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TECHNI CAL FI ELD The presgn? invention relates to

nmet hods for producing acetic acid by reacting

nmet hanol with carbon nonoxide in the presence of a

rhodi um cat al yst. BACKGROUND ART A nethod for

produci ng acetic acid by continuously reacting

nmet hanol wi th carbon nonoxi de using a rhodi um

cat al yst and net hyl i OHiSERIPTIONe presence of water is

one of the nost excellent industrial production

nmet hods of acetic acid (refer to Patent Docunent 1).

The original nethod, however, requires a great dea

of energy METHODSYE@ORVPRODUCING PIETIICC AIION pr ocess,

since the resulting reaction mxture has a high water

content. If the water content of the reaction m xture

is reduced, the rhodium catalyst is inactivated and
TECHNgCcproduetiDvi ty of acetic acid decreases. As a

possi bl e solution to reduce the water content of the
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serve to stabilize the

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
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




rhodi um catal yst and to reduce byproducts such as
carbon dioxide and propionic acid. The nethods,
however, invite increase-i2 by-produced

car bonyl -contai ning reducing inpurities to thereby
decrease the quality of produced acetic acid. These
inmpurities include acetal dehyde, as well as

crot onal dehyde, 2-ethyl crotonal dehyde, and ot her
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508363 di scl oses a technique for reducing inpurities
al§9 invite increase in by-produced alkyl iodides, such as

hexyl iodide derived from acetaldehyde. Such alkyl iodides
-will degrade palladium catalysts used in the production of
vinyl acetate from acetic acid and ethylene.

Granted Japanese Patent No. 3244385 discloses a method
for producing high-purity acetic acid by continuously
reacting methanol with carbon monoxide in the presence of a
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.



controlling the hydrogen partial pressure within the
range of 0.1 to 4 psia L037_to 27.6 kPa) at a |l ow
wat er content in a method~for producing acetic acid
by reacting nethanol wth carbon nonoxide in the
presence of a rhodiumcatalyst. Such an extrenely |ow
hydrogen partial pressure generally fails to ensure a
sufficiently high catalytic activity in the
prodiciapanefe atetnslatidn BapaneseubXaohthednPaben2003-
Application Publication (JP-B) No. 8-5839 nentions
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contai ning a m ninum anount of hydrogen is required
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a very low level. The production of highly pure
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purification and invites increased cost. The present
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acetic acid is produced at "a production rate (STY) of
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wei ght or less and a rhodi umcontent of 1000 ppm or
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prd@ﬂd%ﬁbﬁyr%%%ro%nacetic acid decreases at a low hydrogen
partial pressure of 40 psi (276 kPa) or less. In addition,
highly pure carbon monoxide containing a minimum amount of
hydrogen is required for controlling the hydrogen partial
pressure at such a very low level. The production of
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 2vpercent by weight

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




aqueous gas shift reaction (CO + HRO -> CO2 + H2), and
water forms and accunul ates in the reaction system at
a water content in the reacttion systemof 5 percent
by weight or |less. To avoid this, the method uses

met hyl acetate in the reaction systemfor chemcally
controlling the water content. The added net hyl
acetate corres in contact wwth water in the system and
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increase to thereby cause poor results in a .
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-




pot assi um per manganate test of the product acetic
acid. The present inventors have verified the above
facts as a result of inVeétrgations. In contrast, at
a somewhat high hydrogen partial pressure, e.g., at a
hydrogen partial pressure of 11 to 14 psi (75.8 to
96.5 kPa) as described in PCT International
Publ i cati on Nunmber WD 2004/ 60846, water forned upon
ethhyeppaduaidehyat aw.t paoelunist doescenmied. rEhickions of
requires extra energy and an extra agent for renoving
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This also increases the by-production of formc acid
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content. The present inventors have found 6 t
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and“ﬂﬂ@f@ﬂoneduces the production efficiency. This also
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



rate of acetic acid, it further increases the
production rate of acetal dehyde. JP-A No. 6-40999

di scl oses a nmethod for preducing acetic acid, in
which a reaction is carried out while keeping the
wat er content to about 10 percent by weight or |ess
and the nethyl acetate content to 2 percent by weight
or nore, and the resulting reaction nixture i's
dlstll docune tlons
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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




i nhi bited. PCT International Publication Nunber WO
12002/ 62740 discloses a Iow—energy process for
produci ng acetic acid wusirng two or less distillation
columms, in which a product flow contains propionic
acid inmpurities at low level, and the |evel of
al dehyde inpurities in the product flowis controlled
t hrough a techni que selected from (i) maintaining the
acehypddepgnepasuichl apr essides siat itdhe regattioh peroduess,t han
about 6 psia (41.3 kPa) at a total pressure of from

proghouti clactia,4@nat Mesyheriesiide,5 rudt4 MPa)f fid tiRR 1y
reactor; or (ii) maintaining the nethyl iodide content

inh@bitkhe reaction m xture of |ess than about 5 wei ght
percent; or (iii) renoving aldehyde inpurities. The
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i ncreases by-production of consecutive reaction
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condensation reaction products to thereby inpair the
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reduction in nethyl iodide content reduces the
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acetic acid, as described in Exanple of this docunent
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efficiency of aCetic acid and is industrially and
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less than about 6 psia (41.3 kPa) at a total préssure 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



Application Publication (JP-A) No. 60-54334 Patent
Docunent 3: JP-A No. 60-239434 Patent Docunent 4:

G anted Japanese Patent No.8 3244385 Patent Docunent
5: PCT Japanese Transl ati on Patent Publication No.
2003- 508363 Patent Docunent 6: Japanese Exam ned
Pat ent Application Publication (JP-B) No. 8-5839
Pat ent Docunent 7: PCT Internati onal Publ i cati on
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Application Publication (JP-B) Né. 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




producti ons of acetal dehyde and consecutive reaction
products of acetal dehyde t% t hereby provide a sinple
and efficient process for “produci ng acetic acid.
MEANS FOR SOLVI NG PROBLEM After intensive
i nvestigations on nethods for producing acetic acid
by carbonyl ating nmethanol in the presence of a
rhodi um catal yst, the present inventors obtained the
prebsllrewingaf iredcngen Sgeetiehi.cal |y, the content of
active Rn[I] conplex decreases at a | ow water content
angnathew bygleegent pehei prepefssiheehbibheiseast ifBrease
system and that the production rate of acetic acid
theSb@dliceantky offeareases aatlida ampdregennpaniti k-
pressure of less than 4 psi (27.6 kPa). To achi eve a

prodydieges B&’ hicak apHessuice a8l [ ReSedftaRe? RSict(dh 6
kPa), a high-purity carbon nonoxide (CO feedstock
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by nole is required. This increases cost for

ef R hitCatber skagbli Hreg@nd of AecfPPiredyct ion. An
i ncreasing rhodi um content proportionally increases

the production rates of not only acetic acid but also
by- produced acetal dehyde. A nore severe problemat a
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reactions - 10 of acetaldehyde the reaction rate of
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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 tﬁat 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




pot assi um per manganate test and to inpair the quality
of acetic acid. Acetal dehyde nust be renbved by

chem cal treatnment and/ oerigeparation to keep
satisfactory quality of the product acetic acid. At
such a high hydrogen partial pressure that the
production rate of nethane is. higher than that of
carbon di oxi de, water produced upon the by- production
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in the potassiu perna anate test. To provide an
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save resources and energy, the by-production
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reaction products of these condensation reaction
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consecutive reaction products of acetal dehyde,
Pregeizg ddmidetkarrirduticitt ald te tofeaathane threrbigher than
reduce its content. For better result, acetal dehyde
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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




solution is to inhibit the formati on of acetal dehyde
during the reaction. Fbmeffr, the techni que of
reduci ng the acetal dehyde-tormation by reducing the
methyl iodide content is industrially and

economi cally undesirable, since the technique acts to
reduce not only the production rate of acetal dehyde
but al so that of acetic acid to thereby inpair the

redpeeduat b@n cehbiecueney ekaatalont pedhcteorFeguettllyiehyde,
the present inventors made detailed analyses of the
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impair the production efficiency of acetic acid.
Consequently, the present inventors made detailed
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. 1In Table 1, an



Tabl e 1 Acetic Acetal dehyde H2 (CO2) Methane acid
Reaction tenperature ++ +++ + +++ (activation energy)

CO partial pressure ++ -- 1plydrogen partial pressure +

++ (-) ++ Methyl iodide content ++ ++ + ++ Methyl

acetate content ++ -- - - Water content + + +++ ++

Rhodi um content +++ +++ +++ +++ Lithiumi odi de

content ++ ++ + +++ The data in Table 1 will be

descr.i bed i N nore detail bel ow. T ncr eas,
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thac tic acid, but also increases t jﬁq,uqtlon rate
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that of acetic_acid. The in rea in h drogen partia
gr?ﬁ%%% R O hih AR ek & é§ ‘on rate of
cetic acid, but increases the production rate of
[Téhﬁﬁeﬁhehyde at an increasing rate higher than that of
acetic acid. The increase in nethyl iodide content
i ncreases the producti o ¥ak® bf acetic acid, but

further —Tncreases tnqu&ggu Abéﬁélﬁﬁﬁ ei:HaC@ifV ne

at an increasing r %ggal to or er fhan that+o
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(activation energy)
CO partial pressure ++ - - _
Hydrogen partial pressure + ++ (=) T+
Methyl iodide content ++ ++ + ++
Methyl acetate content ++ - - —
Water content + + +++ ++
Rhodium content +++ +++ +++ +++
Lithium iodide content ++ ++ + 4+

The data in Table 1 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, bﬁt 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




production rate of acetic acid, but further increases
the production rate of acg%aldehyde at an increasing
rate substantially equal }d That of acetic acid. The
increase in rhodiumcontent increases the production
rate of acetic acid, but also increases the
production rate of acetal dehyde at an increasing rate
substantially equal to that of acetic acid. The

protiledium eankentr sicemiti eantd,y buaf freecihelrhe nprredyeki @Re
rates of these products and nust be «carefully set.

prodletiBer ease off kicklibudehgdiede tCamnt ehlcreaRéhgasaset he
production rate of acetic acid, but further increases

subbhan@&adq?tbqaanatg ehaacetraladeftyide aati gan ThRCKeaskhge
rate equal to or higher than that of acetic acid. The

in krRGHEARE coRtlehithiiurbadiede teNieRlauskaln iraee heacetic
rhodi um conpl ex catal yst and increases the production

acibat gutohiacetine acisds Bk arsRudRa8a$8s Sicde
reactions. The Ilithiumiodide content nust therefore
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| acetate content” serve to acceler
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present inventors also reveal ed that the ucti o
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ion of acet hy regardl ess of
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pressure and/ or t he ne acetate content.
incHI b B o b 08 MEOGURK) B KL 01 ORI
inc&%%sg%tqwe br%%uction 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




acetate content has not yet been known and has been
first revealed by the present invention. By setting
nore preferred reaction eodi ti ons based on these
rel ations, the productivity of acetic acid can be
increased while inhibiting the formation of
consecutive reaction products of acetal dehyde such as
al dehydes, al cohols, al kyl iodides, carboxylic acids,
and hoxyl.i ' r.S. ther .consecut iy,
acs eac%:?%n p%%%&é%%cﬂ?%gféetgf%%rgg%’ ga"éﬁ a%h ehrila e:D,eeLh PiEst
al cohol.s | kyl_ i odi.des car boxylic acids, and
eCET %é()ylw c%%ipdreess?n& SIS Thves facilities and
ener gy far. separation and rification of.. the
B 19905 B g B RaB 64 THE prdierioth CSPHgRTsuPREpS o0
acetic acjd at |.ow cost. Thehgégs nt invention has
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i ncl udi ng the steps of continuously reacting pethano
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catal yst,_ an iodide salt, nmethyl iodide, nethy

I
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at a production rate of 11 nol/Lhr or nore while
ackR et R her e of &l ey der T it VRO L QR G e0H SHEREIDES a
reaction mxture to 500 ppmor |ess, in which the

thepgeti ofuch sz by drg» adlerkalbor Honbxd el gt al

pressure in a gaseous phase of a reactor of 1.05 MPa
CapPORDE EC el &% ANA CHERIFY L e caai@ eVreht ofhihesaves

reaction m xture of 2 percent 15
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




by weight or nore to thereby keep the production rate
of acetal dehyde to 1/1500 or | ess of the production
rate of acetic acid. In"t%ﬁs'production net hod, the
hydrogen partial pressure in the gaseous phase of the
reactor is preferably 100 kPa or |ess and nore
preferably 70 kPa or |l ess. The reaction is preferably
carried out at a hydrogen partial pressure in the

by @asgpdsophasecotot haetreagt aeedf th@ kPadaetibasgadadod
nmet hyl acetate content of the reaction mxture of 3.1

acepglleenydbytveilghE0or oronessThe wakepreanteabnofratBeof
reaction mxture is nore preferably 3 percent by

ace¥etghtiar less. In a preferred enbodi nent of the
producti on nethod, acetic acid can be produced at a
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preferred enbodi nent, acetic acid can be produced
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include a purification process i ncl udes the
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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.



According to a preferred enbodi nent, the nmethod can
further include a purification process which includes
the steps of (A) separati g the reaction mxture into
a volatile conponent and a |l owvol atile conponent by
distillation, the volatile conponent containing acetic
acid, water, nethyl acetate, and nethyl iodide, and
the | ovv- vol ati | e conponent containing the rhodi um

catgl &?p Shene he st el BCH® can

voI a onentimto a - h conrponent
fuf} '°r“%%? i con%"@nﬂe Jtcactb%%fjp'nfotn'é%%&fﬁ’%éh Hfel udg the
A RO ST LRI T
vo}aew?i/% 'nsz‘jo%éi? °”§Fére<§r@ T é&o C%%ﬁ% 3rm<a£""%""fk%sﬂ8 ane
o onent obt ained in Ste Id r esi dual

et Ty Vorrytisn Iilfh ‘?fé‘"su aJc‘be%r?e‘FﬁElC acid,
obt ained in Step (D) to the reactor; (F) separatl ng

walRlt iRy H ??%ﬁ?%‘e MYy i Jc%%’pcﬁfé?]t Rbted

in Step (B) by distillatjon; and G treating the
volakile GMrREE; mt%wg%ptfm:)rW%% cafalggt apd the
mer cury- exchanged cati on exchange resin. Steps (B),
iodfye st { FiBLateRRIRatRY dehdUTo byt Lk PRl Bto a
_three or less distillation colums. EFFECT OF THE
highwenT} ong Aeempenert tand e bresent Linw ep@mRe e thedy
formation of - 17 by-products can be reduced w thout
dl$%@hkahgomheth@aﬁxghﬁb01llng 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




rate of acetic acid even at a | ow water content and a
| ow hydrogen partial pressure of the reaction system
H gh- quality acetic acid E&n‘thereby be efficiently
produced. Furthernore, acetic acid can be efficiently
produced with a high productivity using sinple
processes and facilities while inhibiting the
formati on of acetal dehyde and consecutive reaction

by-piroducts cher eef rBRidelk RESGRIVET AN ST nbHE HeRAWANGS on
[Fig. 1] A production flow chart as an enbodi nent of

ratehefPaesentc arventiven atFiad.1cd wAHRIOMSEIHR flnva 1ow
chart as another enbodi ment of the present invention.
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methanol 3 reactor 4 gaseous purging flow 5 |iqui
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col umm 1d_d|st!l!ate (overhead) 11 a step for renoving
highARYMcHiRRYN 1i8%g simple processes and facilities
while inhibiting the formation of acetaldehyde and

consecutive reaction products thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[Fig. 1] A production flow chart as an embodiment of
the present invention.

[Fig. 2] A production flow chart as another

embodiment of the present invention.

DESCRIPTION OF THE SYMBOL
1 carbon monoxide
2 fresh methanol
3 reactor
4 gaseous purging flow
5 liquid product (reaction mixture)
6 evaporator (flusher)
7 bottom flow
8 overhead

9 a low-boiling component-acetic acid




12 line (reactor recycling line) 13 high-boiling
conponent 14 acetic acid-distillation colum 15 crude
acetic acid 16 | ow boilinrgigoAponent 17 high-boiling
conponents having a boiling point higher than that of
acetic acid 18 treatnent tank filled with a cation
exchange resin 19 acetic acid (product) 20 carbonyl
inmpurities 9" distillation colum 10" distillate 13

Sehi -boi }i.ng . onent BEST MODE FOR CARRYI NG OQUT THE
?ﬁ%ﬁﬁ?%&é%&ﬁéﬁﬁgﬁﬁfQ(F? {€%bresent invention, acetic
aci.g i pr.qd ceg b ontj nuously reacting nmethano
th#¢ &&%aﬁﬁn §W§§%§?ﬁhg a rhodi um catal yst. The

rh iun1%%}a%yst ener al | g}is s .as a,%hodium
conpl & S4rPa HPda 1% ONY¥h &P di-dmScat al yst
can therefore be any one, as logng as it is a rhodi um
conpfl ex ol (FFAEHAT HFEYdddS ditfi)xture under
reaction_conditions or it can formthe rhodium- 19
conpl EXIPSHEEiATGalqFPEF um i odi ne conpl exes such
as _ RhlI3 and [Rh(CO) 21 2] - , and rhodi um carbonyl
conyfl &6&digr @cigéretddilp tised cot@ranount of the
rhodiumcatalyst in ternms of content in the reaction
mi X¥urcEdde et iek @fice,

16 low-boiling component

17 high-boiling components having a boiling point

higher than that of acetic acid

18 treatment tank filled with a cation exchange resin

19 acetic acid (product)

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




about 200 to about 3000 ppm preferably about 300 to
about 1000 ppm and nureuﬁéeferably about 400 to
about 900 ppm The rhodi catal yst used in the
reaction is generally recycled and reused. In the
present invention, an iodide salt is used typically
for stabilizing the rhodiumcatalyst at a low water
content and accelerating a reaction for producing

comBtkl.C 8pkeiriba1ngdi decsakin Gamibe 2RMpAR&KesASukANgs
as it can yield iodide ions in the reaction m xture.
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acetic acid. The iodide salt can be 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 Bel,, Mgl,,
and Cal,; and iodide salts of aluminum group metals, such
as BI; and AlIz. Apart from the metal iodide salts, the
iodide salt also includes organic iodide salts. ‘Examples
of the organic iodide salts are quatefnary 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




in ternms of content of the reaction m xture, about 3
to about 40 percent by weight and preferably about
4.5 to about 30 percent -bgowei ght. The i odi de salt
used in the reaction is generally recycled and
reused. Methyl iodide is used herein as a catal yst
accel erator. The nethyl iodide content of the
reaction nixture is, for exanple, about 5 to about 20

erce ,mei t and  preferably about_ . to abou 16
Jgfeﬁrc Bt Sbad S e iR T STgd.
enerally recycled and . reused. The water content
The,faRt it i IHIAGR S35 getrer’dt ﬁﬁr% ipdigs dan in
by wei ght or I ess (for exanple, about O, t o about 15
th%e]?%%ﬁl‘b%/ WW? %ﬁ%f%?%m%ﬁfatﬁﬁﬂuﬁd) 1997r ctéhtabcw:

i ght or Iess (for exanple, about 0.3 to about 10 _ .
molyfa ¥ akpittle bret eramBrwbokro 394l éitd pys
ght or Iess (for exanpl e, about 0.5 to about 5
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3 percent by weight or less (for exanple, about 0.7
abeyt ahpure Byl clémtwewwrgi]tsremaé&hés@w VA Hi giP

wat er content may increase the energy |oad for
abeeha? Gt PRt &y ivekolur i fTatiehldeyrdmuarf in the

requires large purification facilities. At low - 21
reje@t ben chht eensrahderreerseed i ordl rewsrdd on conditions,

the rate of an aqueous gas shift reaction decreases,

t R thidd riogbifgdrs ivdedrivarire aecr ezmiesl ysthgaccelerator.
by- production of condensation reaction products of

Th@g@@@mﬂbh¥@@id@c¢qnggn¢tQﬁ the reaction mixture is, for
example, about 5 to about 20 percent by weight and
preferably about 11 to about 16 percent by weight. Methyl
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 exémple, 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




thereby inpair the quality of acetic acid. According
to the present invention, however, the quality of
acetic acid can be satisfattorily maintai ned w thout
reducing the productivity thereof by carrying out the
reaction at a CO partial pressure of 1.05 MPa or nore
and/ or at a nethyl acetate content of the reaction

m xture of 2 percent by weight or |ess; keeping the

watRrOdUatiean sl ahdedf ReslaltdeMude rda@tiioh5Rnel tiss,t ke
production rate of acetic acid; and maintaining the

ratacetrabdehydeceaniyant sofi fithe eAGJnoRle JHEWEe t® 500
ppm or |ess. The nmethyl acetate content of the

hydr@dehl 98 riFi sl Uke dssurdbidc ré R eRh DY WGt Rfion of
nore, preferably about 3.1 percent by weight or nore,

con@ld sARA @ nPh-eberakny Rilctd Bf RGN eI Rlses to
nore, except when the reaction is conducted at a CO
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MPa or nore. In this case, the nethyl acetate
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rcent by weight but is pref per cent
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content of the reaction mxture 1s, or exanple, a
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welght or less; keeping the production rate of acetaldehyde
to 1/1500 or less the production rate of acetic 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,




be inhibited while increasing the production rate of
acetic acid, by keeping the nethyl acetate content of
the reaction mxture at -a2high Ievel. As the nethyl
acetate, one used in the reaction and/or one forned
in the reaction is generally recycled and reused. The
resi dual main conponent of the reaction mxture is
acetic acid, target product, which also serves as a
eaction solv . Atypical reactiqn te ratur f
and TR T 5T T e FTRHY 16 BHE DY eatht" ¢ iRt | OfF iRyL
bout 150C to about 250C, . preferably about 180C to
2CSRft BH0CINAP R & T or bl §h RIS TEEE Yo Hbut
195C.. The CO(FartjaI £ressure in the gaseous phase of
matgplat ATHANPS AboutaAS s MR Gr  nite, PRIt Pn of
about 1.10 MPa or nore, and nore_ preferably about
bYRrAFIGFER SRS, 2CR RN Yifen R¥E PEaR1 i%ﬂg jgethane can
conducted at a nmethyl acetate content of the reaction .
be pindiheted Whpkt cEMEre3s mg gHie Rrodiipelon ratg L agetic
the CO partial pressure may be, for exanple, about .
acylg RY SPRRANG. U MRtbit dcetRles epabisnt apouthe  pEction
_MPa or nore. The upper limt of the CO partia
nipFess te ¢ shighrlevahpl s dfutnativPa aeritpref eanblysed
. about 2.5 MPa. An increased CO partial pressure in
intHee gesreiuson @3d/ phasee of oxied reactir eeach et ebse
the stability of the rhodiumcatalyst and inhibit
gepgrapkbdueesvrled dyProvieed. such as acet al dehyde,

hydr ogen, and net hane while increasing the production
r atlhoofremdatyasl asiih component of the reaction mixture is

acetic acid, target product, which also serves as a
reaction solvent. A typical reaction temperature of
carbonylation according to the present invention is about
150°C to about 250°C, preferably about 180°C to about 220°C,
and more preferably about 182°C to about 195°C.

The CO partial pressure in the gaseous phase of the
reactor is about 1.05 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 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




The hydrogen partial pressure in the gaseous phase of
the reactor is generally about 200 kPa or |ess,
preferably about 100 kPa ot Tess, and nore preferably
about 70 kPa or less. A high hydrogen partia

pressure accelerates a nethane-produci ng reaction
(CH3OH + H2 -> CH4 + H2O), an acet al dehyde- pr oduci ng
reaction (CH3OH + CO + H2 -* CH3CHO + H2O), and a

phaBEOBIFOBhE 2ekdtpioduel REcreast ehe( SH3EHIDityHAf the
CH3CH2OH, CH3CH2OH + HI -, CH3CH2I + H2O, CH2I + CO
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i nhi bited reduci ng the hydrogen partial pressure
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wat er conten the reaction mxture.
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pressure under conventional reaction conditions
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acet al e increasés to thereby inpair thé
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I nvention, owever ual ty of cacetic aC| can be
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— CH3CH,OH, CH3CH,OH + HI — CH3CH,I + Hy0, CH3CH,I + CO + Hy0
—> CH3CH,COOH + HI). These reactions can be inhibited by
reducing the hydrogen partial pressure. Hydrogen is mainly
formed by an aqueous 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 is 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



acetic acid; and holding the acetal dehyde content of
the reaction mxture to 500 ppmor |ess. The | ower
limt of the hydrogen partéal pressure is, for
exanpl e, about 5 kPa and generally about 10 kPa. The
hydrogen is formed as a result of the aqueous gas
shift reaction and, additionally, nay be introduced
into the systemtogether with raw naterial carbon
monoxi de. The. t ot

|. pressure of t r r is
re B i 1 5y SR EL BT sochufs i dgore
drogen_part.i ressure artia ressures, of other
anq S i B ek St Harron CRL i Tt iy mottire
[ trogen and vapor pressures of the .conponents, in
Of [P TERAS B HSAEIe Cha S rRraiTg Wie MAba Lo rate
range of about 1. bout. 5 MPa. According to the
of e tont/ el & hsee'| Ghe droREd e e Hh g
roductjon rate of 11 nol/Lhr or_nmore (preferab
acgbbut 2G5 AT PO B b r e} Vi § e KARpT IRy ‘?‘i’fétent of the
roduction rate of_ acetal dehyde to 1/1500 or |ess. the
redr ot T HRE 1SR Lo A R Aei tESTo prRRIvtI e eti® lacild
at. a high production rate under _general conventiona
the AT RFFn det 13 brRTCIHETS ebitt | BN t TRPRR R urdPHisto pePa
el evated._ and . the contents of the rhodium catalyst,
ang ogrRRrahl Y , 2RI -1 O5kPaet hifre i s HRIPRISES peormed as a
I ncreased. These conditions, however, also increases
regylbrobiuehe crdetoa I2f dithide. reeeioten mpdo ad¢tionally,
present invention, however, the ratio of the

mayrlpe utt | beduged el B0 oidee as vielksidct gt withaceaw c

acid can be reduced
material carbon monoxide.

The total pressure of the reactor is constituted by
the CO partial pressure and the hydrogen partial pressure,
partial pressures of other by-produced 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



to 1/1500 or | ess by carrying out the reaction at a CO

partial pressure of 1.05 Nf nore and/or at a

met hyl acetate content of he reaction m xture of 2

percent by weight or less. The ratio of the

production rate of acetal dehyde to that of acetic

acid is preferably about 1/1800 or |ess, nore

preferably about 1/2000 or less, and particularly
methyef epdhby abstt bd/ 2b0@casedess ThEke keacltiitdbns, however,

according to the present invention is carried out
alsehiiherkeepsnpyt-becacetabaebydeceenterhydk .t heccording to

reaction mxture to 500 ppmor |ess. By keeping the
theapekakdehydecagnbant nolielide,r eact iraR 1B ¥irUtdet 900 ction

ppmor |ess, by-production of byproducts derived from
ratéC@Ealaéélﬂ}édaehg@@ ke hari bircarklhy d Rkiibl tad. vExaeRhesd

of such byproducts are reduci ng substances such as

to @yabonabdehyde b @a%x% oot endl dehvdeonabiyla co
i odi des such as xyI i de; and carboxylic acids

par3iah 8%cBLAREOBIC 1a@l5deEh%r mRaet 'a%@l/%@:c%rtd'anglett@iytlhe
present invention is carried out at a CO par

aceRL@8SKba teht1 o35 tMBa _BdA AL NTRi& Q@b £ 2 g%ﬁ:@éht b
acetate content of the reaction n1xture of "2 percen?

welghtw%kgﬁ%s r 1 ess. rLRYS, %h%r gc% oﬁaEgtgfof

cet al dehy e can be narke ly re uce ccordingly, -

ace%gld%f, Y22l kaurbOle g Gemenents g%%lflé@g%g.y\é% 3

acetate, nethy et al ter
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recycle react or “as i ntact

pare %L§%&§§’pqgﬁ%%%%iyt%bout 1/2500 or 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,



separate and renobve at |east part of acetal dehyde from
the |ow boiling conponents and to recycle the

residual conponents to th&é6reactor, in order to
mnimze the acetal dehyde content of the reaction

m xture. The acetal dehyde content of the reaction

m xture is preferably about 450 ppmor |ess and nore
preferably about 400 ppmor |ess. The reaction

cofl 0 b2 0S5 AR AR ACRAG, RSB Sdthn
' i al t,  th di t.al |
wckEEL AN TELE e R Lacd DA R ERU e 5
| I 1o th tor. .By-
acdife denerally fecveled Lo the seactor, By
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car bony I npuri such as ace \Y%

re
th%Jreeferably removed fr xt.ur e cwcucl ating

Nt T H rdactoréSo agf% olaS %ﬁ%? ‘?Sfr%%' pk?%%%?ri 'on-of
vari ous qXproducts as. a result of

ti
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acetic acid iselpreferablj%/rhbrogght into contact with a

CORRRINES eXehAhger FRSTA wi th 9T east BB URL7% sHifcti ve
sites is. replaced by a silver-pased substance or a
acwlcﬁ%w%%s%&te% oL Ub AR TP HEM e G el i HH y
renpve al kyl iodides such as hexyl jodide. The acetic
acgleatiehyde  certent et e RS L ot rht $h hetRyeterably
catal ysts and is suitable typically as a raw materi al
abegf %%%tﬁ’%ma‘ﬂ dleed i dad e Rirfeiably mpout 400 ppm or

less.

The reaction mixture is subjected to a purification
process to thereby separate and recover acetic acid. For
reducing the material cost, 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



acetate, which are produced using nmetal catalysts. The
~purification process can cgfprlse, for exanple, Step
(A) for separating the reattion mxture into a
vol ati |l e conponent and a | owvol atil e conponent by
distillation, the volatile conponent conprising acetic
acid, water, nethyl acetate, and nethyl iodide, and
the low volatile conmponent conprising the rhodi um
subgabakystoantetrbpy iredid®lsalriemoSicepl1kB) fiodisepakaichngs
the volatile conponent into a high-boiling conponent
hex@Ndiadhiae. boirhieng cegipoaend aftedi shiilsl &re@ftmehite does
hi gh-boi | i ng conponent conprising acetic acid, and
nott Beikew heithilngatanyerenaneoaRyr issiiRGpWat efp lc@&u@rylas a
acetate and nethyl iodide; Step (C for recycllng t he

rawl BWc¥ehati Fercamrenentdiel dee ikeaakels, Sued 6B viek1
separating and renovi ng carbonyl |npur|t|es fromt

acekave, bahhbﬁga%@wgq%@ﬁke@bh%u&%dn@xa§t%@teﬁbs%% yleld a
resi dual conponent; Step (E) for recycling the

r e’?hguﬁﬁr§95_@99§85 pQBEéégegaHycgﬁﬁPlég £8rt BRamp1e
reactor; Step (F) fo separating acetic acid fromthe
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distillation; and Step (G for treating the acetic

volQQHQeogbﬁbBﬁ%n%n EE%_Q%MJM ﬂ%ﬁil édﬁ%%ne%%s

rrercury exc ange cation exchange resi

dlskﬁlaaer QUCE%%nV% Q@kagﬁ> rﬁg pregggggﬁxﬁg acid,

pro uétlon net d accor
e BB O SRR

vol¥t81e 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.



continuously fed to a carbonylation reactor 3. The
liquid content in the reactor 3 is automatically kept
to a predeterm ned | evel. 28he carbon nonoxide 1 is
preferably introduced to just below a stirrer

equi pped in the reactor 3. A gaseous purging flow 4
is exhausted fromthe reactor 3 to thereby prevent

t he accunul ati on of gaseous byproducts and mai ntain a

set .car bhon nDnOX|d artlglégf ure cggﬁtant
tot&ﬂ'pressuregﬁo &8t &Pg

eraturge is auto tlcall roIIed Al
eSO (F elet | &m%) S TR 1O
react or suc uf ficient, rate as to mintai.n
Pr%%nfcoln%‘f%fﬁﬁlmur%n | RO IR e LITRY tHEGH AR &
rtion bet n th to d the bottom of an
FreRAghy RO (usH) B oalffﬂl%b*}%a%%ewots@va@otr%.a&?
In the eva orator 6, a catal m xture
co‘%%lré‘g?ﬁsgiﬁ]( etPASTA DI R PP <t n%ul t'0'] Hetquid
react or 3 [Step (C)]._The bottom flow 7 mainly
COI&:B%%JS% Che et etk %%rﬂ‘é?‘?ﬂ%@lcﬁﬁely Hfﬁf?turﬁ%aft al yst
and the iodide salt together with small anDunts of
Prefeprmined ateve het hifte G, meprrife ef .1
8 of the evaporator 6 mminly conprises roduct acetic

ineoduerd Faripet Rokgw idestifpehyedybepe, imethsy | reactor

acetate, and water. The overhead 8 - 29 is introduced

3. toAt%%S%@@$omwrgh%gvf%QMiQyl%fe¥hﬁﬂ%kﬁ¢cﬁﬁ0mwthqtﬁ?aCtor
side of a lowboiling conponent-acetic acid

3 sepHherehy/RFeTent atheneoinids {1 ow 9bi J3 srPedDipcegducts

acetic acid splitter colum) 9 and subjected to
and maintain a set carbon monoxide partial pressure at a

constant total pressure of the reactor. The reactor
temperature is automatically controlled. A liquid product
(reaction mixture) 5 is extracted from the reactor 3 at
such a sufficient rate as to maintain the constant liquid
level, introduced into the middle portion between the top
and the bottom of an evaporator (flusher) 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




distillation [Step (B)]. A distillate (overhead) 10 of

the | ow boiling conponent-acetic acid

separation/distillation™ um 9 mainly conprises

nmet hyl iodide and nethyl acetate w th small anounts

of water and acetic acid. The distillate 10 is

subjected to a step 11 for renoving carbonyl

inmpurities [Step (D)] and returned via a line
is (heaetiacetiecypckthBgbbitfe),12hkeoviikeniegchbdr tBe[ Bb€pom, or

(E)]. A high-boiling conponent 13 is extracted from
thet Bedsi 8¢ hnlbheboYileng tympbnkhe -Bekte®m Gerdf rom the

bottom) of the |ow boiling conmponent-acetic acid
sepsepakiahi/ankdistbkhahi epluaal Ymewebanding cokboddaed

into an acetic acid-distillation colum 14 at the
aceshdeathar 8gf iandrsubjeahgd of andl stiblkatie@nto Then,

crude acetic acid 15 is extracted fromthe bottom or
disthomthensidechn (Bhe .vi @i diiky iaf athe (BOLABLEh theor the

acetic acid-distillation colum 14 [Step (F)]. A
1owlBWihehkl B8mpeorPenaRt 16 LHRGLUAILRY WRLSH /S stillation

di scharged out fromthe top of the acetic

col@&hd9dh%&hh?abb%ﬁrg%%%”ﬁe%ﬁylaquﬁh%hah@jh%@ﬁgl acetate
conponents 17 having a boiling point higher than that

wit?fsm%@?tB%ﬁgﬁkg are ydicgscharged caut J nomgt he phat t om

her eo ow- boi I'ing conponent 16 is recycled to
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efore.the _acetic i%— istillation _colum _14 and to
caxPERRne (hREAEELLE, BTl AL Hell BT al R e
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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



silver- or mercury-exchanged cati on exchange resin
[Step (Q]. In this step, alkyl iodides, such as
hexyl iodide, contained-iB0aeetic acid in trace
anounts are efficiently separated and renoved to
thereby yield high-quality acetic acid (product) 19.
In the carbonyl inpurities renoving step 11,
acet al dehyde and ot her carbonyl inpurities 20, such as

t h d

it FERL O Y et T % RO s oo dlon

I t d
co Ll 0F o S TR T A i Bt Sl 96 Wakbaigiumn to the
acﬁ%i%%n’e £20 b Lemoved, Lor, exalpl oo B (e fE ot

, th b it be .
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onent-acetic acid separation/distillation colum
si V hePt uﬂéy“&c%fbg‘%ﬁl ?%@Q%V@FCW% HsihelStep
dlstlllate 10, if separated, or a concentrate of

hesel%aFfbb%ﬁt?’PlvpLﬁJr]fYJeslocé%@%q n¢leras Hewey aripdide,

inmply referred to as "process mxture") to

coraﬁi%%mw ath orcelek® rartd ol orace cuhpinet i dFF T fidantly

such as extraction-distillation. Part or all of the
SePREF A ARONPIMLTRS &9 tiherahivaiebd hightardbhyy acgiic

i mpurities contain useful conponents such as nethyl

aci¢d(peodagie) me? hyl acetate and are returned via the

line 12 to the reactor 3. Specific exanples of

pr déeddss dagibaepariatiury il 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 refefred 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




carbonyl inpurities including acetal dehyde are a
process of separating a p$gcess m xt ure contai ni ng
acet al dehyde by distillatton using one distillation
colum; a process of separating |ow boiling
conmponents conprising acetal dehyde and nethyl iodide
fromthe other conponents by distillation and
separating nmethyl iodide from acetal dehyde by
impdirdtikkatbabaiandsafplocespodknsepauahi ag methyll iodide
i odide from acetal dehyde by water extraction. This
andpmecass auvtikbhitzeantharkacktihakdacebaktdehydeei g2hicghkie
mscible with water but nethyl iodide is inmmscible
readtbhl water. The anount of al dehydes to be renoved in
the carbonyl inpurities renoving step 11 is such an
anppati fsct OxkeePest be peetakdebydercosbepht Ohigt PEe
reaction m xture during steady continuous reaction to

carbBylpPAmpurieses Phefleuably acakaulich9BePBPeOh beSSess of
and nore preferably about 400 ppmor less. Fig. 2 is

separBtedychi protkaw %ﬁ%&hr%h%Wh%%i%ﬂ%bh%Eet%q@%ﬂ?@%nbyOf
t he production nethod according to the presen

diskRY8REHBR. ubkAnhhioPcemadiMBRk i o ot ;PLOdCess of
(reaction mxture) 5 froma reactor 3 iIs introduced to
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conprises methyl 7o acet at e,
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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



inmpurities renoving step 11 [Step (D)] and returned
viaa line 12 to the reactor 3 [Step (E)]. The
carbonyl inpurities renpvidBAg-step 11 is conducted in
the same manner as in Fig. 1. A catalyst mxture

mai nly conprising acetic acid containing rhodi um
catal yst and the iodide salt with small anmounts of
nmet hyl acetate, nethyl iodide, and water is extracted

. aS: 1to fr the bo m of . t he ., .
dlsgt?lsj?ll ]a(%rll ngéegr}Nu@ Qa%an%?gsj bie)?}u'r ne%l oSftlhlelarteeact or
St ] hi gh- hoiljng co nent ' extracted
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introduced

into. an.aceti cid-distillation colunmm.14
colf {76 i Pherod et il sty Bty fin
rude acetic acid 15 .,1s extracted fromthe side in
s} B TG 15 AETHEE (Rtibm 5 S St [ & catschy]
,_acid-distillatjon colu 14 [Step (F)]. Water and .
ISR L S D PR Y 1 ot nE%‘i% g‘?)el d%l%%rf%ﬁfg}é@ tvia a
. fro the top of the acetic acid-distillation columm
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. _point, higher than that of acetic acid are discharged
1MRE L § 1 S HROHORY o SR hiek et . COHBIFIRE bt | iy Same manner
conponents 16 are recycled to the reactor 3. The ,
as cjRidfel et i ¢ AKIEAL§ ThfFthed M bo oMRTesimmeetic
tank 18 filled with a silver- or nercury -, 33 )
acEd cHReeth £ | TP SWeh afrfer F et rrdtidle (gdidermalt with
al kyl iodides such as hexyl iodide contained in

smpkbtFROWRTY ¢h Mefhick RS dRetlfkikedidgy and water

~ separated and renoved to thereby yield high-quality
is gexrecyed ggoe 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 filled with a silver- or mercury-




The cation exchange resin treatnent using a silver- or
mer cur y- exchanged cation_eiﬁhgnge resin can be
conducted according to a known procedure, such as the
nmet hod 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
excheagtdlémtfiont sxatbinge Siclsds i[StepeplGaded Whiis, alkyl
silver-based or mercury-based substance is preferably
iodiised, santl bkehkayperiaticde iconprdherdaliny aeleevat @adid in
st epwi se when the crude acetic acid 15 is brought in

tracentaocuntist hrehe fedciientaxc anpgearesi and mretdived to
method, the flowrate of crude acetic acid 15 is

thepedierablly about-qud.l3 tho aakeutc 4@ikedovol une per hour,
and the treatnment tenperature is preferably within

t heh& apgeioh eReHanddCrioinabeuhthdf€. uBehten Eesubts or
can be obtained by bringing the crude acetic acid

mericli-§-eghasiyed Uatlilke Gdham@XeRange caht PN cdindakedd
17C to about 35C in early stages of operation and

accoherneaf ter selkevain R JRAILRIPSIRINUES $HhePWetog Thus,
the contents of alkyl i odi des such as hexyl i1odide in

des@e@bl@ a6l dpcannRe rregueed torpl DRl by Weixghty, Oerl-%Siuo
According to the productlon nmet hod of the present -

5-3l07%8Rt i o-pt R Pradudieisdn Jrevel -5 & .aceba)igefy de and
consecutive reaction products thereof “during reaction

PasRBLERY | 04 SRR (Pl (0N, Ao o s
exdﬂéﬂgélfygfﬁjln 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. 1In 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



colums. For exanple, Steps (A) and (B) can be
conducted wusing one distillation colum, as
illustrated in Fig. 2. Stép (D) may use one
distillation colum for recovering acetal dehyde.
According to the present invention, high- quality
acetic acid can be produced even using a total of
three or less distillation colums. EXAMPLES The
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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. In 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).




tenperature of 188C, and, of the reaction mxture, a
nmet hyl acetate (M) contgng of 5.5 percent by weight,
a rhodium (Rh) content of %OO ppm by wei ght, and a
lithium iodide (Lil) content of 9.6 percent by
wei ght. The reaction mxture 5 was flushed using an
evaporator 6, and a high-boiling conponent contai ning
the catalytic conmponent (rhodium catalyst mxture 7)
Thewabopiess apitz28¢ sty mé xume andind edyclled-boitlHegr eact or
3. Flushed conponents 8 were fed to a | ow boiling
componpanenfl2ated bean decyeiadatiirom di sidilfatdadn ogolsyFtem.
9 and separated into |low boiling conponents 10 and
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conponents 13 were fed to a distillation colum 14,
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acid of 99.5 percent by weight or nore was obtained
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distillation colum 14. The | ow boiling conponents 10
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renove 50 percent by nale of acetal dehyde (AD) in the
meth@W Beictiafe (CRIYP@RetcstlQ oW, hdhenty $Hemeiahd ,t he
residual |ow boiling conponents were recycled via a
rhddifg L2&nto cdoli@ 3@ JFeBUMpph PyO\WQHH, NG HeOEP AN $im
16 obtained fromthe top of the distillation colum
1iodiéangng 19l SRnteedClord 4.6 thecdr@adhOfyed ghthe Feaction
m xture had a water content of the” reaction mxture
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content of 14.3 percent by weight, an
high-boiling component containing the catalytic component

(rhodium catalyst mixture 7) was pressurized by a pump and
recycled to the reactor 3. Flushed 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 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



acet al dehyde content of 400 ppm by weight. The
production rate of acetic acid (AC STY) was 19.4
mol / Lhr, the production raBé of acetal dehyde (AD- STY)
was 4.3 mol/L-hr, and the ratio of the production
rate of acetal dehyde 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
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of 75 ppm by weight, a crotonaldehyde (CrD) content of 0.2
ppm by weight, and a residence time in the potassium
permanganate test (chameleon value) 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




EXAMPLE 2 To a reactor 3 were continuously fed

reaction raw materials LnFZhgnol 2 and carbon

nonoxi de 1), a rhodium catalyst mxture 7 (containing

a rhodium catal yst, an iodide salt, and acetic acid),

and | ow boiling conponents 12 (containing nethyl

i odi de, nethyl acetate, and water). The rhodi um

catal yst m xture 7 and the |owboiling conponents 12
reabadobermnxtecychad tnomcea tpldchyeat iconteyst e 1080 ppm by

reacti on was thus conducted at a reaction pressure of
weidh?, BRdGthe catbenavendx e ipathizidala presdwnd cofacid? (PA)

MPaA, a hydrogen partial pressure of 0.031 MPaA a
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m xture, a nethyl acetate content of 5.5 percent by
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[ithiumiodide content of 9.9 percent by weight. The
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and a hi gh-boiling component containing the catalytic

coppament: ¢rhodi um catal yst mxture 7) was

pressuri zed by a punp and recycled to the reactor 3.

Fl ushgdreaapenent Ge8eebatifdohi1d Few bebktR8n raw

conmponent -acetic acid separation/distillation colum 9
mat@Rd a1 s38metBRAAL ©d alndf @ alrPWrbRidnoxd deoMonent$ o3 wand

hi gh-boi ling conponents 13. The high-boiling
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and a crude acetic acid 15 having a purity as acetic
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as a side flowin the vicinity of the bottom
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 preésure 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
flushed 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. Flushed components 8 were fed to a low-boiling

component-acetic acid separation/distillation column 9 and




of the distillation colum 14. The | ow boiling
conponents 10 were subjected to extraction with water
to thereby renove 30 perc@Bt -by nol e of acetal dehyde
(AD) in the ow boiling conmponents 10 out of the
system and the residual |ow boiling conponents were
recycled via a line 12 to the reactor 3. Low boiling
conponents 16 obtained fromthe top of the
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detected in the product acetic acid. )
reactor 3. Low-boilling 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




The above procedure was repeated, except for recycling
the | ow boiling conponent via the line 12 to the
reactor 3 without renoving acetal dehyde therefrom
The resulting reaction m xture had an acetal dehyde
content of 820 ppm by weight, and the crude acetic
acid had a propionic acid (PA) content of 120 ppm by
wei ght, a crotonal dehyde (CrD) content of 0.5 ppm by
haviegght giand aebesidentarti pearingheilpetraasi udtive sites
per manganat e test (chanel eon value) of 160 m nutes.
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CompBngXi de 1) flawr hadeumt GaRabyst viilxinegr ee# Qoomt ahdi ng
a rhodium catal yst, an iodide salt, and acetic acid),
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had been recycled froma purification system A
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by weight. The reaction mxturé 5 was flushed using
welﬁﬂtgvéﬂar%h%rc@ud@n%c%tabggcgg!hb@g C%@B@E%ﬁlc 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 (chameleon value) 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




contai ning the catal ytic conponent (rhodium catal yst
m xture 7) was pressurized by a punp and recycled to
the reactor 3. Flushed eonaporents 8 were fed to a
| ow-boiling conponent-acetic acid
separation/distillation colum 9 and separated into
| .ow boi |l i ng conponents 10 and hi gh-boiling conponents
13. The high-boiling conmponents 13 were fed to a
distillation colum 14, and a crude aceti¢ acid 15
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regzatar ndi / Lhkushed iconpnesitot it tiore rigg@ ot @ low-boiling
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crotonal dehyde content of 0.3 ppm by weight, and a
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 éxtraction 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,




residence tine in the potassi um pernmanganate test of
190 mnutes. The crude acgetic acid 15 was fed to a
packed tank 18 (33C) fiTl Wwith a strongly acidic
cation exchange resin having a giant web structure
bearing silver at active sites (trade nanme "AMBERLYST
15", a product of Rohm and Haas Conpany) at a fl ow
rate of 7.2 bed volune per hour and treated with the

thei pRroayechangeraesi bf Necheiykhiyadi deswas 3 debegtedrinand
t he product acetic acid. The above procedure was

thel epeabeds exeeptrotiokthieesyehitkyoft AeekawdbaiydeNgo that of
conmponent 10 via the line 12 to the reactor 3 wthout

acetebDY¥thng aecet al/debyde t heeetrome Tbethiesdltiidnds had a
reaction m xture had an acetal dehyde content of 710

proBRBhRY awelgbbntand Lire cor pga dceties gatl,dahad a
propionic acid (PA) content of 115 ppm by weight, a

cro€bahonahgabydentehl) ogont.entpaf v 4eRBMDY a0ei ght, and
a residence tine in the potassium pernanganate test
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0 a reactor 3 were continuously fed reaction raw
mint@kerials (methanol 2 and carbon nonoxide 1), a
rhodium- 42 catalyst mxture 7 (containing a rhodi um
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| ow- boi I 1 ng conponents 2 (contal ning
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(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 (chameleon value) of 80 minutes.

COMPARATIVE EXAMPLE 1

To a reactor 3 were continuously fed reaction raw

materials (methanol 2 and carbon monoxide 1), a rhodium



A reaction was conducted at a reaction pressure of 2.8
MPaG, a carbon nonoxi de partial pressure of 0.97
MPaA, a hydrogen partial ppessure of 0.14 MPaA, a
reaction tenperature of 187C, and, of the reaction

m xture, a nethyl acetate content of 1.6 percent by
wei ght, a rhodium content of 650 ppm by weight, and a
[ithiumiodide content of 5.0 percent by weight. The
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co onents 13 were fed to a _di stlllatlon coI um 14,
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aci d of 99.5 percent by weight or nore was obtained

A RAGLLRYVFT drPTHE R v?tbl%lf?/a%?l?rhep%?st‘b?ﬁ dtt 4 ife MPaG,
distillation colum 14. The |low boiling conponents 10
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the residual |low boiling conponents were recycled via
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obtained fromthe top of the distillation colum 14

conpfeert apSol recyeresnt Y heeighlactarrizodiife ¢eaeentorpt 650
m xture had a water content of 8.0

ppm by weight, and a lithium iodide content of 5.0 percent

by weight. The reaction mixture 5 was flushed 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.

: 1

Flushed components 8 were fed to a low-boiling component-
acetic abid 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 percenf 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

66 percent by mole of acetaldehyde in the low-boiling




percent by weight, a nethyl iodide content of 13.0
percent by weight, and an acet al dehyde content of 300
ppm by wei ght. The product?gh'rate of acetic acid was
11.7 nmol/Lhr, the production rate of acetal dehyde was
10 mmol /Lhr, and the ratio of the production rate of
acet al dehyde to that of acetic acid was 1/1200. The
crude acetic acid 15 had a propionic acid content of

comgdfeppn by weicgbt, tae eketengl delydacceriedia0fl 15w0
ppm by wei ght, a hexyl iodide content of 30 ppb by
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per manganate test of 140 m nutes. The above procedure
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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 acetaldehydé 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 (chameleon value) of 30 minutes.

COMPARATIVE EXAMPLE 2



The rhodium catal yst m xture 7 and the | ow boiling
conponents 12 had been recycled froma purification
system A reaction was thdd4 eonducted at a reaction
pressure of 2.8 MPaG a carbon nonoxi de partia
pressure of 1.0 MPaA, a hydrogen partial pressure of
0.175 MPaA, a reaction tenperature of 188C, and, of
the reaction mxture, a nethyl acetate content of 1.3
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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
flushed 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. Flushed 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




i odi de content of 14.5 percent by weight, and an
acet al dehyde content of 98% ppm by wei ght. The
production rate of acetic eid was 25.5 nmol / Lhr, the
production rate of acetal dehyde was 35 mmol / Lhr, and
the ratio of the production rate of acetal dehyde to
that of acetic acid was 1/600. The crude acetic acid
15 had a propionic acid content of 1800 ppm by
10 weirghtrecgclerotendndehyrdericont aitheof1 24 .t pp®d Beactor 3
wei ght, and a hexyl iodide content of 720 ppb by
witheu@htrembiese Lestatlsictirlies tWrdiirohabl &.c%-Pdl 1Tl e
2, "C2 indicates the production rate of carbon
com@Bo@¥n@le 1B aFRI lWerhe@do3Tthd rditatias i@ column 14
production rate of nethane in nmol/Lhr; "AD content
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reaction m xture when the | ow boiling conmponents 10
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conponents 10 were recycled to the reactor
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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; "CHy~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




remai nder was recycled to the reactor 3.
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Table 2
Example Comparative
Example
1 2 3 1 2
Reaction Temperature (OC) 188 186 188 187 188
condition |pressure (MPaG) 3.0 2.7 3.5 2.8 2.8
CO partial pressure (MPaAd) 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
CH,-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




Hexl (ppb weight) - - - 100 720 Crude AD renvoval
percentage (o by 50 30 25 29 - acetic nol) acid b PA
content (plan by weight) 7575 65 350 - CrD content
(ppm by weight) 0.2 0.2 0.3 1.0 - Chanel eon val ue
(mn) 190 190 190 140 - Hexl (ppb by weight) *1 - 28 -
30 - Hexl (ppb by weight) *2 <50 <50 <50 - - Hexl (ppb
by weight)*|: Data anal yzed by ECD-GC - 47 Hexl (ppb
Hex by ppeitghtiy ¥dht ) Bt aDatralayzbtkebyby3GeME When t he
| owboi | i ng conponent is recycled to the reactor
W Whent thenbyivhgoatehgl dehpdachhen ef reayaseghewntha
"Crude acetic acid a" in Table 2, Exanples 1 to 3 show
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acet al dehyde to that of acetic acid of 1/1500 or
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of consecutive reaction products of acetal dehyde, and
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crotonal dehyde content in the "crude acetic acid a"

tha®f oFbauetl/2 da dl/ck0 1 f1wese dih 1Gymanaid\d,Fxanpl es 1
and 2. According to Exanples 1 to 3, 25 to 50 percent

sigty fRla@tafy acetididehyde by RARMEGH IEMdRBecutive

| owboi | i ng conponents, and the remainder is recycled

reald® ilhe grerrlds (o kreR dihen R&et aliehls, eentent of

the reaction m xture to 500 ppmor I|ess. Thus, the

redﬂﬂﬂ?dﬂ“fﬁ;ﬁgdﬁfaﬂﬁéﬂgcfﬁuﬁdﬂgént 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 chameleon value is high as
shown in "crude acetic acid b"™ in Table 2. 1In 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 chameleon

value, although the acetaldehyde removal percentage is 66




crotonal dehyde content in the "crude acetic acid b"
are very low, the formation of byproducts derived
fromthese conpounds are #Bhirbited, and the chanel eon
value is high as shown in "crude acetic acid b" in
Table 2. In contrast, in Conparative Exanple 1, the
rati o of the production rate of acetal dehyde to that
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of a reaction mxture to 500 ppmor |ess, wherein the
reaction is carried out at a carbon nonoxide partia
pressure in a gaseous phas%9oT a reactor of 1.05 MPa
or nore and/or at a nethyl acetate content of the
reaction m xture of 2 percent by weight or nore to
t hereby keep the production rate of acetal dehyde to
1/ 1500 or less of the production rate of acetic acid.
2. The nmet hod accordi ng ¢oanfh@i m 1, wherein the
reaction is carried out at a hydrogen partia
pressure in the gaseous phase of the reactor of 100
kPa or |less. 3. The nethod according to Caiml,

1. WAekgitRobhe oke3hlieR i nigS actliiced cQut, %Bm%rﬁ%QBﬁg%ﬁe
partial pressufe in thé gaseous phase of the reactor

ste%% 6@ .kPa or less. - 50 4. The nethod according to

aim1, wherein the reaction is carried out at a
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reactor of 70" kPa or |ess and a net hyl acet at
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of a reaction mixture to 500 ppm or less,

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/or at a methyl acetate content of
the reaction mixture of 2 percent by weight or more to
thereby keep the production rate of acetaldehyde to 1/1500

or less of the production rate of acetic acid.

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 100 kPa or less.

3. 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.




wherein the production rate of acetal dehyde is kept to
1/ 2500 or less of the production rate of acetic acid.
8. The nethod accordi ng tosany one of Clains 1 to 7,
further conprising a purification process which
conprises the steps of: separating the reaction

m xture into acetic acid and a process m xture
conprising resi dual conponents and recovering acetic

separ drenovrw,c r|t|esfrom
th 411‘2&58%&% ‘&ﬁﬁ?e:hgﬂﬂa¥ <§ﬁ§ﬁﬁﬁgp
process m e reactor 9. The nethod
5 REFRh P Ho Syt CHAIIOT S 12T PHESURG (e the
ri 'Q? purlflcatlon process which conprises th
GatRUs RI25] AT SABrRATP 1S 1 EhdeibrP i b Echto Bethyl

vol atile conp onent and a J|owvolatile conponent by
ACEH LS | TR EIH: Q%éth%oqea?qué’%d%%ﬁ Torprli §er¥gcent by
acetic acid, water, nmethyl acetate, and nethyl
weigfi X BRRE t he | ow vol atil e conmponent conprising the
rhodi um catal yst and the iodide salt; (B) separating
the volatile conponent into a high- boiling component
and a | owboiling component by distillation, the
S hi'ge e thory awpshient oMy sy afeétliaimsdi d:0 ghd
the | ow boiling conponent conprising water, nethyl
whegtmtidie aFRRH@ELIY 19 oehieied Q)ul exly cd iwRfathecontent of

| ow-vol atil e conponent to the
the reaction mixture of 3 percent by welght or less.

4.

6. The method according to any one of Claims 1 to 5,
wherein acetic acid is produced at a production rate of 15

mol/L-hr or more.

7. The method according to any one of Claims 1 to 6,
wherein the production rate of acetaldehyde is kept to

1/2500 or less of the production rate of acetic acid.

8. The method according to any one of Claims 1 to 7,
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




reactor; (D) separating and renoving carbonyl
inpurities from the | ow boiling conponent obtained in
Step (B) to yield a restdial~conponent; (E) recycling
t he residual conponent obtained in Step (D) to the
reactor; (F) separating acetic acid fromthe

hi gh-boiling conponent obtained in Step (B) by
distillation; and - 52 (G treating the acetic acid

proeBkai Redcie$tgaa(F) with a silver- or
mer cury- exchanged cati on exchange resin. 10. The

met BOEQT EhoIrd 81 Shat %9@0&‘@@1@13&:@@9@0(5}%@ rétaor.

and (F) are carried out using a total of three or |ess
distillation colums.

9. The method according to any one of Claims 1 to 7,
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
acétate, 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
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
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
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(G) treating the acetic acid obtained in Step (F) with

a silver- or mercury-exchanged cation exchange resin.

10. The method according to Claim 9, wherein Steps (B),
(D), and (F) are carried out using a total of three or less

distillation columns.




