- 1 - DESCRI PTI ON PROCESS FOR PRODUCI NG CARBOXYLIC ACID 5 TECHNI CAL FI ELD
The present invention relates to a process useful for reducing a
concentration of a hydrogen halide contained in a carboxylic acid as a
final product by inhibiting condensation 6 of the hydrogen halide (e.g.,
hydrogen iodide) 10 in a distillation coltum, for exanple, a distillation
process, and a production process of a carboxylicacid (e. g. , acetic acid)
, and a system for producing a carboypkigrpst6y BACKGROUND ART 15 In a
production of acetic acid, when a solution containing water, hydrogen

i odi de, iodide ion (herelnaf ter, hydrogen iodide and/or |od|de ion are/is
sonetines sinply referred to as hydrogen iodide), nethyl iodide, nethyl

acetate, acetic acid, aﬁﬁ'oéﬁ:§§rfoksPﬁbﬁﬁtih@dcﬁﬁﬂoﬁvtttl g€1p20 hydrogen
iodide is condensed in distillation columm thereof due to interaction

bet ween hydrogen iodide and water. Accordingly, even when such a m xture is
distilled, hydrogen iodide cannot be efficiently renoved, and as a result,
it is difficult to sufficiently r@ﬁgﬁﬁIéAgopggﬂbration of 25 hydrogen
iodide in acetic acid as a final product. Moreover hi gh concentration of

hydr ogen i odi de_accel eggLes OUL OS] Afbntlor BR1ASKI Lbal iRbcEaklBe Al

per i pher al equipnent er tore uce the concentration of the

nydrogen 1 odi gl Supﬂ}ﬁ 'dded R0 01 B d hybi?oBEANREPILd BBhta1ne@MPONN!

such as nethanol roma m e par pl at e of
distillation cqlunn LoLeR04L! MY Q¥R final product by 1nh1b1t1ng

i; condensation of the hydrogen halide (e.g., hydrogen iodide)
10 in a distillation column, for example, a distillation
process, and aproductionprocess of acarboxylicacid(e.qg.,

acetic acid); and a system for producing a carboxylic acid.

BACKGROUND ART

15 In a production of acetic acid, when a solution
containingwater, hydrogeniodide, iodide ion (hereinafter,
hydrogen iodide and/or iodide ion are/is sometimes simply
referred to as hydrogen iodide), methyl iodide, methyl
acetate, acetic acid, and others is distilled and purified,

20 hydrogen iodide is condensed in a distillation column
thereof due to interactionbetween hydrogen iodide and water.
Accordingly, even when suchamixture isdistilled, hydrogen
jodide cannot be efficiently removed, and as a result, it
is difficult to sufficiently reduce a concentration of

25 hydrogeniodideinaceticacidasafinal product. Moreover,
highconcentration of hydrogen iodide accelerates corrosion

of the distillation column and peripheral equipment.



5 iodide to nethyl iodide. Japanese Patent Application Laid-Open No.

40999/ 1994 (JP-6-40999A, Patent Docunent 1) discloses a process for the
production of acetic acid which the process conprises: feeding nethanol and
car bon nonoxi de to a carbonyl ation 10 zone in which there is held a liquid
reaction conposition conprising: a rhodiuymcatalyst; nethyl iodide; an
iodide salt; water at a concentration of“up to about 10% by wei ght; nethyl
acetate at a concentration of at |east 2% by weight; and acetic acid, 15

i ntroducing the |1 qui drf agorl, FORBASI L Gere fd #bh oE NI nF@ENGAA NG L he

liquid fraction fromt I"'ash zone reaction zone, and recovering

acetic acid profughel AMA0%: LePlLERRe JARR | HAC1E0B:BYoUR Phat 81 nol e

distillation zone roduci ng e vapor acti romthe flash zone

o | the diStillngn 0nen JS TR 9 b5y head o hepdiaiel pakt on zone

a light ends rec stream a remvin romthe distillation zone an

aci d product - steqiaykngng ¥aLE 15989801 £ALLAN 06 LEAYeLRafydBOgeRPM and

a propionic acid concentration o ess than ppm is - doCunent

al' so describes ;Liglf i ﬁ%@hgi 3644 %r.Odh'gﬁ?ﬁése p@éé@ﬂtfj}l\"%gﬂ%a@:{bﬁon

exchange resin (ani on exchange resin be O renove 10 contam nants.

b ARG U ahod D9e00UghoRE, ELAE B Ampt b o
discloses a process for the production of acetic acid which
the process comprises:

I feeding methancl and carbon monoxide to a carbonylation
10 zone in which there is held a liquid reaction composition
comprising: a rhodium catalyst; methyl iodide; an iodide
salt; water at a concentration of up to about 10% by weight;
methyl acetate at a concentration of at least 2% by weight;
and acetic acid,
15 introducing the liquild reaction composition to a flash
zone,
recycling the 1liquid fraction £from the f£lash zone to the
reaction zone, and recovering acetic acid product from the
flash zone vapor fraction by use of a single distillation
20 zone by:
introducing the vapor fraction from the flash zone into
the distillation zone,
removing from the head of the distillation zone a light
ends recycle stream, and
25 removing from the distillation zone an acid product stream
having a water concentration of less than 1500 ppm and a

propionic acid concentration of less than 500 ppm. This



the bottomof the distillation zone. Further, this docunent nentions that
the build up of hydrogen iodide conponent is prevented by introducing a
smal|l teed of nethanol to the distillation zone, preferably 10 bel ow t he
feed point of the zone, to convert the hydrogen iodide to nethyl iodide
which is renoved in the |ight ends recycée_streanl up to 5000 ppm hydrogen
iodide in the feed can be treated in this way; and by operating the
distillation zone at a sufficiently elevated pressure, for the relatively

15 high concengpahingRtoh1eBt Brkcaeskat enkk the dbstit! atianpraanetr ihe
hydrogen iodide is converted to nethyl iodide which is renoved in the |ight

ends recycl e spheaBl IPVRYEHE aneMdilekBhhhgeerdd 0f ¢5A86n dRHAGRN readhile
cannot be effectively elimnated. Mreover, it is not 20 preferred to

i ncrease pressyepg { r&RAVEHFMER dHt ARSI £ NY Thvdceaer119di te paefret hyl
I odi de, because corrosion due to hydrogen iodide is accelerated.

Incidental ly, o¥edméleni,aeRd ifrafidt RRMidNgt2eUAl 5 WXHEHWIREIYm @henot
nore than 1500 ppmis renoved, it is inpossible to reduce the 25

concent r at 5on  gb Ry 8§RnE0g! 881 | Dat [6n 584 CoRAHE @R pTRR FRaR 12 ppm
due to affinity between hydrogen iodide and water (e.g., formation of the

hi ghest azeot r pg) poktoth oF%nlel @15 til 1014 LRnkur ther reduce the
concentration of hydrogen iodide, it is necessary to use an ani on exchange

resin. As a result, the,6@%ks,fPhisfodnta] M RitintiRdakCAAgt tR®RAVIT upSi Nce
the product acid streamis renoved at the 5 base of the distillation zone,

it is inpossible hgarebknCisalbY S6MReRLRL AW gREARIed by enkrdigiRdnghodi um
catalyst. In addition, "the operating trouble occurs due
L asmall feed of methanol tothedistillation zone, preferably
10 below the feed point of the zone, to convert the hydrogen
iodide to methyl iodide which is removed in the light ends
recycle stream; up to 5000 ppm hydrogen iodide in the feed
can be treated in this way: and by operating the distillation
zone at asufficientlyelevated pressure, for the relatively
15 high concentration of methyl acetate in the distillation
zone, the hydrogen iodide is converted to methyl iodide
which is removed in the light ends recycle stream.
However, even in these processes, hydrogen iodide
cannot be effectively eliminated. Moreover, it is not
20 preferred toincrease pressure or temperature for converting
hydrogen iodide to methyl iodide, because corroeosion due
tohydrogen iodide is accelerated. Incidentally, evenwhen
acetic acid having a water concentration of not more than
1500 ppm is removed, it is impossible to reduce the
25 concentration of hydrogen iodide in the acetic acid to not
more than 12 ppm due to affinity between hydrogen icdide

and water (e.g., formation of the highest azeotrope). In



to bl ockage, or the quality of product is deteriorated, as well as it is
unfavorable in costs. Therefore, it is 10 difficult to conduct these
processes industrially. Mreover, in order to avoid the above problens,
equi pnent for separating or recovering the rhodiumcatalyst is required
separately. Japanese Patent Application Laid-Cpen No. 15 23016/1977
(JP-52-23016A, Patent Docunent 2) di scl 6sés”a process for the renoval and
recovery of iodine-containing conponents and the drying of acetic acid,

whi ch COMDI | Se% a1 6AAUEH NG de S PR 9heACPLAGCA b CRHRRLALIO 6t
ydrogen 1 o0dl de

met hyl i odi de an into an 1nternmedi ate point of 20 a first

distillati i th98. an | t '
St ot on 5 aRRecbBIPYLEIIe S L £ HECRERAY 6108 an nd' BRchhhE

distillation z portion of water, fFenoving

mst of the hydiaaen | gdigeeckiom Lhe BRLORLE!hOG fddiilerll shbtbabkon zone,

withdrawing a'streamfroma m ddl € section o e first distillation 25

zone and i nt 1 Gl e ShERATHE odia. WRASY s82Ehi0DsOfend P 62 Ehe

distillation zone, introducing a ream of met hano Into ower section

of the secgnd qjafd llPALHAN AXIR1 Tatd onf GERY, NG +f r:i%g‘ri f J39@9 e0f ot he second

distillation zone a streamcontaining the remain wat er and net hyl

i odi de resent f7 WM I ; i t-hdraws ; or
near t hepbot t O#ﬁ%ﬁ%ﬁg&%ﬁ;%éﬁ@Fg%%%ﬁfe%geg%g}egggﬁggf nga%}(‘)ﬂtct
acetic acid e jwal ly d : t i i-odi.de and
met thI i o:ji de?ﬁ#ﬁl?sa:)écu%n?‘ggf’gyjﬁes L\%‘%g?é\{ﬁe%?%gsggﬁhﬁsi Ia:ui@ng t he

side cut fraction oy ded Gomddieddity of prddddt % @kuFoarkle second

distillation co
~ as well as it is unfavorable in costs. Therefore, it is

-

10 difficult to conduct these processes industrially.
Moreover, in order to avoid the above problems, equipment
for separating or recovering the rhodium catalyst is
required separately.

Japanese Pateht Application Laid-Open No.

15 23016/1977 (JP-52-23016A, Patent Document 2) discloses a
process for the removal and recovery of iodine-containing
components and the drying of acetic acid, which comprises
introducing a streamof aceticacid containingwater, methyl
iodide and hydrogen iodide into an intermediate point of

20 afirstdistillation zone, removing, as an overhead fraction,
from the first distillation zone most of the methyl iodide
and portion of water, removing most of the hydrogen iodide
from the bottom of the first distillation zone, withdrawing
a stream from a middle section of the first distillation

25 zone and introducing the stream into the upper section of
aseconddistillation zone, introducing a streamof methanol

into the lower section of the second distillation zone,



10 recover acetic acid, the process does not require recycling of a side cut
fraction, containing hydrogen iodide, from the second distillation colum
to the first distillation colum since nmethanol is introduced into the
second distillation colum and hydrogen iodide is chemcally 15 renpved.
Such a process does not require condensation of hydrogen iodide in the
distillation colum and renoval of hydrogen iodide by side cut. However,

t he concentr at rémovohghfksmaere tdidie £ ahleasaednindpsdblilitataort zanaa@ d
cannot 20 be sufficiently reduced. Geat Britain Patent No. 1350726

speci ficati on stPaamrdoricriniimy tB remaelndes of patef iaral memhylooebisdef a
nonocar boxyl i ¢ acid conponent containing water and al kyl halide and/or

hydr ogen hal i dpreésshantsgetilfer wiithhahenethyl ecets teqnpndsesthdtavathuri ng t he
nonocar boxylic acid conponent containing water and al kyl halide and/or
hydrogen halide eenhaarnehésbottomt b thpestedend dfstitlatidhatorom a 6
zone, renoving an overhead fraction containing nost of water and the al kyl
hal i de, w % hdr apiragmaost seppodnot abethicddbed pasénvialbe Appeandd bel ow t he
point of the introduction of the zone to elimnate nost of hydrogen halide

present 5 in thabgeaatiablywitderafingirogumdedideoandanbokylli todtde. stream
fromthe bottompart of the zone to obtain a product nonocarboxylic acid

stream bei ng essenti al Tyigr docifdentulsionbses | yhdt peihr bheapyoatsky! hal i de
and hydrogen halide. The docunent describes that the |iquid composition of

10 carboxylic agsdibavngothe wids aont@Ardcidforapadtrideldo f&%m biiewelpét forns
a peak of a hydrogen halide concentration

i; distillation column in the second distillation column to
) 10 recover acetic acid, the process does not require recycling
of a side cut fraction, containing hydrogen iodide, from
the second distillation column to the first distillation
column since methanol is introduced into the second
distillation column and hydrogen icdide is chemically
15 removed.

Such a process does not require condensation of
hydrogen iodide in the distillation column and removal of
hydrogen iodide by side cut. However, the concentration
of hydrogen iodide contained in product acetic acid cannot

20 be sufficiently reduced.

Great Britain Patent No. 1350726 specification
(Patent Document 3) discloses a purification process of
a monocarboxylic acid component containing water and alkyl
halide and/or hydrogen halide contaminants, which the

25 process comprises introducing the monocarboxylic acid

component containingwater and alkyl halide and/or hydrogen

halide contaminants into the upper half of a distillation



at the internediate part of the distillation colum, and if a side stream
Is wwthdrawn fromthe internediate part of the distillation colum, a
nonocar boxylic acid in which 15 alnost all of hydrogen halide is renoved can
be obtained. Further, the docunment al so discloses that in the case of

subj ecting a reaction product obtained trgnla reaction of nethanol wth
carbon nonoxide to a flash distillation, “followed by introducing a fraction
separated by the flash 20 distillation into the distillation colum,

hydrogen i odi dgonks rAARNSGEN o e nebdeE S d€Aeh EbATRI Hen RogBElivaterpart
of the distillation colum and renoved. However, in such a process, because

of fluctuationgn@f tAd&NEAK NRA LI, AR PAaRARI RGN shakhfler €Ny magues due
25 to variable factors (such as tenperature, and pressure) in the

distillation spapt 68NtRAI RBhE M@ THelbwrGald pAGitd ofathd FhBabdneedaat with
hydr ogen i odi de sonetimes occurs. - 7 Further, due to affinity between

hydrogen i odi dgragfeWabRe tol é11imindROTRN & f hydthabhl igedyeesehe
hydrogen i odide concentration in the acetic aci'd. I'ncidentally, WO02/ 062740

publicatiop (Paheffhe %dPREURRALY Aohdh 57105 @8SpRoABt IMBHIMRIYREES: hehid
produci ng acetic acid conprising the followi ng steps (a) to (d): (a) a

step for reactishgeBRl FAGR! L4 b tEBMAPA FYIOXhEez 0k oBobEALR d Biroduihdr awi ng
a streamof a reaction nediumfrom 'a reactor and vaporizing a portion of

the withdrawn gRdbiartdsLyl it HAauhiste et Belitly @ s¥edt i1 ydiasy ldnang the
flashed vapor utilizingtwo distillation colums to forma liquid acetic

acid product siieaTan¥li@109) £hesELBmay 4 BEPY hAd i deQHEIRFAF6 96 hA’ ikbequi d
acetic acid product stream'such

1 The document describes that the liquid composition of
e
10 carboxylic acid having a water content of about 3 to 8%
by weight forms a peak of a hydrogen halide concentration
at the intermediate part of the distillation column, and
if a side stream is withdrawn from the intermediate part
of the distillation column, a monocarboxylic acid in which
15 almost all of hydrogen halide is removed can be cobtained.
Further, the document also discloses that in the case of
subjecting a reaction product obtained from a reaction of
methanol with carbon monoxide to a flash distillation,
followed by introducing a fraction separated by the flash
20 distillation into the distillation column, hydrogen iodide
is condensed in a side stream from the intermediate part
of the distillation column and removed.
However, in such a process, because of fluctuation
of the peak position of hydrogen halide concentration due
25 to variable factors (such as temperature, and pressure}
in the distillation step, contamination of an acetic acid

as a final product with hydrogen iodide sometimes occurs.



that the product stream has an iodide content of |less than 15 10 ppb i odide
by (i) contacting the liquid acetic acid product streamw th an anionic ion
exchange resin at a tenperature of not |ower than about 100C fol |l owed by
contacting the resultant streamw th a silver or nercury exchanged ion
exchange substrate or (ii) contacting the'lTquid acetic 20 acid product
streamwth a silver or a nercury exchanged ion exchange substrate at a

tenperature of pRethbeVWeiud B8h s BRPWy BEEwedS rﬁ@wgehﬁﬂoab@a%naaﬁ&@éﬂl ng to

the Patent Docunent 4 the iodides ‘are renbved fromthe acetic acid

product streamjyi i 1&@%@%1& tfoheeﬁamabfylﬁu@é&maya%@ogeﬁl fodngéor a
guard bed. However, in such a process, since it is inpossible to renove

carbonyl_lnpurbbheanhe&tmgnhhah%he BektiRgapaNts (such as an al dehyde, a
carboxylic acid and - 8 an ester), a result in a potassium permnganate

test which is a Sta”dﬁﬁgléénﬁaEEQdUﬁbo@?@é!z‘774GCbe!L§cQ€i6ﬁ'PP&‘Eé‘ﬁitand the
quality of the product is [owered. Further, it is difficult to renove

hi gher bO'B'ngDB%hﬂEnQOQPQQE@é§o§Q§Q1%dﬁ%l delsl esrapdostitinge.
Therefore, in order to obtain acetic acid satls ying a standard of a

product aceticaca¢hd abia icOmROGSSA ¥nbled IS hg At dPAC( 8R! a9qu( 8

for treating an acetic acid stream™ Incidentally, to renove iodides by a

silver or 10 REEEHHYEEX NEAGELnd Ge RGN SR tHE Yt doh %a%qlae 2(b) a
nononol ecul ar nucl eophilic substitution (SN1) reaction, called as

acetol ysi s, “h%%gp'%ofeh&thﬁgW%lh@ bhetlbahdo®! a Eéﬁé@hSnCHéalﬁhrfro$hat s,

a substrate iodide econposed into a carboniumion (R+) and an

an:)n (X-) by %5ré9ét’é‘£ Il 9hpBealifhgds ipbritiehtbe! ¥i%é Wit riitdwnRedeafr at ed
10 in a flashing step;{c) a step for distilling the flashed
vapor utilizing two distillation columns to form a ligquid
acetic acid product stream; and (d) a step for removing
iodides from the liquid acetic acid product stream such
that the product stream has an iodide content of less than
15 l10ppbiodideby (i) contacting the liguidaceticacidproduct
stream with an anionic ion exchange resin at a temperature
of not lower than about 100°C followed by contacting the
resultant stream with a silver or mercury exchanged ion
exchange substrate or (ii) contacting the liquid acetic
20 acid product stream with a silver or a mercury exchanged
ion exchange substrate at a temperature of not lower than
about 50°C. As described above, according to the Patent
Document 4, the iodides are removed from the acetic acid
product stream with the use of the anionic ion exchange
25 resin and/or a guard bed. However, in such a process, since
it is impossible to remove carbonyl impurities havinghigher

boiling points (such as an aldehyde, a carboxylic acid and



qui ckly reacts with acetic acid as a nucleophilic reagent. R+ This SN1
reaction is pronoted by Ag, Hg or Cu which can forma coordi nate bond
together with an unshared electron pair of the leaving group (X). 20 In the
above-nmentioned SN1 reaction, the dissocipation energy of the bond R X
becones smaller as the carbon nunber of The R (or the carbon chain)

I ncreases (that is, in the order of CH3, C2H5, C3H7, C4H9 ) . For

exampl e, the ghssoedaf] anresglgyirh @@ésgﬂﬁntﬂwm@fdgacﬁ&ﬁ teke W5
kJ/ mol and 224 kJ/nol, respectively. Thus, higher iodide gets easily

removabl e by aj gudldt hrfhraderey Produtt Reetascadh@ries HeeeRibsaktpdragen atom
-9 it is known that the dissociation energy of the bond RRX is extrenely

| arge. For exagpbequhhet¢i §80€hat pepaneer g% 16webydr ogapthed det(kk) is 299
kJ/rmol, and it is extrenely difficult to separate and renobve hydrogen

i odide by a guaiérbched t& 1mditd HighddnrAMahg pBustobbApbadnasesuchaci d is
i ndustrially and/or comrercially insufficient in the light of the quality

of the progluct a3gndethe EMPELSEPEs Adnd NQulBOE PmeRkredapa)esa Batient toHo.
55695/ 1982 (JP-57-55695B, 10 Patent Docunent 5) discloses a process for

removi ng i odi ngpthiaAGHEld 8cBgisttIWF G COBRRNAGT Al it AGSEd UL aBeBLet i C
acid streamcontaining iodine as an inpurity into a first distillation

col um i nt er negdiake itomtrr&ég&&%rﬂs ii=A0f an iAbiaeneangeqaipméhe fir st
distillation colum internediate 15 fromthe both ends thereof a hydroxide

of an alkali nebal tredtdngnancabatecohcaa alkkahin.metal, and/or
hypophosphor ous

- Incidentally, to remove iodides by a silver or

10 mercury exchanged ion exchange resin is based on a
monomolecular nucleophilic substitution (SN1) reaction,
called as acetolysis, which is well-known in the field of
organic chemistry. That is, a substrate iodide (RX) is
decomposed into a carbonium ion (R+) and an anion (X_) by

15 solvation of acetic acid (heterolysis), and the generated
R+quicklyreactswithaceticacidasanucleophilicreagent.
This SN1 reaction is promoted by Ag, Hg or Cu which can
form a coordinate bond together with an unshared electron
pair of the leaving group (X).

20 In the above-mentioned SN1 reaction, the
dissociation energy of the bond R-X becomes smaller as the
carbon number of the R (or the carbon chain) increases (that
is, in the order of CH3, CoHs, C3Hy, C4Hg ***). For example,
the dissociation energy of CH3I and that of CyHsI are 234

25 kJ/mol and 224 kJ/mol, respectively. Thus, higher iodide

gets easily removable by a guard bed.

However, in the case where the R is hydrogen atom,



acid, withdraw ng a product stream overhead fromthe first distillation
columm, introducing the product streaminto a second distillation colum
intermediate fromthe both 20 ends thereof, w thdrawi ng an acetic acid
stream substantially free fromiodine fr the lower part of the second
distillation colum, and wi thdrawi ng an overhead fraction containing iodine
fromthe second distillation colum. However, renoval of hydrogen iodide by

i ntroduci ng 25i£ hes afith MaagethesS daksasiat iahkahergpt 8f tydrsonderixto the
first distillation colum having a very high concentration of hydrogen

i odi de requiress Ak tEAEDArgel0) Fefitimgle | hd @agebEiatloadhdi®pn, the
anount of an alkali netal iodide generated by the treatnent increases.

Therefore, it b WaddgEHRBE!deY (ANY - 200MkIAbY , shdadyvastapmameln t he
| i ght of separation or disposition. 5 Moreover, since a |arge anount of

pot assi um acet gl £ri §e0eY 8dphraftnfid Fahbvatiplirdpdneeniaeady & qeagd and t he
al kali nmetal hydroxide cones to be mxed in the product, the yield of

acetic acisl i spe@tsi ipHincagh1ur MoeeoveR, tHigus alWieingnhcerse pEoaess,
acetic acid is withdrawn as an 10 overhead fromthe first distillation

col um. Howeveingh8trile19\WidieAdcohiErai PPy Lindifr fAfcikyd DYehel Dogile and
water are large. In such an environnent, nethyl iodide is hydrolyzed to

generate _hydrOGEchQdJ;GSJ.iE?doEhﬁhgeﬁﬁééﬁgﬁl aRddtAgeBotpEEni 6£athewed to
be mxed in a feeding stream 15 to the second distillation colum. (Patent

Docunent 1] Jpegu Q4. (C ai ns, and Paragraph Nunber [0043]) [ Patent
Docunment 2] JP-52-23016A (d ains, page 5, the
{; Japanese Patent No. 55695/1982 (JP-57-55695B,
10 Patent Document 5) discloses a process for removing iodine
from acetic acid, which comprises introducing an acetic
acid stream containing iodine as an impurity into a first
distillationcolumn intermediate fromthe bothends thereof,
introducing intothe firstdistillationcolumn intermediate
15 from the both ends thereof a hydroxide of an alkali metal,
and an acetate of an alkali metal, and/or hypophosphorous
acid, withdrawing a product stream overhead from the first
distillation column, introducing the product stream into
a second distillation column intermediate from the both
20 ends thereof, withdrawing an acetic acid stream
substantially free from iodine from the lower part of the
second distillation column, and withdrawing an overhead
fraction containing iodine from the second distillation
column. However, removal of hydrogen iodide by introducing
25 the above reagent such as an alkali metal hydroxide into

the first distillation column having a very high

concentration of hydrogen iodide requires an extremely



| ower right colum, page 7, the lower left colum to the 20 |ower right
colum, and Exanple 1) [Patent Docunent 3] Geat Britain Patent No. 1350726
specification (Clains, page 2, lines 66 to 76, and Exanple 1) [Patent
Docunent 4] W02/ 062740 publication (Claim1) 25 [Patent Docunent 5]
JP-57-55695B (O aim 1) DI SCLOSURE OF THE.I NVENTION - 11 PROBLEMS TO BE
SOLVED BY THE INVENTION It is therefore an object of the present invention
to provide a process for producing a carboxylic acid, in which a
concentrati on aiownthydriigenefgentde chnkddiedonn thenameunhtxof an adkiadias a
final product can be reduced by inhibiting condensation of a hydrogen
halide in a diestallbddide cpnsratsdl BPreosiareatfmdite dioteddeti on col um
can be decreased; and a producing systemthereof. It is another object of
the present | mMestébird 0 itlQipremu Ditoramen OLklss dmnl guathbredoml by purifi ed
carboxylic acid by reducing concentration of such a halide as not only a
hydr ogen hal i deidadvah sdgeods i agena iddhty of eepaaticandr déigpaxdudiong system
thereof. It is still another object of the present invention 15 to provide
a process 5 or yypshbeeng sidtghd Ylathe amehoxydf potsslily atdtatient |y
renoving |lower boiling point inpurities (lower bp inpurities) and higher
boi i ng poi nt gemperatée®Frophhgheralbpzatponi beBeden avk taipacddcand tdest em
thereof. It is a further object of the present invention 20 to provide a
process for prak&l Hometab bhiveriodxicie aidamey ltiboCbe aidedbini vieel gnodidt ci ent

purification of a reaction
the yield of acetic acid is deteriorated. Further, in the
q;‘ above-mentioned process, acetic acid is withdrawn as an
10 overhead from the first distillation column. However, in
the overhead, the proportions of hydrogen iodide and water
are large. In such an environment, methyl iodide is
hydrolyzed to generate hydrogen iodide, and the generated
hydrogen iodide 1s allowed to be mixed in a feeding stream
15 to the second distillation column.
[Patent Document 1] JP-6-40999A (Claims, and Paragraph
Number [0043])
[Patent Document 2] JP-52-23016A (Claims, page 5, the
lower right column, page 7, the lower left column to the
20 lower right column, and Example 1)
[Patent Document 3] Great Britain Patent No. 1350726
specification (Claims, page 2, lines 66 to 76, and Example
1)
[Patent Document 4] W002/062740 publication (Claim 1)

25 [Patent Document 5] JP-57-55695B (Claim 1)

DISCLOSURE OF THE INVENTION



m xture which is obtained froma carbonyl ation reaction of an alcohol or a
derivative thereof ; and a producing system thereof. 25 MEANS TO SOLVE THE
PROBLEMS The inventors of the present invention nade - 12 intensive studies
to achi eve the above objects and finally found that, in a process for
producing a purified carboxylic acid, whhch conprises purifying a
carboxylic acid stream containing a carboxylic acid having "n+l" carbon
atons and 5 inpurities such as a hydrogen halide with the use of first and

second distillation copruBs.EMSY TOeBEi BOLVEDEBYaM#EOINVENTIONSt one conponent
(A) (a first conponent) selected fromthe group consisting of an al cohol

having "n" carbon atonf 3k tReresPLEGMgbtecthef adredpxygkent aaivkrniban est er
10 of the al cohol with the carboxylic acid to at least the first

distillation cedurovide yfagss Fali geoaasibhg acthebdkybiy sepdyated by
conversion of the hydrogen halide to a |ower boiling point conponent. The

present i nventy®ich @Scae€Onbashes dasethpdrsden ahavedd i esht@bnedSidhat is,
the present invention includes a process for producing a carboxylic acid

(or a puridiedaceabesyyifc a6id)abayi fthad+proaackopant besredticed benpri ses
feeding a carboxylic acid streamcontaining at |east a carboxylic acid

having "n+l " cafilkopi 81 RFBconabNga0U6R oL0aayadegea havedebbnl ang poi nt
conponent (hereinafter, sonmetines referred to as a | ower bp conponent) and a

hi gher  boi | i Ngi$©iDiat06RedaNnnE@HT E3esd Fin of YRt dIMS Iedtdloredoltuan as a
hi gher bp conponent) to a first distillation colum,
can be decreased; and a producing system thereof.
It is another object of the present invention to
10 provide a process for producing a purified carboxylic acid
by reducing concentration of such a halide as not only a
hydrogen halide but also a halogenated hydrocarbon: and
a producing system thereof.
It is still another object of the present invention
15 to provide a process for producing a highly pure carboxylic
acid by efficiently removing lower boiling point impurities
(lower bp impurities) and higher boiling point impurities
{higher bp impurities); and a producing system thereof.
It is a further object of the present invention
20 to provide a process for producing an objective carboxylic
acid obtained by efficient purification of a reaction
mixture which is obtained from a carbonylation reaction
of an alcchol or aderivative thereof; and a producing system
thereof.
25

MEANS TO SOLVE THE PROBLEMS

The inventors of the present invention made



separating a lower boiling point fraction (a first 25 |ower boiling point
fraction) containing part of the lower boiling point conponent and a hi gher
boiling point fraction (a first higher boiling point fraction) containing
part - 13 of the higher boiling point conponent in the first distillation
colum, withdraw ng a side stream (a fir g side strean) containing at |east
the carboxylic acid having "n+l" carbon atons by side cut fromthe first
distillation colum, feeding the side stream (the first side stream) to a
second distil | aft&fs G BHldieePes AdHIGw tRBEIbORE lobi@diel aihd friactlilgn (a
second ~ lower boiling point fraction) containing part of the |ower 10

boi I'i ng poi nt £eP@RAAL, aAltflaPdrlyERY £bPbrbadchag phird¢tiearcaroxgadnrd hi gher
boiling point fraction) containing part of the higher boiling point
conponent in tAei8eaMith Horlprisdd Pureéeling, addsrvbk Ui 8VAdHY &t St ream
(a second side strean) 15 containing the carboxylic acid having "n+i"

carbon atons gynbadeiryla EaoPbkheisatdindishyl Vit i OtaGWonnatbfs r@RDVEr  a
carboxylic acid (or a purified carboxylic acid) having "n+l" carbon atons;

whi ch furtder capBrieess fRRM Bg daiRircyed Bhldle whtheasd ueBeoE@RaNENt (A)
(a first conponent) selected from the group consisting of an al cohol,

correspondi ng 404 tdecof@ At 116 HEIdH cohamhdy by feaahag wioek Bndax an
ester of the alcohol with the carboxylic acid to at |least the first

distillation cgtui@asSorddecdisbrast (1) | de fBys Pecotipehdt 5 aIadesh as

from the group consisting of an alcohol having "n”" carbon

ke

atom(s) corresponding to the carboxylic acid and an ester

10 of the alcohol with the carboxylic acid to at least the
first distillation column, the hydrogen halide can be
effectively separated by conversion of the hydrogen halide
to a lower beiling point component. The present invention
was accomplished based on the above findings.

15 That is, the present invention includes a process
for producing a carboxylic acid (or a purified carboxylic
acid) having "n+l1" carbon atoms, which comprises

feedingacarboxylicacidstreamcontainingat least
a carboxylic acid having "n+l1" carbon atoms, a hydrogen

20 halide, a lower boiling point component (hereinafter,
sometimes referred to as a lower bp component) and a higher
boiling point component {(hereinafter, sometimes referred
to as ahigher bp component) toa first distillation column,

separating a lower boiling point fraction (a first

25 lower boiling point fraction) containing part of the lower
boiling point component and a higher boiling point fraction

(a first higher boiling point fraction) containing part



a lower boiling point conponent by feeding water, the first conponent (A,
or both water and the first conponent (A). - 14 By such a process, the
hydrogen halide in the distillation colum can be efficiently renoved, and
the concentration of the hydrogen halide contained in a product carboxylic
acid can be extrenely reduced. Moreover, gogdensation of 5 the hydrogen
halide in the distillation colum can be ~inhibited, and corrosion of the
distillation colum can be also decreased. In the production process, in

the case of fepdinige Hindi redi 0OPEENIt (MmPits theaHd refreonponent (A
is 10 fed to the first distillation colum froma |ower position relative

to a side strepgporiafidd SdoNinfle, Streamport) for conducting side cut of
the side stream (the first side stream containing the carboxylic acid

having "n+1" carbon gaifiradVBRP\Elsidifiredd (WiRTraANGide samenent (A)
may 15 befedtothefirst distillation colum froman upper position relative

to the side stifiafaeing atheeddt she df Sy BRhcRAHaviy "aenduedivig si de
cut of the side strean1%the first side strean) containing the carboxylic

aci d havi g "ndtoms O bOaat QB - £ridin (e T {84t diSdi1] Bd ¢ Lon CObLERR, at | east
20 water (e.g., water and the conponent (A)) may be fed from an upper

position relative to tfediflf He QABPHirddmetHd rSilrst dei &d rearaany t) for
conducting side cut of the side stream (the first side stream containing

the carboxyli cgo agi feddtyd Ndhs ¥ 1a €A o PhRE, and the first conponent 25
(A) (e.g., the alcohol) nmay be fed froma | ower position relative to the

side stream port (the ddgtatSirifaiduRdboR2ihy poBh tStiEdlc 81 dh (aesscoridie
anount of the hydrogen halide

\L lower boiling point fraction) containing part of the lower
10 boiling point component and a higher boiling point fraction
({a second higher boiling point fraction) containing part
0of the higher boiling point component in the second
distillation column, and
withdrawing a side stream (a second side stream)
15 containing the carboxylic acid having "n+l1” carbon atoms
by side cut from the second distillation column to recover
a carboxylic acid (or a purified carboxylic acid) having
"n+l" carbon atoms;
which further comprises feeding water and/or at
20 least one component {(A) (a first component)} selected from
the group consisting of an alcohol, corresponding to the
carboxylic acid, having "n” carbon atom(s), and an ester
of the alcohol with the carboxylic acid to at least the
first distillation column.
25 The hydrogen halide may be usually separated as
a lower boiling point component by feeding water, the first

component (A), or both water and the first component (A).



- 15

contained in the carboxylic acid stream obtai ned by side

first distillation columm can be effectively reduced. Each of the fe
proportion of the first conmponent 5 (A) and that of water may satisfy the

followi ng (i),
hydr ogen

10 to

50% by

1 nol

nol

relative to the total

(ii), or both of (i) and (ii). By such a process, the

halide in the acetic acid st[efg1obtained by side cut can
effectively renoved. (i) The feed proportro

of the hydrogen halide contained in the carboxylic
fed to the fir

ed

be
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nor e
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acid stream
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havi ng
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second si de stream containing t he carboxylic acid
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In the production process, in the case of feeding
the first component (A) alone, the first component (A) is
fed to the first distillation column from a lower position
relative to a side stream port (first side stream port)
for conducting side cut of the side stream (the first side
stream) containing the carboxylic acid having "n+l1"” carbon
atoms. Moreover, water, or water and the component (A) may
befedtothefirstdistillationcolumn fromanupperposition
relative to the side stream port (the first side stream
port) for conducting side cut of the side stream (the first
side stream) containing the carboxylic acid having "n+1”
carbon atoms. In the first distillation column, at least
water (e.g., water and the component (A)) may be fed from
an upper position relative to the side stream port (the
first side stream port) for conducting side cut of the side
stream (the first side stream) containing the carboxylic
acid having "n+1" carbon atoms, and the first component
(A) (e.g., the alcohol) may be fed from a lower position
relative to the side stream port (the first side stream

port). By such a process, the amount of the hydrogen halide

r

[
n

gbh'h%hhﬁ@ EGhHATNAE 1Rast fHth%D%Bgﬁ%&&llkB) (a
fromthe group con5|st|ng of (b-1) an al cohol,

haldelddV! HEreBY Lt COSRMRAOIBn B2V1 NG “n"

carbon aton(s), (b-2) an ester Pf the al cohol with the carboxylic acid

positions relative to a side streamport (a second
stream pot td1 JPrasdiicdd ng side cut of the side stream- 16 (the



havi ng "n+1" carbon atons. Regardi ng the second conponent (B) , the total
of the feed proportion of the conponent (b-1) and the feed proportion of

t he conponent (b-2) may satisfy 5 the following (i ) , (ii), or both of (i)
and (ii). Mreover, the feed proportion of the conponent (b-3) may satisfy
the following (iii), (iv), or both of_(§ki) and (iv). (1) The total of the
feed proportion of the conponent (b-1) and the feed proportion of the
conponent (b-2) is 10 1 to 10,000 nol relative to 1 nol of the hydrogen
hal i de cont ai rethtairddie ieathexyatrborgl ficsactans frathit @ttaisst diydside
distillation colum. (ii) The total of the feed proportion of the conponent
(b-1) and the daedrpmophet fiystnidishd ldatieienblukh ¢ddn He et fecdivedy50% by
nol relative to the total amount of the carboxylic acid having "n+l" carbon
at ons cont ai nagdvded .he carboxylic acid streamfed to the second
distillation colum. (iii) The feed proportion of the conmponent (b-3) 20
is 1 to 20,000 nol relmddhvertihel faeld pfopbet hynliodgene alrsie componanmted i n
the carboxylic acid streamfed to the second distillation colum. (iv) The
anmount of st he (egr haxdythat acf dakayi mgy "sati'sfyahkofiohBleowingofd pj ad )i,n t he
carboxylic acid streamfed 25 to the second distillation colum is 30 to
300, 000 nol  red dloitte offo (1) nanmd ofii)he GyNpaBANA giloddss | rtisudydrogeacess,

t he amount of the hydrogen halide - 17 contained in the acetic acid stream
obt ai ned by simiAicld id tam dbet Be il Gtsiddn abicatinedl bynstae det eane
extrenely reduced.

be more effectively removed.
(i) The feed proportion is 1 to 10,000 mol relative
10 to 1 mol of the hydrogeh halide contained in the carboxylic
acid stream fed to the first distillation column.

(ii) The feed proportion is 0.02 to 50% by mol
relative to the total amount of the carboxylic acid having
"n+1” carbon atoms contained in the carboxylic acid stream

15 fed to the first distillation column.

The production process may comprise further feeding
to the second distillation column at least one component
(B) (a second component) selected from the group consisting
of {(b-1) an alcohol, corresponding to the carboxylic acid

20 having "n+1" carbon atom, having "n" carbon atom(s), (b-2)
an ester of the alcohol with the carboxylic acid having
"n+l1l" carbon atoms, (b-3) an alkali metal hydroxide, (b-4)}
an alkali metal acetate and (b-5) a hypophosphorous acid.
Moreover, the second component (B) may be fed to the second

25 distillation column from at least one of upper and lower
positions relative to a side stream port (a second side

stream port) for conducting side cut of the side stream



The production process may conprise 5 continuously allow ng an al cohol
having "n" carbon atom (s) or a derivative thereof to react with carbon
nonoxi de at a hydrogen partial pressure of 1 to 150 kPa in a vapor phase
of the reaction systemin the presence of a catalytic systemconprising a
nmetal catalyst component and an al kyl 1 @ajide, and water in a proportion
of 0.1 to 10% by weight relative to a ol e I'iquid-phase reaction system
continuously withdrawi ng the reaction mxture from the reaction system

feeding the rqagtlel @acohy! Bide! @tdeak) €ah@hyntingephlkaaiBongltiBnaci@parating
a higher boiling point fraction (a third higher boiling point fraction)

cont ai ni ng t h@ak@hgl "n<ot Jatich 06RO NERegaitthig kbweseduid cogppaent:
fraction (a third |ower boiling point fraction), and 20 feeding the | ower

boi | i ng poi nt (Egcthérotbheot Ribelfed®pebpbeithondo P ahel conipmidmn) bad )a
carboxylic acid stream to the first distillation colum. The side stream

(the second sizh@ 6héeREEd Riodiorad onhyf HHEE cotiponed® (Be2ferandadistEyl | ation
colum may be further 25 contacted with an ion exchange resin having a

hal i de- r esovaline ﬁdli@abiﬂl%'; td )f,0{ i1 MoV kR olfa i Hehdofiid) . Moreover,
hal i de- adsorbability (ability for adsorbing a halide) to - 18 produce a

purified carbahd Feedaqrbprvt i6h '0Ftthe B hed © - 3 )Biag Wt i HF @@RsSs, the

halide (e.g., a halogenated hydrocarbon) in the product carboxylic acid can

be efficientlpsinenmwned.(igihhe (iomer dRoiothg oFoi (itiif y atid qawyi.t hdrawn from
(i) The total of the feed proportion of the component
{b-1) and the feed proportion of the component (b-2) is

10 1 to 10,000 mol relative to 1 mol of the hydrogen halide
contained in the carboxylic acid stream fed to the second
distillation column.

(ii) The total of the feed proportion of the
component (b-1) and the feed proportion of the component

15 (b-2) is 0.02 to 50% by mol relative to the total amount
of the carboxylic acid having "n+1” carbon atoms contained
in the carboxylic acid stream fed to the second distillation
column.

(iii) The feed proportion of the component (b-3)

20 is 1 to 20,000 mol relative to 1 mol of the hydrogen halide
contained in the carboxylic acid stream fed to the second
distillation column.

(iv) The amount of the carboxylic acid having "n+1"
carbon atoms contained in the carboxylic acid stream fed

25 to the second distillation column is 30 to 300,000 mol

relative to 1 mol of the component (b-3).

In such a process, the amount of the hydrogen halide



the first distillation colum and/or the second distillation colum may be
fed to the reaction system Moreover, the |ower boiling point fraction
withdrawn fromthe first distillation colum and/or the second distillation
colum 10 may contain an al kyl halide, an alkyl ester of a carboxylic acid
having "n+l" carbon atons, an al dehyde_hgying "n+l" carbon atons, and

wat er; and the process may further conprise subjecting the | ower boiling
point fraction to an al dehyde separation step; 15 separating, in the

al dehyde separairitaimsidepn ahkoaeetiboatidgstuoean dbiacined hya sfider thtl ower
boiling point fraction) containing the al dehyde, and a hi gher boiling

poi nt fracti orfdfoan frher $acénd hkis tiol 1a tippeolumir aati bba)momo ek&remadyt he

al kyl halide, the alkyl ester of the 20 carboxylic acid, and water; and
recycling the redyieexd.boi ling point fraction (the fourth higher boiling
point fraction) to the reaction system By such a process, cycling of an

al dehyde to the 25 r &aet prmodsyttien @grodessdmatyi lcbatprdsecol uim can be
inhibited, and the alkyl halide, the al kyl eater of the carboxylic acid,
wat er, an® ot hers cancoaticusasly ddlohing @ancdloshol hEringhtatcarbonit is
advant ageous in costs. Further, the lower boiling point fraction (the first
| ower boi |l i ng epmms) ér aderdvatfirenthéeedt totredictivi tlataohonoonoxidey be fed
to the first distillation columm. In such a process, 5 separability between
t he carboxyl i ata@ tiy@eogen, pareiataprdssumanchivdt €¢o ¢80 kPaenhanvagolry addi ng

a conmponent (e.g. , the alkyl halide, and the al kyl ester of a carboxylic
aci d) phase of the reaction system in the presence of a catalytic
C@ system comprising a metal catalyst component and an alkyl

10 halide, and water in a proportion of 0.1 to 10% by weight
relative to a whole liquid-phase reaction system,
continuously withdrawing the reactionmixture from
the reaction system,
feeding the reaction mixture to a
15 catalyst-separating column,
separating a higher boiling point fraction (a third
higher boiling point fraction) containing the metal
catalytic component, and a lower boiling point fraction
(a third lower boiling point fraction), and
20 feeding the lower boiling point fraction (the third
lower boiling point fraction) as a carboxylic acid stream
to the first distillation column.
The side stream {the second side stream) obtained
by side cut fromthe seconddistillation columnmaybe further
25 contacted with an ion exchange resin having a
halide-removability (ability for removing a halide) or a

halide-adsorbability (ability for adsorbing a halide) to



azeotropic wth water to the distillation colum. The production process may
conprise 10 continuously allow ng nethanol react with carbon nonoxide at a
hydrogen partial pressure of 5 to 100 kPa in a vapor phase of the reaction
systemin the presence of a catalytic systemconprising a netal catalyst of
the group 8 metal of the Periodic Tablegan alkali netal iodide 15 and an

al kyl iodide, and water in a proportion o? 0.1 to 5%by weight relative to
a whol e |iquid-phase reaction system continuously w thdrawi ng the reaction

m xture from prd@ucess pueh £3¥aicRifbody Ifieeslt DG hhkengeastl "ofafbsh Wtemso a
catal yst-separating colum, separating a higher boiling point fraction (a

third higher Byoishidhg &P Girfticdgs3Cithen haldidedi (W .70 ,t ke Mallalgedaitald/st and the
al kali metal iodide, and a | ower boiling point 25 fraction (a third | ower

boi |'i ng poi nt Hylda@idadMorCONtrAithe dro®mrit Catdkylar adid daedigde, net hyl
acetate, water and propionic acid, - 20 feeding the | ower boiling point

fraction (the de¥ilcd erdtAWelrdivieddlg poi nt fraction) as a carboxylic acid
stream to the first distillation colum, separating a | ower boiling point

fraction Ga first 5 heweendweid bed 18eighpofinacifirad)l ieanwaithidigweartroal t he
al kyl iodide, the nethyl acetate and water, and a higher boiling point

fraction (a fithdfinghaisbeilaigofeonumniafd i Athe 608bATM1RE INAEt ioh wat er

and propionic acid in the first distillation colum,
column may be fed to the reaction system. Moreover, the
lower boiling point fraction withdrawn from the first
distillation column and/or the second distillation column

10 may contain an alkyl halide, an alkyl ester of a carboxylic
acid having "n+l1" carbon atoms, an aldehyde having "n+l1”
carbon atoms, andwater; and the processmay further comprise

subjecting the lower beiling point fraction to an
aldehyde separation step;

15 separating, in the aldehyde separationstep, a lower
boiling point fraction (a fourth lower boiling point
fraction) containing the aldehyde, and a higher boiling
point fraction (a fourth higher boiling point fraction)
containing the alkyl halide, the alkyl ester of the

20 carboxylic acid, and water; and

recycling the higher boiling point fraction {(the
fourth higher boiling point fraction) to the reaction
system.

By such a process, cycling of an aldehyde to the

25 reaction systemor thedistillation column can be inhibited,
and the alkyl halide, the alkyl eater of the carboxylic

acid, water, and others can be reusable to the reaction.



10 withdrawi ng a side stream (a first side streanm) containing at |east the
acetic acid by side cut fromthe first distillation colum, feeding the
side stream (the first side stream) to the second distillation colum, 15
separating a |lower boiling point fraction (a second |ower boiling point
fraction) containing part of the alkyl_ jgdide, the methyl acetate and

wat er, and a higher boiling point fraction (a second higher boiling point
fraction) containing part of water and propionic acid in the second 20

distillation qaew@fore,titiavdgant Sdatfusi heB{a. STuhted, dheslbean)
containing the acetic acid (the purified acetic acid) by side cut fromthe

second di stil batilengCcpoinit ifa-acdd@ve!( thec &liretadicker2dolin ihbe ppiaduct i on
process, water and/or at |east one first conponent (A) selected fromthe

group consi st ifigct@bneriemolthand ikgthyl sagallaia oM yolemheMaiyobat fle@ast the
- 21 first distillation colum. Such a production process may conprise

further feedi n@ thet 8 rgec@is tdilStdtlioat iconuad .unin 8ticheasprosesgonponent
(B) (second conponent) selected from the group consisting of

(b- 1) met hgnol sepazhbiatifty betedai Ehe batboRypatarn:isd (eng hydcoxidaci@)- 4)
pot assi um acetate and (b-5) hypophosphorous acid. By such a process, even

in an acetic @ Wagéteasdn Peodnbadcky pyadmEmpaytanponei @ in ahe
met hanol , efficient purification by the distillation colum is ensured, and

a purified aceflkgladiad iide ,Waindh thee adkgINest@rofoft e dayboageic adide is
drastically reduced can be produced.
azeotropic with water to the distillation column.
The production process may comprise
10 continuously allowing methanol react with carbon
monoxide at a hydrogen partial pressure of 5 to 100 kPa
in a vapor phase of the reaction system in the presence
of a catalytic system comprising a metal catalyst of the
group 8 metal of the Periodic Table, an alkali metal iodide
15 and an alkyl iodide, and water in a proportion of 0.1 to
5% by weight relative to a whole liquid-phase reaction
system,
continuously withdrawing the reactionmixture from
the reaction system,
20 feeding the reaction mixture to a
catalyst-separating column,
separating a higher boiling point fraction (a third
higherboilingpoint fraction) containingthemetal catalyst
and the alkali metal iodide, and a lower boiling point
25 fraction (a third lower boiling point fraction) containing
acetic acid, an alkyl iodide, methyl acetate, water and

propionic acid,



The present

hi gher
| ower

20 boiling point fraction) containing part of the |ower

i nvention also includes a systemfor producing a carboxylic
acid, which conprises a first distillation colum for 15 separati ng,
carboxylic acid streamcontaining at |east a carboxylic acid having
carbon atons, a hydrogen halide, a |ower boiling point conponent and a
boi l'ing point conponent, a I|owerydboiling point fraction (a first

poi nt conponent and a higher boiling point fraction (a first higher
poi nt fraction) contaffee@@npatie Déwehoddildhgpoiwot Firagtponntteothbnént, and
25 withdrawing a side stream(a first side stream containing at |east the
car boxyl i c acildweavboglinglpeaib@ractiom by siclerasyl sncheid?8traamecond

distillation colum for separating a |lower boiling point fraction (a second

| ower boilingtpoithie fFiaet @dktddnbaiivnngopamh,of the | ower

froma
n n+| n

boi l'i ng

boi l'i ng

boi i ng poi nt

conponent and a higher boiling point fraction 5 (a second hi gher boiling
poi nt fraction) contakepagapany a Aowieicbdi piveg podint Agapeioh (eoffpoaent from
the side stream (the first side stream) fromthe first distillation colum,

and w t hdeaw N@warsbdel shg egmintafraeendnsi cenisdirebng pak® oonila allkgla
carboxylic acid (a purified carboxylic acid)

having "n+l" carbon atons by

side cut to rdaodidle,! bRe elthylsacedmte Ard et andea Higrsy bowhéngi n
and/ or water and a conponent (A)

wat er ,

10

15

20

25

point fraction (a first higher boiling point fraction)
containing part of water and propionic acid in the first
distillation colunn,

withdrawing a side stream (a first side stream)
containing at least the acetic acid by side cut from the
first distillation column,

feeding the side stream (the first side stream)
to the second distillation column,

separating a lower boiling point fraction (a second
lower boiling point fraction) containing part of the alkyl
iodide, the methyl acetate and water, and a higher boiling
point fraction (a second higher boiling point fraction)
containing part of water and propionic acid in the second
distillation column,

withdrawing a side stream (a second side stream)
containing the acetic acid (the purified acetic acid) by
side cut from the second distillation column to recover
acetic acid.

In the production process, water and/or at least
one first component (A) selected from the group consisting

of methanol and methyl acetate may be fed to at least the



(first conponent) selected fromthe group consisting of 15 an al cohol,
corresponding to the carboxylic acid, having "n" carbon aton(s), and an
ester of the alcohol with the carboxylic acid is fed to at |east the first
distillation colum. Moreover, the prodyction systemmay conprise 20 a
reaction systemfor continuously allowi ng an alcohol having "n" carbon
aton(s) or a derivative thereof to react with carbon nonoxi de at a hydrogen
partial pressftiestofligdtinladbokReolumm. vEpeh ahaselwitide preasssonagyst em

in the presence of a catalytic systemconprising a netal 25 catalytic
conmponent andcamp@tikyl £iethee feadd ngat @rthensacopd diettiildataford cd1tmn10% by
wei ght relative to a whole |iquid-phase reaction system - 23 a

cat al yst - sepaaatiews £ ohedorponaePdBat ( f¥cand Bbapeneho)) |salegpoedttrbmact i on
(a third higher boiling point fraction) containing the netal catalytic
conponent andthe dravwas cbnsisbgngeifntbf1 paethanta, t(hi-2d motwy 1 hekeltabg, poi nt 5
fraction) as a carboxylic acid streamfroma reaction m xture continuously
w t hdr awnsf r ofbt-39 geted 8 iaiin Bydt @6 dé, [ bral plitsisislingld cat 20d ana (beb)
separating a lower boiling point fraction (a first |ower boiling point

fraction) conhgpdphdspiorodis 4¢ed] oW sliehld pgopess! eiferconpnacetand a
hi gher boiling point f ract ion (a f irst higher boiling point fraction)

cont ai ni ng pagkiaf sthedt @reduded byndheoidirbonylatedh readtilm o boxylic
acid stream fromthe catal yst-separating colum, and w thdrawi ng the side

stream (the fimethadiode &ffBaidn €0t af NbAGish byedsd didtiheatabh@eding aci d
havi ng "n+l" carbon atons by side cut,

“:... is ensured, and a purified acetic acid in which the amount
10 of the hydrogen iodide is drastically reduced can be
produced.
The present invention alsc includes a system for
producing a carboxylic acid, which comprises
a first distillation column for
15 separating, £from a carboxylic acid stream containing
at least a carboxylic acid having "n+l1" carbon atoms, a
hydrogenhalide, a lowerboilingpoint component and ahigher
boiling point component,
a lower boiling point fraction (a first lower
20 boiling point fraction) containingpart of the lower boiling
point component and
a higher boiling point fraction (a f£irst higher
boiling point fraction} containing part of the higher
boiling point component, and
25 withdrawing a side stream (a first side stream)
containing at least the carboxylic acid having "n+1" carbon

atoms by side cut, and



a second distillation colum for separating a lower boiling point fraction
(a second | ower boiling point fraction) containing part of the | ower
boiling point conmponent and a higher boiling point fraction (a second 20
hi gher boiling point fraction) containing part of the higher boiling point
conponent fromthe side stream (the firsé side strean) fromthe first
distillation colum, and wthdrawi ng a de stream (a second side stream
containing a carboxylic acid (a purified carboxylic acid) having "n+l1" 25

carbon atons by sadgegghdtglggggiggigﬂecglgﬁnsgbgan1(the second si de
strean), and a halide-removing colum for renmoving a halide from- 24 the

side stream (the secqihr5tfiegsd NeAEr 667430 lﬁglhhefr&afmfsyda Gexfdrih (the
purified carboxylic acid) fromthe second distillation colum, and

obtai ning a cajheey bbs 13%igdpol At Pt dt i%fh )CBbR%XY hii 6 gasa oE’at’hQQL Wt
carbon atons. 5 In the production system the halide-renoving colum may be

equi pped with @y i Oty Ebiﬂ%@&nﬁwﬁéﬁ‘t Eﬁﬁreﬁhﬂghe%%iﬁﬁhé pBiRXGRge 4ieSi N has
a halide-renovability or de - adsorbability f renovi ng the halide

by contactg ng (pddbdi nSidgie s WoaaTnt SlﬁECEEQcﬂLQﬁ)Séé@@éﬁniﬁ@%éﬂ_e second
10 distillation colum. EFFECT OF THE T NVENTI ON According to the present

invention, in & BHRCRE§hekOboPl Cf;io'l‘iht%@kl bhef¥ £ASMPRE a8t treathi Ch
conprises 15 purlfylng a carboxylic acid s rean1conta|n|ng a carboxylic

aci d having "nine ¢3-BeNs FIO T reRd £10 Ehbi £8rSte s3313athyd @Rl i de by
means of first and second distillation columms, since (i) water, and/ or

(i) at least gng conponent

tw’ withdrawing a side stream (a second side stream)
10 containing a carboxylic acid (a purified carboxylic acid)
having "n+1" carbon atoms by side cut to recover the side
stream (the second side stream),
wherein water, and/or water and a component (A)
{first component) selected from the group consisting of
15 an alcohol, corresponding to the carboxylic acid, having
"n" carbon atom{s), and an ester of the alcohol with the
carboxylic acid is fed to at least the first distillation
column.
Moreover, the production system may comprise
20 a reaction system for continuously allowing an
alcohol having "n” carbon atom(s) or a derivative thereof
to react with carbon monoxide at a hydrogen partial pressure
of 1 to 150 kPa in a vapor phase of the reaction system
in the presence of a catalytic system comprising a metal
25 catalytic component and an alkyl halide, and water in a
proportion of 0.1 to 10% by weight rélative to a whole

liquid-phase reaction system,



(A) selected fromthe group consisting of an al cohol having 20 "n" carbon
aton(s) corresponding to the carboxylic acid, and an ester of the al cohol
with the carboxylic acid are/is fed to at least the first distillation
colum (particularly, in the case of feeding the conponent (A) alone, the
conponent (A) is fed froma |lower position relative to a side stream 25
port for conducting side cut of the canBﬁyric acid); the hydrogen halide
can be converted to a | ower boiling point conponent and efficiently

t od I e : ] ) . )

iggg;ﬁt rGat ?znaof O\tNﬁ(re %slfréc%gﬁ Ih_ar%elpc?elza?olrrl{%?fr?g gl |nf§§:cgsr%10xyﬁlélgta%ied as a

final duct d .t ' )

nal de’ | n t he rareT Pt Fe g chen (o FRPPEIIRG BopL th ot 00°"

corrosion of tag, di 51} '@&dﬂln&%gd’@hecﬂ@?:gi c9€8%§9§ deo ig&%&‘?f 3] 4 urther
Xy acird wt

contacting a fractron “containing a purifired car I C rawn from
h d disti . : : - . )

nal 1 do- r emovab 1% S5 A RITHECEEASE et (G A BEEEChaLLAG Boune | o)
the halide as pp %9{‘ Y) 58% dé{]ééxg{{d&%?{%c gak 5 deadh, ﬂﬁ?a?‘eg%ltqgﬂ%%re

hydr ocar bon can al'sore reover, according to the present

I nvention, lo 'Eg&ii ' gg? ' r | itie be efficiently
renoved, and \Q@ﬁ?gﬁ?ﬁé pur ‘%:ja{rsrg%xy |2hg$(}ﬁdﬂ£%nf%%&%if%%u€%%€&i5 Furt her nore,
an efficiently purifi L.ecti Ves | Cj G} I en from
a reaction mxture obﬁgfﬁggﬁ %%yg}%gé %ﬁiﬁg Pgﬁztggctl5ﬁﬁgﬁlgﬂggﬁg% ol
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fl ow di agram for
fraction) containing part of the lower boiling point

e
10 component andahigherboilingpoint fraction (afirst higher
boiling point fraction) containing part of the higher
boiling point component from the carboxylic acid stream
from the catalyst-separating column, and withdrawing the
side stream (the first side stream) containing at least
15 the carboxylic acid having "n+l1” carbon atoms by side cut,
a second distillation column for separating a lower
boiling point fraction {a second lower boiling point
fraction) containing part of the lower boiling point
component and a higher boiling point fraction (a second
20 higherboilingpoint fraction) containing part of the higher
boiling point component from the side stream (the first
side stream) from the first distillation column, and
withdrawing a side stream (a second side stream) containing
a carboxylic acid {(a purified carboxylic acid) having "n+l1”
25 carbon atoms by side cut to recover the side stream (the

second side stream), and

ahalide-removing column for removing a halide from



enbodi ment of a production process of a carboxylic acid of the present
invention. Fig. 2 is a flowdiagramfor illustrating another 25 enbodi nent
of a production process of a carboxylic acid of the present invention. - 26
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention shall now be
described in detail with reference if necessary to the attached draw ngs.
Fig. 1 is a flow diagramfor explaining 3 production process 5 of a
carboxylic acid of the present invention. The enbodi nent of Fig. 1 shows a

process for —RAUGdW Sl [ 3h UeRldifa Aidb 4B ) Ao e

generated bya continuous carbonyl ation reaction of nethano th carbon

nmonoxi de in the .y Hid ﬁ?{eb%lﬁ%&] J&Mﬁﬁ@?%ﬁ SFPEPNHHd Si ng a

rhodi um catal yst and a co-catalys I um | odi de and nethyl iodide), and

afinite am%c&{aﬁggeguye%m&%g@,gar Gb%%ananweakeexﬂabeani]gdeact or)

1 for carrying out t above-nention onylation 15 reaCtion o

met hanol ; a di ﬁ i);{daﬁﬁ%%%%(ﬁc GRLA Y HarhRdr a4 19 S BER) atorldr

separating mnai ng point fraction or stream (or higher bp

fraction Hr stream Cﬂptﬁ{@iq}%g(ﬁleﬁ%{ 5§P§@érb{,5t l.g%)rfpaq_rg_qg_l(é;,{m}}i@er

boi i ng poi nt conponent or a conponent e.g., 20 the rhodium

catal yst and |44/t el ol OMA A SACA Ol Bithdiol £E8EA b0l | o0

cont ai ni ng acetic acl gene e reaction; i rst ation

colum 11 foraf{£"Gyd Nyp:TRal By I {in BRYd of ) MoTols g such
. .a arge n ff@—“efe SPORFYBr
as nethyl iodide, nmethyl acet atlgé and/ or acet a?c}é% e
ahalide-adsorbability forremovingthehalidebycontacting
with the side stream (the second side stream) from the second

10 distillation column.

EFFECT OF THE INVENTION

According to the present invention, in a process

for producing a purified carboxylic acid, which comprises

15 purifying a carboxylic acid stream containing a carboxylic
acid having "n+l1" carbon atoms, and impurities such as a
hydrogen halide by means of first and second distillation
columns, since (i) water, and/or (ii) at least one component

(4) selected from the group consisting of an alcohol having

20 "n" carbon atom(s) corresponding to the carboxylic acid,
and an ester of the alcohol with the carboxylic acid are/is
fedtoat least the first distillation column (particularly,

in the case of feeding the component (A) alcone, the component

(A) is fed from a lower position relative to a side stream

25 port for conducting side cut of the carboxylic acid); the
hydrogen halide can be converted to a lower boiling point

component and efficiently separated as a lower boiling point



25 froman acetic acid fraction or stream (lower bp fraction or stream fed
fromthe catal yst-separating colum 8; a second distillation colum 15 for
separating mainly at |least - 27 part of higher bp conponents (higher bp
inmpurities) such as water and propionic acid froma side stream (acetic
acid stream) withdrawn (or taken) by sidg cut in the first distillation
colum 11; a halide-renoving colum 5 (iodide-renoving colum) 19 for
renoving an i odide such as an alkyl iodide froman acetic acid stream
wi t hdrawn by Sraletiori. | Ast Aeresadhd thes ciohkahitaa tdonuod flte heydtogen
condenser 21 for condensing the [ower boiling point conponent fromthe
first distill @éiabbdeadamiainked ddiaschrbgeylicaaghdeas sa chipahgniodarad t 0
recycle a liquid conmponent to the first distillation colum 11 and/or the
reactor 1. Mxtan deacediasi.] yMotreoviear ,r gee tondénsattibanef the reydrogeind
conponent is continuously fed at a predetermined rate via a feed line 4 and
carbon nonoxi deahfde UasSEHoisdislthi Y Paci éntcolunepddamuseisiyhiteikaed a and eed
line 5. Moreover, to the reactor 1, a catalyst mxture (catal yst solution)
contai ni ng a chlidpagdrd | st bdiy Sbf Syisé edi g tai Xrdtal st cobymt exarcdnpri Si ng a
mai n catal yst conponent such as a rhodium catalyst, and a co-catal yst
(e.g., lithiundeetedsed andruzdheat hy ifaditthe)r) condt awttierg rayfdaetiied t hr ough a
feed line 6. Further, a fraction or stream(e.g., in the formof [|iquid)
contai ning a |csrtabpifdg artpuarifdrd @ardbokiygher abpd wiahtrawnffroom ttihe
succeedi ng step(s) (e.g., the catal yst-separating colum 8, the first and
second 25 distsétahddiseall tansohlaindunl®] tiaad iidreexohdrgsatesdih)hawmiyng be f ed
to the reactor 1 through the feed Iine 6. Then, inside

4 halide-removability or halide-adsorbability, the

S

10 concentration of such the halide as not only the hydrogen
halide but alsoahalogenated hydrocarbon canbe alsoreduced.
Moreover, according to the present invention, lower bp
impurities and higher bp impurities can be efficiently
removed, and a highly pure carboxylic acid can be produced.

15 Furthermore, an efficiently purified objective carboxylic
acid can be produced even from a reaction mixture obtained
by a carbonylationreactionof analcohol and/oraderivative

thereof.

20 BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a flow diagram for illustrating an
embodiment of a production process of a carboxylic acid
of the present invention.
Fig. 2 is a flow diagram for illustrating another
25 embodiment of a production process of a carboxylic acid

of the present invention.



the reactor 1, a |liquid-phase reaction systemcontaining - 28 the reactant
and the hi gher bp conponent such as the netal catalyst conponent (e.g.,
rhodium catalyst, and lithium iodide) is in equilibriumwth a vapor-phase
system conprising carbon nonoxi de, as well as hydrogen, nethane 5 and
carbon di oxide, and a vaporized | ower by,gonponent (e. g. , nethyl iodide,
and acetic acid and nethyl acetate) generat ed by the reaction, and a
carbonyl ati on reaction of nmethanol proceeds under stirring by a stirrer 2
or other neans. In or GETAILERIDESORIPMTION R ITHE CBENTION t he reactor 1
(e.g., 10 reaction pressure, and carbon nonoxi de partial pressure, hydrogen
partial pressure) at TheergjmEsendedineentdarn sifalla noapde riwsdrdbed hidr awn
fromthe overhead of the reactor 1 through a discharge line 3, and
di scharged (r etaherid. with reffratenseainecdhsavgier the ahtdaahadidr@awittys .r eact or
1 may 15 be further cooled by a heat exchanger El to forma liquid
conponent (i n®igl hdisnaeilow ddéadramdfidyyéxptatiat ag aptbguctiodipmcess
acet al dehyde, water, and others) and a gaseous conponent (including carbon
nonoxi de, Shydrafjen,caartsbiog ise SYoid afdl tHee grogsedt | impenck iconmponent nmay be
recycled to the reactor 20 1 through a recycle line 3a, or the forned
gaseous conponent (wiltee eytsjdiwentbhefdiFsicharieshdwy augliracedissclivar ge | i ne
3b. Incidentally, to the reactor 1, if necessary, hydrogen naybe fed in
order to enhanmddvsimgtalpdniciac acetic achd fydnogareasyidre niiedtumget her
wi th carbon nonoxide through 25 the feed line 5 or separately fed through
anot her feed |dgerexatodd bpawvntivuem@arbenytatidrereaacionofaystiemols an
exot herm c reaction systemthat acconpanies heat - 29

# with carbon monoxide in the presence of a carbonylation

S

10 catalyst system comprising a rhodium catalyst and a
co-catalyst {lithiumiodide andmethyl iodide), anda finite
amount of water,

The process comprises a reaction system (reactor)

1 for carrying out the above-mentioned carbonylation

15 reaction of methanol; a distillation coclumn (or
catalyst-separatingcolumn) 8 for separatingmainly ahigher
boiling point fraction or stream (or higher bp fraction
or stream) containing a metal catalyst component (or higher
boiling point component or a higher bp compcnent) [e.qg.,

20 the rhodium catalyst and lithium iodide] from a reaction
mixture (reaction solution) containing acetic acid
generated by the reaction; a first distillation column 11
for removing mainly at least part of a lower bp component
such as methyl iodide, methyl acetate and/or acetaldehyde

25 from an acetic acid fraction or stream (lower bp fraction

or stream) fed from the catalyst-separating column 8; a

seconddistillationcolumn 15 for separatingmainly at least



generation, the reactor 1 may conprise a heat-renoving unit or cooling unit
(e.g., jacket) for controlling a reaction tenperature. Conponents contai ned
in the reaction mxture (crude 5 reaction solution) generated in the
reactor 1 may include acetic acid, hydrogen iodide, a | ower bp conponent or
| ower bp inpurities having a boiling pobpt _| ower than that of acetic acid
(e.g., nethyl iodide as a co-catalyst, nethyl acetate as a reaction product
of acetic acid with nmethanol, 10 and acet al dehyde, a hi gher iodide (such as
hexyl iodi de paxit detighedi be) campbyepted(oigheramp Empugheireshp sswiponent
or higher bp inpurities having a boiling point higher than that of acetic
acid [a netal aswabest andpropdnini@achddizom acaidée sdiveaamdatet he wniddi de as
a co-catalyst), propionic 15 acid, and water]. For separating mainly the
hi gher bp conpoteesam}uchthdsawme( oet bdkem) dbystidonpobeit thentiywt reacti on
m xture, part of the reaction mxture is continuously wthdrawm from the
reactor 1, anddistiblaiiercechbumielll t oatinel Hiestrémaring €0Lgruh umm
(catal yst-separating colum) 8 through a feed Iline 7. Then, in the
cat al yst - separ aiodidearemowBng f cohumh hel 9 eBoit i vemowrigran bodidferudip
fraction (mainly containing a netal catalyst conponent, e.g., a rhodium 25
catal yst, |ithasnanoalihel bodidé hEregp, amnabetioveridpsttean twidrthdmeeml y
containing acetic acid which is a product and also functions as a reaction
sol vent, net hybyaskdateyt -i180thereséydnd odt shef 1 Lt bon dybuogels i aidles and
others) are separated, and the higher bp fraction is w thdrawn from
condenser 21 for condensing the lower boiling point

component fromthe first distillationcolumn 11 todischarge
10 a gaseous component and to recycle a liquid component to
the first distillation column 11 and/or the reactor 1.
More specifically, to the reactor 1, methanol as
a l1iquid component is continuously fed at a predetermined
rate via a feed line 4 and carbon monoxide as a gaseous
15 reactant is continuously fed via a feed 1line 5. Moreover,
to the reactor 1, a catalyst mixture (catalyst solution)
containing a carbonylation catalyst system (a catalyst
systemcomprisingamaincatalyst component suchas arhodium
catalyst, and a co-catalyst (e.g., lithium iodide, and
20 methyl icdide)) and water may be fed through a feed line
6. Further, a fraction or stream (e.g., in the form of
liguid) containing a lower bp fraction and/or a higher bp
fraction from the succeeding step(s) (e.g., the
catalyst-separating column 8, the first and second
25 distillation columns 11 and 15, and the condenser 21) may
be fed to the reactor 1 through the feed line 6. Then, inside

the reactor 1, a liquid-phase reaction system containing



the bottom of the colum through a bottomline 10, and the |ower bp
fraction (acetic acid stream) is withdrawmn from5 the overhead or upper part
of the catal yst-separating colum 8 through a feed line 9 to feed or

i ntroduce into the first distillation colum 11 through at | east one of
feed lines 9a and 9b. Incidentally, in &Pe hi gher bp fraction, the netal
catal yst component, and in addition methyl’ iodide, 10 methyl acetate,

hydr ogen i odi de, water, acetic acid, and others, which remain wthout

evapor ati on arghekeactemtahnackhe h&@h@@nbglémp&yeﬁm!shw &kegps agtalhe i nner
tenperature and/or pressure of the catal yst-separating colum 8 |ower than

those of the readBfstl codmpdigit ganey.at irHodiud TdbalystUGERl Arithium
deterioration of the catalytic activity nmay be inhibited. Incidentally, in

the vi ewpoi nt ifdidee) sepaimtéqii 1 fii encth o vaddp-ptial deystdmi s
advant ageous to feed the acetic acid streamto the first distillation

colum 20 11 tdumpitisind eet-ddmaodaxilier,eakewelMes Hr sgeicemigtididmen  of
the water in the acetic acid streamis higher than 3% by weight, in the

light of tshe sappearben didkicies g 8fapbydzedeTbueithleompbnies tady.ant,ageous
to feed the acetic acid streamto the first distillation colum 11 through

a feed 25 |ingeiyl ioatibe, fdnddcdl &t hbliatdrdméohymcétateyupderated | over
bp fraction (a first lower bp fraction) containing - 31 part of the | ower

bp conponent (wpriR ReaetT®h)Yand WicéeboniEldviloragehat @onasetnat thednste,
water, and others) is separated (or renoved) fromthe overhead or upper

part of the optdtBeddnHidHt sthirPenddDdy adtarteghelo®ptheaChéais(a In
m.. order to maintain the inner pressure of the reactor 1l (e.g.,

| 10 reaction pressure, and carbon monoxide partial pressure,
hydrogen partial pressure) at a certain degree, part of

a vapor may be withdrawn from the overhead of the reactor

1 through a discharge line 3, and discharged (removed off)

(not shown). The vapor withdrawn from the reactor 1 may

15 be further cooled by a heat exchanger El1 to form a liquid
component {(including acetic acid, methyl acetate, methyl

iodide, acetaldehyde, water, and others) and a gaseous
component (including carbonmonoxide, hydrogen, and others),

and the formed liquid component may be recycled to the reactor

20 1 through a recycle line 3a, or the formed gaseous component

(waste gas) may be discharged through a discharge line 3b.

Incidentally, to the reactor 1, if necessary,

hydrogenmaybe fedinorder to enhance the catalyticactivity.

The hydrogenmay be fed together with carbon monoxide through

25 the feed line 5, or separately fed through another feed

line (not shown). Moreover, since the reaction system is

an exothermic reaction system that accompanies heat



5 first higher by fraction) containing the higher bp conponent (e.g.,

wat er, and propionic acid) is separated (or renoved) fromthe bottom or

| ower part of the columm through a bottom line 14. Then, the side stream
(acetic acid strean) mainly containing acetic acid is withdrawn fromthe
first 10 distillation colum 11 by side ?gt_through a feed line 12, and is
fed or introduced into the second distillation colum 15. Hydrogen i odi de
is existence in the first distillation colunm 11. In the present invention,
to 15 preventgengautiiforedtheaidatant 0 nedy eanpfiseacnehdrraadvdng wntile
hydrogen i odi de or avoid condensation of hydrogen iodide in the
distillation oot wovlihg (AltWed of, , (jddketiefbaneon8ndl dinged helacademnat e
(hereinafter, sonetines referred to as a conponent (A) or a first conponent
(A)), 20 or (itdénpewdtaireand the conponent (A) is fed to the first
distillation colum 11 fromat | east one of upper and | ower positions

relative to a draw ng Quaiponesitdecohte&time@antthe f@dictoonmikitngeJicdamdeut of
the acetic acid streamto convert the hydrogen iodide to a | ower bp

conponent 5 e. greadiidly lsodutiiew)dgenedatdedsin ey aead tiorom méne iovanddsad or
upper part of the distillation colum 11. The first conponent (A) and/or

water may be, de¢tibxasnie, hfdtbddr dvdideeed 1pwmerSbp chinpdient &t Nowed! or Sl c,
whi ch nmay be |l ocated in any of upper and |lower positions relative to the

si de stream pasp . impurithiees assrig feasb g id e dintstl asmpottani Hhdt alfone,
usually the first conponent (A) is fed froma |lower position relative 5 to
the side streadeeoid achide(koger, methydcidditieMalshdr esnchatabyste netdrdiead
acetate as a reaction product of acetic acid with methanol,
10 and acetaldehyde, a higher iodide (such as hexyl iodide
and decyl 1odide) as by-products), and a higher bp component
or higher bp impurities having a beiling peint higher than
that of acetic acid [a metal catalyst component (a rhodium
catalyst, and lithium iodide as a co-catalyst), propionic
15 acid, and water].

For separating mainly the higher bp component such
as the metal catalyst component from the reaction mixture,
part of the reaction mixture is continucusly withdrawn from
the reactor 1, and is introduced or fed to the distillation

20 column (catalyst-separating column) 8 through a feed line
7.

Then, in the catalyst-separating column 8, from
the reaction mixture, a higher bp fraction {(mainly
containing a metal catalyst component, e.g., a rhodium

25 catalyst, lithium iodide, and others), and a lower bp

fraction (mainly containing acetic acid which is a product

and also functions as a reaction solvent, methyl acetate,



or upper part of the first distillation colum 11 contains acetic acid and
others, and is fed to the condenser 21 through the line 13. In the
condenser 21, the lower bp fraction 10 is condensed to separate a gaseous
conponent mainly containing carbon nonoxi de, hydrogen and others, and a
| i qui d conponent containing nmethyl iodidgg nethyl acetate, acetic acid,
acet al dehyde and others. The gaseous conponent separated in the condenser
21 is discharged 15 through a discharge line 22, and if necessary, is
recycled to trethyehciodihdeysitetrerd, thydomdet htod b, lame Stlers) tdmot
through the feed line 5 (not shown). The |iquid conponent separated in the
condenser 21 isepammired ccandtthamigheousp fiSactidmsies andladrawd yfqmse, and
t he agueous phase and the oily 20 phase are discharged through di scharge
lines 24 and 2Z%he bottoec bifvehy .collenmithy ouiasa sl Stodmalgee tbr, oagd itHee
di scharge line 23 is rich in methyl iodide as a co-catalyst, and may be
recycl ed to theweadp draotsicam(hceltieughid seegand is$ iwke2bdrdine fapreous
phase di scharged through the discharge 25 line 24 is rich in nmethyl acetate,
acetic acisl, akist avdehgdd ormuppeat bars ofatie eyt dlgsteegphed tiingtdel dnrr st
distillation colum 11 through a recycle Iine 24a or may be recycled - 33
to the reacti o tdyshgyh thf eed@ inecycte feafeor2ibt rodhdidb intbheheetymrdt ng of
the oily phase or the aqueous phase to the reactor nay be carried out via
the feed |ine didtilasbemjoluliie 1di shihangh atrbaaeil oo af Feadtlimes of the
line 5 (overhead) 13 and the discharge lines 23 and 24 maybe further
subj ected to a9m amnikhe- Jepddanitad 15t epn( ¢heurmyhénobp Shavtjoh p tgepar at e
or renove an al dehyde.

: metal catalyst component, and in addition methyl iodide,

L

10 methyl acetate, hydrogen iodide, water, acetic acid, and
others, whichremainwithout evaporationarealsocontained.
Incidentally, by making (keeping) the inner temperature
and/or pressure of the catalyst-separating column 8 lower
than those of the reactor 1, further generation of

15 by-products or deterioration of the catalytic activity may
be inhibited.

Incidentally, in the viewpoint of the separation
efficiency of methyl icdide, it is advantageous to feed
the acetic acid stream to the first distillation column

20 11 through a feed 1ine 9a. Moreover, when the concentration
of the water in the acetic acid stream is higher than 3%
by weight, in the light of the separation efficiency of
hydrogen iodide, it is advantageous to feed the acetic acid
stream to the first distillation column 11 through a feed

25 line 9b.

In the first distillation column 11, usually, a

lower bp fraction (a first lower bp fraction) containing



The hi gher bp fraction discharged fromthe bottom of the first distillation
colum 11 contains the higher 10 bp conponent, as well as the | ower bp
conponent and acetic acid which remain wthout evaporation, and others, and
may be recycled to the reaction system 1. The higher bp fraction my be,

if necessary, joined to (or conbined to) ? recycle line of the succeeding
step (e.g., the second distillation 15'c8 umm, the al dehyde-separati ng
colum, and the condenser) (in the enbodinment of Fig. 1, a recycle line 25

for recycling part igiUutHeCOPRPERYY donpOniehe @@Bﬂﬁaiﬁ&néhﬁei 1 ri@@dd ng to
the reaction system1l. In the acetic acid streamwhich is obtained by side

20 cut fromthfethyblachedtd | addéOParad 1leadek | sad@dotrerd Neisecond

distillation colum 15 through the feed Iine 12, at |east part of the | ower

bp conmponent (&efarat®i NWr repdivdd) FRLAYIhaRIA ad aPﬁéﬂﬁ@PNQﬁﬁ

remaining in the acetic acid stream and at |east part of the higher bp 25

conponent (€. gghe REPRInA khirdtigh adDdnded £l )ard @ highler bpsepaceisd () the
second distillation colum 15, and an acetic acid stream having a hi gher

purity is sMthelf p¥haghar YieracBfon §baRENniAgitie REGREE bP Sdnigdrdron
colum 15, a fraction (lower bp fraction, second | ower bp fraction)

containing theel §neiyalkRrCotme iloh idi Seh®y 9edsdpHratde (eyardiasedy upper
part of the coﬁing t hrough a d?ggﬁhrge line 17, aﬁ% 5 a fraction (higher bp

fraction, secopeomit®ashoPoh 03C1b08Y paNbRitHd 8ol BRnE I RIgPR vmanent s
di scharged fromthe bottomof the colum or |ower part of the colum

through a botjpgslime #8enanthstides idHRhcatet £cf®is€rebhfalinIy ch i n
acetic acid is distilled by side cut through a |Iine

;m containing acetic acid is withdrawn from the first
| 10 distillation column 11 by side cut through a feed line 12,
and is fed or introduced into the second distillation column
15.
Hydrogen iodide is existence in the first
distillation column 11. In the present invention, to
15 prevent a purified acetic acid stream from contamination
with hydrogen iodide or avoid condensation of hydrogen
iodide in the distillation column 11, (i) water, (ii)
methanol and/or methyl acetate (hereinafter, sometimes
referred to as a component (A) or a first component (A)),
20 or (iii) water and the component (A) is fed to the first
distillation column 11 from at least one of upper and lower
positions relative to a drawing port (side stream port)
for conducting side cut of the acetic acid stream to convert
the hydrogen iodide to a lower bp component (e.g., methyl
25 jodide), and is separated from the overhead or upper part

of the distillation column 11. The first component (A)

and/or water may be, for example, fed through feed ports



10 16. If necessary, the lower bp fraction discharged from the overhead or
upper part of the colum nmay be recycled to the second distillation colum
15 and/or the reaction system 1l (not shown). Mreover, if necessary, the

hi gher bp fraction discharged fromthe bottomor |ower part of 15 the
colum may be recycled to the reaction_sg tem1 (not shown). In order to

| ower the concentration of the hydrogen “i'odide contained in the acetic acid
streamw thdrawn by side cut and to avoid condensation of the hydrogen

i odide 20 in tdwe disstd lahal/icenseel, WilidiR makp usd l1bcatkdl £ASANPNEE NEIHRAT
(hereinafter, sonetines referred to as a conponent (B) or a second

conponent ( B) Jariel10fdead pbisaiibhe Hev8Pigantd stid@idel stPedhm poihanan (b-2)
nmet hyl acetate, (b-3) an alkali netal hydroxi de such as potassium

hydr oxi de, (b-the 2Rs@ b8l feddintpiale ﬁﬁﬁéﬁt&)rﬁ%&fbrﬁs (Rt @ssheMwagivtye and
(b-5) a hypophosphorous acid may be fed to the second distillation colum

15 from at | eagfe ﬁﬁ!i‘s@%nﬁfoﬂé@ﬁegmi&@_fmtoﬂ%ié:b@ﬁﬁosi%ionrﬁﬁé&m to the
drawi ng port (side streamport) for side cut of the acetic acid stream The

second cormponery €A si@y Herdnl.pdo¥. exanple, froma feed port (e.g., feed
ports S2a and/or S2b) which is located in at |east any one of 5 upper and

| ower positions rel atipgs hQweRebpi fifast{ &AM PHdrawn BrbhictEasevedies t he
met hanol and/or nethyl acetate is fed to the second distillation colum 15,

as is the caser Wgger Parki §5tndi 81E5tati §P1 COALHBL Lbluidhe1 Tessep@ingnd/ or
met hyl acetate is converted to a | ower bp conponent (e.g. , 10 nethyl

i odide) by a rgasti@BcMaldhdWehOBEN ahadi fLedadtdBon8En S8R 12E IRE0WTh
di scharged as a |l ower bp fraction fromthe

;W the line 13. In the condenser 21, the lower bp fraction
10 is condensed to separate a gaseous component mainly
containing carbon monoxide, hydrogen and others, and a
liquid component containing methyl iodide, methyl acetate,
acetic acid, acetaldehyde and others. The gaseous
component separated in the condenser 21 is discharged
15 through a discharge line 22, and if necessary, is recycled
to the reaction system 1 through the feed line 5 or without
through the feed line 5 (not shown). The liguid component
separated in the condenser 21 is separated into an aqueous
phase and an oily phase, and the aqueous phase and the oily
20 phase are discharged through discharge lines 24 and 23,
respectively. The oily phase discharged through the
discharge line 23 is rich in methyl iodide as a co-catalyst,
and may be recycled to the reaction systeml through a recycle
line 25. The aqueous phase discharged through the discharge
25 line 24 isrich inmethyl acetate, acetic acid, acetaldehyde
and others, and may be recycled to the first distillation

column 11 through a recycle line 24a or may be recycled



overhead or upper part of the distillation colum 15. Incidentally, in the
case where the alkali nmetal hydroxide (usually, an aqueous sol ution
thereof) is fed froma | ower 15 position relative to the side stream port
(e.g., fromthe feed port S2b), the amount of the hydrogen iodide to be
contam nated in the side cut acetic acidsgtreamcan be reduced to a trace
anmount. Moreover, in the case where the alkali netal hydroxide (usually, an
aqueous solution) is fed from 20 an upper position relative to the side

stream port (etq.the eadtibn tgedepoithr&dgh, rédecBaolbie®f24thandy @5agen
iodide to be contaminated in the side cut acetic acid streamcan be

further reducerhe argwrddng tdE tiree sl ghdseedimngHeeaquridadl iphasiealto
hydr oxi de fromthe | ower position. 25 The acetic acid stream obtai ned by

side cut fromthdereremmio miywitd |edioied dutmvild tilke ifdedduerd 6 rMin@ta heat
exchanger E2 through the line 16 for cooling, and further, - 36 1is fed

t hrough a f eedshowie) 168hkeodisehaygehaatan fupnelt 1past ofe afhthe ddane odi de)
-renoving colunmm 19 equi pped with an ion exchange resin therein, where the

active graup ofovditeeddNl Btidatige diesharys lahelsca® andar4 hay beghadddror 5
exchanged with Ag. Inside of the halide-renmoving colum 19, along with
falling of theswspidtedcidl &i r&bdehde- SpinLtimgi sitSp r @i pasead t hr ough
the ion exchange resin with stepwi se raising (elevating) the tenperature of

the acetic acilfowi) etgndapd iy conNrémsi«laars Utiuetsyae. al kyl iodide, 10 and
a purified acetic acid is distilled fromthe bottom of the colum through a

l'ine 20. Thus obt ai nedrrac BliighedCbfl fAsctidn @dlsdhagdiei fham tine edut@iel y | ow
concentration of the hydrogen iodi de because of feeding the first conponent

M of the first distillation column 11 contains the higher
10 bp component, as well as the lower bp component and acetic
acid which remain without evaporation, and others, and may
be recycled to the reactionsysteml. Thehigherbpfraction
may be, if necessary, joined to (or combined to)} a recycle
line of the succeeding step (e.g., the second distillation
15 column, the aldehyde-separating column, and the condenser)
{(in the embodiment of Fig. 1, arecycle line 25 for recycling
a liquid component from the condenser 21) for recycling

to the reaction system 1.
In the acetic acid stream which is obtained by side
20 cut from the first diétillation column 11 and is fed to
the second distillation column 15 through the feed line
12, at least part of the lower bp component (e.g., methyl
jiodide, methyl acetate, and acetaldehyde) remaining in the
acetic acid stream, and at least part of the higher bp
25 compenent (e.g., propionic acid, and water) are further
separatedin the seconddistillationcolumn 15, andan acetic

acid stream having a higher purity is withdrawn as a side



(A) and/or water to the first distillation colum 11, and 15 further feeding
the second conponent (B) to the second distillation colum 15. Moreover,
since the distillations are carried out at two steps, that is, the first
and second distillation colums 11 and 15, the renoval rates of the | ower
bp conponent (lower bp inpurities) and_ the higher 20 bp conmponent (higher bp
I mpurities) are considerably high. In addition, since the acetic acid
streamis passed though the halide-renoving colum 19, contam nation with a
hal i de such a%reanal kyh tidistaedkl aesrikakitionedotlasdn Bhd ahifglaloriopur e
acetic acid is obtained. Mreover, since condensation 25 of hydrogen iodide
i nsi de of the {(diocsield bt E@AcEeRbHM§SondSlehéraip \Falay tiim )bicoadtaindngosi on or
degradation of the distillation(s) colum can be also prevented. - 37 Fig.

2 is a flow dithgr aswker bpX@bmpdidigt drodieichagigeddfremttiod carefrosehd biron
process of a carboxylic acid of the present invention. The enbodi nent of

Fig. 2 correuppeds phetadfeiadicdnintthrichghha etdeargatlnie AT, ahdl, the
| ower bp fractions containing the | ower bp conmponents w thdrawn fromthe

first distilla fpacedbinthighen@pt fitacte6RNGaictid hligheerbs Eragtibn)ar e
further fed to an al dehyde-separating columm 26 to separate a | ower bp

fracti on cont Jontd riihptéehydghéh b dunialent) ikr @téeward&aforon ahecl i ng
the higher bp fraction to the reaction system 1. Mre specifically, in the

enbodi ment of vdtdon?.off el @BRUMNLErf LaketOpagOiRitHe@dlkenrd @Mfouh
conponent wi thdrawn fromthe overhead or upper part of the first

distillation aeotverlline flerthra dedide sbeeah detvuiers epard@tsti@ang um 15
26 through the line (feed Ilne) 13, and the lower bp fraction

- rich in acetic acid is distilled by side cut through a line

10 l16. If necessary, the lower bp fraction discharged from

the overhead or upper part of the column may be recycled

to the second distillation column 15 and/or the reaction

system 1 (not shown). Moreover, if necessary, the higher

bp fraction discharged from the bottom or lower part of

15 the column may be recycled to the reaction system 1 (not
shown) .

In order to lower the concentration of the hydrogen
iodide contained in the acetic acid stream withdrawn by
side cut and to avoid condensation of the hydrogen lodide

20 in the distillation column 15, usually, at least one member
(hereinafter, sometimes referred to as a component (B) or
a second component (B)) selected from the group consisting
of (b-1) methancl, (b-2) methyl acetate, (b-3) an alkali
metal hydroxide such as potassiumhydroxide, (b-4) analkali
25 metal acetate such as potassium acetate and (b-5) a

hypophosphorous acid may be fed to the second distillation

column 15 from at least any one of upper and lower positions



containing the | ower bp conponent withdrawn fromthe second distillation
colum 15 is joined to (conbined to) the feed line 13 via the line 17, and
both fractions are fed to the al dehyde-separating colum 26. Then, in the
20 al dehyde-separating colum 26, the |ower bp fraction containing the

| ower bp conponent such as acetal dehyde, 5cgrbon nonoxi de, or hydrogen, and
the higher bp fraction containing the higher bp conponent such as nethyl

i odide, nethyl acetate, water, or acetic acid are separated. The 25 | ower

bp fraction i srélistehias aof thied @riahanyy poeads 2deUppeeamppstt PfEdhes o um
t hrough a discharge line 27, and the higher bp fraction is wthdraw from

the bottom of dile COItHE acelfc HPi@ gltraahot t THe | $8€ofd esompendiitng)B 8. The
hi gher bp fraction withdrawn fromthe bottomof the colum may be recycled

to the reacti ahapypet £68d ] fd) exdmpd &/,cEyGh @ Eeaa pdBt (leng.dJepéadiportdie | ower
bp fraction discharged from5 the discharge |ine 27 maybe further treated by

a conventional s2aedi®br 6sZb) wWiXiéRCcid Aocawsding, abri@ddierany tond neff ease
the separation efficiency of the al dehyde. Moreover, the higher bp fraction

may be feds t o iper Gnasiowksipdditiicis e€lativd kabHeiddetseamsbrt .
distillation 10 colum 15 (not shown) to increase separability between

acetic acid anth"eti€rcdde t¥ltefe Sthé | mdtrinaDl aay/ o ufidtigyl addtamreessary,
the higher bp fraction fromthe al dehyde-separating colum 26 nay be

introduced inted@ td¢ AMERRIord@isHiIAVAL A cORERNISL I 68 19 Ciepatmde an
oily 15 phase rich in methyl iodide, and an aqueous phase rich in nethyl

acetate, wateryatid theefi s ik tiIIEd: idh coblampare, tmhnethatol ndrdxodi ment
of Fig. 1, the oily phase may be

- methyl acetate is converted to a lower bp component {(e.g.,
10 methyl icdide) by a reaction with hydrogen iodide, and can
be separated or discharged as a lower bp fraction from the
overhead or upper part of the distillation column 15.
Incidentally, in the case where the alkali metal hydroxide
(usually, an agqueous solution thereof) is fed from a lower
15 position relative to the side stream port (e.g., from the
feed port S2b), the amount of the hydrogen icdide to be
contaminated in thesidecutaceticacidstreamcanbereduced
to a trace amount. Moreover, in the case where the alkali
metal hydroxide (usually, an aqueous solution) is fed from
20 an upper position relative to the side stream port (e.g..
from the feed port S2a), the amount of the hydrogen iodide
to be contaminated in the side cut acetic acid stream can
be further reduced compared with the case of feeding the
alkali metal hydroxide from the lower position.
25 The acetic acid stream obtained by side cut from

the second distillation column 15 is introduced into a heat

exchanger k2 through the line 16 for cooling, and further,



recycled to the reaction system 1, or the aqueous phase nmay be recycled to
any of the first distillation colum 20 11, the second distillation colum
15, and the reaction system1l. Incidentally, the higher bp fraction

wi thdrawn fromthe bottomof the first distillation colum 11 and/or the
second distillation colum 15 may be recygled to the reaction systeml
through the recycle line 28, or if necessary, 25 may be recycled to the
reaction system1 through the feed line 6 (not shown). Thus, in the

enbodi nent of ilsi Fed® tiaiowh an faledehyde 1639 to theeoveetehbd subpeperng t he

| ower bp fractions fromthe first and second distillation colums 11 and 15
to the al dehypdetsepad atallngecOlodiddpt vemoveny dolugnt D9 tdvpr igsod wdith System
or the distillation colum, circulation of the 5 al dehyde by recycling in a
conti nuous pr @aedsncexchangenbebihethersin, rwisetd thd aceriviee ghoagpt b€al |y
reduced to generate inpurities (e.g., propionic acid, crotonal dehyde,

2- et hyl cr ot onalhgehyde,exdvharige adisde, ianGtddmdst eadrddy asplaweskeort i ve
reacti on products fromthe aldehyde. a". 10 Incidentally, a step for feeding
t o al dehyde- sepahaingel wadhuig .26Ihisedé raft o halddeemthoviimymdolemaecond
distillation colum discharged through the discharge line 17 may be

omtted. The proqdaténgwittPE&E31iNg ofhtherarsiic Acl@sitream,16he acappki cabl e
to a variety of carbonylation reactions of various alcohols or derivatives

t her eof wi t howcild mittrelagh ikhpasded ehmnidlond@ tan bewghatidge redimmetithnol .
(Reaction step (Carbonyl ation reaction system)
stepwise raising (elevating) the temperature of the acetic
acid stream to remove an iodide such as an alkyl iodide,
10 and a purified acetic acid is distilled from the bottom
of the column through a line 20. Thus obtained acetic acid
as a final product has an extremely low concentration of
the hydrogen icdide because of feeding the first component
(A) and/or water to the first distillation column 11, and
15 further feeding the second component (B} to the second
distillation column 15. Moreover, since thedistillations
are carried out at two steps, that is, the first and second
distillation columns 11 and 15, the removal rates of the
lower bp component (lower bp impurities) and the higher
20 bp component (higher bp impurities) are considerably high.
In addition, since the acetic acid stream is passed though
the halide-removing column 19, contamination with a halide
such as an alkyl iodide is remarkably reduced, and highly
pure acetic acid is obtained. Moreover, since condensation
25 of hydrogen iodide inside of the distillaticn column(s)

is effectively inhibited, corrosion or degradation of the

distillation(s) column can be also prevented.



In the reaction system an alcohol or a derivative 20 thereof (e.g., a
reactive derivative such as an ester, an ether, or a halide) is
carbonyl ated with carbon nonoxide. As the alcohol to be used in the
carbonyl ation reaction, there maybe exenplified an al cohol having” n

"carbon atom (s) , for exanple, an alip??tjc al cohol [e.g., an al kanol
(e.g., 25 a Cl-1loal kanol) such as nethanol, ethanol, propanol, isopropanol,
but anol , pentanol, or hexanol], an alicyclic alcohol [e.g., a cycl oal kanol
(e.g., a C3-locycloal Fagol 2 is4@ fIvehdaageusl ebexaxplaihiaychaothatol ], an
aromatic al cohol [an aryl alcohol (e. g. , a C6-10aryl al cohol (such as a
phenol  conpowithodiséesit aF RNYPHIdudtion’ drowWesdl @@l dabdxyldc acid

C6-1 Oaryl - C1_4al kanol ) such as benzyl al cohol or phenethyl 5 alcohol], or

others. The nwweahe' Ppredendariifferdlivn | Phabembodimeatlés pigflepably about 1
to 10, and nore preferably about 1 to 6. Anong the foregoing al cohols, an

aliphatic al calilredpon@=eter atdexdiigldwrear, 1’ the eabd@Imet OreE Fig.he
al i phatic al cohol is, for exanple, about 1 to 6, preferably 10 about 1 to 4,

and parti gul arl ytRoQdivek B9 fZachiong dditralmiahpthderdweart by edmpanehite ester,
there may be exenplified an ester of a carboxylic acid to be formed wth a

raw al cohol , fwprtiaeml Erom Ghédaiodt lsai1fatd orlCZ SR lan@ atied such
as nethyl acetate or ethyl 15 propionate, or others. As the ether, there may

be exenplifi afbcdhe@tdigit AU 1ESROEB Nt A 5 R-d FUPt KON Ged ft@ arexanple, a
di C1-6al kyl ether such as nethyl ether, ethyl ether, propyl ether,

i sopropyl et heflddhyad Weilin®coludh 11k &o Muovere DSLdwta hid i de, there
maybe used a halide 20 corresponding to the al cohol, such as nethyl iodide

(e_;wg- , fraction containing an aldehyde and a higher bp fraction
10 for recycling the higher bp fraction to the reaction system
1. Morespecifically, in the embodiment of Fig. 2, the lower
bp fraction containing the lower bp component withdrawn
from the overhead or upper part of the first distillation
column 11 is further fed to the aldehyde-separating column
15 26 through the line (feed line) 13, and the lower bp fraction
containing the lower bp component withdrawn from the second
distillation column 15 is joined to (combined to) the feed
line 13 via the line 17, and both fractions are fed to the
aldehyde-separating column 26. Then, in the
20 aldehyde-separating column 26, the lower bp fraction
containing the lower bp component such as acetaldehyde,
carbon monoxide, or hydrogen, and the higher bp fraction
containing the higher bp component such as methyl iocdide,
methyl acetate, water, or acetic acid are separated. The
25 lower bp fraction is discharged from the overhead or upper

part of the column through a discharge line 27, and the

higher bp fraction is withdrawn from the bottomof the column



an al kyl halide such as an alkyl iodide). Further, if necessary, as an

al cohol, there may be used a pol yhydric al cohol, for exanple, an al kyl ene
gl ycol such as ethylene glycol, propylene glycol or butanediol, or a
derivative 25 thereof (e.g., an ester, a halide, an ether). The al cohol or
a derivative thereof may be used singly;or_in conbination. - 41 In the
preferred |iquid-phase reaction system an alcohol having "n" carbon
aton(s) as a liquid reactant, preferably a Cl-4alcohol or a derivative

thereof (e.g.thréaghaaohbotweihyknaceracycleetiive)i edi.derthannigheetby! et her)
5 may be used to obtain a carboxylic acid having "n+l" carbon atons or a

derivative theraetiod @ithdre@hb@xphi ¢hanbyditomeds tha paluimaulay, béhe
foll owi ng reaction systemis preferred: a reaction systemin which at |east

one menber sekgeieded tenthber&i®tos O8ps SémNY tirowihanekcydiehylinacet at e,
and 10 dimethyl ether (particularly at |least nethanol) is allowed to react

W th carbon mgoxi dfciflehBa1py £SEAE Elde R b Frk@twlonl GaB chalrdjedsErepst em in
a liquid-phase reaction system to produce acetic acid or a derivative

t hereof . bnci deeidlddhatfe 108e a7aRRMe shirdhdertiréatieadyt Hebadkntiohala fresh
raw material may be directly or indirectly fed to the reaction system

Moreover, an aleghbal, erga,dettvait Meh, WaEGig Wothelleaws f iaoniactieakel | ation
step may be recycled and fed to the reaction system The catalyst systemin

the reaction gye! g@pamatidh FFACiISACH ©F oy laldedydeat al yst, and a
co-catalyst or accelerator. As the carbonyl ation catalyst, there may be
usual 'y enpl oyed a camMirgstveladVving HigHeh bROFra88iPRintdy be fed to the
first distillation column 11 and/or the second distillation
10 column 15 (not shown) to increase separability between
acetic acid and water in the distillation column. Further,
1f necessary, the higher bp fraction from the
aldehyde-separating column 26 may be introduced into a
condenser (not shown) for condensation to separate an oily
15 phase rich in methyl iodide, and an agqueous phase rich in
methyl acetate, water and acetic acid. Then, in the same
manner as the embodiment of Fig. 1, the oily phase may be
recycled to the reaction system 1, or the aqueous phase
may be recycled to any of the first distillation column
20 11, the second distillation ceolumn 15, and the reaction
system 1. Incidentally, the higher bp fraction withdrawn
from the bottom of the first distillation column 11 and/or
the second distillation column 15 may be recycled to the
reactionsysteml through therecycleline 28, or if necessary,
25 may be recycled to the reaction system 1 through the feed

line 6 (not shown).

Thus, in the embodiment of Fig. 2, since an aldehyde



e.g., a netal catalyst. As the netal catalyst, there may be exenplified a
transition netal catalyst, in particular 25 a netal catal yst containing a
netal elenent of the Goup 8 of the Periodic Table of Elenents, for
exanple, a cobalt catalyst, a rhodiumcatalyst, an iridiumcatalyst, or
others. - 42 The catal yst may be a sinphg nmetal, or may be used in the
formof a nmetal oxide (including a conplex netal oxide), an netal
hydroxi de, a netal halide (e.g., a chloride, a bromde, an iodide),a netal
carboxyl ate (eig.reméret &alstbjedtihg®hel 16akt bp Bpactdoganiromciite (e. g.
, a sulfate, a nitrate, a phosphate), a netal conplex or others. Such a
metal catal ystimgy &edusecordngiytDllatiewnde ahhonll Taed pIef e rigoe net al
catal yst includes a rhodium catalyst and an iridiumcatalyst (in particular

a rhodium 10 gafilehyds)sepattdbeng collumf Heferes réty ¢ Ding @otthe redcatiiqat al yst
in the formdissolvable in a reaction solution. Incidentally, rhodium

usual |y existssgastemconptie disthRlateagtceoum®] Ubipoulation nof hehease using
a rhodiumcatalyst, the catalyst is not particularly limted as far as the

15 catal ys§ caalebnpge byt tedy€DiINGexni & thetivdchs oprscesisi @ band may be
used in various forms. As such a rhodium catalyst, a rhodium halide (such

as brom de or linHiBeteds & &l eekallty ipredebecdrabiieauay, rédeceatid yst nmay
be stabilized in the reaction solution by adding a salt of a halide (e.g.,

a 20 salt of gsnekpdtdaempardiales\pd &f. | PL6pLonidhkeicDNEeLot dredldehwde | he
catalyst is, for exanple, about 10 to 5,000 ppm preferably about 100 to

4,000 ppm nopeephgierabdbiadbeniydd0thd:6y13 1040 dppnanandkbar ibatta)lys about
500 to 2,000 ppmon the basis of weight relative to

:» consecutive reaction products from the aldehyde.

10 Incidentally, a step for feeding to aldehyde-separating
column 26 the fraction {(overhead) from the second
distillation column discharged through the discharge line
17 may be omitted.

The production process of the present invention

15 is applicable to & variety of carbonylation reactions of
various alcohols or derivatives thereof without limiting
the above-mentioned carbonylation of methanol.

(Reaction step (Carbonylation reaction system})
In the reaction system, an alcchol or a derivative

20 thereof (e.g., a reactive derivative such as an ester, an
ether, or a halide) is carbonylated with carbon monoxide.
As the alcohol to be used in the carbonylation reaction,
theremay be exemplifiedanalcohol having "n" carbonatom(s),
for example, an aliphatic alcohol [e.g., an alkanol (e.g.,

25 a Cj-jpalkanol) such as methanol, ethanol, propanol,

isopropanol, butanol, pentanol, or hexanol], an alicyclic

alcohol [e.g., a cycloalkanol (e.g., a C3.jpcycloalkanol)



25 the total anount of the |iquid-phase system In the case where the
concentration of the catalyst is too high, due to the change of the
catalyst (e.g., a rhodiumcatalyst) - 43 into an insolvable conponent
(e.g., a rhodium halide such as rhodiumiodide) and the precipitation
thereof, there is a possibility to regugg the reaction efficiency and
productivity. 5 As the co-catalyst or accCelerator constituting the catalyst
system there nay be used various halides, for exanple, alkali netal

hal i des (e.g. sudh 48U HEHAM okidyt1uBdOsliste], AAtASSha ¢ edicdolor
sodiumiodide; a bromde such as |ithium brom de, potassium brom de or

sodi um 10 br Oma‘ill%r%ﬁam%geﬂe .h%.l i g%ﬁ(_lqggre(é alc'!l:)ﬁflﬁﬂ.e sh8Hiflea Lagen

brom de), an al kyl halide [an alkyl ha | oal kyl halide, preferably

a Cl-4al kyl hlohpun@)ry eI AsNphehdd ; BV ALK all@haXABIE, 2 a
Cl-loal kyl iodide (e.g., a Cl-4alkyl iodide) such as nethyl iodide, ethyl

odi de or 15 p0pyhrRdrde,a i dachoss Al BiickAoL oS Qrldethy1i odi des

(e.g., nethyl brom de, propyl brom de), or oride corresponding to

these al kyl i edicéni(le. 8r othRERY! TEOhOMLER) In" b Cadt®dnH toms EBaLRIUEA |
metal halide (particularly an iodide) also functions as a stabilizer 20 of

the carbonyl atii 5 108! BregeraB1g-absut’ H0gh UMD, Cah@bre) prefBLaB1 ¢GRI Al ySt S
or accelerators nmay be used singly or in conmbination. In particular, it is

preferred to useoad Akl tH@E@E‘eE@E‘.b@eai&Bh@_ﬁﬂ lagUA 81 pRAt 8k kaldohwat al
lodide) in conbination with an alkyl halide (in particular an al kyl 25

i odi de) and/ ori sa gretieaaain halrhdenuhberpraferedagdbal w¥bomssust @he ncl udes a
catal yst system conprising a netal

;...( aliphatiq alcohol is, for example, about 1 to 6, preferably
10 about 1 to 4, and particularly about 1 to 3.
Among the alcohol derivatives, as the ester, there
may be exemplified an ester of a carboxylic acid to be formed
with a raw alcohol, for example, a Ci-galkyl ester of a
Ca.gcarboxylic acid such as methyl acetate or ethyl
15 propionate, or others. As the ether, there may be
exemplified an ether corresponding to the raw alcohol, for
example, a diC;_galkyl ether such as methyl ether, ethyl
ether, propyl ether, isopropyl ether or butyl ether, or
the like. Moreover, asthehalide, theremaybeusedahalide
20 corresponding to the alcohol, such as methyl iodide (e.qg.,
an alkyl halide such as an alkyl iodide). Further, if
necessary, as an alcohol, there may be used a polyhydric
alcohol, for example, an alkylene glycol such as ethylene
glycol, propylene glycol or butanediol, or a derivative
25 thereof (e.g., an ester, a halide, an ether).
The alcohol or a derivative thereof may be used

singly or in combination.



catal yst conmponent (e.g., a rhodiumcatalyst, and an alkali - 44 - netal
hal i de) and an al kyl halide. The content of the co-catalyst or accel erator
may be, for exanple, about 0.1 to 40% by wei ght, preferably about 0.5 to
30% by wei ght, and nore preferably about 1 5 to 25% by weight relative to
the whol e |iquid-phase system Mre speg *fically, in a production of a
carboxylic acid by the foregoing carbonyTation reaction of an al cohol, the
content of the al kyl halide such as nethyl iodide may be, for exanple,

about 1 to 25% by wei ght thergfef @bFya ahut dlPhaseorddt byn vigidm, and nore
preferably about 5 to 15% by weight relative to the whol e |iquid-phase

system | nci dgrdadldly hadviedi"girercditone eiemiiisNatason (IGepiidntreaeft antthe al kyl
halide is, the nore the reaction is accelerated (pronoted). The

economi cal |y %ﬁ%ﬁﬂhﬁﬁﬁgu%lQﬂﬂ%ﬁﬂbbﬁbuoﬂrlﬁ gapifative! 2Bkyesel estgd,in
consi deration of recovery of ‘the alkyl halide, the size or scale of the

facility in whiethardle, méapyf atethteymaithpd idE decanaaemeahlylethelr)de into
the reactor is carried out, the amount of energy necessary to the recovery

or circul & i omaybd WdErs. obbaehVEtarbbfy2iccii®havangt T+ B Icalrboiet al
hal i de such as lithiumiodide nmay be, for exanple, about 0. 1 to 40% by

wei ght, pref ergfdns o2BQEr Ordt ive 8h¥rBYL WRI.GNt,, a 3BELBRKE1BEAhSGaEIGe Jabout 1
to 30% by weight relative to the whol e |iquid-phase system Incidentally, in

the reaction sysbaitidutarhoxysd iFd11dwiag FeLSt Bén (Fys e 1§ PeFeraedast er of
a carboxylic acid wth an alcohol, such as nethyl acetate) nmay be included
in a proporticd dactisti $rstlem GirtGihivh Wi Aastshd mdnieiblgelected
; from the group consisting of methanol, methyl acetate, and
] 10 dimethyl ether (particularly at least methanol) is allowed
to react with carbon monoxide in the presence of a
carbonylation catalyst system in a liguid-phase reaction
system, to produce acetic acid or a derivative thereof.
Incidentally, asthealcohol oraderivative thereof,
15 a fresh raw material may be directly or indirectly fed to
the reaction system. Moreover, an alcohol or a derivative
thereof withdrawn from a distillation step may be recycled
and fed to the reaction system.
The catalyst system in the reaction system may
20 comprise a carbonylation catalyst, and a co-catalyst or
accelerator. As the carbonylation catalyst, there may be
usually employed a catalyst having a high boiling point,
e.g., a metal catalyst. As the metal catalyst, there may
be exemplified a transition metal catalyst, in particular
25 a metal catalyst containing a metal element of the Group

8 of the Periodic Table of Elements, for example, a cobalt

catalyst, arhodiumcatalyst, aniridiumcatalyst, or others.



about 0. 5 to 15% by weight relative to the whole |iquid-phase system
in the reaction solution, there exists usually about 0.5 to
10% by wei ght of the carboxylic acid ester due to equilibriumof the

I ncidental |y,

al cohol as the raw 5 materi al
nmonoxi de for feeding to the reaction sys

and the product carboxylic acid. Carbon
gm nay be used as a pure gas,

may be used as a gas diluted wth an inert gas (e.g., nitrogen, helium

carbon di oxide). Moreover, an exhausted gas conponent containing carbon

nmonoxi de obt aiThed cat@DySUC aRGUbE ta Hi8MHl € etal ,Aodi AhY| batuoed sirethe
(distillation columm), a condenser, and an al dehyde-separating colum) may

be recycl ed t @dmif off @fikitan 6X$8&N idBEu@BhHOD dOUPREE eI T iodigengssure in
the reaction system may be, for exanple, about 0.9 to 3 15 MPa (e.g.,
2 MPa), preferabhnetdouiydrdxade S avit{talg halidbqel. gl., 12 tchildriddyPa) |
nore preferably about 1.15 to 2 MPa (e.g., 1.18 to 2 MPa) as an absol ute

pressure.

carbon nonoxi de nmay be fed fromthe | ower part of 20 the reactor by

E par gi Rg% 5l N tadke AL Bant ¢t ARAnbegahiieaciy deogen a sulmdteda riciragener at ed)
y a shift

Mor eover,

reacti on between carbon nonoxi de andwater. Additionally,

hydrogen maybe fitbdphdte) J enaidtl conplR ohethelfngesudhy dameftad as a
m xed gas with carbon 25 nonoxide as a raw materi al

0.

or

10

9to
and

| nGrdeditdd | dn i0ak del) Nd 86t &0 dalidoxiynadiengntg. ohnddgtatk) ,and 2,

to the reaction system
t hedvelinge mapbdaidetl dimdlhe sreant icomsittereby recycling a

gaseous conponent (i ncluding hydrogen, carbon nonoxide, - 46 and others)

exhausted in the succemf Rgrefietiridd aidtell dialyst Sndividsom aglddimum
necessary after suitably

o

10

15

20

25

catalyst and an iridium catalyst (in particular a rhodium
catalyst). Further, it is preferred to use the metal
catalyst in the form dissolvable in a reaction solution.
Incidentally, rhodium usually exists as a complex in the
reaction solution, and in the case using a rhodium catalyst,
the catalyst is not particularly limited as far as the
catalyst can change into a complex in the reaction solution,
andmay beusedinvarious forms. Assucharhodiumcatalyst,
arhodiumhalide (such as bromide or iodide) is particularly
preferred. Moreover, the catalyst may be stabilized in the
reaction solution by adding a salt of a halide (e.g., a
salt of an iodide} and/or water thereto.

The concentration of the catalyst is, for example,
about 10 to 5,000 ppm, preferably about 100 to 4,000 ppm,
more preferably about'300 to 3,000 ppm, and particularly
about 500 to 2,000 ppm on the basis of weight relative to
the total amount of the liquid-phase system. In the case
where the concentration of the catalyst is too high, due

to the change of the catalyst (e.g., a rhodium catalyst)

i f



purifying the gaseous conponent. The hydrogen partial pressure in the
reaction system may be, for exanple, about 5 0.5 to 200 kPa, preferably
about 1 to 150 kPa, and nore preferably about 5 to 100 kPa (e.g., 10 to 50
kPa) as an absolute pressure. Incidentally, the carbon nonoxide partial
pressure or hydrogen partial pressure i¥ the reaction systemnmy 10 be
adj usted, for exanple, by suitably adjus ?n@ t he anobunt of the carbon
nonoxi de and hydrogen fed and/or recycled to the reaction system the

amount of raw §iikshantesol fable compdiit ) f.ed 1 4 th8aieRHd M Kelcam the
reaction tenperature, the reaction pressure, and others. 15 In the

car bonyl at i on JL£3%{dq3Mmm HHRIIRAC A thie AP Idh Rewerkr , eXa@Rlee, about
100 to 250C, preferably about 150 to 220C, and nore preferably about 170

to 210C. Morequers ddi@itBagiiwn Prasided thHd LB n HOUAS USRS HHE My be,
for exanple, about "1 to 5 MPa, 20 preferably about 1.5 to 4 MPa, and nore

preferably abqiftoqueti@ i3y MPa. The reaction may be carried out in the
presence or absence of a solvent. The reaction solvent is not limted to a

specific ene as far agdl fige RALApHIlpEt OF aldtR 1RBRAIGH LORs £PLOE iRy tiHd cation
efficiency does not decrease, and a‘variety of solvents may be used. In

usual cases, RN AU, fiford nay Whise@Sdbi A hAQWAC! FY be

practically utilizéd - 47 - as a solvent. The concentration of water in the

reaction syst &Rargi d10ta ikl _%laéapjf haPRfdd | Y, AN dBad et Wk
concentration. The concentration of water i n the reaction
lithium iodide, potassium jodide, or sodium iodide; a
bromide such as lithiumbromide, potassiumbromide or sodium
10 bromide), ahydrogenhalide (e.g., hydrogen iodide, hydrogen
bromide), an alkyl halide [an alkyl halide (a Ci-i0alkyl
halide, preferably a Cj-4alkyl halide) corresponding to a
raw alcohol, for example a Ci-jgalkyl iodide (e.g., a
Ci-4alkyl iodide) such as methyl iodide, ethyl iodide or
15 propyl iodide, a bromide corresponding to these alkyl
iodides (e.g., methyl bromide, propyl bromide), or a
chloride corresponding to these alkyl iodides (e.g., methyl
chloride)]. Incidentally, the alkali metal halide
(particularly an iodide) also functions as a stabilizer
20 of the carbonylation catalyst (e.g., a rhodium catalyst}.
These co-catalysts or accelerators may be used singly or
in combination. In particular, it is preferred to use an
alkali metal halide (in particular an alkali metal iodide)
in combination with an alkyl halide {(in particular an alkyl
25 iodide) and/or a hydrogen halide. The preferred catalyst

system includes a catalyst system comprising a metal

catalyst component (e.g., a rhodium catalyst, and an alkali



5 systemis for exanple about 0. 1 to 10% by wei ght, preferably about 0.1
to 7% by weight, and nore preferably about 0.1 to 5% by weight relative to
the total armount of |iquid-phase of the reaction system Moreover, in order
to prevent the reduction of the reaction rate or to avoid destabilization
10 of thenetal catalyst, if necessary,_i?ho_the reaction system there may
be added a conpound which is capable of forming a salt of an iodide salt in
the reaction system for exanple, an alkali netal halide (e.g., the

above- exenpl i fmeeth Blkalide redmd dmldxies) ,ha&l it er nary ammoni um salt or

gquat ernary 15 phosphonium salt of an alkali metal. Anbng these conponents,
fromthe vi ewpoi nt of Hod danltiehy, of tthe qur-efatraigd tt or ksece berat dalmayret al

i odide, particularly lithiumiodide. In the foregoing carbonylation
reaction, a asgpofyti €xanple habag "0:H "teatdonnyaw@inglte,. prefastbly 20
acid) corresponding to an al cohol having "n" carbon aton(s) (e.g., nethanol)
is forned togedheit Volh &6 36% &5y ofeidiet, faidethmafhefdrablaciabonitt 1 t he

al cohol (e.g., nmethyl acetate) , water generated with the esterification
reaction, 5in sldisk Py wigitdedydeihawaghewholechi Yondaphase (eysgtem.25
acet al dehyde) corresponding to the al cohol, a carboxylic acid having "n+2"

carbon atons (Mofk sPe@PfDEATIVCI I ,a tbd@ttids.of A&advwiwiend aldid in the
reaction system generation of aldehydes may be depressed or inhibited by

removing the 1o delyderegoing deaatytly gt B eedckiom éhansdleordlNart eps
(e.g., distillation colum), or by nodifying the reaction 5 conditions, for

exanpl e, reducid@réie ¢f A hiRP1ohalbee SocK alsahethylucbdadeanaplte| i odide
and/ or the hydrogen

- for example, about 1 to 25% by weight, preferably about

10 5 to 20% by weight, and more preferably about 5 to 15% by
weight relative to the whole liquid-phase system.

Incidentally, the higher the concentration (content) of

the alkyl halide is, the more the reaction is accelerated

(promoted). The economically advantageous concentration

15 can be suitably selected in consideration of recovery of

the alkyl halide, the size or scale of the facility in which

the step for circulating the recovered alkyl halide into

the reactor is carried out, the amount of energy necessary

to the recovery or circulation, and others. Moreover, the

20 content of the alkali metal halide such as lithium iodide

may be, for example, about 0.1 to 40% by weight, preferably

about 0.5 to 35% by weight, and more preferably about 1

to 30% by weight relative to the whole ligquid-phase system.

Incidentally, in the reaction system, a carboxylic

25 acid ester (in particular an ester of a carboxylic acid

with an alcohol, such as methyl acetate) may be included

in a proportion of about 0.1 to 20% by weight, and preferably



partial pressure. Mreover, the generation of hydrogen in the reaction
system nay be depressed or inhibited by adjusting the water concentration.
10 The space tine yield of the objective carboxylic acid in the reaction
system may be, for exanple, about 5 nol/Lh to 50 nol/Lh, preferably about 8
ol /Lh to 40 nol/Lh, and nore preferably- about 10 nol/Lh to 30 nol/Lh.
(Catal yst-separating step) 15 In the cat a? yst-separating step

(catal yst-separating colum), fromthe reaction mxture fed fromthe

reaction step,atduti @etols ¢ bR iYh (1St 1vAED tHOWhEl O1AGuAE-bBasSE a
hi gher bp catal yst conmponent (a nmetal catalyst conponent, e.g., a

car bonyl ati on s3aftay st 1688¢8eR@ad3y2 1HOEhaM-eataliyat soandian, atkake netal
halide) is separated as a liquid (conponent), and a |ower bp fraction

(carboxylic ac@dsts @30h1EPHIRIUE 00 53t 6 ADBOYY Webi gitt dfi the Sapdobalyadcas a
vapor (conponent). The separation of the netal catalyst conponent may 25 be

conducted by acideateroddle RPJ@LINABrTRIMNOF The XRVhJNI @2 &pRarawus, and
may be usually carried out with the use of a distillation colum (e.g., a

pl ate col g, mat4}iad RAKahe Productd ddrdDkydiid iddiati on col uim). Moreover,
the netal catal yst conponent may be separated by means of distillation in

combi nation with a m garpeh Mehbfi&8IAACEEB8ingREd @B e £d1i6n Wydeleyh used in
i ndustrial application. 5 In the catal yst-separating step, the reaction

m xture may bensseparated aft g \éﬁﬁ(?roﬁq{ﬂ%f)wtus@&ﬂabh@ gdd @uihte@ponent
with or without heating. For exanple,when flash distillation is utilized,
in adi abatic fyiaghantid®rt gas (e.g., nitrogen, helium, carbon dioxide).
‘w Moreover, an exhausted gas component containing carbon
10 monoxide obtained from succeeding steps (e.g., a
distillation step (distillation column}, a condenser, and
an aldehyde-separating column) may be recycled to the
reaction system. The carbon monoxide partial pressure in
the reaction system may be, for example, about 0.9 to 3
15 MPa {e.g., 0.9 to 2 MPa), preferably about 1 to 2.5 MPa(e.qg.,
about 1.15 to 2.5 MPa), and more preferably about 1.15 to
2 MPa (e.g., 1.18 to 2 MPa) as an absolute pressure.
Incidentally, not limited to the embodiments of Figs. 1
and 2, carbon monoxide may be fed from the lower part of
20 the reactor by sparging.
In the carbonylation reaction, hydrogen is formed
(or generated) by a shift reaction between carbon monoxide
andwater. Additionally, hydrogenmaybe fedtothereaction
system. The hydrogen may be fed as a mixed gas with carbon
25 monoxideasarawmaterial tothereactionsystem. Moreover,

the hydrogen may be fed to the reaction system by recycling

a gaseous component (including hydrogen, carbon monoxide,



reaction mxture nmay be separated into the vapor conponent 10 and the liquid
conponent w thout heating and with reduced pressure, and in thernostatic
flash, the reaction mxture may be separated into the vapor conponent and
the liquid conponent with heating and reduced pressure. The reaction

m xture may be separated into the vapor fgnponent and the 15 liquid
conponent by conbi ning these flash conditions. These flash distillation
steps may be carried out, for exanple, at a tenperature of about 80 to 200C

under a pressdh@ otBEE8l WhAHSSdIHe) thk shetdedhd @1bt300 4 etgp, about
100 to 1,000 kPa), preferably about 100 to 500 kPa, and 20 nore preferably

about 100 to 3@4skRa.1ationcabauingl)-seFandddigasyeprirey kaiaemigsed of a
single step, or may be conposed of a plurality of steps in conbination. The

hi gher bp cat aystryaegpamengacesugl corplotlatstt, CORRORgALdgeappaatedlby such a
step is usually 25 recycled to the reaction system The |lower bp fraction

(carboxylic aprdsgureaih tipaheitadn Bybhemaripbyst £ S£RAAD T, @adbulm
contains a 50 product carboxylic acid (e.g., acetic acid), in addition, a

co-catal yst sigcls as Rodr apen pedirdeadlyRibadt i10dodeso &Pagsta@@ abrehe
product carboxylic acid wwth a raw al cohol (e.g., nethyl acetate), water, a

smal | amount efreFeiatRiodBoutSE €6- Yoo RPaaldeqydelsucd =P et asdahyde, and
a carboxylic acid having "n+2" carbon atons such as propionic acid). In the

present inventahgdlute giddshirdd carboxylic acid maybe produced by
distilling the carboxylic acid stream in the first distillation colum and
the second distillati ghcidentally, the carbonmonoxide partial pressure
:; or hydrogen partial pressure in the reaction system may
| 10 be adjusted, for example, by suitably adjusting the amount
of the carbon monoxide and hydrogen fed and/or recycled
to the reaction system,_ the amount of raw substances (e.g.,
methanol) fed to the reaction system, the reaction
temperature, the reaction pressure, and others.
15 In the carbonylation reaction, the reaction
temperature may be, for example, about 100 to 250°C,

preferably about 150 to 220°C, and more preferably about
170 to 210°C. Moreover, the reaction pfessure in terms of
gauge pressure may be, for example, about 1 to 5 MPa,

20 preferably about 1.5 to 4 MPa, and more preferably about
2 to 3.5 MPa.

The reaction may be carried out in the presence
or absence of asolvent. Thereactionsolvent isnot limited
to a specific one as far as the reactivity, or the separation

25 or purification efficiency does not decrease, and a variety
of solvents may be used. In usual cases, carboxylic acids

(e.g., aceticacid) as a product may be practically utilized



10 colum. (First distillation colum) In the first distillation colum, a
| ower bp fraction (a first lower bp fraction) containing at |east part of
an | ower bp conponent [e.g., a hal ogenated 15 hydrocarbon such as an al kyl
hal i de, an al kyl ester of a carboxylic acid (e.g.,a carboxylic acid having
“n+ |" carbon atons) (e.g., an ester wi4$ an al cohol having "n" carbon
aton(s)), an aldehyde having "n+ 1 " carbon atons] and higher bp fraction
(a first higher bp fraction) containing at |least 20 part of a higher by
conponent (e. ag a salvenkoxylic acid having "n+2" carbon atonms, and water)
(bottons) are separated from the carboxylic acid stream (e.g., acetic acid
strean) fed fromtheThatabyséntephianiofwadlesmn tnel reafotion sypstemde
strean) containing at |east a carboxylic acid having "n+l " 25 carbon atons
IS withdrawn HhHgs siode 1dmiteldndiod@ntsplelcy £iicn onesuaindc asgs bet e loawer bp
conponent (s) and water are mainly renoved (separated) fromthe first
distillation ecwntentratibn.AsThedommearct raitivey of heatosrr haxyHe ceacitdosat r eam
fed to the first distillation colum is not limted to a carboxylic acid
st ream obbai neysihem Eerforngx el sabaut Cal &bysd$ bympatght, breferhblyeacti on
m xture of the reaction 5 system The carboxylic acid stream nmay be a one
contai ning atadHomast.a ter bexyyiweibghtl, hnd mepr'enyir'e feardbdly aboms, Oal
hydrogen halide, the | ower bp conponent, the higher bp conponent, and

ot hers; or simd y% bgywdbglat meldiatrierecfo thesiso tabrpouartt sf 1ignédvehasehe
reaction mxture fromthe 10 reaction systemnmay be directly fed as the
carboxylic acicE thérmssaotion Bysftanat MoséoVéea| i m ocxdeanto maredrerite thiegher

\w reduction of the reaction rate or to avoid destabilization
10 of themetal catalyst, if necessary, into thereactionsystem
there may be added a compound which is capable of forming
a salt of an 1odide salt in the reaction system, for example,
an alkali metal halide (e.g., the above-exemplified alkali
metal halides), a quaternary ammonium salt or quaternary
15 phosphoniumsalt of analkalimetal. Amongthese components,
from the viewpoint of solubility, it is preferred to use
an alkali metal iodide, particularly lithium iodide.
In the foregoing carbonylation reaction, a
carboxylic acid having "n+1" carbon atoms (e.g., acetic
20 acid) corresponding to an alcohol having "n" carbon atom(s)
(e.g., methanol) is formed together with an ester of the
formed carboxylic acid with the alcohol (e.g., methyl
acetate), water generatedwith theesterificationreaction,
in addition an aldehyde having "n+l1" carbon atoms (e.g.,
25 acetaldehyde) corresponding to the alcohol, a carboxylic
acid having "n+2" carbon atoms (e.g., propionic acid)., and

others.



bp fraction containing the netal catalyst conponent may be w thdrawn from
the bottomof the first distillation colum. 15 The feed port for feeding
the carboxylic acid stream fromthe catal yst-separating columm is not
limted to a specific one, for exanple, may be any one of upper part,
mddl e part, or lower part of the first gistillation colum. Moreover, in
the first distillation colum, the carboxylic 20 acid streamfromthe
catal yst-separating colum nmay be fed fromeither upper or |ower position

relative to a side straaiefn0all{orinotitkiaidatd ivndeyettemgf geherabjenti ve
carboxylic acid. The feeding of the carboxylic acid streamfromthe wupper

posi tion rel abEveldé€hyyies HiglchetdeprePO&d dreahhibita en hanmanen thae
separation efficiency of an alkyl halide or others. The feeding of the

car boxyl i ¢ acaddehydenii the rébecl Ongrs Hosan feom thatsuweedadlifiessede stream
port realizes - 52 (in particular in the case where the water concentration
in the carboxyki.g.gcédlssileatibds dwlum)erort Bgmadh Hyineitgld reasitgonfi cant |y
enhancenent the renoval efficiency of the hydrogen halide. 5 Moreover, the

position bf tkendiddonls,egdarpekbmble, Ted@icinly ehet peopbireédbnvefcanboxylic
acid may be any one of upper part, mddle part, or lower part of the first

distillation eel-¢analystusueh aasas, alk§lpasdigenanli/bhethe dgdazbyeam port
is preferably mddle part or lower part 10 in the first distillation colum.

As nmentioned pbetdalsphe€ssutd, t Mdrddwdr dithkiddrdtaiiipbimydtdgeobhective

carboxylic acid streamis taken out by side cut not by overhead, the

obj ective carkpgybeacadion Skistam mayehblecddpi@lsyed eveingdbited by
adjusting the water concentration.

10 The space time yield of the objective carboxylic
acid in the reaction system may be, for example, about 5
mol/Lh to 50 mol/Lh, preferably about 8 mol/Lh to 40 mol/Lh,
and more preferably about 10 mol/Lh to 30 mol/Lh.

(Catalyst-separating step)

15 In the catalyst-separating step
(catalyst-separating column}, from the reaction mixture
fed from the reaction step, a higher bp fraction (or stream)
containing at least a higher bp catalyst component (a metal
catalyst component, e.g., a carbonylation catalyst such

20 as a rhodium catalyst, and an alkali metal halide) is
separated as a liquid (component), and a lower bp fraction
(carboxylic acid stream) containing a carboxylic acid is
separated as a vapor (component).

The separation of the metal catalyst component may

25 be conducted by a conventional separation method or

separation apparatus, and may be usually carried out with

the use of a distillation column (e.g., a plate column,



fromrecontam nation of the hydrogen iodide generated by 15 hydrolysis of
an al kyl iodide. According to the present invention, water and/or at | east
one conponent (first conponent) (A) selected from the group consisting of
an al cohol having "n" carbon aton(s) (e.g., nethanol) corresponding to an
obj ective carboxylic 20 acid having "ntl gcarbon atons and an ester (e.g.,
nmet hyl acetate) of the alcohol wth the objective carboxylic acid is fed
to at least the first distillation colum. By feeding such a conponent to

the first distd phake@ncsDhtiiN a F1A00&Dst vl 4 Heoh ccdlumtly.dr HgeBOV @G, de) in
the distillation colum 25 can be converted to a | ower bp conponent such as

an alkyl hal iggg lﬂavhmgcaﬂal?atb@csm%r%fﬁﬂnaya% gapabated bE insalsy of

separated out of the systemfromthe overhead or upper part - 53 of the

col urm. Accor diidii.] ataine i 88inb2Raeioh ke thydh Dgenoritalliide conlebe inlky ective
carboxylic acid, or corrosion of the distillation colum due to

condensati on afethdd hydic®gan Wialdide dsed déy aindurrdifl idgpatiicar ieel .um i s
effectively 5 inhibited. Incidentally, feeding of the ester (e.g., nmethyl

I
acetate) ts0 the distilthathen caalystCaepalra® ingPrsed, TpRarabickion of water
fromthe objective carboxylic acid, since the ester forns an azeotropic

system wi th wajigfturdSmhebéi sepafhtéd lirld eheCOhPBR, cohgseMhf] Whed, 10
for exanple, a conventional distillation colum, e.g., a plate colum, a

packed col um,1 iandfil@sdingbsént wath@r ¢DEGWE hedREngt hersr ekAfpUENtwdlely, the
material of the distillation colum is not limted to a specific one, and a

material  of FGASAisEIMAA Lo GLATNIGzed, ARG dFatizalF1@shl,nthe usual ,
a distillation colum nmade of a nmetal is used
L..y reaction mixture may be separated intoc the vapor component
10 and the liquid component without heating and with reduced
pressure, and in thermbstatic flash, the reaction mixture
may be separated into the vapor component and the liquid
component with heating and reduced pressure. The reaction
mixture may be separated into the vapor component and the
15 liquid component by combining these flash conditions.
These flash distillation steps may be carried out, for
example, at a temperature of about 80 to 200°Cunder apressure
(absolute pressure) of about 50 to 1,000 kPa (e.g., about
100 to 1,000 kPa}, preferably about 100 to 500 kPa, and
20 more preferably about 100 to 300 kPa.
The catalyst-separating step may be composed of
a single step, or may be composed of a plurality of steps
in combination. The higher bp catalyst component (metal
catalyst component) separated by such a step is usually
25 recycled to the reaction system.
The lower bp fraction (carboxylic acid stream}

separated in the catalyst-separating column contains a



practically. Incidentally, in the case of using a distillation colum nade
of a material capable of shielding light, such as a netal, generation of a
free hal ogen such as free iodine can be also inhibited. 20 The feeding
position of the first conmponent (A) and/or water to the first distillation
colum is not limted to a specific onegoand may be any position in the
hei ght (or longitudinal) direction of t%e distillation colum. The above
conponent (s) is usually fed fromat |east one 25 position selected fromthe
upper and | owgirgdidt! carsoxiyehatayead t(@ tde, sicdeistd€ad) poird dadiwibah t he
objective carboxylic acid streamis obtained by side cut in many cases. -

54 | nci dent ald yso-ddatd1gstasachf ascedidioddie ibidige oeMpereRtl icalidal one
(including the case of feeding the first conponent (A) as a carboxylic acid

sol ution), therf eetercofmAiEprodhdr tarbefyliomdimewlienes Rosialicohonel ative
to the side 5 streamport. To the first distillation colum, at |east one

menber sel ect q& fg.oMptd¥hyiil late ta@@ONGH R K € 0 small! RaditRint Jwet hyl acetate)
may be fed alone. The first conmponent (A) may be fed with a product

carboxyl i ¢ acigy {grdiucta@dt (€. 40, 3l Al deh9tee@Phe, adst A1 aahPaxyland@ acid
solution thereof. 1In the case of feeding the first conponent (A) and water,

each of water AogrBdx)E8Shc@ARIAHE nFL eaFBEn BteMsidlech bk piopaemaenent s
(e.g., nethanol, and nmethyl acetate) may be separately fed; or the first

component (A) RN WAL an ERe BPoeditht dventa o, XENE HURLE Tbd calBHRILc
solution) . The water may be fed alone to the first distillation colum, or
may be fed WidyEmly ddiodrideryy istatdnghardtdsb ey Bic heid stream
in the firstdistillation column and the seconddistillation
10 column.
(First distillation column)

In the first distillation column, a lower bp
fraction (a first lower bp fraction) containing at least
part of an lower bp component [e.g., a halogenated

15 hydrocarbon such as an alkyl halide, an alkyl ester of a
carboxylicacid (e.g., acarboxylicacidhaving "n+1" carbon
atoms} (e.g., an ester with an alcohol having "n" carbon
atom(s)), an aldehyde having "n+l1” carbon atoms] and higher
bp fraction (a first higher bp fraction) containing at least

20 part of ahigher bp component (e.g., a carboxylic acid having
*n+2" carbon atoms, and water) {bottoms) are separated from
the carboxylic acid stream (e.g., acetic acid stream) fed
from the catalyst-separating column; and a fraction (side
stream) containing at least a carboxylic acid having "n+1"

25 carbon atoms is withdrawn by side cut. Incidentally, in
usual cases, the lower bp component(s) and water are mainly

removed (separated) from the first distillation column.



the first distillation colum devel ops (forns) a zone having a high water
concentration in the distillation colum, and 20 causes condensati on
(concentration) of hydrogen halide in the zone. Mreover, feeding of water
with the first conponent (A) ensures to convert hydrogen halide into the

| ower bp conponent efficiently. In the %gge of feeding the first conponent
(A fromthe lower position relative to the side streamport, a hydrogen
hal i de can be efficiently renoved. Mreover, the renoval rate or degree of

the hydrogen halide hg nféHElhﬁ{ec?'al%QﬁedtlmchboE@Q‘i'dqﬂcM%Q&»eam BSa or both
the first conponent (A) (particularly an alcohol)™ and water from the upper

position rel akovenkOofipgts aé%t&tl&%%%npebaumﬁr 1@ hbtf 98l R@datol gast water
[in particular, water and the first conmponent (A) (in particular, at |east

an 5 al cohol, darBoxy?dcahe@Roktr@amBprehinkal b g”%eﬁﬁvﬁﬁbeEhk mekam t he upper
position rel ative to t he side stream port, feeding the first conponent

(A (part'CU'%%Eﬁl?ﬂtdﬂﬁﬂﬂﬁ&ﬁtff@ﬂkh@%ééﬁ%ﬁbﬂ%ﬁkihQ@dﬁﬂﬁétgéciﬁohhe si de
stream port. In particular, in the case of feeding a carboxylic 10 acid

stream (esg. , @ﬁ@hboxyﬂlé CatH kP8 § 'HPddiPmag B hYoile §6RBAZRILAG col umm)
to the first distillation colum fromthe upper position relative to the

side stream B tealch eArBbkyad ScihRhVLABN ninCldLBbAl L¥omboedi NG

water to the first distillation colum accelefates 15 (pronotes)

di ssoci ation %&d‘r%gbﬁahh‘ﬂd%f e H%%Qgﬁﬁaﬂ%hb@%en(te Ghe RYdhegepyp odi de),

and the dissocrate I oni zed hydrogen becomes nore reactlve to the

first conponerlompbofibntASafalSehkts : to@s%ﬁﬁ?if%aﬁ%@a%iﬁ@&f@%fﬁ:h&@%

hydrogen halide is | nmproved or enhance Accordingly, 1t
;w components. Moreover, the reaction mixture from the

10 reaction system may be directly fed as the carboxylic acid
stream to the first distillation column, and the higher
bp fraction c¢ontaining the metal catalyst component may
be withdrawn f£rom the bottom of the first distillation
column.

15 The feed port for feeding the carboxylic acid stream
from the catalyst-separating column is not limited to a
specific one, for example, may be any one of upper part,
middle part, or lower part of the first distillation column.
Moreover, in the first distillation column, the carboxylic

20 acid stream from the catalyst-separating column may be fed
fromeitherupper or lov&er positionrelative toaside stream
port for conducting side cut of the objective carboxylic
acid. The feeding of the carboxylic acid stream from the
upper position relative to the side stream port realizes

25 enhancement the separation efficiency of an alkyl halide
or others. The feeding of the carboxylic acid stream from

the lower position relative to the side streamport realizes



20 preferred to add (or feed) both water and the first conponent (A) to the
first distillation colum. Incidentally, the nunber of feed ports feeding
the first conponent (A) and/or water is not limted to a specific one, and
t he above conponent(s) may be fed fromeither one feed port or a 25
plurality of feed ports. In the present %Qvgntion, since the first conponent
(A) and/orwater is (are) fed to the first distillation colum, - 56 the
concentration of the hydrogen halide in the side stream (objective

carboxylic aci(drspa@aiicula@dmihhehéi tsée Wheté 1M wvatezOldicentat@on
remar kably reduced. The concentration of the hydrogen halide in the

obj ective 5 cambemyldai-tsiyd 1o d €pdNsitRE aRei s H8pANITt Ban 3eby eAghryrat i on
of the hydrogen halide in the carboxylic acid streamfed to the first

distillation galgHiEidait18XaNHadcen®@it RiHE&fenidtal 2F ARy £ thabout O
to 25 ppn), preferably not higher than 20 ppm(e. g. , finite or limted

concentrati on hiQidgyeibUd1ide .ppm, nore preferably not higher than 15 ppm
and particularly not higher than 10 ppm The feed proportions of the first

conponent 5(A) (the alMyiivedNdtRE 5 LFidMreoid sae bhakakfpéhe foat er may
be, respectively, for exanple, (i) about 1 to 10,000 15 nol, preferably

about 10 to 6,43({ Wit OF &he éQQe&ei5e089rbsﬁyiicaé@iarQﬁegy e fafyng about
500 to 5,000 nol relative to 1 nol of the hydrogen halide contained in the

carboxylic ags gemmpdrithe M \dse A Hweaapdrad 30 €l first
distillation colum). Moreover, the feed proportion of the 20 first

conponent (A) @R dfon\@o@hmiBY PR wshal aldids 0188 pboib04n hyr fble,
preferably about 0.1 to 30% by nol (e.g.,

;W side stream port is preferably middle part or lower part
10 inthe first distillationcolumn. Asmentionedabove, since
in the first distillation column, the objective carboxylic
acid stream is taken out by side cut not by overhead, the
objective carboxylic acid stream is effectively prevented
from recontamination of the hydrogen iodide generated by
15 hydrolysis of an alkyl iodide.

According to the present invention, water and/or
at least one component (first component) (A) selected from
the group consisting of an alcohol having "n” carbon atom(s)
(e.g.., methanol) corresponding to an objective carboxylic

20 acid having "n+1" carbon atoms and an ester (e.g., methyl
acetate) of fhe alcohol with the objective carboxylic acid
isfedtoat least thefirstdistillationcolumn. By feeding
such a component to the first distillation column, hydrogen
halide (e.g., hydrogen iodide) in the distillation column

25 can be converted to a lower bp component such as an alkyl

halide having "n" carbon atom(s), and can be efficiently

separated out of the system f£rom the overhead or upper part



1 to 25%by nol), and nore preferably about 1.5 to 20% by nol either
relative to the total amount of the carboxylic acid having "n+l" carbon
atons contained in the carboxylic 25 acid stream (the carboxylic acid stream
fed to the first distillation colum) or relative to the total anmount of
the al cohol fed to the reaction system Jhe feed proportions - 57 nmay
satisfy at | east one of the above range of either (i) or (ii), and may

usual ly satisfy both ranges of (i) and (ii). Moreover, at |east one

conponent sel ed €lle fdodiiniche AZcoir@iAgtonNStaiitdigidt Bon alEkiié hi@iralgelhy dr oxi de
(such as sodium hydroxide or potassium hydroxide), an alkali netal acetate

(such as pot agfli@engat 8he) obgBetavaYPOPHESPIDE AGidCict oayodeddnedft o the
first distillation colum so as to further enhance the separation

efficiency of dreediyei pueribaldditimnl@ud hesCot@ERNOAENLSE oF Ehelhyalrbyehed as an
aqueous solution in many cases. In the case of feeding these conponents as

the aqueous sqiditiiden.insiRePloIPAUHd @1 @i 1WAk on TR 1S Wist @FFE ctivledst ed
within the range in which the total anpunt of water fed to the first

distillatison calnipitders naciasaeadiyherdediaggerofthehesabeveef ged
proportion. Incidentally, in stead of the water, acetic acid, nethanol

and/ or methyl maoaiat &cet@¥ehad'RE BE 13 19AUDH coThifn GMIA 1 $OATpTeRE as a
feeding anount (feed proportion), a feeding position, and others nay be

sel ected fromddiaradigas¥iegcwhbes frbon RBePabageeple rdxyie acid,
bel ow nmenti oned second distillation colum. The distillation tenperature and

pressure in theindd ftie Estldd | @ L0458 1T S/ 4 i Wisel edies dependi ng
on the condition such as the species of the objective

w As the first distillation column, there may be used,
10 for example, a conventional distillation column, e.g., a
plate column, a packed column, a flash distillation column,
andothers. Incidentally, thematerial of thedistillation
column is not limited to a specific one, and a material
of a glass, a metal, a ceramic, or others is usable. 1In

15 usual, a distillation column made of a metal is used
practically. Incidentally, in the case of using a
distillation column made of amaterial capable of shielding
light, such as a metal, generation of a free halogen such
as free iodine can be also inhibited.

20 The feeding position of the first component (A)
and/or water to the first distillation column is not limited
to a specific one, and may be any position in the height
(or longitudinal) direction of the distillation column.
The above component({s) is usually fed from at least one

25 position selected from the upper and lower positions
relative to the side stream port in which the objective

carboxylic acid stream is obtained by side cut inmany cases.



carboxylic acid and the distillation colum, or the main 25 subject (target)
for renoval selected fromthe |ower bp conponent and the higher bp
conponent. For exanple, in the case of purifying acetic acid in the plate
colum, the inner - 58 pressure (usually, overhead pressure) of the col umm
may be about 0.01 to 1 MPa, preferably apout 0.01 to 0.7 MPa, and nore
preferably about 0.05 to 0.5 MPa in terns of gauge pressure. Incidentally,
distillation under an applied 5 pressure can prevent the distillation

col um from canicddendtaldly ,oinathe easeedf Hsediany itk Hitrsgjeeempbnent of a
free halogen (free iodine). Incidentally, due to generation of a free

hal ogen such ga)fdkene ddneendiheg tiobpastioffead oy thiecf Hirstl compehenes t urns
dark yellow or 10 brown. Accordingly, a hypophosphorous acid or others may
be suitably fdd)(as)a darbokglir hicdld samtdbnihe theofdsst @papanenn) to
convert the free halogen to a hydrogen halide. Mreover, in the first
distillation qa)uds fldée fromehet ddmweratpdsd tabnt relanliven Houthel kjdever head
15 tenperature) may be adjusted by adjusting the inner pressure of the
colum, asd mastream fpyrtexanpl e, about 20 to 180C, preferably about 50 to
150C, and nore preferably about 100 to 140C. Moreover, in the case of a

pl ate columm, the 20 theahet ifdalstndiiseri1qfatiloat €8 lugmnnotatpdrdastubarl v
limted to a specific one, and, depending on the species of the conponent

to be separat admbexr 8808t to4tErduDthareieselkospoakatk (ei@. 3methadoanr e
preferably about 8 to 30. Further, in order to separate an al dehyde highly

(ﬁr W th aI hi gletHylpaeetaten)may bieh€elli d5dn€li strhlel 8168 Eompitiient A )
t heoretica

:;,.. may be fed with a product carboxylic acid (e.g., acetic

10 acid), for example, as a carboxylic acid solution thereof.

In the case of feeding the first component (A) and water,

each of water and at least one member selected from the

first components (e.g., methanol, and methyl acetate) may

be separately fed; or the first component (A) and water

15 may be fed as amixture (e.g., aqueous solution). Thewater

may be fed alone to the first distillation column, or may

be fed with a product c¢arboxylic acid. Feeding water to

the first distillation column develops (forms) a zone having

a high water concentration in the distillation column, and

20 causes condensation {concentration) of hydregen halide in
the zone. Moreover, feeding of water with the first

component (A) ensures to convert hydrogen halide into the

lower bp component efficiently. In the case of feeding the

first component (A) from the lower position relative to

25 the side stream port, a hydrogen halide can be efficiently

removed. Moreover, the removal rate or degree of the

hydrogen halide is further enhanced by (i) feeding water,



nunber of plates may be about 10 to 80, preferably about 20 to 60, and nore
preferably about 25 to 50. - 59 In the first distillation colum, the ref
lux ratio may for exanple be selected fromabout 0.5 to 3,000, and
preferably about 0.8 to 2,000 depending on the above-nentioned theoretical
nunber of plates, or may be 5 reduced by_increasing the theoretical nunber
of plates. Incidentally, the |ower bp"f?%cfion obt ai ned by renoving the

hi gher bp catal yst conponent fromthe separation step of the catal yst

conponent is nat pR@GEERAA! F1 ¥ WRinffnRAt A)T BhalUXcudAH1yaah Ba o ifyr om the
overhead of the first 10 distillation colum. Since the |ower bp fraction

separated fromddRatér ronfiisd hbgékipfy&ﬂ:@]dﬂ@efﬁﬁi% RS e SLdylsthdldnde, an
al kyl ester of a carboxylic acid, water and others, the |lower bp fraction

may be recycl g0, bre({LRGd QN iy kere A8t d ¢ 1hi pott dSurhS! Watald on

colum. Incidentally, the lower bp fraction wthdrawm fromthe first

distillation cdiifhd it SRGFHEHY (10 qAMINSARouNd) AtCARARASYN as

shown in the enbodinment of Fig. 1 for recycling. The withdrawn | ower bp

fraction may he HHSC! |1, & 8CYA Gfhcdtoldf (R e dtb 2 fandR s¥fer )gas
conmponent such as carbon nonoxi de or hydrogen by sinply cooling the

Wi thdrawn | owefrdap thedGbp8E: pb5etibk T THI N d 1t tHheC IR e PG,
recycled. Further, anong |ower bp conponents in the |lower bp fraction, an

al dehyde det efiPrderbidd St i # ot Ponigbh it WV'LﬁaﬁPji.éhla&ﬁ:l%r fdmal 25
product. Therefore, if necessary, after renoving the aldehyde (e.g., after

removing the gldeihele) ByoRWHEEbWEE polsie ibnded 1281 CORLANE Beakha deuier bp
impurities to the

. port. In particular, in the case of feeding a carboxylic
10 acid stream (e.g., a carboxylic acid stream from the
catalyst-separating column) to the first distillation
column from the upper position relative to the side stream
port, suchaneffect issignificant. Incidentally, feeding
water to the first distillation column accelerates
15 (promotes) dissociationorionizationof thehydrogenhalide
{e.g., hydrogen iodide), and the dissociated or lonized
hydrogen halide becomes more reactive to the first component
(A). Asaresult, the removal rate or degree of the hydrogen
N halide is improved or enhanced. Accordingly, it is
20 preferred to add (or feed) bothwater and the first component
(A) to the first distillation column. Incidentally, the
number of feed ports feeding the first component (A) and/or
water is not limited to a specific one, and the above
component(s) may be fed from either one feed port or a
25 plurality of feed ports.

In the present invention, since the first component

(A) and/orwater is(are) fedtothe firstdistillation column,



- 60 al dehyde separation step (al dehyde-separating columm)), the renaining
conponent (s) nmay be recycled to the reaction systemand/or the first
distillation colum. In the case of condensing the lower bp fraction with
t he condenser for 5 recycling, it is not necessary needed that the liquid
conponent is divided into two phases, anggqueous phase and an oily phase,
to separately recycle the two phases, as shown in the enbodi nent of Fig. 1.
The liquid conponent may be recycled to the reaction system the first
and/or a.. lQGheheomeenbdatishidf ahediydmdgsmhahitbaoin titievstliegtream t he
two phases. Moreover, in the case of separating the liquid conponent into
two phases, -ei(idejecnierofcdriboxyidseaciny stheamdcfaload tthe tfiersteacti on system
and/or the distillation colums. 15 The higher bp fraction (bottom
sol ution) sepatidtedllatnidrhedliunst chrstbd |mdarkabdlyumedorsd nTheat er, a
carboxylic acid having "n+2" carbon atoms, an entrained rhodium catalyst,
| 'ithium odi de,cancertidtd tiiom dﬂ]ﬂ:hﬂaﬂano,@n daldadey liirnc tdod b paiinvieng W t hout
bei ng evaporated, the 20 lower bp inpurities, and others. Therefore, if
necessarys thmﬂ‘bcgsk;end)wdmhcﬁummrm)a;ba}e edayeaditryy tdre tlemcti on system
Incidentally, prior to recycling, the carboxylic acidhaving "n+2" carbon
atons whi ch deiercenataisidrhef qimd hiyfrofehmlicly kuttheccaabbryyicackid d may
be renoved off. Mreover, 25 the bottomsolution is not necessary to be
conbi ned w t h stirdweam dadcke i damdt disttia latdonedobgmal, epesr exathplsy, be
directly recycled to the reaction system The bottom- 61

not higher than 25 ppm (e.g., about 0 to 25 ppm), preferably

- not higherthan20ppm(e.g., finiteorlimited concentration

10 to about 20 ppm), more preferably not higher than 15 ppm,
and particularly not higher than 10 ppm.

The feed proportions of the first component (A)

(the alcohol and an ester thereof) and that of the water

may be, respectively, for example, (i) about 1 to 10,000

15 mol, preferably about 10 to 6,000 mol (e.g., 100 to 5,000

mol), and more preferably about 500 to 5,000 mol relative

to 1 mol of the hydrogen halide contained in the carboxylic

acid stream (the carboxylic acid stream fed to the first

distillationcolumn). Moreover, the feed proportionof the

20 first component (A) and/or the water may be (ii) about 0.02

to 50% by meol, preferably about 0.1 to 30% by mol (e.g.,

1l to 25% by mol}, and more preferably abocut 1.5 to 20% by

mol either relative to the total amount of the carboxylic

acid having "n+1" carbon atoms contained in the carboxylic

25 acid stream (the carboxylic acid stream fed to the first

distillation column) or relative to the total amount of

the alcoholfed to thereactionsystem. The feedproportions



solution, if necessary, for recycling to the reaction system may be joined
to a feed line for feeding a raw material or a catalyst to the reaction
system Incidentally, if necessary, separability of water 5 froma
carboxylic acid such as acetic acid nay be inproved or enhanced by addi ng
to the first distillation colum a conpgpent which is capable of azeotropic
with water, for exanple, an alkyl iodide (e.g., nethyl iodide). (Second
distillation colum) 10 In the second distillation colum, a hydrogen

hal i de, a | oway bptdeffigoaenleasticore Rifghke Bpovenpangatofveitiheretedi)n

wi t hout being separated in the first distillation colum are renoved with
further high prediidi)gn.anbhendyeediuag lypeaEitieTyobdtre raaglesx wifi d igciamdst r eam
fromthe first 15 distillation colum is not Iimted to a specific one, and
may be | ocatediif)ar exanple, at any of upper, mddle, or |ower part of the
second distillation colum. In usual cases , it is preferred to provide the
carboxylic acid streamor@eoveny dtlieayr bnefcdigoen tigrledfledsttde thecond
distillation colum, there may be wused a conventional distillation colum,

for exanplse, @rdupatensistiing of grogkiesll TLnkual hyalfdasie tdusdh bk aloddmmcol um,
and ot her columms. Mreover, the inner tenperature of the colum, the inner

pressure of thg@@xide ok tdediei hodicorddeynben adfkapliahesal aretate ref | ux
ratio in the second distillation colum may be sel ected dependi ng on the

species of theuwl esd iperahoxHderaa®i)d and thaiichddpiior@usc@ldim, - 62
for exanple, may be selected fromthe sane (simlar) range wth the range
of the above Maybediead bl tié Firetl didtillation column so as to further
enhance the separation efficiency of the hydrogen halide.
10 These components are usually fed as an agueous solution
in many cases. In the case of feeding these components as
the agueous solution, the proportion of water maybe suitably
selected within the range in which the total amount of water
fed to the first distillation column does not exceed the
15 range of the above feed proportion. Incidentally, in stead
of the water, acetic acid, methanol and/or methyl acetate
may be used as a solvent. The conditions such as a feeding
amount (feed proportion), a feeding position, and others
may be selected from the ranges described in the paragraph
20 of the below-mentioned second distillation column.
The distillation temperature and pressure in the
firstdistillationcolumnmaybe suitablyselecteddepending
on the condition such as the species of the objective
carboxylic acid and the distillation column, or the main
25 subject (target) for removal selected from the lower bp

component and the higher bp component. For example, in the

case of purifying acetic acid in the plate column, the inner



Incidentally, also in the second distillation colum, a hypophosphorous
acid or others may be suitably fed (e.g., 5 in the initial step of the
process operation) to convert a free halogen to a hydrogen halide. Since
the lower bp fraction (or second lower bp fraction) separated fromthe
second distillation colum contains a ful conponent such as an al kyl
halide (e.g. , 10 nethyl iodide), a carboxylic acid ester (e.g., nethyl
acetate), and/orwater, the lower bp fraction naybe directly recycled to the
reactor and/ opraeewmie dusuiallgti ovretbledd pregkurk )Necesdar yolomy hayrecycl ed
after being converted into a liquid, as sane as the |lower bp fraction

w t hdrawn fromelabboe 6i05ttdlilsMPlal,aprefiegabliymabatit 0 0L an@ngepPa; a
thermal converter. Myreover, since the |lower bp fraction contains an

al dehyde, the an@wmbrépiafaidbdy abeutexadplie, 0 UBMEEe inf eeymb et ghtige
renovi ng the al dehyde (e.g., acetal dehyde) w th the al dehyde-separating

colum, if nepeesare.20IfBidiéetalbe; Hapdilsattent irdbrgharapplieacti on
(or second higher bp fraction) separated fromthe second distillation

col umm i s5ri Clpries sthreadapX plreteadi dheadindiliatd'onc gollammtfasn (€. g. ,
propionic acid), an aldehyde, a carboxylic acid ester, an al kyl iodide, a

metal salt, 2Zontaminaisn oifeaiirghas kelfir ast can tmakikea tdigederhyidnscar ded
(or renoved off). Incidentally, since the higher bp fraction further

contai ns wat ebfora tfiieedlhadelgievic (Faelk0XWditie) .63In6Lddnthall1gecaasaty, the
hi gher bp fraction fromwhich a carboxylic acid having "n+2" carbon atons

(and ot hers) iggnereitiwed odnd/ Frelet BRIRIRM BRChDA s Fierd dddine, haheeact i on
system

iw objective carboxylic acid sometimes turns dark yellow or
10 brown. Accordingly, a hypophosphorous acid or others may
be suitably fed (e.g., in the initial step of the process
operation) to convert the free halogen to a hydrogen halide.
Moreover, in the first distillation column, the
inner temperature of the column (usually overhead
15 temperature) may be adjusted by adjusting the inner pressure
of the column, and may be, for example, about 20 to 180°C,
preferably about 50 to 150°C, and more preferably about 100
to 140°C.
Moreover, in the case of a plate column, the
20 theoretical number of plates is not particularly limited
to a specific one, and, depending on the species of the
component to be separated, is about 5 to 50, preferably
about 7 to 35, and more preferably about 8 to 30. Further,
in order to separate an aldehyde highly (or with a high
25 precision) inthefirstdistillationcolumn, the theoretical
number of plates may be about 10 to 80, preferably about

20 to 60, and more preferably about 25 to 50.



5 1n the second distillation colum, the purified carboxylic acid streamis
w t hdrawn by side cut, and the position of the side stream port may be
usually at a mddle or |ower position of the distillation colum.

I ncidentally, by w thdrawi ng the carboxylic acid streamfromthe side 10
stream port existing at an upper positiqy relative to the bottom port for
wi t hdrawi ng the higher bp fraction, the %ide streamand the hi gher bp
fraction may be efficiently separated. In order to reduce the concentration

of the hydrogen 15 hghigige @4irSlt 89st1i8€isRCU M Sthé!Ald ik gakyen, at
| east one conponent (B) (second conponent) selected fromthe group

consi sting Of pal- ¥hraBxap2a0heNg¥1 88ted £ £6th PAHo@E WS o 3Q00BSPARA NG 1O
t he objective carboxylic acid having "n+1" carbon atons, (b-2) an ester of

the al cohol widhfeh@pdQ RN .igC taCid oty idiperiting & Rfa atons, (b-3) an

al kali metal "hydroxi de, (b-4) an alkal’i netal acetate, and (b-5) a

hypophos phor 0, 3i-thelit i d |GHoRet 1da1l GRS MRARYEs S BeHaRd Hef oM the

group consisting of the alcohol, the alkali netal hydroxide, thé al kal

metal acetat &, 1%y HURARNGRP RO ¥ et Do hunb e $ES PAlbe At T MRy

be fed to the second distillation colum. In particular, feeding the

alkali metal Mo {ineS 96088 fhSkidBLOATSOLINEN tptenialiczes the

remar kabl e decrease of the concentration o ydrogen halide. The al kal

metal hydroxidg %[gh@f:l HEca PRI ASS IdMoMHETAX iedem BRE1 dUBARAY 34 dfeind

others. The alka met al " hydroxide 1s usually fed as an aqueous solution 5

In many cases.ofyhkhghral slergﬁﬁdgl)éﬁbr{tﬁqlécﬁotthﬁeegggﬁfiiftéﬁﬁe@fe&h;%

hydrogen hal i de, the al coho or the ester ma

i.w reflux, and may be fed from the overhead of the first

10 distillation column.

Since the lower bp fraction separated from the first
distillation columncontainsanalkylhalide, analkyl ester
of acarboxylic acid, water and others, the lower bp fraction
may be recycled to the reaction system and/or the first

15 distillation column. Incidentally, the lower bp fraction
withdrawn from the first distillation column is not
necessary to condensate with a condenser as shown in the
embodiment of Fig. 1 for recycling. The withdrawn lower
bp fraction may be directly recycled, or after removing

20 off an offgas component such as carbon monoxide or hydrogen
by simply cooling the withdrawn lower bp fraction, the
remaining 1iguid component may be recycled. Further, among
lower bp components in the lower bp fraction, an aldehyde
deteriorates the quality of the carboxylic acid as a final

25 product. Therefore, if necessary, after removing the
aldehyde (e.g., after removing the aldehyde by subjecting

the fraction containing the lower bp impurities to the



be fed together with the al kali netal hydroxide. The al cohol and/or the
ester may be fed together with water. Mreover, as the alkali netal

acetate, there may be exenplified 10 potassium acetate, sodium acetate, and
others. Fromthe viewpoint of convenience in handling, the alkali netal
acetate or the hypophosphorous acid may Eg usually fed as an aqueous
solution. Incidentally, acetic acid, nethanol and/or nethyl acetate may be
used as the solvent instead 15 of water. The feeding position of the second

conmponent, ancg1ddhyRs eeRIvAt AL stdS (Hladhylel- @@ ga it iISRE Gollugngng, and
may be any position in the height (or longitudinal) direction of the

di stillation aold!FemalAgngessifot@MPCaPMay BEGddy b deecendbatdlion, | S
usually fed fromat |east one position selected fromthe upper and | ower

posi tions rel afystten @ndyde ShéeFiseamAoItidtioMcehuide obheanid vase
carboxylic aci streamis obtained by side cut in many cases. Feeding the

al kal i metal hycexiadastaguens SLowrd tbipoftad€06h W H @Wer cahdfvsd st ifeR
relative to the side stream port achieves to reduce the anmount of the

hydrogen hal i deepdt a4 Naittd NG bt e POX Hddaart | thst ramn okfuaigred by
side cut in a trace anount. - 65 Feeding the alkali metal hydroxide (or

aqueous sol ut igimpdd@ieek)aivoaed mtP RGO PRSSES O alhaklowe prasdand de
stream port realizes to further reduce the contam nation anmount of the

hydrogen hal i dg 1@ I HAD0%E ifeitdt Sty aaigRNA Y two Phavede @t . The
y

feedi ng anount of the al kali metal hydroxide may be, for exanple, (1) about

iSt 80(2)0’ 0:);3 Mihowt efie i ¥mbakawenkOR st 140, 900 1M (fghd HaPénes?0 to
: mol ),

. may be recycled to the reaction system, the first and/or
10 the second distillation column, without dividiﬁg into the
two phases. Moreover, in the case of separating the liquid
component into two phases, either one of the phases may
be recycled to the reaction system and/or the distillation
columns.

15 The higher bp fraction {bottom solution} separated
in the first distillation column contains water, a
carboxylic acid having "n+2" c¢arbon atoms, an entrained
rhodiumcatalyst, lithiumiodide, inaddition, theobjective
carboxylic acid remaining without being evaporated, the

20 lower bp impurities, and others. Therefore, if necessary,
thehigherbp fractionmayberecycled tothereactionsystem.
Incidentally. prior torecycling, thecarboxylicacidhaving
"n+2" carbon atoms which deteriorates the quality of the
objective carboxylic acid may be removed off. Moreover,

25 the bottom solution is not necessary to be combined with
the recycle stream from the succeeding steps, and may be

directly recycled to the reaction system. The bottom



and nore preferably about 300 to 10,000 nol (e.g., about 10 500 to 5, 000
nol) relative to 1 nol of the hydrogen halide contained in the carboxylic
acid stream (the carboxylic acid streamfed to the second distillation
colum). Mreover, the feeding anount of the alkali netal hydroxide my be

in such a range that, for exanple, (ii) gfL@tive 15 to 1 nol of the alkali
net al hydroxi de, the proportion of the carboxylic acid having "n+l" carbon

atons contained in the carboxylic acid stream (the carboxylic acid stream

fed to the seggndtdbsl il AbLESs&LY UFBE rERY BB P OY G det 305 980emD! |
preferably about 300 to 200,000 nol, and nore 20 preferably about 3,000 to

100, 000 nmol . HA9 beedoRfeam™énNa febqat Nenal kaki f@BERhghydiawi fletaryasati sfy
at | east one of  the above range of either (i) or (ir), and usually may

satisfy bothoiraggestafiyki) tandnel rhaBtaehi &sitem.Moreover, the total of the
feed proportion of the 25 al cohol (b-1) and the feed proportion of the

ester (b-2) may be, faciasawahey, (i n@@@%tsawpséﬁa%@im%dzrafa%@bly
about 10 to 6,000 nol (e.g., 100°to 5,000 nol), and nore - 66 preferably

about 5005t 0 ¥rBMla Bdrvdtyiiyacia dusRlaPladdia c Axdacasy vealimgeoveat ai ned
in the carboxylic acid stream (the carboxylic acid streamfed to the second

distillation oQOEHHHhceEngoaéainérﬁbEﬂﬁéﬂiﬂfgﬁﬂdﬂgiﬂﬂrat&%%ﬁcBﬂQﬁ&rhiOnS S
may be (ii) about 0.02 to 508 by nol, preferably about 0.1 to 30% by nol

(e. 9. , 1 tocdpYobrenolvhichald ERH&LDE &5 LT3 ot rP byiknd wad e2Q%eby: nOI

either relative to the total amobunt of the carboxylic acid having "n+l"

carbon atons eeamphacdan A1l qalery (et gaci thextny@aRo@gtilae ycar boxylic acid
stream 10 fed to the second distillation columm) or relative to the

\;. (Second distillation column)

10 Inthe seconddistillationcolumn, ahydrogenhalide,
a lower bp component, and a higher bp component which remain
without being separated in the first distillation column
are removed with further high precision. The feeding
portion of the carboxylic acid stream from the first

15 distillation column is not limited to a specific one, and
may be located, for example, at any of upper, middle, or
lowerpart of the seconddistillationcolumn. Inusualcases,
it is preferred to provide the carboxylic acid stream to
a middle part of the column.

20 As the second distillation column, there may be
used a conventional distillation column, for example, a
plate column, a packed column, a £flash distillation column,
and other columns. Moreover, the inner temperature of the
column, the inner pressure of the column, the theoretical

25 number of plates, and the reflux ratio in the second

distillation columnmay be selected depending on the species

of the objective carboxylic acid and thedistillation column,



total anmount of the alcohol fed to the reaction system The total of the
feed proportions nay satisfy at | east one of the above range of either (i)
or (ii), and usually may satisfy both ranges of (i) and (ii). Incidentally,
the 15 proportion relative to the total amount of the alcohol is calcul ated
on the assunption that the al nost 100% of, al cohol is converted to
carboxylic acid. The lower bp fraction fromthe second distillation colum
may be directly discarded (or renoved off). 20 Neverthel ess, since the | ower
bp fraction fEen thempBepithy Besselbatearraom e sané i gismidmml kyhgbal i de
(e.g., nethyl iodide), an alkyl ester of a carboxylic acid (e.g., nethyl

acetate), a cail®xyheC ragigé, ofatdle abbwvedl daigde diand 1atatdlod, copamn.or al |l of
the fraction may be recycled to at | east 25 one nenber selected fromthe

reaction syst amcildemtfaingt, adiset ithl athe0eeohdmdisand 1ahd oheeondmdi, still ation
colum (particularly, the reaction systen). Further, after - 67 renoving

the al dehyde hy@BpHiRphowesbach Bast i dtheddmayabdedytieabeyosestl (Bracti on may
be recycled. Moreover, the Ilower bp fraction may be reused as an absorbi ng

sol ution sfor iphehef igasialrsfépacti ehé hrdedAicpdraa8din NG cagenvertf or
t hepunp. Since the higher bp fraction (bottomsolution) fromthe second

distillation eolasge ¢Nyens ta @ HyRDddem hagiidienavi ng "n+2" carbon at ons,
wat er, an objective carboxylic acid, and others, the higher bp fraction

(bottom solution) nagibeedithectlowed VRAFIR@GtLioh (FVRENNd lower B My be
recycled to the reaction system Further, after renoving the carboxylic

acid having " Erdictddmokepadd dd Front M1is@RvndbRifstaatliaiont ko 1a@mnboxylic
acid- renoved f ract ion

W contains a useful component such as an alkyl halide (e.g.,
10 methyl iodide), a carboxylic acid ester {(e.g., methyl
acetate}, and/orwater, the lower bp fractionmaybedirectly
recycled to the reactor and/or second distillation column,
or if necessary, may be recycled after being converted into
a liquid, as same as the lower bp fraction withdrawn from
15 the first distillation column, with a condenser or a thermal
converter. Moreover, since the lower bp fraction contains
an aldehyde, the lower bp fraction, for example, may be
recycled after removing the aldehyde (e.g., acetaldehyde)
with the aldehyde-separating column, if necessary.
20 On the other hand, since the higher bp fraction

(or second higher bp fraction) separated from the second

distillation column is rich in a carboxylic acid having

n L

n+2" carbon atoms (e.g., propionic acid), an aldehyde,
a carboxylic acid ester, an alkyl iodide, a metal salt,
25 and others, the higher bp fractionmay be directly discarded

(or removed off). Incidentally, since the higher bp

fraction further contains water or the objective carboxylic



may be recycled. Incidentally, the concentration of hydrogen halide 15 in
the product may be adjusted or reduced by adjusting or regulating the
feeding position of the carboxylic acid streamfromthe previous or
preceding step in the first and/or second distillation colum, the bal ance
between the water concentration and the_hydrogen halide concentration 20 in
the first distillation colum, the feediﬁ position of the al cohol and/or
ester (and water) to the first distillation columm, the feed proportion of

the al cohol aRA/Or §StlcddbdRe fiitleSth iyie 15 WP d-aditSlon IFdoORnanuan, the
feed proportion of the alkali netal hydroxide in the 25 second distillation

colum, and otdEboxyAGEY EH1MInhPihGE" R £S5 YHridlY aftbin8N( akd cekki) tike first
conponent (A) and/or water to the first distillation - 68 colum, the

amount of the darRGeRNDUe RRYRRANMAY! BaU¥ecy8IE &b ithd R s iaxyl ic
acid stream By feeding such a carboxylic acid streamas well as the second
conponent (B),gyzaghif necessary water, to the second distillation colum, 5
the objective carboxylic acid can be efficiently renmoved (or separated).
Further, tshe generati af GhhdYsdod@ @listilQdtiofldAlimnelitHe iR ided
acconpanyi ng addition of the second conmponent (B), and/or the contan nation
of the second cHyBaNAE ddd dt e §8" RYxKlrawaChy #baé dualad adiect 10
can be drastically reduced. (Halide-renpving step {(colum)) By further

provi ding (feqlididid8rStHE Side 8o bRFFPOX Hd ¥ baGishal1eal) a GiAId Ng a

purified carboxylic acid recovered fromthe second distillation colum by
si de or lower positionof thedistillationcolumn. Incidentally,

-

by withdrawing the carboxylic acid stream from the side

10 stream port existing at an upper position relative to the
bottom port for withdrawing the higher bp fraction, the
side stream and the higher bp fraction may be efficiently
separated.

In order toreduce the concentration of the hydrogen

15 halide existing in the second distillation column, at least
one component (B) (second compenent) selected from the group
consisting of (b-1) an alcohol having "n" carbon atom(s)
corresponding to the objective carboxylic acidhaving "n+l1”
carbon atoms, (b-2) an ester of the alcohol with the

20 carboxylic acid having "n+1" carbon atoms, {b-3) an alkali
metal hydroxide, (b-4) an alkali metal acetate, and (b-5)
a hypophosphorous acid (in particular, at least one member
selected fromthe group consistingof the alcohol, the alkali
metal hydroxide, the alkali metal acetate, and the

25 hypophosphorous acid), and if necessary, water may be fed
to the second distillation column. In particular, feeding

the alkalimetal hydroxide to the seconddistillation column



15 cut to the halide-renoving step, a halide (e.g., a hal ogenated

hydr ocarbon such as an al kyl halide (e.g., hexyl iodide, and decyl i odide))
can be renmoved, and a further purified carboxylic acid is producible. In

t he halide-renoving step, the halide-renmoving 20 colum is not necessary
required, and the carboxylic acid streammy be contacted with a renover
(renmovi ng agent or material) havingzftﬁﬂiﬁe-rennvability or -adsorbability
(e.g., a zeolite, an activated carbon, and an ion exchange resin). In order

to efficientl Yreraqm\ég E:?% Pgﬁggﬁagigrﬁégﬁe%{’e ﬁ?ﬁ qﬁ% ldohcRakdastibgagEwhi ch is

conti nuously obtal ne cont1 nuous syste I on exchange resin

having hal i dgef drl }Hé{lgggi %d;?ﬁé ?ﬁ%ﬁii ¥t aﬁ@{jdﬁ&ﬂﬂé NMay t@ﬁclu.ﬁ% .

hal i de-renovi ng col umt provi I on exchange resin erelnis

e e sl A e e L S L

one as far avi ng the~hal i de-renova ty, and is

usual Iy an i on, QXGHARgE T A¥oxi WRUAL LXud1 £91f1a XENARIE S €30 BV Ch at

| east part o ite (e.g., usualfy an acidi¢c group such as a

sul f one 9%°“p1itrﬁﬁrgfe§8§¥§.grﬂﬁpth &fﬁﬁ?g&%@%@%& %QBBncefirterEBBSphO”e

group) is substi or exchange e nmetal may 1 ncl ude,

f | e, I : I 1S4 | f
o, SXeTRLE e gk Rhsge RTS8 PL o SO Ay ME BRI bR O

silver (Ag), nercury i on exchange re

base (Subst! aR)c SRYoRECRON TR Ble 2ALONG: 28 hYdvoyidd orREGhaBAsy ooi 1

and a weak (m acl cation ange resrn, erred one

i ncl udes a Strong . .ac dieq G heP B2 ERANd U L1 EREEATP! forBover,

nmacroreticul ar
r as the alkali metal acetate, there may be exemplified

o
10 potassium acetate, sodium acetate, and others. From the
viewpoint of convenience in handling, the alkali metal
acetate or the hypophosphorous acid may be usually fed as
an aqueous solution. Incidentally, acetic acid, methanol
and/or methyl acetate may be used as the solvent instead
15 of water.

The feeding position of the second component, and
1f necessary water, is not limited to a specific one, and
may be any position in the height (or longitudinal) direction
of the distillation column. The second component, and if

20 necessary water, is usually fed from at least one position
selected from the upper and lower positions relative to
the side stream port in which the objective carboxylic acid
stream is obtained by side cut in many cases. Feeding the
alkali metal hydroxide (aqueous solution) from the lower

25 position relative to the side stream port achieves to reduce
the amount of the hydrogen halide contaminating to the

carboxylicacidstreamobtainedbyside cut inatrace amount..



I on exchange resin, and the like. In the ion exchange resin, the proportion
of the active site exchanged to the netal (or substituted with 20 the
netal) may be, for exanple, about 10 to 80% by nol, preferably about 25 to
75% by nol, and nore preferably about 30 to 70% by nol. At |east contacting
of the carboxylic acid stream fromthe second distillation colum with the
I on exchange 25 resin (preferably paséi%ﬁ of the carboxylic acid stream

t hrough the ion exchange resin) realizes renoval of the halide. Follow ng

the contactingguyii (Qhepgiﬁ%ﬂg ﬁQ'&Qigg.érdrloZ:Qdet .'(‘gr' qug%ﬁgagggufzféhm i f
necessary, the tenpérature of the carboxylic acid stream nay be increased
I ted ] ] ] f I ' t
oni bi ¢ gut 11 ShESFOEp ol EReRERY 5651 ETBTIRINAVE B BN ATSEEEE, 0

] t i d i i ent .Rri.ncl th
well as tor SB&!aé;%i %Egyfa@%kh‘% eéli]&'&hgij fgdu%é; r#h?s %nt%inlwa'tqf%nolaﬁoﬁﬁt e

acetol ysis, her ydrocar onetines referred to as a

hi gh hal i d J, odi f ' : k!
eroved. 1 noPaeaiarYSEosRRalEa8 't M Ua BRI A REATASLY cven

a halide gavigg 2iYedeyghai n such as neopentyl group, is snaller than the
pore size of the'ion exchange resin, accordingly, the adverse effect such

as the halide diffusigﬁge%gﬁggﬁ 'améHHtd8§5?ﬂ§%3§%539hé%%1FﬁngSQEﬁg

efficiency of the hal Ver, since I ssoci atl on énergy of 15

such a Nl deyly b8l A4 Shoneil |13 NEnlat 080! 30 S50 I peerkEaRIGH! <

Accordi ngly, ev mal’i n- Todide) 1s SO renbvable in

a degree whi clydags 109" 81 56Choo 'HELHE! 5! Y Modd' 2R o fibdy T or

exanpl e, at
# and more preferably about 300 to 10,000 mol {e.g., about

oo
10 500 to 5,000 mol) relative to 1 mol of the hydrogen halide
contained in the carboxylic acid stream (the carboxylic
acid stream fed to the second distillation column).
Moreover, the feeding amount of the alkali metal hydroxide
may be in such a range that, for example, (ii) relative
15 to 1 mol of the alkali metal hydroxide, the proportion of

the carboxylic acid having "n+l" carbon atoms contained
in the carboxylic acid stream (the carboxylic acid stream
fed to the second distillation column) may be about 30 to
300,000 mol, preferably about 300 to 200,000 mol, and more
20 preferably about 3,000 to 100,000 mol. The feeding amount
of the alkali metal hydroxide may satisfy at least one of
the above range of either (i) or (ii), andusuallymay satisfy

both ranges of (i) and (ii) practically.
Moreover, the total of the feed proportion of the
25 alcohol (b-1) and the feed proportion of the ester (b-2)

may be, for example, (i) about 1 to 10,000 mol, preferably

about 10 to 6,000 mol (e.g., 100 to 5,000 mol), and more



tenperature at which a hexyl halide (e.g., hexyl iodide) 20 is renovable.
Exanpl es of the halide-renoving colum may include a packed col um packi ng
i nside thereof at |east the ion exchange resin which is exchanged with a
netal, a columm provided with a bed of an ion exchange resin (e.g., a bed
25 conprising a particulate resin) (a ga;%d_bed) and the like. The

hal i de-renovi ng col um may be provi ded h the netal-exchanged ion
exchange resin, and in addition, other - 71 ion exchange resin (e.g. , a

cation eXCha”@tﬁ:erf%i*a%lyaﬂbaﬂ*toﬂooe&@'ﬁaﬂﬁﬁ 631 Felaffvd tRONI MY & harge
resin) inside thereof. In the case of putting the cation exchange resin at

the side of tﬂ}%.:%‘@?xs'fl{aq&rﬁé Q!o%iﬂa\i%efdolhh@meor&a@mrl% hedhn stream
exchangedw th the netal (e. g. , ting the resin by packing, or putting

the resin as qgﬁbarﬁsﬂhle%h& @%rgg}nafea So ehbUseshbiid aTsthe 18R N Changed
I on exchange resin, the “effused netal can be captured with the cation

exchange re&'boA"rﬂnd M%EBB@QH”%HBBﬁévé%kﬁﬁNYBfQHEE@%@bE%?Ekt&%nEhe
tenperature of the halide-renoving colum may be, for exanple, about 18 to

100C, prefser ablay gROpE 1 PGidsut 062 #8%IPHY RbS T eppBEYrabylavtit @ .G0C. The

rate of the carboxylic acid streamto be passed hrough i1's not linited to a
specific one, @Ndogtyyhifs] f(féf g Lo 18¥8 M & F{'fﬂoiéhaﬁhé%cfﬁrﬁ\fb%r%@l‘fm

utilizing a guard bed; e. g. , about 3 BV vol une per hour) to 15
BV/ h, pref erat&%utabogtté z%\éfB trpollai@){éh} réﬁgtﬂpéetcprtﬁaef@%y Rl 6 BV/ h
to 10 BV/h. Incidentall y, In de-renoving step, the 20 carboxylic

aci d stream mgye Eﬁe%@ﬁfﬁi&“&é}.d ﬂﬁ\rlng "n+1" carbon atoms contained
in the carboxylic acid stream (the carboxylic acid stream

10 fed to the second distillation column) or relative to the
total amount of the alcochol fed to the reaction system.
The total of the feed proportions may satisfy at least one
of the above range of either (i) or {(ii), and usually may
satisfy both ranges of (i) and (ii). Incidentally, the

15 proportion relative to the total amount of the alcohol is
calculated on the assumption that the almost 100% of alcohol
is converted to carboxylic acid.

The lower bp fraction from the second distillation
column may be directly discarded (or removed off).

20 Nevertheless, since the lower bp fraction from the second
distillation column contains an alkyl halide (e.g., methyl
iodide), an alkyl ester of a carboxylic acid (e.g., methyl
acetate)}, acarboxylicacid, water, an aldehyde, and others,
part or all of the fraction may be recycled to at least

25 one member selected from the reaction system, the first
distillation column, and the second distillation column

(particularly, the reaction system). Further, after



met al - exchanged i on exchange resin. For exanple, the halide-renoving colum
may conprise a colum provided with the netal -exchanged ion exchange resin
and a colum provided wth another ion exchange resin. For exanple, the 25
hal i de-renovi ng col utmm may conprise an ani on exchange resin colum, and a
met al - exchanged ion exchange resin col ung; on the downstream side of the

ani on exchange resin colum, - 72 or may conprise a netal -exchanged ion
exchange resin colum, and a cation exchange resin colum on the downstream
side of the metnadviaxg hidreged dedrydex ciraong ethiee sliawean lbpmErakieiomettdid s of the
former exanple can be referred by W02 / 062740 , 5 and ot hers.

(Al dehyde- sepalatehye-atemm)ed firabkeicaseaper eethelédactMonegwat aithieng an

al dehyde (e.g., an al dehyde having "n+l" carbon atons) generated by the
reaction is rdowdErdmfdacition mbgdbeordiséfdeas eaciabmordyisigemoluidon
distillation colum(s), andothers, the anmount of by-product such as a

car boxyl i ¢ acifibthahhiengpffgad," cxardsora diiansid arednasdicarlatsech lalmde gesmthavi ng
"n+2" carbon atonms, and an al kyl iodide having "n+l" carbon atons

I ncr eases.5 Thefef the pulny . sepined thg htilyheal sipfiyaet baw i bg ttom'sodld't imar)bon
atons fromthe lower bp fraction withdrawn fromthe first and/or second

distillation citonmthe) speond distilkat sy dodurmm tbrtatast 4 ccarystydmacand/ or
the distillation colum(s), generation of the carboxylic acid having "n+2"

carbon atons, ddiad tnesaing atreek "al cipsie deomsg watet!, car bawjedcons, and the
al kyl iodide having "n+l" carbon atons can be inhibited. That is, the | ower
boi I i ng poi nt dawtsdkyiiovathdr amd others, the higher bp fraction (bottom
{W solution) may be directly discarded (or removed off), or
10 may be recycled to the reaction system. Further, after
removing the carboxylic acid having "n+2” carbon atoms from
thehigherbp fraction, the carboxylicacid-removed fraction
may be recycled.
Incidentally, the concentration of hydrogen halide
15 in the product may be adjusted or reduced by adjusting or
regulating the feeding position of the carboxylic acid
stream from the previous or preceding step in the first
and/or second distillation column, the balance between the
water concentration and the hydrogen halide concentration
20 in the first distillation column, the feeding position of
the alcohol and/or ester (and water) to the first
distillation column, the feed proportion of the alcohol
and/or ester in the first and second distillation column,
the feed proportion of the alkali metal hydroxide in the
25 second distillation column, and others.

According to the present invention, by adding the

first component (A) and/or water to the first distillation



fromthe first distillation colum and/or the second distillation colum
containing the alkyl halide, the alkyl 25 ester of the carboxylic acid
having "n+l " carbon atonms, the al dehyde having "n+l1" carbon atons, water,
and others is fed to the al dehyde-separating colum. In the - 73
-al dehyde-separating colum, a |lower boiling point fraction (a fourth |ower
bp fraction) containing the al dehyde i$s 6%e‘parated froma higher boiling
point fraction (a fourth higher bp fraction) containing the al kyl halide,
the alkyl 5 e f | i ' I : dehyde
Y epar atEd PR ont BF SRETEL P8 Hfhrd il sodiif B3 ¥y RTReaBy Iy

may be separate ead or upper” part

i I i h i.d
cetarat i ng cobBtod 1) Lhe SioRr OTATERteEh 59 £ TR LCe o
d i i i t i l\dehyde.
Condenser o LSRN0 U8 B aPhl ot 8, A gl (B derv e,
ot necesear! L OPIRLLar, Laelonod opbgocBhAE oL Al g g U The

| ower bp fraction ‘fiTs Séecon um may

{1 om bot h 01 stT SEPBR ESPunE iy s Frkalaht pe Rty pehBobine
21 dehyde- separall 1 0y V! ApditherentnlegdnbLazaon! el B8 products

al dehyde- separiati ng-col um,” 'si nce hi ractron arne

removi ng the a(legﬁgydglgglgh%eltg\i@%ogégee rpaéégﬁééﬁg%{}?@@dﬂﬁb&p%tﬁgﬁ|

hal i de, water, ‘car boxyl I'C "aci ve carbox acid, and
the like, th i ractLQn ¢ he recycl dlao.t.he r i tem
As t he al dehy e‘atéé'gl%g‘gf%r?ﬁ%%e%gl(ﬁﬁﬂ,argio]/rore&%?r% g,t 1€%éclr?ay° gﬁ%gegm?és

c%n:/entl onal dc!o?n&fcjnle%tt' Ct%)cq:lourmie ec'agcb’oxylic acid as a final product

10 can be drastically reduced.
(Halide-removing step (column}))
By further providing (feeding) the side stream
(carboxylic acid stream) containing a purified carboxylic
acid recovered from the second distillation column by side
15 cut to the halide-removing step, a halide (e.g., a
halogenated hydrocarbon suchas an alkyl halide (e.g., hexyl
iodide, and decyl iodide})} can be removed, and a further
purified carboxylic acid is producible.
In the halide-removing step, the halide-removing
20 column is not necessary required, and the carboxylic acid
stream may be contacted with a remover {(removing agent or
material) having a halide-removability or -adsorbability
{({e.g., a zeolite, an activated carbon, and an ion exchange
resin). 1In order toefficiently remove the halide from the
25 carboxylic acid stream which is continuously obtained {in
a continuous system), the ion exchange resin having

halide-removability or -adsorbability, particularly the



25 a plate colum, a packed colum, a f lash distillation colum, and
others. The tenperature (overhead tenperature) and - 74 pressure (overhead
pressure) in the al dehyde-separating colunmm may be sel ect ed dependi ng on

t he species of aldehyde and alkyl halidg,as well as distillation colum,
and is not particularly imted as far as at |east an al dehyde 5 (e.qg.,
acet al dehyde) is separable as a |lower bp fraction fromthe | ower bp
fraction(s) (thafdd-SterVa/y c6L6RNGroIRIed Wit tRsticiNégthanfé dlesda i n the
first and/or second distillation colum(s) by utilizing difference between
the al dehyde igroihels caRmRsoddBf tigdd.arly an al kyl halide) 10 in

boiling point. For exanple, in the case of using a plate colum as the

al dehyde- separati ng coiHéMoh @xdhirdd eakian s abtackii te@&icdda dper igdder head
pressure is about 10 to 1,000 kPa, preferably about 10 to 700 kPa, and nore

preferably akhg df ££r D HRA WP 13k aE0ldE - diAREBI B tY bt he case 15
where the overhead pressure is too | ow, the separation efficiency of

acet al dehyde berai®sodMLity, isndeCLSSAIAN1¢ Gl AW dithdg@erediyr e for
condensi ng gaseous conponents efficiently, and as a result it is not

preferred i n casdtal P 4 RatabheexbRafge Rebhf ) Chs el eat R Mepagad
pressure 20 is too high, the inner tenperature of the columm rises due to

excessively adgedny azeyie. si‘ﬁea(é.ﬁ‘%yl tud 1S s éciﬁ@és?i?bhb?éhélh&?s _
acet al dehyde which is condensed within the colum is polynerized within the

col um by expqeskddrohe Jﬂcﬁfb,té%‘i‘b%tﬂﬁflegf:@@ﬁ?%r@ldﬁ&ﬁ?ﬁ%ﬂkﬁ@:@iﬂ.n the

hi gher 25 bp conponent. Mreover, the Inner tenperature of the colum
*‘:w or a phosphone group) is substituted or exchanged with a

10 metal. The metal may include, for example, at least one
member selected from the group consisting of silver (Ag),
mercury (Hg), and cupper (Cu)}. The cation exchange resin
as a base (substrate) may be any one of a strong acidic
cation exchange resin and a weak (mild) acidic cation

15 exchange resin, and the preferred one includes a strong
acidic cation exchange resin, for example, amacroreticular
ion exchange resin, and the like.

In the ion exchange resin, the proportion of the
active site exchanged to the metal (or substituted with

20 the metal) may be, for example, about 10 to 80% by mol,
preferably about 25 to 75% by mol, and more preferably about
30 to 70% by mol.

At least contacting of the carboxylic acid stream
from the second distillation column with the ion exchange

25 resin (preferably passing of the carboxylic acid stream
through the ion exchange resin) realizes removal of the

halide. Following the contactingwith (or passing through)



(overhead tenperature) may be, for exanple, about 10 to - 75 80C,
preferably about 20 to 70C, and nore preferably about 40 to 60C. In the
case where the al dehyde-separating colum is a plate columm, the

t heoretical nunmber of plates may 5 for exanple be about 5 to 80, preferably

about 8 to 60, and nore preferably ab9u5019 to 50. In the al dehyde-
separating colum, the ref lux ratio nmay be selected fromabout 1 to 1,000,

preferably about 10 to 800, and preferably about 50 to 600 (e.g. , about

100 10 to 600)tricpdieRdnahdd@calayel FeRbbasariNepietidne funhes ofof
plates. Incidentally, in the case where generation of the al dehyde and

hydrogen is i Riidiche®hory19W¢ hakhys skt thdid bd ﬁﬁc&@éﬁéboﬁﬁ@l@ﬁdﬁﬂi n the

reaction system and further 15 the al dehyde is renoved omthe recycle

stream from t hrefliiSfd | | aeORteplHEB( E2mP¥rdelre &N6vat oMyt eeparad i ng
colum, the anount of the al dehyde in the reaction system and/or

distillation colHig(SdutdNoR®r RIS ¥f ERdWRS] £ A8 thES ofbHarie t he

by- produced carboxylic acid having 20 "n+2"carbon atons can be greatly

reduced. Ther efy,, 8¥G:11 s RoHeARR PEnd RE 19/ d ey STheadems be fed
to the second distillation colum, the concentration of the carboxylic

Lhe second di t . Lthin th
aci avi ng r’g]?plgﬂ?,{t eél + {%&é%%%???ﬁdhé&d@eofj%r@fgﬂ\éf In the

product standards car boxy It 1s not necessary to

eparate the i i i n " . d
==P B on 16bReRIHEBL FEETochBE AYh AL GHEr hA11BE , SE1EN!

distillation
an iodide of a higher hydrocarbon) can be easily removed.

:‘; Incidentally, the size of the higher halide, for example,
10 even a halide having a side chain such as neopentyl group,
is smaller than the pore size of the ion exchange resin,
accordingly, the adverse effect such as the halide diffusion
is small, and does not affect on the removal efficiency
of the halide. Moreover, since the dissociation energy of
15 such ahalide is relatively small, the halide is efficiently
removable. Accordingly, even the higher halide (e.g., an
iodide) is also removable in a degree which does not affect
the quality of the carboxylic acid, for example, at a
temperature at which a hexyl halide (e.g., hexyl iodide)
20 is removable.
Examples of the halide-removing column may include
a packed column packing inside thereof at least the ion
exchange resin which is exchanged with a metal, a column
provided with a bed of an ion exchange resin (e.g., a bed
25 comprising a particulate resin} (a guard bed} and the like.
The halide-removing column may be provided with the

metal-exchanged ion exchange resin, and in addition, other



Mor eover, since the anount of the forned unsaturated al dehyde having "n+2"
carbon atons is reducible, the test value of potassium permnganate can be
remar kably i nproved w thout a specific treatnent such as an ozonation, and
for 5 exanple, can be not shorter than the standard value (120 mnutes). In
the present invention, the purified carbggylic acid is producible by
renoving inpurities fromthe carboxylic‘acid stream containing the

i mpurities such as 10 hydrogen halides, |ower bp conponents and/or higher bp

components Wi t fiyRledct@tlgel REsih (Y. ANdaSofAM 8kehhhbalit&din CahWHion The
preferred production process conprises the above reaction step, the

catal yst- Sepaéﬁéh&ﬂgéﬁ:%@int, Whd hhdhni i?%%&rﬂalr?éé £8s8hFRnAMS tilerescond

distillation step. In 15 such a nethod, exanpl e, the preferred process

i ncludes one £QMPRSSLAGe (58 GOPELRYOLRE Yoit 1 O SEcHBN§8Phsip d€ade W th

carbon nonoxi de at a hydrogen partial pressure of 5 t0 100 kPa i n a vapor

phase of the r i S ' feral m
conpri si ng ane§g§é6§€§?¥§?8§8bgfgt erg$§ﬁ%0§e%§fa %Pﬁtﬁgkggyﬁédﬁﬁﬁégble, an
al kali metal Logdi . L odide, i [ tion of
0.1 10 59Dy weroner T et AR IoG S  Ahft i B b bROCRR L O
cont i nuousl 1.3.h ' i ) m r t em (c
f eedi ng theyr&%tﬁgﬁwﬁz@grﬁlﬁ%uﬁgﬁé ggc%{%%(%/ﬁ -ensée%g'r a%?ﬁg gg?u%&]?%ﬁ ()

separating a Qg?ggéd bpr&h aFlgé : eggﬁlt- éhﬁhggdt Dén n@ﬁéhagi@!aa%¥§in ang,g he

alkali metal io0 and a we fractron contalnin acetic acid,

an al kyl i odi dgee(ELAYIerAGSL A Be UE) ELr a1t HY 0Bt EoRUbbndeiRe FEEANO the

| ower boiling pornt fraction
{:., and removed from the carboxylic acid stream.
10 The temperature of the halide-removing column may

be, for example, about 18 to 100°C, preferably about 30 to
70°C, and more preferably about 40 to 60°C.
The rate of the carboxylic acid stream to be passed
through is not limited to a specific one, and may be, for
15 example, in a halide-removing column utilizing a guard bed,
e.qg., about 3BV/h (bedvolumeperhour) to15BV/h, preferably
about 5 BV/h to 12 BV/h, and more preferably about 6 BV/h
to 10 BV/h.
Incidentally, in the halide-removing step, the
20 carboxylic acid stream may be contacted with the
metal-exchanged ion exchange resin. For example, the
halide-removing column may comprise a column provided with
the metal-exchanged ion exchange resin and a column provided
with another ion exchange resin. For example, the
25 halide-removing column may comprise an anion exchange resin
column, and a metal-exchanged ion exchange resin column

on the downstream side of the anion exchange resin column,



as a carboxylic acid streamto the first distillation colum; (f)
separating a lower bp fraction containing part of the 5 al kyl iodide, the
nmet hyl acetate and water, and a higher bp fraction containing part of water
and propionic acid in the first distillation colum with feeding water
and/or at |east one conponent (A) (first,conponent) selected from the
group consisting of nethanol and nethyl acetate; (g) a... 10 withdrawing a
side streamcontaining at |least the acetic acid by side cut fromthe first
distillation ednpcombriskaeiletglt@echangedtiotrdrdimriderseine ldinst,i || ati on
colum; (i) renoving a |lower bp fraction containing at |east part of the

al kyl i odide, driteaneabybnaerthirga sl eoludindon 19e Rayhartiyand rsdads on
containing at |east part of water and propionic acid in the second
distillation &f Wit ntthl{exchirdell AWM Excirdife Sdsdamondningi .ni Mhea
purified acetic acid by side cut to recover the acetic acid. Incidentally,

in the case aetfadad ¢ thider diinfedt e xaiprdeah Yete Bl by woloRdiose 72 ,t he case
of feeding the first conponent (A) as the acetic acid solution thereof),
the first sconpoieitied)s.is fed to the first distillation colum froma

| ower position relative to a side stream port for conducting side cut of

the side streafnzaehgde-aepacatiagacodumad Further, the present invention
al so includes a systemfor producing a purified carboxylic acid having

"n+l" carbon atons, geRHe idiEd Rdefre Hhed Tk &aCioN] odnttdinialg em - 78
colums. The production system may conprise, for exanple, the reaction

system the caildetBidessenard@l) Ngh GlldeRydd heaving Stn«li Stddrdirdd eited ym, and
t he second distillation

{w generated by the reaction is recycled and circulated to

10 thereactionsystem, thedistillationcolumn(s), andothers,

the amount of by-product such as a carboxylic acid having

"n+2" carbon atoms, an unsaturated aldehyde having "n+2"

carbon atoms, and an alkyl iodide having "n+1" carbon atoms

increases. Therefore, by separating the aldehyde having

15 "n+1" carbon atoms from the lower bp fraction withdrawn

from the first and/or second distillation column(s} prior

to therecycle tothereaction systemand/or thedistillation

column(s), generation of the carboxylic acid having "n+2"

carbon atoms, the unsaturated aldehyde having "n+2" carbon

20 atoms, and the alkyl iodide having "n+1" carbon atoms can
be inhibited.

That is, the lower boiling point fraction withdrawn
from the first distillation column and/or the second
distillation column containing the alkyl halide, the alkyl

25 ester of the carboxylic acid having "n+l1" carbon atoms,

the aldehyde having "n+1" carbon atoms, water, and others

is fed to the aldehyde-separating column. In the



colum, and if necessary, may further conprise the 5 halide-renoving col um
and/ or the al dehyde-separating colum. | NDUSTRI AL APPLI CABI LI TY The present

i nvention is useful

in the industri al

and 10).

79 -

a)

g’ %

d) NOQI -I

for obtaining a 10 carboxylic acid such as acetic acid

production process, particularly useful for obtaining a
highly purified carboxylic acid in the_cggtinuous production process. 15
EXAMPLES The followi ng exanples are intended to describe this invention in
further detail and should by no neans be interpreted as defining the scope
of the inventialdelyderdermiating ¢odnanCanpawaribeel IBregrpbést Fragtdon20 (1)
Reaction Wth the use of a reactor having a volune 0.3 L, a continuous
reacti on was cindimixih | Tovexc doml afwaectnidr) acorftadvm idi gagrieen ssidimlryden il g. 1,
and the generation rate of the product was neasured (Exanples 1 to 4, 7, 8

]

25 Theeparected fromnmd higherabdiihegrpsitht sfnaetsbnwa ifioulkdil e 1.
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Kigher bp fraction) containing the alkyl halide, the alkyl
ester of the carboxylic acid, water, and others. The
aldehyde may be separated from the overhead or upper part
of thealdehyde-separatingcolumn, with the offgas component
such as carbon monoxide or hydrogen. The offgas component
may be previously removed off with a condenser or a cooling
device, prior to the separation of the aldehyde. The lower
bp fractions from the first and second distillation columns
are not necessarily combined for feeding to the
aldehyde-separating column. The lower bp fraction from
either the first or second distillation column may be fed
to the aldehyde-separating column, or the lower bp fractions
from both distillation columns may be individually fed to
the aldehyde-separating column via different feed lines.

Inthe aldehyde-separating column, since the higher
bp fraction obtained by removing the aldehyde as the lower
bp fraction contains the alkyl halide, water, the carboxylic
acid ester, the objective carboxylic acid, and the like,
thehigherbp fractioncanberecycled tothereactionsystem.

As the aldehyde-separating column, for example,
there may be used a conventional distillation column, e.qg.,
aplatecolumn, apackedcolumn, aflashdistillationcolumn,
and others.

The temperature {overhead temperature) and
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pressure (overhead pressure) in the aldehyde-separating
column may be selected depending on the species of aldehyde
and alkyl halide as well as distillation column, and is
not particularly limited as far as at least an aldehyde
(e.g.., acetaldehyde) is separable as a lower bp fraction
from the lower bp fraction(s) (the first and/or second lower
bp fraction(s)} obtained in the first and/or second
distillation column(s) by utilizing difference between the
aldehyde and other components (particularlyanalkylhalide)
in boiling point. For example, in the case of using a plate
column as the aldehyde-separating column for purification
of acetic acid, the overhead pressure is about 10 to 1,000
kPa, preferably about 10 to 700 kPa, and more preferably
about 10 to 500 kPa as an absolute pressure. In the case
where the overhead pressure is too low, the separation
efficiency of acetaldehyde becomes low, it is necessary
to lower the temperature for condensing gaseous components
efficiently, and as a result it is not preferred in cost.
On the other hand, in the case where the overhead pressure
is too high, the inner temperature of the column rises due
to excessively added pressure, as a result there is a
possibility that acetaldehyde which is condensed within
the column is polymerized within the column by exposing
tohigh temperature thereby being contaminated in the higher
bp component.

Moreover, the inner temperature of the column

(overhead temperature) may be, for examplie, about 10 to

in Ny, a0 EU dOm~oNo41 (dr- 04 N.~VN.-I NHNa
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80°C, preferably about 20 to 70°C, and more preferably about
40 to 60°C.
In the case where the aldehyde-separating column
is a plate c¢olumn, the theoretical number of plates may
5 for example be about 5 to 80, preferably about 8 to 60,
and more preferably about 10 to 50.
In the aldehyde-separating column, the refluxratio
may be selected from about 1 to 1,000, preferably about

10 to 800, and preferably about 50 to 600 (e.g., about 100

10 to 600) depending on the above-mentioned theoretical number
of plates.

Incidentally, in the case where generation of the
aldehyde and hydrogen is inhibited by suitably adjusting
the reaction condition in the reaction system, and further

15 the aldehyde is removed from the recycle stream from the
distillation column({s) by using the aldehyde-separating
column, the amount of the aldehyde in the reaction system
and/or distillation column(s) can be remarkably reduced,
and the amount of the by-produced carboxylic acid having

20 "n+2" carbon atoms can be greatly reduced. Therefore, even
in a stage of the carboxylic acid stream to be fed to the
second distillation column, the concentration of the
carboxylic acid having "n+2" carbon atoms can be decreased
to the degree within the product standards of the carboxylic

25 acid, and it is not necessary to separate the carboxylic

acid having "n+2" carbon atoms in the second distillation

column.



NN HHU dNco- 80- (2) First distillation step Wth the use of a 40
mm~ gl ass O dershaw distillation colum (30 plates), the reaction m xture
fromthe reactor was fed to the distillation colunmm fromthe seventh plate
5 fromthe top of the colum, and nethanol and/or nethyl acetate, and if
necessary water was added fromone feed pgrt (Feed solution I) or two feed
ports (Feed solutions I and Il). The distillation was conducted under an
at nospheric pressure at aref lux ratioof I . | . Incidentally, a fraction
wi t hdrawn 10 from t he Myssdneas], 8intbehecnsun tes thefdaneddin sndirsetpad at ed
into an upper layer and a | ower |ayer. Each of the upper and |ower |ayers
was di vi ded i nabdehydé tHeoridf@r n+ef” tdxbendatempaid ireducable,dtseheged, and
the former portion from each |ayer was subjected to ref lux so as to

achi eve the 15vabeyefr pbtassinatpearmdnyadmiaid abhhybe reanekabdynimsedrsédint i al
di fference between the both layers regarding the weight ratio of the forner

portion and theitkébtra ppecidic fréafmetit sumsasvas oddnatiaa budstele cut
froma position lower than the 30th plate fromthe top of the distillation

colum. 205! ncegampbé | Yoanh N thrreandnant lthesSaianaaed ava Dite WoB20
conducted as ot her Exanpl es except that a nodel solution containing acetic
acid, hydrogemmigdtée).nethyl iodide, nethyl acetate and water was used

i nstead of the reaction mxture and was fed to the distillation colum. 25

Mor eover, in Conparati¥e HhepRlegent adertidn 4&hepurdfaed chciessynic
distillation colum (50 plates) was
acid is producible by removing impurities from the

7 carboxylic acid stream containing the impurities such as
10 hydrogen halides, lower bp components and/or higher bp
components with at least the first and second distillation

columns. The preferred production process comprises the
abovereactionstep, thecatalyst-separationstep, the first
distillation step, and the second distillation step. 1In

15 such a method, for example, the preferred process includes

one comprising (a) continuously allowing methanol to react

with carbon monoxide at a hydrogen partial pressure of 5

to 100 kPa in a vapor phase of the reaction system in the

presenceof (i) acatalyst systemcomprisingametal catalyst

20 of the group 8 metal of the Periodic Table, an alkali metal

iodide and an alkyl iodide, and (ii) water in a proportion

of 0.1 to 5% by weight relative to a whole liquid-phase

reaction system; (b) continuously withdrawing the reaction

mixture from the reaction system; (¢) feeding the reaction

25 mixture to a catalyst-separating column; (d) separating

a higher bp fraction containing the metal catalyst and the

alkali metal iodide, and a lower bp fraction containing



used, and a nodel solution (containing acetic acid, hydrogen - 81 io0
nmet hyl 1odide, nethyl acetate and water) was fed to the distillation
fromthe seventh plate fromthe top of the colum. In Conparative Ex

1, met hanol ,

met hyl acetate and water were not fed. In Conparative 5

Exanpl e 2, methanol (Feed solution |) wagyadded fromone feed port,

distillation was conducted under an atnospheric pressure at a ref lu
of 3.0 and a colum bottomtenperature of 120.6C. Incidentally, a fr
wi t hdrawn fromaddel owerildcadnofaliklyd daldidde ,wae thgidacedatel0 vateérsepdr at ed

I nto an upper

| ayer and a |ower |ayer. Each of the upper and | ower |

di de,
col um
anpl e

and t he
X ratio
action

ayers

was divided i pmmiqadaaihd; (e feddinxthedoaepdrdildmg pobet dracttdoged, and
t he fornmer
achi eve the alovecaebokylicaidid stneaneontthlel firdthéistiddationcodupwtanti al
di fference between the both layers regarding the weight ratio of the
portion and t He ) ateparapdngi anlowdr by dirdciiasecoasanntihgr pant mf $hee cut
froma position |ower than the 50th plate fromthe top of the distil
colum. 26 Theldyi drididiei,onhef mehbhyhydcogete i anid deater ;1 hend reehdighesr m xt ure
solution, and the feed conditions of nethanol and/or nethyl
acetate are slpgpwEractiah echtaifimg et ofamaterownd prighlonid a8dd a~S J
EOO0OO0O0OO0OOI Il x>4 0000001y

or nodel

10

15

20

25

portion fromeach | ayer was subjected to ref lux so as to

in the first distillation column with feeding water and/or
at least one component (A) (first component) selected from
the group consisting of methanol and methyl acetate; (g)
withdrawing a side stream containing at least the acetic
acid by side cut from the first distillation column; (h)
feeding the side stream to the second distillation column;
(i) removing a lower bp fraction containing at least part
of the alkyl iodide, the methyl acetate and water, and a
higher bp fraction containing at least part of water and
propionic acid in the second distillation column:; and (j)
withdrawing a side stream containing a purified acetic acid
by side cut to recover the acetic acid. Incidentally, in
the case of feeding the first component (A) alone (including
the case of feeding the first component (A) as the acetic
acid solution thereof), the first component (A) is fed to
the firstdistillation column froma lower positionrelative
to a side stream port for conducting side cut of the side
stream containing acetic acid.

Further, the present invention also includes a
system for producing apurified carboxylicacidhaving "n+1"

carbon atoms, comprising the first and second distillation

f or ner

| ati on
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columns. The production system may comprise, for example,
the reaction system, the catalyst-separating column, the
first distillation column, and the second distillation
column, and if necessary, may further comprise the
halide-removing column and/or the aldehyde-separating

column.

INDUSTRIAL APPLICABILITY
The present invention is useful for obtaining a
carboxylic acid such as acetic acid in the industrial
production process, particularly useful for obtaining a
highlypurifiedcarboxylicacidin the continuous production

process.

EXAMPLES
The following examples are intended to describe
this invention in further detail and should by no means
be interpreted as defining the scope of the invention.
Examples 1 to 10 and Comparative Examples 1 to 3
{1) Reaction
With the use ¢of a reactor having a volume 0.3 L,
a continuous reaction was conducted in accordance with a
flow diagram shown in Fig. 1, and the generation rate of
the product was measured (Examples 1 to 4, 7, 8 and 10).
The reaction conditions and the results are shown in Table

1.
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{2) First distillation step

With theuse of a 40 mmp glass Oldershawdistillation
column (30 plates), the reaction mixture from the reactor
was fed to the distillation column from the seventh plate
fromthe top of the column, andmethanol and/ormethyl acetate,
and if necessary water was added from one feed port (Feed
solution I) or two feed ports (Feed solutions I and II).
Thedistillationwas conductedunder anatmosphericpressure
atarefluxratioofl.l. Incidentally, afractionwithdrawn
from the overhead of the column was condensed, and separated
into an upper layer and a lower layer. Each of the upper
and lower layers was divided into a portion for reflux and
a portion to be discharged, and the former portion from
each layer was subjected to reflux so as to achieve the
aboverefluxratio. Incidentally, therewas no substantial
difference between the both layers regarding the weight
ratio of the former portion and the latter portion. Aligquid
phase was withdrawn by side cut from a position lower than
the 30th plate from the top of the distillation column.
Incidentally, in Examples 5 and 6 the same operation was
conducted as other Examples except that a model solution
ceontaining acetic acid, hydrogen iodide, methyl iodide,
methyl acetate and water was used instead of the reaction
mixture and was fed to the distillation column.

Moreover, in Comparative Examples 1 and 2, a 40
mm$¢ glass Oldershaw distillation column (50 plates) was

used, and amodel solution (containingacetic acid, hydrogen
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iodide, methyl iodide, methyl acetate and water) was fed
to the distillation column from the seventh plate from the
top of the column. In Comparative Example 1, methanol,
methyl acetate and water were not fed. In Comparative
Example 2, methanol (Feed solution 1) was added from one
feed port, and the distillation was conducted under an
atmospheric pressure at a reflux ratio of 3.0 and a column
bottom temperature of 120.6°C. Incidentally, a fraction
withdrawn from the overhead of the column was condensed,
and separated into an upper layer and a lower layer. Each
of the upper and lower layers was divided into a portiocn
for reflux and a portion to be discharged, and the former
portion from each layer was subjected to reflux so as to
achieve the above reflux ratio. Incidentally, there was
no substantial difference between the both layers regarding
theweight ratioof the former portion andthelatter portion.
A liquid phase was withdrawn by side cut from a position
lower than the 50th plate from the top of the distillation
column.

The concentration of the hydrogen iodide in the
reaction mixture or model solution, and the feed conditions
of methancl and/or methyl acetate are shown in Table 2.

The results are shown in Table 3.
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As apparent from Tables 2 and 3, by introducing nethanol froma | ower
position relative to at least the 15 side cut port of acetic acid, the
concentration of the iodide in the side cut solution was renarkably
reduced. (3) Second distillation step Wth the use of a 40 mm¥ gl ass

A dershaw distillation colum (60 platesyyas a second distillation colum,
the 20 solution obtained by side cut fromthe first distillation colum was
fed to the second distillation colum fromthe 2yth.plate fromthe top of
the second distillation colum, and the distilldiiof w8 conducted under an
atnospheric pressure at a ref lux ratio of 30 with fleedi ng a potassi um 25
hydr oxi de (KOH) aqueous solution fromone feed patt pFeed solution I) or
two feed ports (Feed solutions | and Il1) to the@ec'é'nd!,‘.bi stillation colum
(Exanpl e 10). The vapor - 85 phase is withdrawn ®y #idé cut fromthe 57th

plate from the tagp,of {he qejoddistlllation o,_I‘um;u). thci dentally, the
side cut solution |i§) Exanpl 3' 3 sl gncie pooljed iinoa =t aﬁ'k and the pool ed
sol ution was used |ad Ha~b4 (g | ells (sl tci’(m 2 |fro ﬁheofi r&t distillation
col utm. Mbreover, @%@g g & ari | ve Ex?arpge wet e Hconducted in the
same manner as Exaﬁh:eube e cgpt |-t | nodel gowut icon 4g;conBai ning acetic
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the feed conditions of the potassium hydroxi de aqueous sol ution are shown
Table 4. The results are showmn in Table 5. 86 4-1 04-, R Oo
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Incidentally, in Examples, since the distillation
was conducted at an atmospheric pressure, the inner
temperature of the column was relatively low, that is, the
reaction temperature of methanol treatment was low.
Incidentally, in the case of conducting the above-mentioned
Examples under industrial conditions in pressure
distillation, since the inner temperature of the
distillation column usually rises about 20 to 30°C, it is
considered that the reaction rate increases about 4 to 8
times. Therefore, it is considered that the concentration
of the hydrogen iodide in the solution obtained by side
cut can be reduced to about 0.2 to 2 ppm.

As apparent from Tables 2 and 3, by introducing
methanol from a lower position relative to at least the
side cut port of acetic acid, the concentration of the iodide
in the side cut solution was remarkably reduced.

(3) Second distillation step

With the use of a 40 mmd glass Oldershawdistillation
column (60 plates) as a second distillation column, the
solution obtained by side cut from the first distillation
column was fed to the second distillation column from the
27th plate from the top of the second distillation column,
and the distillation was conducted under an atmospheric
pressure at a reflux ratio of 30 with feeding a potassium
hydroxide (KOH) aqueous solution from one feed port (Feed
solution 1) or two feed ports (Feed solutions I and II)

to the second distillation column (Example 10)}. The vapor



10

15

|l .pm504 r8 N4 Qb MM' W4l wa A M u

phase is withdrawn by side cut from the 57th plate from
the top of the second distillation column. Incidentally,
the side cut solution in Example 3 was once pooled in a
tank, and the pooled solution was used as a side cut solution
from the first distillation column.

Moreover, Example 9 and Comparative Example 3 were
conducted in the same manner as Example 10 except that a
model solution containing acetic acid, water and hydrogen
iodide (formulation: 99.8% by weight of acetic acid, 0.2%
by weight of water, and 1.4 ppm of hydrogen iodide (as iodide
ion)) was fed instead of the side cut soclution from the
firstdistillationcolumn to the seconddistillationcolumn.

The concentration of the hydrogen iodide in the
feed solution fed to the second distillation column, and
the feed conditions of the potassium hydroxide aqueous
solution are shown in Table 4. The results are shown in

Table 5.
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above-nmenti oned Exanples, since the distillation was conducted at an

at nospheric pressure, the inner tenperature of the colum was relatively
low, that is, the reaction tenperature ofggotassium5 hydroxi de treatnent
was low. Incidentally, in the case of conducting the above-nentioned
Exanpl es under industrial conditions in pressure distildation, since the
inner tenperature of the distillation colum usually ri8es about 20 to
30C, it is considered that the reaction rate increases ., 10 about 4 to 8
tinmes. Therefore, it is considered that the concentratign of hydrogen

iodide in the side cut solutiop , can be reduced to not h%ghe} t han 3 ppb.
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Ag- exchanged i on exchange resin colum at 45C and 8 bed volune/H, and al kyl
I odide inpurities were renoved. Thus obtained acetic acid was anal yzed by
an ECD-GC, and it was found that the concentration of the al kyl iodide was
not 20 higher than the limt of identification (0.3 ppb). The finally
obt ai ned acetic acid had extrenely |ow. gpncentrations of both hydrogen
| odi de and al kyl iodide, and was sufficient as a final product. Moreover,
in the acetic acid after renoving the 25 alkyl iodide, the concentration of
t he propionic acid wasIn@3deptaline tontkat abbovermelitiomedrBxampleehyde was
not higher than 0.2 ppm and the potassium pernmanganate test - 88 was 190
m nut es. Accordingkythehdistfillatioh wasukbsdasted &tnah ptwdsphewice
obtained. - 89 - CLAIMS 1. A process for producing a carboxylic acid having
"n+l " carbon apoassuwnki, dtheimper sempéra¢easientf the aphonplwas neitdtsvebam
containing at |east a carboxylic acid having "n+l" carbon atons, a hydrogen
hal i de, a | owedoWwoi thag pei,ntheonpacthbnanempenaghee b6 pphgsspamnt
conponent to a first distillation colum, separating a first |ower boiling
poi nt frachi onhydfogddeat neangnerelr wasf 1owe | hvetrddididliiyg poi the cargeonént and
a first higher boiling point fraction containing part of the higher boiling
poi nt conponentondutlidnigi thé abote-nexittrned Examples thdeawinduatfiakt side
stream containing at |least 15 the carboxylic acid having "n+l" carbon atons
by side cut conditions in pressure distillation, since the inner
temperature of the distillation column usually rises about

20 to 30°C, it is considered that the reaction rate increases
10 about 4 to 8 times. Therefore, it is considered that the
concentration of hydrogen iodide in the side cut solution
can be reduced to not higher than 3 ppb.
(4) Todide-removing step
The side cut solution (Example 10) obtained by the
15 above distillation step (3) was further passed through an
Ag-exchanged ion exchange resin column at 45°C and 8 bed
volume/H, and alkyl iodide impurities were removed. Thus
obtained acetic acid was analyzed by an ECD-GC, and it was
found that the concentration of the alkyl iodide was not
20 higher than the limit of identification (0.3 ppb).

The finally obtained acetic acid had extremely low
concentrations of both hydrogen iodide and alkyl iodide,
and was sufficient as a final product.

Moreover, in the acetic acid after removing the

25 alkyl iodide, the concentration of the propionic acid was
93 ppm, the concentration of the crotonaldehyde was not

higher than 0.2 ppm, and the potassium permanganate test



fromthe first distillation colum, feeding the first side streamto a
second distillation colum, separating a second |ower boiling point
fraction 20 containing part of the | ower boiling point conponent and a
second hi gher boiling point fraction containing part of the higher boiling
poi nt conponent in the second distillatiggcolum, and withdraw ng a second
side stream containing the 25 carboxylic acid having "n+1" carbon atons by
side cut from the second distillation colum to recover a carboxylic acid
having "n+l " caaiBonsatvifutes 90 Aadvedidgit hathe @yhfisdenfte@dsngdt6i aswat er,
or water and at |east one first conponent (A) selected fromthe group
consi sting of anfahadheroduetr weseowbitagnka.t he carboxylic acid, having "n"
carbon 5 aton(s), and an ester of the alcohol with the carboxylic acid to
the first distillation colum, or (ii) at |least one first component (A)
selected from the group consisting of an al cohol, corresponding to the
carboxylic acid, having "n" carbon aton(s), and an ester 10 of the al cohol
to the first distillation colunmm froma |lower position relative to a first
side stream port for conducting side cut of the first side stream

contai ning the carboxylic acid having "n+l" carbon atons. 2. A process
according to claiml1l, wherein the 15 hydrogen halide is separated by
converting to the Iower boiling point conponent. 3. A process according to
claim1l, wherein water



is, or water and the first conponent (A) are fed to the first distillation
colum from an upper position relative 20 to the first side streamport for
conducting side cut of the first side stream containing the carboxylic acid
having "n+l" carbon atons. 4. A process according to claim1, wherein, in
the first distillation colum, at |east ggater is fed froman 25 upper
position relative to the first side stream port for conducting side cut of
the first side streamcontaining the carboxylic acid having "n+l" carbon
atonms, and the first - 91 conponent (ALAIMSfed froma |ower position
relative to the first side streamport. 5. A process according to claiml1,
wherein each of the feed proportion of the first conponent (A and that 5
of water satisfies the following (i), (ii), or both of (i) and (ii): (i)
the feed proportion isll topAdzdXfoplpreiwtinga capbdxybl cafcidieatirly ogen
hal i de contained in the carboxylic acid streamfed to the first
distillation cohumh, caPbéni atdme, fwieilchr opmprisasi s 0.02 to 50% by nol
relative to the total anmount of the carboxylic acid having "n+l " carbon
atonms cont®mi ned in thefeadogslcaebasiyd isi debdstieam tonthe nfingdt teadt | | ati on
colum. 6. A process according to claim1, which conprises 15 further
feeding to theaseaphdxdlsti athdilpavinguim+ar tapsén atemsecandydoogament ( B)
selected fromthe group consisting of (b-1) an al cohol, corresponding to
t he carboxyl i chatide, Yowgr boil'ingasdint abomponbatiaigl 4 i gtssbboikion(s) ,
(b-2) an ester of the alcohol wth the carboxylic acid having

point component to a first distillation column,

:‘; separating a first lower boiling point fraction
10 containing part ¢f the lower boiling point component and
a first higher boiling point fraction containing part of
the higherboiling point component in the first distillation
column,
withdrawing a first side stream containing at least
15 the carboxylic acid having "n+1" carbon atoms by side cut
from the first distillation column,
feeding the first silde stream to a second
distillation column,
separating a second lower boiling point fraction
20 containing part of the lower boiling point component and
a second higher boiling point fraction containing part of
the higher boiling point component in the second
distillation column, and
withdrawing a second side stream containing the

25 carboxylic acid having "n+1" carbon atoms by side cut from

the second distillation column to recover a carboxylic acid

n n

having "n+1" carbon atoms;



20 "n+l" carbon atonms, (b-3) an alkali netal hydroxide, (b-4) an alkal
netal acetate and (b-5) a hypophosphorous acid. 7. A process according to
claim6, wherein the second conponent (B) is fed to the second distillation
colum from at |east one of upper and |lower positions relative 25 to a
second side stream port for conducting siglg cut of the second side stream
containing the carboxylic acid having "n+l" carbon atons. - 92 8. A
process according to claim®6, wherein the total of the feed proportion of
the conponent (b-1) andhibr Faedhepr opmptisssofetliengonponent (b-2)
satisfies the followng (i), (ii), or both of (i) and (ii): 5 (i) the total
of the feed proportion(a) Wdtexoopanaerir afdal)leasit bine £k pomponenon of

t he conponent (b-2) is 1 to 10,000 nol relative to 1 nol of the hydrogen

hal i de contai ad selebeecaatboxylthe gtbdpstbasistatot oft ba ateohdl,
distillation colum, 10 (ii) the total of the feed proportion of the
conponent (b- lkxoatrdspbadiagd tpr @per cagbosllibeaeaaponenting( bn2) cagbon02 to
50% by nol relative to the total anobunt of the carboxylic acid having "n+l"

carbon atoss ceatiosi{B9d ahll AheesBeboxfy il adichIril edvH etlet carboxgdond
distillation 15 colum. 9. A process according to claim®6, wherein the feed

proportion of tdAadcespenentipet3)disatiilsbitesnt ke ifu@n ,owmg (iii), (iv), or
both of (iii) and (iv): (iii) the feed proportion of the component (b-3) 20
is 1 to 20,000 nol rel aiiyeat aebdsobndFitBe dunbiagent Hal)i skeleciord rbrd i N
the carboxylic acid streamfed to the second
the group consisting of an alcohol, corresponding to the
carboxylic acid, having "n" carbon atom(s), and an ester
10 of the alcohol to the first distillation column froma lower
positionrelative to a first side streamport for conducting
side cut of the first side stream containing the carboxylic
acid having "n+l1" carbon atoms.
2. A process according to claim 1, wherein the
15 hydrogen halide is separated by converting to the lower
beiling point component.
3. A process according to c¢laim 1, wherein water
is, or water and the first component (A) are fed to the
first distillation column from an upper position relative
20 to the first side stream port for conducting side cut of
the first side stream containing the carboxylic acid having
"n+1” carbon atoms.
4. A process according te claim 1, wherein, in the
first distillation column, at least water is fed from an
25 upper position relative to the first side stream port for

conducting side cut of the first side stream containing

the carboxylic acid having "n+1" carbon atoms, and the first



distillation colum, (iv) the anmount of the carboxylic acid having "n+1"
carbon atons contained in the carboxylic acid streamfed 25 to the second
distillation colum is 30 to 300,000 nol relative to 1 nol of the conponent
(b-3). 10. A process according to claim1, which conprises - 93
continuously allow ng an al cohol having 'gqo _carbon aton(s) or a derivative
thereof to react with carbon nonoxi de at a hydrogen partial pressure of 1
to 150 kPa in a vapor phase of the reaction systemin the presence of a
catal yst 5 sysi¢emponanti @ Ndsafsdtfdongal abystr masipoiantredat iare abkite
hal i de, and water in a proportion of 0.1 to 10% by weight relative to a
whol e |i qui d- phasetregdei stregntpartconti nuously withdrawi ng the reaction

m xture from the reaction system m. 10 feeding the reaction mxture to a
cat al yst-separating cobuma picpasat adgoxdibig dohcdlaem boi Whagepni edclracti on
containing the netal catalyst conponent, and a third | ower boiling point

fraction, and db freediced phepbhticnl fvhe @iilkrsbocqamporient @) andatha®
carboxylic acid streamto the first distillation colum. 11. A process

accordi ng $0 cohivater Waitdsfdesptheesol Towimer(igon( ad) i, ngr tetisedond) si de
stream obtained oa by side cut fromthe second distillation colum wth an
20 i on exchangendes¢ifm)having a halide-renovability or a
hal i de- adsorbability to purify the carboxylic acid having
(i) the feed proportion is 1 to 10,000 mol relative
to 1 mol of the hydrogen halide contained in the carboxylic
- acid stream fed to the first distillation column,
10 (ii) the feed proportion is 0.02 to 50% by mol
relative to the total amount of the carboxylic acid having
*n+l" carbon atoms contained in the carboxylic acid stream
fed to the first distillation column.
6. A process according toclaiml, which comprises
15 further feeding to the second distillation column at least
one second component (B) selected from the group consisting
of (b-1}) an alcohol, corresponding to the carboxylic acid
having "n+l1" carbon atom, having "n" carbon atom(s), (b-2)
an ester of the alcohol with the carboxylic acid having
20 "n+l" carbon atoms, (b-3) an alkali metal hydroxide, {(b-4)
an alkali metal acetate and (b-5) a hypophosphorous acid.
7. A process according to claim 6, wherein the
second component (B) is fed to the seconddistillation column
from at least one of upper and lower positions relative
25 to a second side stream port for conducting side cut of

the second side streamcontaining the carboxylic acid having

"n+l1l” carbon atoms.



"n+l" carbon atons. 12. A process according to claim 10, wherein the |ower
boiling point fraction withdrawn fromat |east one 25 of the first
distillation colum and the second distillation colum contains an al kyl
hal i de, an al kyl ester of a carboxylic acid having "n+l" carbon atons, an
al dehyde - 94 having "n+l" carbon atonsg,and water; which the process
further conprises subjecting the lower borling point fraction to an
al dehyde separation step; 5 separating, in the al dehyde separation step, a
fourth | ower boiling mai Nh gricsdd Ddlcesrd Bidit 8¢ Lalm 6 wiedyetn thandtalf ourth
hi gher boiling point fraction containing the alkyl halide, the alkyl ester
of the carboxydf @hactdedatbpoet £6n oFnehd bdmsyedn Oy U119 andarthe Heglter
boiling point fraction to the reaction system 13. A process according to
claim1, whi CV%)&?G)!&M ofCORkI GoppShon (0w )ngatekifass! thedel Mwihgar bon
nonoxi de at a hydrogen partial pressure of 5 to 100 kPa 15 in a vapor phase
of the reacti o pyst#ein | ot ok esence) #£fad a(cafal yst system conprising a
netal catalyst of the group 8 netal of the Periodic Table, an al kali netal
iodide argl an al kyl i(adi €ige taR@1V6¥ €he FBed ot idiloPthe conipbndibb by
wei ght relative to a whole |iquid-phase reaction 20 system continuously
wi t hdrawi ng t hgpfERGM@NLHR Xted® prepbriith réRctHONcaMFdint f@edinad he
reaction mxture to a

1 to 10,000 mol relative to 1 mol of the hydrogen halide

contained in the carboxylic acid stream fed to the second

T

distillation column,

10 (ii) the total of the feed proportion of the
component (b-1) and the feed proportion of the component
{b-2) is 0.02 to 50% by mol relative to the total amount
of the carboxylic acid having "n+1" carbon atoms contained
in the carboxylic acid stream fed to the second distillation

15 column, |

9. Aprocess according toclaimé, wherein the feed
proportion of the component (b-3) satisfies the following
(iii), (iv), or both of (iii) and (iv):

(iii) the feed proportion of the component (b-3)

20 is 1 to 20,000 mol relative to 1 mol of the hydrogen halide
contained in the carboxylic acid stream fed to the second
distillation column,

(iv) the amount of the carboxylic acid having “*n+1”
carbon atoms contained in the carboxylic acid stream fed

25 to the second distillation column is 30 to 300,000 mol
relative to 1 mol of the component (b-3).

10. Aprocessaccordingtoclaiml, whichcomprises



cat al yst-separating colum, 25 separating a third higher boiling point
fraction containing the netal catalyst and the alkali netal iodide, and a
third |l ower boiling point fraction containing acetic - 95 acid, an alkyl
i odi de, methyl acetate, water and propionic acid, feeding the third | ower
boiling point fraction as a carboxylic @gid streamto the first
distillation colum, 5 separating a first lower boiling point fraction
containing at |east part of the al kyl iodide, the nethyl acetate and water,
and a first higher boidontdnpousilyfabbewbmg anontcohdhyaxtingeawt cpabonof wat er
and propionic acid in the first distillation colum, 10 withdrawi ng-a first
si de stream caerttoai (6 Ingr atderdast 1 viehehereef toaeiadthyi 3 darban monoxidee fir st
distillation colum, feeding the first side streamto the second
distillation &dl erhydtb6genppantial pressune dovietobdb0i kBapbh g viapast i on
containing part of the alkyl iodide, the nethyl acetate and water, and a
second hi gher phaide pod pbé medatdein eysteoninithienprpaencef ofiad eataddspr opi oni c
acid in the second distillation colum, 20 w thdrawing a second side stream
cont ai ni n§ t hesysdmat icompeiidibyg 3imketaltcatradmsttheompoordtdasdian alkod col um
to recover acetic acid, which further conprises feeding (i) water, or water
and at | east drdifde standowpbaenin & proporsEiecioddof Lohot het drpmeigivisi st i ng
of net hanol andnet hyl

relative to a whole liguid-phase reaction system,

continuously withdrawing the reactionmixture from

the reaction system,

(>

10 feeding the reaction mixture to a
catalyst-separating column,
separating a third higher boiling point fraction
containing the metal catalyst component, and a third lower
boiling point fraction, and
i5 feeding the third lower boiling point fraction as
a carboxylic acid stream to the first distillation column.
11. Aprocessaccordingtoclaiml, whichcomprises
further contacting the second side stream obtained
by side cut from the second distillation ¢oclumn with an
20 ion exchange resin having a halide-removability or a
halide-adsorbability to purify the carboxylic acid having
"n+l"” carbon atoms.
12. A process according to claim 10, wherein the
lower boiling point fraction withdrawn from at least one
25 of the first distillation column and the seconddistillation
column contains an alkyl halide, an alkyl ester of a

carboxylic acid having "n+1” carbon atoms, an aldehyde



acetate to the first distillation colum, or (ii) at |least one first
conponent (A) selected from- 96 the group consisting of methanol and
nmet hyl acetate to the first distillation colum froma |ower position
relative to a first side streamport for conducting side cut of the first
side stream containing acetic acid. 5 14g4A_process according to claim13,
which conprises further feeding to the second distillation colum at |east
one second conponent (B) selected fromthe group consisting of (b-i)
met hanol , (b- 2)aniidyineketcaehor Rrms pared sfakehy drluighdeche (PrPCeRR assi um
acetate and (b-5) 10 hypophosphorous acid. 15. A system for producing a
carboxyl i c acifirtidchconpnibs¢ses a first distillation colum for
separating, froma carboxylic acid streamcontaining 15 at |east a
carboxylic acid havi nguhmécting idve howes bailhydmajat fxhcddonate ciker
boi li ng poi nt conponent and a higher boiling point conmponent, a first |ower
boi | i ng poi nt d¥@hydm sepanabioy spept of the | ower boiling point conponent
and 20 a first higher boiling point fraction containing part of the higher
boi li ng pd nt conponergepatraiting t hidr dienplddhyde seprRratianrsieint atni ng at
| east the carboxylic acid having "n+l" carbon atons by side cut, and 25 a
second di sti | | &eunth towambpofidri gyt £ nacblise cond aioveg thei a1dehpde nt
fraction containing part of the |lower boiling point conponent and

and a fourth higher boiling point fraction containing the

alkyl halide, the alkyl ester of the carboxylic acid, and

water; and

(’ﬁ

10 recycling the fourth higher boiling point fraction
to the reacticen system.
13. Aprocessaccordingtoclaiml, whichcomprises
continuously allowing methanol react with carbon
monoxide at a hydrogen partial pressure of 5 to 100 kPa
15 in a vapor phase of the reaction system in the presence
of a catalyst system comprising a metal catalyst of the
group 8 metal of the Periodic Table, an alkali metal iodide
and an alkyl iodide, and water in a proportion of 0.1 to
5% by weight relative to a whole liguid-phase reaction
20 system,
continuouslywithdrawing the reaction mixture from
the reaction system,
feeding the reacticn mixture to a
catalyst-separating column,
25 separating a third higher boiling point fraction
containing the metal catalyst and the alkali metal iodide,

and a third lower boiling point fraction containing acetic



-97- a higher boiling point fraction (a second higher boiling point
fraction) containing part of the higher boiling point conponent fromthe
first side streamfromthe first distillation colum, and w thdrawi ng a
second side stream containing a carboxylic acid having "n+1" carbon atons
by side cut to recover the second side_sggeam wherein (i) water, or water
and at | east one first conponent (A) selected fromthe group consisting of
an al cohol, corresponding to the carboxylic acid, having "n" carbon
aton(s), and atisd! ah alkyheocdidehomevhiyyh addmteyr baxglri andgrdpienfied to t he
first distillation colum, or (ii) at |least one first conponent (A) selected
fromthe groumctiohsi sting of an al cohol, corresponding to the carboxylic
acid, having "n" carbon aton(s), and an ester of the alcohol with the
carboxylic acid is feddedingethershirdi sdwdd dbidangopoimt f £ il dowsr
position relative to a first side streamport for conducting side cut of
the first sida sarbayddetadid B3 ricam ¢artiox¢lire tadisici hbat dgn ‘cetbiingar bon
atons. 16. A system according to claim 15, which conprises a reaction
system f ors conti nuous|gepddarding aarf iat=co alwdiabionld 1'ny' peanmtorfraickbofs) or a
derivative thereof to react with carbon nonoxi de at a hydrogen parti al
pressure of 1 dentldlniiip dth leasapparphasethé alieyY ebmdide, shisd erathylt he
presence of a catal yst systemconprising a netal catal yst conponent - 98
and an al kyl haddttiete and watiear, and a PLidPOHiighBrBoid ing poih@%dac tienght
relative to a whole |iquid-phase reaction system a catalyst-separating
colum for sepsstaiwing tdd rikad: paphierobordtierg g prdygianiiomaddatia ni ng
the netal catalyst conponent and a third |ower boiling point fraction as a
carboxyl i c acithestfost fdign il XLemiodn oo i Ur € cont i nuousl y

” 10 withdrawing a first side stream containing at least
the acetic acid by side cut from the first distillation
column,

feeding the first side stream to the second
distillation column,

15 separating a seconéd lower boiling point fraction
containing part of the alkyl iodide, the methyl acetate
and water, and a second higher boiling point fraction
containing part of water and propionic acid in the second
distillation column,

20 withdrawing a second side stream containing the
acetic acid by side cut from the second distillation column
to recover acetic acid,

which further comprises feeding
(i) water, or water and at least one £first component
25 (A) selected from the group consistingof methanol andmethyl

acetate to the first distillation column, or

(ii) at least one first component (A) selected from



w thdrawn fromthe reaction system a first distillation colum for
separating a first 10 |lower boiling point fraction containing part of the
| ower boiling point conponent and a first higher boiling point fraction
containing part of the higher boiling point conponent fromthe carboxylic
acid streamfromthe catalyst-separatinggcolum, and w thdraw ng the first
side 15 stream containing at |east the carboxylic acid having "n+l1" carbon
atons by side cut, a second distillation colum for separating separat | ower
boi i ng poi nt theagirbap congasbing gamethanbheah@wethyloabebgtpotattheonponent
and a second higher boiling point 20 fraction containing part of the higher
boi i ng poi nt fiomptoddsit ifldcnitdre chilugh Srdm atlewer fpo tivm frelstive
distillation colum, and withdrawi ng a second side stream containing a
carboxylic acith hafingt"sitdé tardzonpair@nBob\ycormdulet iy stider entvef ttHwe second
side stream and 25 a halide-renoving colum for renoving a halide from the
second si de stffiaam coideni st twank hsorctar iy iaceicicl de¢xan t he second
distillation colum, and obtaining a carboxylic - 99 - acid having "n+l"
carbon at drs, wherein lidhe Rabprdeesseavebrdingl tonclaimqusppetiivht h an ion
exchange resin therein, and the ion exchange resin has a
hal i de- r enovahtdmpryisegs fubthetdEedborgabithetsedoatid GiseibYangohloonhmn de by
contacting with the second side stream fromthe second distillation colum.
at least one second component (B) selected from the group
consisting of {(b-1) methanol, (b-2) methyl acetate, (b-3)
potassium hydroxide, {(b-4) potassium acetate and (b-5)
10 hypophosphorous acid.
15. Asystemforproducingacarboxylicacid, which
comprises
a first distillation column for
separating, from a carboxylic acid stream containing
15 at least a carboxylic acid having "n+l1"” carbon atoms, a
hydrogenhalide, alowerboiling point component and ahigher
boiling point component,
a first lower boiling point fraction containing
part of the lower boiling point component and
20 a first higher boiling point fraction containing
part of the higher beciling point component, and
withdrawing a first side stream containing at least
the carboxylic acid having "n+1” carbon atoms by side cut,
and
25 a second distillation column for

separating a second lower boiling point fraction

containing part of the lower boiling point component and



-97-

a higher boiling point fraction (a second higher boiling point fraction)
containing part of the higher boiling point component from the first side
stream from the first distillation column, and

withdrawing a second side stream containing a carboxylic acid having
"n+1" carbon atoms by side cut to recover the second side stream;

wherein

(i) water, or water and at least one first component
(A) selected from the group consisting of an alcohol, comresponding to the
carboxylic acid, having "n" carbon atom(s), and an ester of the alcohol with
the carboxylic acid is fed to the first distillation column, or

(ii) at least one first component (A) selected from the group consisting
of an alcoho!, corresponding to the carboxylic acid, having "n" carbon
atom(s), and an ester of the alcohol with the carboxylic acid is fed to the first
distillation column from a lower position relative to a first side stream port for
conducting side cut of the first side stream containing the carboxylic acid
having "n+1" carbon atoms.

16. A system according to claim 15, which comprises a reaction
system for continuously allowing an alcohol having "n" carbon atom (s) or a
derivative thereof to react with carbon monoxide at a hydrogen partial
pressure of 1 to 150 kPa in a vapor phase of the reaction system in the

presence of a catalyst system comprising a metal catalyst component



10

15

20

25

- 98 -

and an alkyl halide, and water in a proportion of 0.1 to
10% by weight relative to a whole liquid-phase reaction
system,

acatalyst-separating column for separatingathird
higher boiling point fraction containing themetal catalyst
component and a third lower boiling point fraction as a
carboxylic acid stream froma reactionmixture continuously
withdrawn from the reaction system,

a first distillation column for separating a first
lower beiling point fraction containing part of the lower
boiling point component and a first higher boiling point
fraction containing part of the higher boiling point
component from the carboxylic acid stream from the
catalyst-separating column, and withdrawing the first side
stream containing at least the carboxylic acid having "n+1”
carbon atoms by side cut,

aseconddistillationcolumn for separatingasecond
lower boiling peoint fraction containing part of the lower
boiling point component and a second higher boiling point
fraction containing part of the higher boiling point
component from the first side stream from the first
distillation column, and withdrawing a second side stream
containing a carboxylic acid having "n+l1” carbon atoms by
side cut to recover the second side stream, and

ahalide-removing column for removing a halide from
the second side stream containing the carboxylic acid from

the second distillation column, and obtaining a carboxylic



- 99 -

acid having "n+l"” carbon atoms,

wherein the halide-removing column is equippedwith
an ion exchange resin therein, and the ion exchange resin
has a halide-removability or a halide-adsorbability for
removing thehalide by contactingwith the second side stream

from the second distillation column.



