiling components 10 and high-boiling components
13. The high-boiling components 13 were fed to a
distillation column 14, and a crude acetic acid 15 having a
purity as acetic acid of 99.5 percent by weight or more was
obtained as a side flow in the wvicinity of the bottom of
the distillation column 14. The low-boiling components 10
were subjected to extraction with water to thereby remove 66

percent by mole of acetaldehyde in the low-boiling
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components 10 out of the system, and the residual low-
boiling components were recycled via a line 12 to the
reactor 3. Low-boiling components 16 obtained from the top
of the distillation column 14 were also recycled to the
reactor 3. The reaction mixture had a water content of 8.0
percent by weight, a methyl iodide content of 13.0 percent
by weight, and an acetaldehyde content of 300 ppm by weight.

The production rate of acetic acid was 11.7 mol/L-hr,
the production rate of acetaldehyde was 10 mmol/L-hr, and
the ratio of the production rate of acetaldehyde to that of
acetic acid was 1/1200. The crude acetic acid 15 had a
propionic acid content of 350 ppm by weight, a
crotonaldehyde content of 1.0 ppm by weight, a hexyl iodide
content of 30 ppb by weight, and a residence time in the
potassium permanganate test of 140 minutes.

The above procedure was repeated, except for recycling
the low-boiling component 10 via the line 12 to the reactor
3 without removing acetaldehyde therefrom. The resulting
reaction mixture had an acetaldehyde content of 800 ppm by
weight, and the crude acetic acid had a propionic acid (PA)
content of 600 ppm by weight, a crotonaldehyde (CrD)
content of 3.0 ppm by weight, a hexyl iodide content of 100
ppb by weight, and a residence time in the potassium permanganate
test (permanganate time) of 30 minutes.

COMPARATIVE EXAMPLE 2
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To a reactor 3 were continuously fed reaction raw
materials (methanol 2 and carbon monoxide 1), a rhodium
catalyst mixture 7 (containing a rhodium catalyst, an
iodide salt, and acetic acid), and low-boiling components
12 (containing methyl iodide, methyl acetate, and water).
The rhodium catalyst mixture 7 and the low-boiling
components 12 had been recycled from a purification system.
A reaction was thus conducted at a reaction pressure of 2.8
MPaG, a carbon monoxide partial pressure of 1.0 MPaA, a
hydrogen partial pressure of 0.175 MPaA, a reaction
temperature of 188°C, and, of the reaction mixture, a
methyl acetate content of 1.3 percent by weight, a rhodium
content of 660 ppm by weight, and a lithium iodide content
of 22.9 percent by weight. The reaction mixture 5 was
flashed using an evaporator 6, and a high-boiling component
containing the catalytic component (rhodium catalyst
mixture 7) was pressurized by a pump and recycled to the
reactor 3. Flashed components 8 were fed to a low-boiling
component—-acetic acid separation/distillation column 9 and
separated into low-boiling components 10 and high-boiling
components 13. The high-boiling components 13 were fed to
a distillation column 14, and a crude acetic acid 15 having
a purity as acetic acid of 99.5 percent by weight or more
was obtained as a side flow in the vicinity of the bottom

of the distillation column 14. The low-boiling components
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10 were recycled as intact via a line 12 to the reactor 3
without removing acetaldehyde therefrom. Low-boiling
components 16 as an overhead of the distillation column 14
were also recycled to the reactor 3. The reaction mixture
had a water content of 4.0 percent by weight, a methyl
iodide content of 14.5 percent by weight, and an
acetaldehyde content of 980 ppm by weight.

The production rate of acetic acid was 25.5 mol/L-hr,
the production rate of acetaldehyde was 35 mmol/L-hr, and
the ratio of the production rate of acetaldehyde to that of
acetic acid was 1/600. The crude acetic acid 15 had a
propionic acid content of 1800 ppm by weight, a
crotonaldehyde content of 4.9 ppm by weight, and a hexyl
iodide content of 720 ppb by weight.

These results are shown in Table 2. In Table 2, "CO,-
STY" indicates the production rate of carbon dioxide in
mmol/L-hr; "CH;-STY" indicates the production rate of
methane in mmol/L-hr; "AD content a" represents the
acetaldehyde content of the reaction mixture when the low-
boiling components 10 were recycled to the reactor 3
without removing acetaldehyde therefrom; "AD content b"
represents the acetaldehyde content of the reaction mixture
when a predetermined amount of acetaldehyde was removed
from the low-boiling components 10 and the remainder was

recycled to the reactor 3; "Crude acetic acid a" means a
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crude acetic acid when the low-boiling components 10 were

recycled to the reactor 3 without removing acetaldehyde

therefrom; and "Crude acetic acid b"

means a crude acetic

acid when a predetermined amount of acetaldehyde was

removed from the low-boiling components 10 and the

remainder was recycled to the reactor 3.

[Table 2]
Table 2
Example Comparative
Example
1 2 3 1 2
Reaction | Temperature (°C) 188 186 188 187 188
condition| pressure (MPaG) 3.0 2.7 3.5 2.8 2.8
CO partial pressure (MPaA) 1.3 1.2 1.8 0.97 1.0
H, partial pressure (kPaA) 30 31 30 140 175
Water content (% by weight) 1.2 1.8 1.7 8.0 4.0
MeI content (% by weight) 14.3 12.1 14 13.0 14.5
Rh content (ppm by weight) 800 650 800 650 660
LiI content (% by weight) 9.6 9.9 10.9 5.0 22.9
MA content (% by weight) 5.5 5.5 5.3 1.6 1.3
AD content a (ppm by weight) | 1050 820 710 800 980
AD content b (ppm by weight) | 400 400 400 300 -
Reaction | Acetic acid STY (mol/L-hr) 19.4 11.6 23.5 11.7 25.2
result AD-STY (mmol/L-hr) 4.3 3.2 2.3 10 35
AC/AD ratio (ratio in 4500 3600 10000 1200 600
production rate)
CO,~STY (mmol/L-hr) 18 13 18 120 20
CH4~STY (mmol/L- hr) 20 8 16 11 -
Crude PA content (ppm by weight) 180 120 115 600 1800
acetic CrD content (ppm by weight) 1.6 0.5 1.4 3.0 4.9
acid a Chameleon value (min) 40 160 80 30 -
HexI (ppb weight) - - - 100 720
Crude AD removal percentage (% by 50 30 25 66 -
acetic mol)
acid b PA content (ppm by weight) 75 75 65 350 —
CrD content (ppm by weight) 0.2 0.2 0.3 1.0 -
Chameleon value (min) 190 190 190 140 -
HexI (ppb by weight) *1 - 28 - 30 -
HexI (ppb by weight) *2 <50 <50 <50 — —

HexI (ppb

by weight)*1: Data analyzed by ECD-GC
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GC-MS When the low-boiling component is Eec%/gcle_d to the reactor without removing acetaldehyde
therefrom as shown in "Crude acetic acid a" in Table 2, Examples 1 to 3 show a very small ratio of the
production rate of acetaldehyde to that of acetic acid of 1/1500 or less, thereby significantly inhibit the
by-production of consecutive reaction products of acetaldehyde, and show marked reduction in
propionic acid content and crotonaldehyde content in the "crude acetic acid a" of about 1/2 to 1/10
those in Comparative Examéa,les 1 and 2. According to Examples 1 to 3, 25 to 50 percent by mole of
acetaldehy&ée% rethoved frond the Tow-bol |ﬁga€8r%f%oer?en¥s,c;aﬁgsthe remainder is recycled to the

reactor to keep th%@ggta%j‘%yggwc_%ée]{gt% ér;%c %%n%cépgnrpixygertg %991%0&“ ol Less. Thus, the

propionic acid content and the crotonalde ent in the "crude acetic acid b" are very low, the

formation of-byproducts derived fram thesecompeunds-argiphibifed .and the,permangangte time is
high as shown in "crude acetic acid b" in Table 2. In contrast, in Comparative Example 1, the ratio of

the productrortate obacetaldehyde te that of agetic acid is asgreatsas 11200, and they"crude acetic
acid b" has a high propionic acid content, a high crotonaldehyde content, and a low permanganate

time, althougbrthe sicetaldetatdecrenfoviah percentage is66 =8 percently imbdé) higherdhan those of
Examples 1 to 3. INDUSTRIAL APPLICABILITY
that of acetic acid of 1/1500 or less, thereby

significantly inhibit the by-production of consecutive
reaction products of acetaldehyde, and show marked
reduction in propionic acid content and crotonaldehyde
content in the "crude acetic acid a" of about 1/2 to 1/10
those in Comparative Examples 1 and 2. According to
Examples 1 to 3, 25 to 50 percent by mole of acetaldehyde
is removed from the low-boiling components, and the
remainder is recycled to the reactor to keep the
acetaldehyde content of the reaction mixture to 500 ppm or
less. Thus, the propionic acid content and the
crotonaldehyde content in the "crude acetic acid b" are
very low, the formation of byproducts derived from these
compounds are inhibited, and the permanganate time is high as
shown in "crude acetic acid b" in Table 2. In contrast, in
Comparative Example 1, the ratio of the production rate of
acetaldehyde to that of acetic acid is as great as 1/1200, and
the "crude acetic acid b" has a high propionic acid content, a
high crotonaldehyde content, and a low permanganate time, although

the acetaldehyde removal percentage is 66



A process of the present invention can reduce production of by-products without reducing the reaction
rate of acetic acid even at a low water content and a low hydrogen partial pressure in a reaction
system, and can efficiently produce high-quality_ac%%ichcid. - 49 - CLAIMS 1. A method for producing
acetic acid while inhibiting by-production of acetaldehyde by increasing carbon monoxide partial
pressure or methyl acetate content, comprising the steps of: continuously reacting methanol with
carbon monoxide in the presence of a homogeneous rhodium catalyst, an iodide salt, methyl iodide,
methyl acetate, and water; 1o Pr du%n acetic a%ig ata pr%d%ction rlate o{ 1% m%I/L.hr or more;
keeping the" %&%T&eﬁ%em Raftent' P4 Féactidn mixtité %o 500 pxp%n%r(fesss; and - keeping the
production rate of acetaldehyde to 1/1500 or less of the production rate of acetic acid, wherein the
reaction is carried out at a carbon monoxide partial pressure in a gaseous phase of a reactor of 1.05
MPa or morgangsaka methymacetate conent of the reaction mixture of 2 to 10 percent by weight and
at water content of the reaction mixture of 3 percent by weight or less and at a hydrogen partial
pressure in the gasepus phase of thenkeastar 0170 kRarenlessn 2cIhemaethod according to Claim 1,
wherein the reaction is carried out at a hydrogen partial pressure in the gaseous phase of the reactor
of 70 kPa oplesdwridia methiylacetate dontentwf the réactied unixture 0f 8. I 10 percent by weight.

rate of acetic acid even at a low water content and a low
hydrogen partial pressure in a reaction system, and can

efficiently produce high-quality acetic acid.



- 50 - 3. The method according to Claim 1, wherein acetic acid is produced at a production rate of 15
mol/L.hr or more. 4. The method according to Claim 1, wherein the production rate of acetaldehyde is
kept to 1/2500 or less of the production rate of a_ceztrli% acid. 5. The method according to claim 1, further
comprising a purification process which comprises the steps of: separating the reaction mixture into
acetic acid and a process mixture comprising residual components and recovering acetic acid;
separating and removing carbonyl impurities from the process mixture to give a residual process
mixture; and recycling the residual process mixt&rﬁt&tshe reactor. 6. The method according to claim 1,
further comprising a purification process which comprises the steps of:

1. A method for producing acetic acid while inhibiting by-
production of acetaldehyde by increasing carbon monoxide
partial pressure or methyl acetate content, comprising the
steps of:

continuously reacting methanol with carbon monoxide in
the presence of a homogeneous rhodium catalyst, an iodide
salt, methyl iodide, methyl acetate, and water;

producing acetic acid at a production rate of 11
mol/L-hr or more;
keeping the acetaldehyde content of a reaction mixture to
500 ppm or less; and

keeping the production rate of acetaldehyde to 1/1500
or less of the production rate of acetic acid,

wherein the reaction is carried out at a carbon
monoxide partial pressure in a gaseous phase of a reactor
of 1.05 MPa or more and at a methyl acetate content of the
reaction mixture of 2 to 10 percent by weight and at water
content of the reaction mixture of 3 percent by weight or
less and at a hydrogen partial pressure in the gaseous

phase of the reactor of 70 kPa or less.

2. The method according to Claim 1, wherein the reaction
is carried out at a hydrogen partial pressure in the
gaseous phase of the reactor of 70 kPa or less and a methyl
acetate content of the reaction mixture of 3.1 to 10

percent by weight.



(A) separating the reaction mixture into a volatile component and a low-volatile component by
distillation, the volatile component comprising acetjc acid, water, methyl acetate, and methyl iodide,
and the low-volatile component comprising the rhodtum catalyst and the iodide salt; (B) separating the
volatile component into a high-boiling component and a low-boiling component by - 51 - distillation,
the high-boiling component comprising acetic acid, and the low-boiling component comprising water,
methyl acetate, and methyl iodide; (C) recycling the low-volatile component to the reactor; (D)
separating and removing carbonyl impurities from the low-boiling component obtained in Step (B) to

yield a residural corfpdhehb IE) F&Rling T fesiduat €8mponBhtsktaihet iR Step3D) fo the reactor;
(P separat'@g Aagetic @C;Lgcfrgnggg high-bailing component ogﬁ%d, in Step (B) py distillation; and (G)

treating the acetic acid obtained in Step (F) with a silver- or mercury-exchanged cation exchange
resin.

4. The method according to Claim 1, wherein the production
rate of acetaldehyde is kept to 1/2500 or less of the

production rate of acetic acid.

5. The method according to claim 1, further comprising a
purification process which comprises the steps of:
separating the reaction mixture into acetic acid and a
process mixture comprising residual components
and recovering acetic acid;
separating and removing carbonyl impurities from the
process mixture to give a residual process
mixture; and

recycling the residual process mixture to the reactor.

6. The method according to claim 1, further comprising a
purification process which comprises the steps of:

(A) separating the reaction mixture into a volatile
component and a low-volatile component by
distillation, the volatile component comprising
acetic acid, water, methyl acetate, and methyl
iodide, and the low-volatile component comprising
the rhodium catalyst and the iodide salt;

(B) separating the volatile component into a high-

boiling component and a low-boiling component by



7. The method according to claim 6, wherein Steps (B), (D), and (F) are carried out using a total of
three or less distillation columns. 8. A method forgroducing acetic acid while inhibiting by-production
of acetaldehyde by increasing carbon monoxide p &iarpressure or methyl acetate content, comprising
the steps of: continuously reacting methanol with carbon monoxide in - 52 - the presence of a rhodium
catalyst which is a rhodium complex soluble in the reaction mixture under reaction conditions or can
form the rhodium complex, an iodide salt, methyl iodide, methyl acetate, and water; producing acetic

acid at a production rate of 11 mol/L.hr or more; keeping the acetaldehyde content of a reaction
mixture to 500 ppm or 1988 5ard ké&piRg the Prodiktibnratelofutetaterydd o 1/1500 or less of the

production rate of acetic Ca&l%ﬁ/\ﬂelrg tggggﬁgi%i%c,arg%%o%gt 3 carhon.mopgxide partial pressure

in a gaseous phase of a reactor of 1.05 MPa or more and at a methyl acetate content of the reaction
mixture of 2 to 10 percentdaypweight andap waterepnienteof theseactionanixture«gf 3apercent by weight
or less and at a hydrogen partial pressure in the gaseous phase of the reactor of 70 kPa or less.
methyl iodide;
(C) recycling the low-volatile component to the
reactor;
(D) separating and removing carbonyl impurities from
the low-boiling component obtained in Step (B) to
yield a residual component;
(E) recycling the residual component obtained in Step
(D) to the reactor;
(F) separating acetic acid from the high-boiling
component obtained in Step (B) by distillation;
and
(G) treating the acetic acid obtained in Step (F) with

a silver—- or mercury-exchanged cation exchange

resin.

7. The method according to claim 6, wherein Steps (B), (D),
and (F) are carried out using a total of three or less

distillation columns.

8. A method for producing acetic acid while inhibiting by-
production of acetaldehyde by increasing carbon monoxide
partial pressure or methyl acetate content, comprising the
steps of:

continuously reacting methanol with carbon monoxide in



the presence of a rhodium catalyst which is a
rhodium complex soluble in the reaction mixture
under reaction conditions or can form the rhodium
complex, an iodide salt, methyl iodide, methyl
acetate, and water;

producing acetic acid at a production rate of
11 mol/L-hr or more;

keeping the acetaldehyde content of a reaction mixture
to 500 ppm or less; and

keeping the production rate of acetaldehyde to 1/1500
or less of the production rate of acetic acid,

wherein the reaction is carried out at a carbon
monoxide partial pressure in a gaseous phase of a
reactor of 1.05 MPa or more and at a methyl
acetate content of the reaction mixture of 2 to
10 percent by weight and at water content of the
reaction mixture of 3 percent by weight or less
and at a hydrogen partial pressure in the gaseous

phase of the reactor of 70 kPa or less.



