DESCRI PTI ON PROCESS FOR PRODUCI NG CARBOXYLI C ACI D
TECHNI CAL FI ELD The present invention relates to a

wonorassousef ul for reducing a concentrati on oPC®IP2006/314124
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hydrogen halide contained in a carboxylic acid as a

final product by inhibiting condensation of the

hydr ogen halide (e.g. ,hydrbghn'iodide ) in a
distillation colum, for exanple, a distillation

process ,and a producti Qe4¥OE8sFoef a carboxylic acid
(e.g. , acetic acid) ; and a systemfor producing a
carboxylic acid. BACKGROUND ART In a production of

acetic acid, when a solution containing water,

hydrogen i osk@lerss oebRlepROBUE 1E et ARBORYL I OYAE Dgen

i odi de and/or iodide ion are/is sonetinmes sinply

referred to as hydrogen iodide) , nethyl iodide,

net hyl acetate, acetic acid, and others is distilled

and purified, hydrogenricrtirEal SFTenpdensed in a
distillation colum thereof due to interaction between
hydrogen imigé dareduh tvadh@entidacoelabgkyto evprovbes useful
such a mxture is distilled, hydrogen iodi de cannot be

ef fbeimddeineamontersitth tdondof eshyirogénitmldidd contained
to sufficiently reduce a concentration of hydrogen

i offlhde tarborylicaacddaasaaffhablppeddatt. biybiebibiting
hi gh concentrati on of hydrogen iodi de accel erates
cocondensablonhef the hividrageorhalldenfieagd . ferdydgemaiodide)
equi pnent .1n order to reduce the concentration of the
hyinogedisbiilllatinnt keldimst i Ebat emampdeumn, distidlation
proposed that a conponent such as nethanol is supplied

f r prpgessddingl pprpduction process of a carboxylicacid (e.g.,

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

BACKGROUND ART

In a production of acetic acid, when a solution
containingwater, hydrogen iodide, iodide ion (hereinéfter, .
hydrogen iodide and/or iodide ion are/is sometimes siﬁlply
referred to as hydrogen iodide), methyl iodide, methyl
acetate, acetic acid, and others is distilled and purified,
hydrogen iodide is condensed in a distillation column
thereof due to interactionbetween hydrogen iodide and water.
Accordingly, evenwhen such amixture isdistilled, hydrogen
iodide cannot be efficiently removed, and as a result, it
is difficult to sufficiently reduce a concentration of
hydrogen iodideinaceticacidasafinal product. Moreover,
highconcentration of hydrogen iodide accelerates corrosion

of the distillation column and peripheral equipment.



or plate of the distillation colum to convert
hydr ogen i odide to nethyl iodide. Japanese Patent

weéppiTiooaoi on Lai d- Open No . 40999/ 1994 (JP- 6- 4009982006/314124
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Pat ent Docunent 1 ) discloses a process for the
production of acetic acid which the process conprises

f eedi ng net hanol and carbon nonoxide to a
carbonyl ation zone in which there is held a liquid
reacti on coHpBIAELrdiP Eedpee shagoncerho tincaf dhediydrogen
met hyl iodide; an iodide salt; water at a -
cOnJcé‘lil%‘F%HrbrFftﬁ qip i o codin  weitght; prepbyéd that a
acetate at a concentration of at |east 2% by wei ght;
and°YERPR L SUFh % Pedhanag ineunniies et aoniddle part
conposition to a flash zone, recycling the liquid
fr o0k | BIATS ot e LR Rt Dhmian qnlune 4k | @PRYRIe hytnbgen

recowgr'n acetic acjd_product fromthe flash zone
vapor +¢%\g'f? dﬁe%@yf‘:sjeo dg. siffpamesiesBatent dppddeation

by:. i duci f ti f the flash
e PRRHE N, BB o4738Ra (AEtvions 14 oAtea mBadament 1)
th i Sti ti | { ght ds r. I t d
AL ERSSE o L U S proapd s
strfﬁgqégggég%g%o égr concentration of |ess than 1500

ppm anda propi oni %%?%’concentration of less than
200 P83l AUDRAREA! o S0 HERC RERER I o DS ASEL S ot
(ariee SHEDROGR, £E3L0)1 AL FURNE() Ph0810n composseion
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,
introducing the liquid reaction composition to a flash
zZone,
recycling the liquid fraction from the flash zone to the
reaction zone, and recovering acetic acid product from the
flash zone vapor fraction by use of a single distillation
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
' 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



Docunent 1 , the product acid streamis w thdrawn from
the bottomof the distillation zone or the second

wohei@ofsoom t he bottom of the distillation zoneCT/JP2006/314124
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Further, this docunent nentions that the build up of
hydrogen i odi de conponent is ﬁ:[éevent ed by introducing
a small feed of nethanol to t distillation zone

, preferably bel ow the feed point of the zone, to

condeeiméie Ayl et gl Mt Hododi A i Ghhdidbt i
removed in the light ends recycle stream up to 5000

pprodysisdghmrouat it ibh d¥th e resin (aidiRateehbAgkNiesin)
way; and by operating the distillation zone at a

suffed icentemovel todtde cpneamtinanttor 1Meid&hasi ve! ¥n Patent
hi gh concentration of nmethyl acetate in the

di Sdduratnon zdhe, prbduby e s tiredinde si §1€08¥8whetré® the
net hyl iodide which is renoved in the |ight ends

r et eom tafedhine ddwdidlatdven zonet GESERPr OEESHE@Splate from
hydr ogen i odi de cannot be effectively elimnated.

Mortdrey dvottom iaf nidie plisfter Xk ian izwareease pressure or
tenperature for converting hydrogen iodide to nethyl

i odi de, bedduddegor tbdisododument nprdricgen thadi daeisuild up
accelerated . Incidentally ,even when acetic acid
haWihdvinegen iodidenceappoantf iamrenerted oy H0Gqhming
is renoved, it is inmpossible to reduce the

corftBRtt-hfiesd f metlinneb fojtd dbsthllabierebhne , guiafdmably
not nmore than 12 ppmdue to affinity between hydrogen

i odPwfdrandeer peigt of dhmtzome . otot fenveyhetite hydrogen
azeotrope) . lnaddition, in order to further reduce

t hé"odu’ﬁ%eﬁf’r wetB¥L grodiids yhdeh daikrmoved iim hheebbahy ends
to_use an ani on exchange resin. As a result, the costs

f o SHELG SAERERY YRARR900 ppm hydrogen iodide in the feed

can be treated in this way; and by operating the distillation
zone at asufficientlyelevatedpressure, for the relatively
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
preferredtoincreasepressureor temperature for converting
hydrogen iodide to methyl iodide, because corrosion due
to hydrogen iodide is accelerated. Incidentally, even when
acetic acid having a water concentration of not more than
1500 ppm is removed, it is impossible to reduce the
éoncentration of hydrogen iodide in the acetic acid to not
more than 12 ppm due to affinity between hydrogen iodide

and water (e.g., formation of the highest azeotrope). 1In



Mor eover, since the product acid streamis renoved at
the base of the distillation zone, it is inpossible to

wehbizmoeae | y separate and recover the entrai nedCripzoesn4124
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catalyst. In addition, the operating trouble occurs
due to bl ockage, or the quality of product is
deteriorated, as well as it"i & Gnfavorable in costs.
Therefore, it is difficult to conduct these processes

| nduat kishl, Yin W&oy o rliBrREHCFedRc@S ctoiﬁ%eﬁb_%é%lon of
probl enms, equi pnment for separating or recovering t

rheghegyeat 8basbel Sif adUheedssarRY abehye a}faﬁﬁﬁ.%ﬁeexchange
Pat ent Appllcatlon Lai d- Open” No. “23016/ 1977

(JPeb2n230A6A rBauak!, s Wots for €he UreslmmentPiRELE e .
for the renoval and recovery of iodine -containing

coMpesewts , agdnébetiss \Writdiudft aeald staehfl, iyidifbved at the
conprises introducing a stream of acetic acid

cobhaknbfigthat aisitigtlaylionodode ,and hydingessivdedeo

into an internediate point of a first distillation

zoréfictantilgg separateowadheadokeac tthen entithomeihehodium

first distillation zone nost of the nmethyl iodide and

pocaitahyet . waleraddetrben Ng-lno sipeafa ttilrey ydibden ocedirde due

fromthe bottomof the first distillation zone,

wi thdbdeirkgge . spredimef qualatyi dfil predocitonsofletbeiorated,

first distillation zone and introducing the stream

i nB§ vhdluppeitsistunfavirabbecondalssi | Thereforeneit is
,introducing a stream of nethanol into the |ower

se@ifsacyltt he sepdgtditbeisel arocessese indwsirigliyom

over head of the second distillation zone a stream

coMPEPAVATG .t He 9RGRF riteAveidubherakene maoblensodpdaipment

present together with any nethyl acetate, and
wi £REr g@pﬁgatlng or recovering the rhodium catalyst is

required separately. "

Japanese Pateﬁt Application Laid-Open No.
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 acetic acid containingwater, methyl
iodide and hydrogen iodide into an intermediate point of
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
ione and introducing the stream into the upper section of
aseconddistillation zone, introducing a streamof methanol

into the lower section of the second distillation zone,



at or near the bottom of the second distillation zone
a streamof a product acetic acid essentially dry and

woeubstrarwial | y free of hydrogen iodi de and net RgI/JP2006/314124
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i odide. This docunent discloses that, in the process
distilling the side cut frapt%qp provided fromthe
first distillation colum in the second distillation
colum to recover acetic acid, the process does not

I ebthé @ifi§ Ewdnl Beredthendiote thut sé668E1 @Dst COD4BI 6h bne a
hydrogen 1 odide, fromthe second distillation colum

1 Os th€arh idohitadindhnig tRE | WdInLial AEM oF i Witie T RINEMethi: iodide
i ntroduced into the second distillation colum and
hypregent itadjedthars wilibmangnetHyEimavedateSuahd avptobsssing
does not require condensation of hydrogen iodide in

t hat dbstnédnttioyn wottom afdihlienmavadndfdiyidi betniondae a
by side cut. However, the concentration of hydrogen

i ogltdeamoof aa nExcbduchr adetic aseld ceswemt Lahhpt dbg and
sufficiently reduced. Geat Britain Patent No. 1350726
spsubétaatiahly FatesmtoDdgydrmygen3 ipdddsecandesebhyl iodide.
purification process of a nonocarboxylic acid

conponent Tloig alodumgeniat @isahosed kihathal inlethedpoocess
hydr ogen hal i de contam nants, which the process
cofdpstidiingt thrl widr) atle fnarddonbpxpiidedcfgom the first
conmponent contai ning water and al kyl halide and/or
hy@isgadhlabioncebrmamimdhss segead fastppdatagnf cefugn to
distillationzone ,renoving an overhead fraction .
cohegPHPE@aatdcC acidattdie RRECERE dRegRoh P re recycling

W thdrawing a streamfromthe mddle part of the zone
anBfbe| pife a1 tpdineetdon heonteiadas: hgdrogen iodide, from

the second distillation column to the first distillation
column since methanol is introduced into the second
distillation column and hydrogen iodide is chemically
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
be sufficiently reduced.

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

halide contaminants into the upper half of a distillation
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of the zone to elimnate nost of hydrogen halide
present in the zone, and w thdrawi ng a product

wounmogardoxyl i ¢ acid stream fromthe bottom paPCTOP20061814124

zone to obtain a product nonocarboxylic acid stream
bei ng essentially dry and §ugstantially free from any

al kyl halide and hydrogen halide . The docunent
describes that the liquid conposition of carboxylic
aGoth e avd iél En Yah FvettiNt rat t Bbo ¢bniat 01 Bymins et ghatter
fornms a peak of a hydrogen halide concentration at the

i Riner ¥RdI &tiey DAVl idle ,t WetHESEWEhgta e reaufmomartte infiddle

side streamis withdrawmn fromthe internediate part of

t hrirdi i Ithat zeRecahame law ntine cps hoix ydf ¢theciidtmeduction
whi ch al nost all of hydrogen halide is renmoved can be
olfithed zoher ttheelimhaatecmosht ofl sydrheyl dedsidehargsent
the case of subjecting a reaction product obtained

f rigmcher sawd | Gmdwiikihawdhgva phrodaucionomeeaRbersy 1 hc acid
flash distillation, followed by introducing a fraction
septaredmed royn the Hdtdsim pasti ¢f &heoronatiee phgain a product
di stillation colum, hydrogen iodide is condensed in a
simben axtaszory ¥ bon adid | stesare being peytentiaky dry and
distillation colum and renoved. However, in _such a
provesisan beahly §ree frnomanyalky 1diakifde prdRygssoerdiplide.
of hydrogen halide concentration due to_variable .

f dtherdoquient sdesenpeeat thet Bhe preatdreympesthion of
distillation step, contamnation of an acetic acjd a

 a garkexpkbdueeiti BAVHYEr 3gERTPBATORE SRR AROUt 3 To 8%

occurs. Further, due to affinity between_hydrogen .

i ol e gt @S gj p.epg.q% idmog%ﬁpéﬁé?k%%??,entrétlon

;igﬁ?fhé hienthggxtrleogfa{]tel %da{rdte ocj‘.oril:%%nEaggcligtiah:?.okhgofﬁgkl, Cand
if a side stream is withdrawn from the intermediate part
of the distillation column, a monocarboxylic acid in which
almost all of hydrogen halide is removed can be obtained.
Further, the document also discloses that in the éase 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
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
'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.
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Incidental ly, W02/ 062740 publication (Patent Docunent
4 ) discloses a continuous process for producing

wacet7ivo7saci d conprising the follow ng steps (apCcror{ody/314124

(a) a step for reacting nethanol with carbon
nonoxi de; (b) a step for wi_thdrawing a streamof a
reaction nediumfroma reactor and vaporizing a
portion of the withdrawn nediumin a flashing step;(c)
a mireihd0r ade dd hEERgitheddwasihely dapgen diodiide amd mader,
distillation colums to forma liquid acetic acid
priogluet ifpbeanbianto (rhmarksdbdly freducenbhe igydouietegodide
fromthe liquid acetic acid product stream such that
t heomdathieit isdn eam ties avetiodiatddont ent of | ess than
| Oppbi odi deby (i) contacting the Iiquid acetic acid
product sthresmen tdillyn, NOAI062A 70 eudidmgst iasi(Pagrend
tenperature of not | ower than about 1000C fol |l owed by
cbamhémiy 4 )heirsesiddesnia sonbamioils hproge$sefopproducing
mercury exchanged i on exchange substrate or (ii)
coateactc mgitdheompyaisdngcehé oddiowimgodtepsstabdm (il h ()
a silver or a nercury exchanged i on exchange substrate
ata s tepfamreestdingoethenol whih epsbensoproxide: (b) a
descri bed above, according to the Patent Docunent 4 ,
t hetepdfoeswhtldrawbpgdaf s bheameoficdtFeagkien gredien from
streamw th the use of the anionic ion _exchange resin_,
and/meactqquand VeBoriphad & Porkiencht s ydihdrayp pedium

LR R R o A i T
carboxylic acid andan ester) , .a result in a potassjum..
oY ARRYHEA LA ARG T O 5t 4o Bads fopps g Bt e Hidbia
o1 BEBEEC) 8CkBuBFBaCELPERGAN: | trfig 4] & sbép’FobFemoving
iodides from the liquid acetic acid product stream such
that the product stream has an iodide content of less than
10 ppbiodide by (i) contactingthe liquidacetic acidproduct
stream with an anionic ion exchaﬁge resin at a, température
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
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
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



difficult to remove higher boiling point conponents
such as netal inpurities and sulfate. Therefore, in

wonRraErootse1 obt ai n acetic acid satisfying a standardrmbe/ai4124
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product acetic acid, it is necessary to install an

i nci dental equipnent for tregting an acetic acid

stream Incidentally, to réngvé i odi des by a silver or
mercury exchanged ion exchange resin is based on a
MRoERLEEY!, 88 YULE190RRId Do taeRS i péinangaithie test which
reaction, called as acetolysis, which is well-known in

t hg fi $Lah @ir@'di0al fredest ddeticlhetid bs detshidraited and
i odide (RX) is deconposed into a carboniumion (R)

and, ARy (0 )tHY mejawid s Afowkardd.c Fanitther, it is
(heterolysis) , and the generated R quickly reacts

Wi d 1 faGRLItC 1RC rémeveahnyhbeopbiling rpsigentcompidrient8Nisuch
reaction is pronmoted by Ag, Hg or Cu which can forma
Coy dictrile inputittdget hed williade . unBheretore ectn gyrder to
pair of the leaving group (X) . In the above-nentioned
SNbtachtenictdwidsashstningm ehandgrdpfihprodugtrRroetic
becones snaller as the carbon nunber of the R (or the
caidiah, chaiis) nieressasys tot hastadl annindidentrk aguippent
, QHs , QH7 , CGAH9 ) For exanple , the

di Beoctrdaoing nen ggcotiCH¢i@net¥em. of C2H51 are 234
kJ/mol and 224 kJ/nol, respectively. Thus, higher

i odi de getEnebdéntallfmven eengve RAFIL DR FotkhEPr OF
in the case where the Ris hydrogen atomit is_known

t ¢ r¢hey dexsbanged ohornexghanget Kasbpnks RIEed on a

extrenely large. For exanple, the disspcia{ion ener gy,
monomolecular nucleophilic substitution (SN1) reaction,

called as acetolysis, which is well-known in the field of
organic chemistry. That is, a substrate jodide (RX) is
decomposed into a carbonium ion (R+) and én anion (X ) by
solvation of acetic acid (heterolysis), and the generated
R+ guickly reactswithaceticacidasa nucleophilic re.agent .
This SN1 reaction is promoted by Ag, Hg or Cu which can
form a coordinate bond togéther with an unshared electron
pair of the leaving group (X).

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, CHs, C3H7, CqHg ***). For example,
the dissociation energy of CH3I and that of CzHsI are 234
.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,
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of hydrogen iodide (H') is 299 kJ/nol, and it is
extrenely difficult to separate and renove hydrogen

woOaadi7che789y a guard bed in principle. Mreover, PCIAIB2006/314124

obt ai ned acetic acid is industrially and/or
commercially insufficient in_the light of the quality
of the product and the corrogi 6n of the equi pnent .
Japanese Patent No. 55695/1982 (JP-57-55695B, Patent

DoGURRNknawh $ha€! PRESAPsP6OLEESoh MnéLFPVONAHOBOMA R-X

fromacetic acid, which conprises introducing an

ace! b&t2emd1§t 18252 COMHGY BkARAPLAJI PRe a%i Sdbod IBRH A ¥nergy
into a first distillation colum internediate fromthe
byt ngadsgbhel 88{de (HMY Q@UESNK T ML | R d iLESts extremely
distillatron colum internediate fromthe both ends

t hereafcd thy drdeg e afd @nkdld hfardlgenanédode ®ge4 gt rd
of an al kali metal, and/or hypophosphorous acid,
wisdwhawbAgnaipledudiosésvar) atridhedtafine® hbeticratid is
distillation colum, introducing the product stream

I nitrfdus 13eicnd; dhay okl ddnnercicdlnihstuefiedeateif tharlight
the both ends thereof, w thdrawi ng an acetic acid
Stafeathes Whadlainiy adf ytHe gqerdduwnn iadt nehd roortdeidmvef the
part of the second distillation colum, and

wddudianentg an over head fraction containing iodine
fromthe second distillation colum . However ,renoval

of hydr ogeiapasdiste Hatemit MNedu G 5eP 3 e & olvEP + e fi95B .
such as an al kali netal hydroxide into the first

diRatenaDoonmenttubh dimdinpes ayoesh fghcemevanggpdine

of hydrogen iodide requires an extrenel yanmount of the

r efemtacetic ahdi ohicheceampiitenfinkredyaing ma gacetic

i odi de generated by the treatnent increases.
acid stream containing iodine as an impurity into a first
distillationcolumn intermediate fromthe bothends thereof,
introducing into the first distillation column intermediate
from the both ends thereof a hydroxide of an alkali metal,
and an acetate of an alkali metai, 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
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
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



Therefore, it is environnentally and economcally
di sadvantageous in the |light of separation or

wdi2eEae7®i on. Moreover, since a | arge anmount oPCT/JP2006/314124
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pot assi um acet ate generated from neutralization
bet ween acetic acid and the glkali netal hydroxide

~cones to be mxed in the product, the yield of acetic

acid is deteriorated. Further, in the above-nentioned
pr ameast @ eheremyjethti.S mhtdﬂ&iawbra,sme amerimtead dn @hkali
the first distillation colum. However, in the
oveeheadiotihdepgenperatedsbpf thgdtegatmenti iincredseat er
are large . In such an environnent , nethyl iodide is
hyt@hetgfetet oifjeher aheihynmnegealigdandéd, eaodomheally
generated hydrogen iodide is allowed to be mxed in a
f edtisadvenitegerte irhthsekight difssepddton ool diwposition.
[ Patent Docurent 1 ] JP -6-4099 9A (d ains, and
PaMageapRTriusdace] 80438rye[ Maount DEcpabass2up acetate
JP-52-2301 6A (Cains, page 5, the |ower right
cogenaragggefyom nevd rladvia tiiem besesn acethe daidrnd the
right colum, and Exanple 1 ) [Patent Docunent 3 ]
G axkapii natalFay&rexi aa@sEy A3 Psediikedatinothe product,
(A ains ae2,I|ne366to76 and Exanmple D
[Psb@rf(l@)g&m%rﬁcem]c pebd/ b Hefepiagated i dmntdies min the
[ Patent Docunment 5 ] JP-57-55695B (Claim1l
DI SPPVBURENEROTAE PROERTF ONPREBLEMBCT® BE WiEhgpawy as an
THE INVENTION It is therefore an object of therresent
|n9¥ﬁFP8ﬂdtBrﬁWdUFHglgsEr%%%E%l%BFlﬂPdﬂ%%?ﬂb‘a owever, in

Ca{:ggxgverhggcl’l, 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 is allowed to be mixed in a feeding stream
to the second distillation column.

[Patent Document 1] JP-6—4099§A (Claims, and.Parégraph
Number [0043])

[Patent Document 2] JP-52-23016A (Claims, page 5, the
lower right column, page 7, the lower left column to the
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] WO02/062740 publication (Claim 1)

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

DISCLOSURE OF THE INVENTION



whi ch a concentration of a hydrogen hali de contained
in a carboxylic acid as a final product can be reduced

woyoi7a7#oit i ng condensati on of a hydrogen hal i deTiymoas/314124
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distillation colum and corrosion of the distillation

col umm can be decreased; and;g producing system

thereof. It is another object of the present invention
to provide a process for producing a purified

car boxyl i cPROBUEME MedBEI SQLUREDCBHt THEI GNVENTIONh a
hal i de as not only a hydrogen halide but -al so a

hal ogenat etk hgdtihhenebone aandbgdept oulfidhegpsgserininvention
thereof. It is still another object of the present

i nYendit@nide pproaissa fpropesdutidngpaocdacbogyhidiagid, in
pure carboxylic acid by efficiently renoving | ower
bowvhicly aoconcempuatiomsof |@vieydihpgémpaalidesgoniprined in
hi gher boiling point inpurities (higher bp

i rpucathesylianaciadpasdact galysreducheeenf be| reduced by
further object of the present invention to provide a

pr bukibitbng prondenagt don odf ezt hydregepokylide ath g@
obt ai ned by efficient purification of a reaction

n fistdlihtianco lypnanterirem en 8hthefisiibiption column
reaction of an alcohol or a derivative thereof ;and a

pr edacbagdsgseanrinepbsf 2 PREANGITY SYEVEMTHECPROBL EMS
The inventors of the present invention nmadeintensiyv

e
studi es t olhcHs ARCEIRE ARWIRSoBTedte REGSERTaLPYSRELAR O
that ,in a process for producing a purified carboxylic .
acPHPVMF&%Eeﬁ&SiSSEQr ;ﬂ%qdr%ﬁw@g g Q‘%b%&‘-’y i°€r§’é>ﬁ<ér)ﬂ° acid

stream contai ning a carpoxylic aci.d havi "n+l"
CaPBoﬁeQPSﬁﬁgaﬂﬂgcentra 3901){ of such a Va{lni e rélslnot only a

hydrogen halide but also a halogenated hydrocarbon; and
a produding system thereof.

It is still another object of the present invention
to provide a process for producing a highly pure carboxylic
acribyefficientlyremovinglowerboilingpointimpﬁrities
(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
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 alcohol or a derivative thereof; and a producing system

thereof.

MEANS TO SOLVE THE PROBLEMS

The inventors of the present invention made



inmpurities such as a hydrogen halide with the use of
first and second distillation colums; by feeding

woabwEroozmed/ or at | east one conponent (A) (a fi PeT/JP2006/314124
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conmponent) selected fromthe group consisting of an

al cohol having "n" carbon gtgg(g) corresponding to the
carboxylic acid and an ester of the alcohol with the
carboxylic acid to at least the first distillation

CO{¥Bh s iV shydiegero halHiderec dnehtb@fd ebtjieedlsyand finally
separated by conversion of the hydrogen halide to a .

| omind @hkitn di rpaipiio eXEBGE Produtia g peeif iiedvemtharylic
was acconplished based on the above findings. That is,

t hecd gsa@iich moapdices paridging prcarsexybicpaoid s tream
a carboxylic acid (or a purified carboxylic acid)
havomgainidly acaabboxglbomcihhelriognpetbesdrmii pgoms and
carboxylic acid streamcontaining at |east a
catiyouyi t teaciutthasi agydrdderc haddeavbbi , the megr ofeflrst
hal i de, a | ower boiling point conponent (hereinafter,

s oamd | sresomé fdirsteid tat iam adlamns ;hpycEapodanat yahpg and/or
hi gher boiling point conponent (hereinafter, sonetines
redtrtedstoons @ohpghert bpAtohpofthsy ¢omponept) selected
distillation colum, separating a |ower boiling point

f r fcomnorhe gridums congvsitibei PEnAR poigrhal evigg "n° carbon
contai ning part of the |ower boiling point conmponent
anatemhs jheerpesPoRGipsitia tfflleaEPF'BﬁnglFiﬁ‘%%d fghén ester
boiling point fracti on% contaj ni ng_partof the higher

boPfi higepalephednPdhkn h?nCPﬁEOFYEéF ardd FPaF‘itogfeaSt the
colum, wi thdrawing a side stream g(a first. sid

st fenRf EdptaALARKACRt CPAYBR  kBeCh GE??FPchgéﬁﬁehgﬁpnBe

"n+1" carbon .
effectively separated by conversion of the hydrogen halide

to a lower boiling point component. The present invention
was accomplished based on the above findings.

That is, the present invention includes a process
for producing a carboxylic acid '(or a purified carb‘oxylic
acid) having “"n+1” carbon atoms, which comprises

feeding acarboxylicacidstreamcontainingat least
a carboxylic acid having "n+l"” carbon atoms, a hydrogen
halide, a lower boiling point component (hereinafter,
sometimes referred to as a lower bp component) gnd a higher
boiling point component (hereinafter, sometimes referred
to as a higher bp component) to a first distillation column,

separating a lower boiling point fraction (a first
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



at ons by side cut fromthe first distillation columm,
feeding the side stream (the first side streanm) to a

weeowrd7sdi sti | | ati on col unm, separating a | owePCbaPioversi4124
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poi nt fraction (a second |ower boiling point fraction)
contai ning part of the |ower_  boiling point conponent

and a higher boiling pdlﬂ’f%%ciion (a second hi gher

boi I'ing point fraction) containing part of the higher
byd ithQ Rl C HHAQA S plonith %o&t%%%%td'i%t hleatsion
colum, and w thdraw ng a side stream (a second side
Stgi€aP1 1631LA Rdigndnhe car boxylic acid having "n+1"
cafbon atons by side cut fromthe second distillation
col umm t 0y @pA¥akiAgCaAr RQ¥Kl k& rdgd (@O idspukiieedtream)
carboxylic acid) having "n+l1" carbon atons; which

f WJeli reeTPa t SR et RG IR iRNdé 08 hatvineash+ Dhearbon

component (A) (a first conponent) selected fromthe
Oraddng WBisstde Gt Aronl 1R @i rLo rgiespidrid gt cdlenn,

carboxylic acid, having "n" carbon aton(s), and an
ester of thedephtle Wilde tshteezat Hahd ifimdi ditlde atream)
| east the first distillation colum. The hydrogen
hatd de georie disstalldatsieparadiatims a | ower boiling
poi nt conponent by feeding water, the first conponent
(A) , or beiganstisrg adowerebdilsng podpdnEraciign (Bysecond
such a process, the hydrogen halide in the
di sdwé dbiiddngopoimt daradisicef)f consatihnjingepave®f the lower
the concentration of the hydrogen halide contained in
a poiting poaniioxgmpenernt andanhbehextheidlng pednédgraction
Mor eover, condensati on of
(a second higher boiling point fraction) containing part
of the higher boiling point component in the second
distillation column, and
withdrawing a side stream (a second side stream)
containing the carboxylic acid having "n+l”" 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
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.
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 (4).
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t he hydrogen halide in the distillation colum can be

i nhibited, and corrosion of the distillation colum
woam7me7sall so decreased. I n the production procees/JPioe/314124

the case of feeding the first conmponent (A) alone, the

first conponent (A) is fed to the first distillation

colum from a | ower positibn1+eTative to a side stream

port (first side streamport) for conducting side cut

SLBg} Rechl 4 deram Q%B%ﬁ&f&éeé a8 i%e’ $AMNE AilAiN1AEion

carboxylic acid having "n+1" carbon atomns.

MY LAUR caBbel ef£1c1BhELyaREndHed CUMPNAY ddNceMYration
bef ed to the first dIStI¥|atI0n colum from an upper

PO HHN nhAdGeKenh?iBecsh €81 8éd e P YProdidie darbdkylic
side stream port) for conducting side cut of the side

std@piNdainhBe fdxt ttentd O rHdRAY. CROL-8bBERY EbRdensation of
carboxylic acid having "n+1" carbon atonms. In the

figed Widtdddatiali @l iimehatdiaastl awtiai ¢elgnn et de

and the conponent (A)) may be fed froman upper

PosARi BNt é@) adid edrrddicosice e enniiditafide dilnsin can

side stream port) for conducting side cut of the side

st o b h@edtdadedi de strean) containing the

carboxylic acid having "n+1" carbon atons, and the

first conmhmehnie pAPAGetdon phecassphial theagase é£deeding

froma lower position relative to the side stream port

( ttiee fi it siodposentéafhpoatone, Bihes fdhrsd poowesent Ak is

anmount of the hydrogen halidecontained in the

cafddxyd ithealixs s disdrhldatHdioredobymyi fieom @ 1pwempdrition

first distillation colum can be effectively reduced .

Eacélativéeté cedsitopotreamn pOTE hef ir96tstdapshesam port)
for conducting side cut of the side stream (the first side
stream) containing the carboxylic acid having "n+1" carbon
atoms. Moreover, water, or water and the component (A) may
be fedtothe firstdistillation column 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+l1"” 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 aprocess, the amount of the hydrogen halide
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(A) and that of water may satisfy the following (i)
(ii) , or both of (i) and (ii) . By such a process,

woheo7lwptioogen halide in the acetic acid streanPobtpionesli4124

by side cut can be nore effectively renoved. (i) The
feed proportionis 1 to 10¢OP mol relative to 1 nol

of the hydrogen halide contalned in the carboxylic

acid streamfed to the first distillation colum. (ii)
Therftegthdd AROthieoBatBoRyD2ct acb@% tyea®lovtaliaidd dyt @ide
the total amount of the carboxylic acid having "n+1"

CHROFromotRe CONE S IBEG Hill 1S omatbaxmhi carm el eftieedrively

fed to the first distillation colum. The production
precRasedry conprise further feeding to the second
distillation colum at |east one conponent (B) (a

second corgamienf)tlseifeeticprépontibe off bhp Tonst stomppnent
of (b-1) an al cohol, corresponding to the carboxylic
acix) hadi thatned waderboay asaim sfwmihegfohlowangohi) . (ii),
aton(s) , (b-2) an ester of the alcohol with the
canbioh ofadid amdi Ol ) n+By sscboa proesss ( btlgy hyflrogen
al kali nmetal hydroxide , (b-4) an alkali netal acetate
arth Y& )im thepaphbiphaeblistegan otadeeds byt péde gk Fan
conponent (B) may be fed to the second distillation
cHeimpre opf Eect ety oremeireqpper and | ower positions
relative to a side streamport (a second side stream_ .
port) for Cohdbetferd Prapoaiionsis HetQilde 0XY Bkt iVe
second side strea contai ning the carboxylic acid .
hatg Agnoh-of ther egYmbalipderanhglired LethRcarboxylic
conponent (B) the total of the feed pro orti]c_)n of

t REE@pEReAR Fod 150 abe thErFbedipEbbbr o SPITmR-

conponent (b-2) nay_sati sf
P {ii))Theyfeed prgportion 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 first distillation column.

The production process may comprise further f.eeding
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
having “"n+1" carbon atom, having "n” carbon atom(s), (b-2)
an ester of the alcohol with the 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.
Moreover, the second component (B) may be fed to the second
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 followng (i), (ii), or both of (i) and(ii).
Mor eover, the feed proportion of the conponent (b-3)

woayoraatissfy the followng (iii), (iv), or bot RCOAP2006/314124
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(ii1) and (iv) . (i )The total of the feed proportion

of the conmponent (b-1) and_t feed proportion of the

conponent (b-2) is 1 to 10,0 mol relative to 1 nol

of the hydrogen halide contained in the carboxylic

ac(thetseaornd eslide® $tweearrmuhthiiing dthencaaxygilic acid

(ii) The total of the feed proportion of .the conponent.

( brdyimmd nt+he Eaedopradpmmst.i oRegariisgcdmperennd(¢pm@onent

is 0.02 to 50% by nol relative to the total anpunt of

t heBrarthexydtal adi thé eledgpr'opdr't ten béntke component (b-1)

contained in the carboxylic acid streamfed to the

seandcht $eeldl proportibdumf thei¢onpament dédu 2or vp¥rabhsty

of the conponent (b-3) is 1 to 20,000 nol relative to

1 hioé fofl o nigy (It bgdriiHal ¢xibosbrefi(iddnd (ke . Moreover,

carboxylic acid streamfed to the second distillation

cotherfeqd proveatdmsuntf W@fe chEPeaehdx(Pr3) Ma% shhkdshy the

"n+1" carbon atons contained in the carboxylic acid

st FehhpWiagt 61dhd . séé¥hd arsbPEhapfohidd) ufhdi §19d -t o

300,000 nol relative to 1 nmol of the conponent (b-3) .

In such a ptdEBestotykoffhgfieadt PYAROR§PRGEhe component

hal i decontai ned in the acetic¢ acid stream obtaiped b .
E gg—¥) is

si B-3dt apfokhenéeedcBRAPAT PRI 9fi ERecGPURANEY

nore extrenel reduced. The pr.oducti an progcess nm .
Coﬁpppséo,oooymol relative tJ)l mo J% t%e ﬁyﬁroge% 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
(b-2) is 0.02 to 50% by mol relative to the total amount
of the carboxylic acid having “n-i-l" carbon atoms coﬁtained
in the carboxylic acid stream fed to the second distillation
column.

(iii) The feed proportion of the component (b-3)
is 1 to 20,000 mol relative to 1 mol of the hydrogen halide
contained in the carboxylic acid stream fed tq the second
distillation column.

(iv) The amount of the carboxylic acid having "n+1"
carbon atoms contained in the carboxylic acid stream fed
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
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conti nuously allow ng an al cohol having "n" carbon
atom (s)or a derivative thereof to react with carbon

woummote1at a hydrogen partial pressure of 1 POT/ABD06/314124

kPa in a vapor phase of the reaction systemin the
presence of a catalytic sy§t§ conprising a netal

cat al yst conponent and an al _51' hal i de, and water in a
proportion of 0.1 to 10% by weight relative to a whole

| i B4l tdriAs e nf eae! heBtI¥SHEIE SORéANUSHISAINYT tHiEIsade@ut
the reaction mxture fromthe reaction system feeding

1 erdne gkl 98cHhdt di €t i D1 &t Lodl JSimr sepabatnoxe etiishely

separating a higher boiling point fraction (a third
hixgdw®icd®i | i ng point fraction) containing the netal
catal ytic conmponent, and a | ower boiling point

fraction (fhe proidatissn pddess paEyntcdmmacitseon), and
feeding the I ower boiling point fraction (the third

| ower boi ldong ipniants Xy atlowhhgan alcahbdhdvingtny carbon
streamto the first distillation colum. The side

stateani £ X b askonih side tbereafik oolat heilthgarbde moptoxide
fromthe second distillation colum may be further

coat achgdroigen pariidaleprhasgeeresih tmliSfgkBahdhialerapor
-renovability (ability for renoving a halide) or a
haphalee afsthealsiddttiory sysktenyin gheapisesenag of Adatgulytic
toproduce a purified carboxylic acid having "n+1 "
cavoremcomprisgng achelapreneskyst onparned padgan alkyl
hal ogenat ed hydrocarbon) in the product carboxylic .
achalide. B meteeadn ¢ PEPRREERLon of 0.1 to 10% by weight

relative to a whole ligquid-phase reaction system,
continuously withdrawing the reaction mixture £rom
the reaction system,

feeding the reaction mixture to a
catalyst-separating column,

separating a higher boiling point fraction (a third
higher boiling point fraction) contéining the metal
catalytic component, and a lower boiling point fraction
(a third lower boiling point fraction), and

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 columnmay be further
‘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
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The | ower boiling point fraction withdrawm fromthe
first distillation columm and/or the second

wdizad7idofsati on col umm may be fed to the reacti ORCSAYBL086rB14124

Mor éover, the |lower boiling point fraction w thdrawn
fromthe first distillation iolunn and/ or the second
distillation colum may coit Pn-an al kyl halide, an

aIkyI ester of a carboxylic acid havi ng "n+1" carbon

w2 18R N Ay T ¢ AciANRAMALPIBT c@RBon atoms.

ma er; andthe process nay further conpri-se subjecting

|§L‘i‘€ﬁ Qg%fdé&@o'fﬂe fﬂa’?ﬁde@n&é G an algeiygenatea

separatlon separating ,in the al dehyde

ﬁééé’f‘béﬁﬁp.r.n ROV Fo Rt | AL id F@¢Lid OFarl de
fourth | ower boiling point fraction) containing the

al gepydeeneng Perb@d®l boiling point fraction (a
fourth higher boiling point fraction) containing the

al kyl hal itiee idwerldddlasd efonit theaenidioxyd tiedeoir, from
and water; and recycling the higher boiling point

f r ei6é Fa i s fidietiauaih ofi gdlaimband f 60 theisdcdnddisoil)ldion
the reaction system By such a process, cycling of an
al debydr hay the fehdid ahes yebemionh bietdnst iMbatover, the
col um can be inhibited, and the al kyl halide, the
al kgyverabeilbfigtpeintr foagticonaeithdnaver framdtbéehfisst
can be reusable to the reaction. Therefore, it is
addast ajtation calesirs anfypirhthe sdwrddés thdilkitign column
point fraction (the first [ower boiling point '
f rmayicomtdimantdikyl heilidiest &h ladikivdneg byt magapleoxylic
fed to the first distillation colum. In such a
pracédshaving “n+1” carbon atoms, an aldehyde having “n+1”
carbon atoms, andwater; and the process may further comprise
subjecting the lower boiling point fraction to an
aldehyde separation step;
separating, inthe 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
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
reaction systemor the distillation column can be inhibited,

and the alkyl halide, the alkyl eater of the carboxylic

acid, water, and others can be reusable to the reaction.
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separability between the carboxylic acid (e.g. ,acetic
acid) and water can be enhanced by addi ng a conponent

woOeow/007891 he al kyl halide, and the al kyl ester POT/JR2006/314124

carboxylic acid) azeotropic with water to the

di stillation colum. The proﬂ ction process nay
conpri se continuously all ow et hanol react with
carbon nonoxi de at a hydrogen partial pressure of 5 to

189 kB3 ord 21 ¥ AROE 1 PARELg LS ud HA ESAEd | ORuSHBES tiHe dGer
presence of a catalytic systemconprising a neta

CHANMSg Yoilte I o2 Mt fMfrdthadker odiaikdplgint

an al kali netal iodide and an al kyl iodide, and water

| Erachiepor tixh Ghhe) firds® Fdt MRitdlbn collaimny éalyo b2 fed
whol e |1 qui d- phase reaction system continuously

Wtloh dhawiAig-4 thel i Haidiliai of Xddliinrf f Oht B@cheacpiroBess,
system feeding the reaction mxture to a catal yst

- Separalb g toobettie ers eha catnbegyd ild aiat (dog | | agepdicrcid)
fraction (a third higher boiling point fraction
) o aatkefrgcahdoaerenhlancatiaby sddding sheompénéntnet ayy. , the
i odide, and a lower boiling point fraction (a third
| @dkylbdidlinie pami treactlikyl) estrgmiafi rag cagdonay ldei geid)
an al kyl iodide, nethyl acetate, water and propionic
aazkdterhing wiich Ivaider b [they dios ikl ¥atden oo unire.
third | ower boiling point fraction) as a carboxylic
aci d stredhg prudiudiion pdiostedd Mmay eanpnise,
separating a |lower boiling point fraction (a first
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
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 reaction mixture £rom
the reaction system,
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 ijiodide, and a lower boiling point
fraction (a third lower boiling point fraction) containing

acetic acid, an alkyl.iodide, methyl acetate, water and

propionic acid,



| ower boiling point fraction) containing part of the
al kyl iodide, the nethyl acetate and water, and a

waigit@o7dooi | i ng point fraction (a first hi gher pboisPiong314124
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poi nt fraction) containing part of water and propionic
acid in the first distillatioggcolum, w thdraw ng a

side stream (a first side stream containing at |east

the acetic acid by side cut fromthe first

di still ati deecdingrhhe flesdimippt hing pdénstfmmmt {drhéthe third
first side stream) to the second distillation colum,
seprwgy bgid ingweribdi fragtpoi htas racarboxfaisemondl stream
| ower boiling point fraction) containing part of the

al ki@ theliffest Hbistet hldtseretealamemd water, and a

hi gher boiling point fraction (a second higher boiling

poi nt fractsep@radgmaenlowepactlingeeint frhqidopi baifdrst
acid in the_second distillation colum, wthdrawing a

si deoway pamlingseebntl Hrantisiy)egaptedbninomamt cfethe alkyl
acetic acid (the purified acetic acid) by side cut
frobRIHE s &E‘Gn‘ﬂe’eﬁgﬂ-i 3¢t d ioh 286 WRAFeY o anxt gvbighertiadling
acid. In the production process, water and/or at | east

on® s iEragiiamnta (Rrsk ighar Mo ing Reirip fraction)

consi sting, of nmethanol and neth acetate may be fed

|
to CANRLIENG RATY GF HAdET PRE BROBLPRAF, AGkarin the first

proguctian process. may conprise further feeding to the
sec Jdlrcﬁﬁqt?rht‘i’%]nu tum at | east one conponent (B)

g?e?g?g) C%%%WJ‘?% %:tsﬁigil%gﬁq:m ! hea(tgare?#frsctonssii et isntgl:eam)

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,

separatinga lower boiling point fraction (a second
lower boiling point fraction) containing part of thei 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



(b-3) potassiumhydroxi de, (b-4) potassium acetate and
(b- 5 ) hypophosphorous acid. By such a process, even
wono@Emozdet i ¢ aci d stream produced by the car beaybpiooesi4124
reacti on of methanol ,efficient purification by the
distillation colum is ensur g,_and a purified acetic
acid in which the anount of ? e hydrogen iodide is
drastically reduced can be produced. The present
i rpserdd @lsahig0 atAiehudesumnsy s$edh kopredadutongprocess may
carboxylic acid, which conprises a first distillation
calonprisy raepaestiawiiidg ao the aecloxyl ditsttlasioramlumn
containing at |least a carboxylic acid having "n+1"

caatborastuts campydengelB hédkedendadmpeererini sehgcpedfirom
conmponent and ahi gher boiling point conponent , a
| ovies ghoupicog sieiting oA b0 retHancst, (v} meshlyilmretate,
poi nt fraction) containing part of the | ower boiling
5 pofwm3rpopasshumhydraxtiidghelb-bbl béras poimacetaseiand (rS)
first higher boiling point fraction) containing part
ofhyiepio sphievrdas Bicid .poBrtswHnp@r@eess af¥en in an acetic
wi thdrawing a side stream (a first side stream
comtid nstgean preducedebyatboxgarionyiatien ngackiqn of
carbon atoms by side cut, anda second distillation
coheibhanol . effacienisgpur et ingl pY fbe sdistl ladckqrope lumn
(a second | ower boiling point fraction) containing
pats esfsuned.) enérammirifitedAGRticonpdActht RiEh thEgdeeunt
boiling point fraction
10 of the hydrogen iodide is drastically reduced can be
produced.
The present invention also includes a system for
producing a carboxylic acid, which comprises
a first distillation column for
15 separating, £rom a carboxylic acid stream containing
at least a carboxylic acid having "n+l1l” carbon atoms, a
hydrogenhalide, a lower boilingpoint component and ahigher
boiling point component,
a lower boiling point fraction (a first lower
20 boilingpoint fraction) containingpart of the lower boiling
point component and
a higher boiling point fraction (a first 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
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(a second hi gher boiling point fraction) containing
part of the higher boiling point conponent fromthe

weiaE/etseam (the first side strean) fromthe PCTAP2006/314124

distillation colum, and w thdrawing a side stream (a
second side stream containi a carboxylic acid (a

- purified sarboxylic acid) ha¥rng "n+1" carbon atons by

side cut to recover the side stream (the second side

St r eadl) ge Y¥ed €A s MEl BA t i ST umdt £6r and a conponent
(A) (first conponent) selected fromthe group :

consi stggphrftialy al cehel, b60LiAgPEGU B Factivn (a second

carboxylic acid, having "n" "carbon aton(s), and an

esifferoboliNengl it flalitibhg eanbaxyliing praitdoifstiedower
to at least the first distillation colum . Moreover,

t ey priodipbing coriRIBIBAnGGNi jEerdaiddotd poisyframntion
for continuously allow ng an al cohol having "n" carbon
at(@secomd hidhervabdbilenyhpotot foacthen) wantairiyn part
nmonoxi de at a hydrogen partial pressure of 1 to 150
kReF itheahigher hhidsingpotiné cemponentsirgimefrhiensi¢e stream
presence of a catalytic system conprising a netal
catttley Eicstosplmenreand faromkhy| £ hest déstandakaearcqumn,
a proportion of 0.1 to 10% by weight relative to a
whaoi@ | i qui d- phase reaction systema catal yst
-separating colum for separating a higher boiling
poi nt fwiichdoawing tai $ide) gheeamof #i AeCpR nt1de attremy)
containing the metal catalytic conponent and a |ower
boton brjipbreita CREOORYALCaatHEr (R PSRE s PRROFELAE 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
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
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
‘catalytic component and an alkyl halide, and water in a

proportion of 0.1 to 10% by weight relative to a whole

liguid-phase reaction system,



fraction )as a carboxylic acid streamfroma reaction
m xture continuously withdrawn fromthe reaction

weoeyai7@morsoa first distillation colunm for separ aCTABR086/314124
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| ower boiling point fraction (a first |ower boiling
point fraction) containing Rar t of the [ ower boiling
poi nt conponent and a hi gher "boiling point fraction (a
first higher boiling point fraction) containing part
of the hi ghgathoikthgeparatisgnpobenh foonséharating a
carboxylic acid streamfromthe catal yst- separating
calyfBr porh Mg benaw fighdtieors ( dectsitrdhighenéddiligtg point
side strean) containing at [east the carboxylic -acid
hgviaggionyléonaabainat ehe Mytsl deatritytic smopegent and a
distillation colum for separating a | ower boiling
paiokterf bagtling paisedhrxttimme( abthirdglgeeniboiddag paynt
contai ning part of the |ower boiling point conponent
amtaz tiog)eds haiarbogyidicacid stréan franseroadt pypagture
boi ling point fraction) containing part of the higher
b@idntigiyeaisity cdnpjchmEwn ffrom tthe Jege isiione HNUeHe
first side stream) fromthe first distillation colum,
and Wi t hdrafiingt alis el st trigane o husa cinig SePgEasipgalover
containing a carboxylic acid (a purified carboxylic
adial)L ey | gt +Arackiaro n atfims hyl aere RHLiNE RdVer
the side stream (the second side stream) , and a .
hafatet ¥amb Vet &b ing Bart g gl eial Pl b PR T
side stream (the second side strea cont ai ni t he .
crdowanent aef@ Righephpiling redrd ?El%fbﬁa%gﬁf?&%lgher
the second distillation colum, and obtajni a . ah
cHORIVAG PALHE TEABHIPR] PR HORY | RASE 0 Fkvi hikeher
"n+1" carbon, at ons. . .

boiling point component from the carboxylic acid stream

from the catalyst-separating column, and withdrawing the
gide stream (the first side stream) containing at least
the carboxylic-acid having "n+1" carbon atoms by side cut,

a second distillation coiumn for separating é 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
higher boiling point 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+1”
'carbon atoms by side cut to recover the side stream (the
second side stream), and

ahalide-removing column for removing a halide from
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In the production system the halide- renoving colum
may be equi pped with an ion exchange resin therein,

wan7oesdi on exchange resin has a halide -renorabibPiong3i4124

or a halide- adsorbability for renoving the halide by

contacting with the side strian1(the second si de

strean) fromthe second dist*l Fation col urm. EFFECT OF

THE | NVENTI ON According to the present invention, in a

PLRE e5ad A rREARUCHIY fodblid 4Rtk Carfay] | CoEathing the
iC

conprises purifying a carboxylic acid stream

COMBORY M B &AE bOKNE | fuBlE fedayaRoxyitlc &aidPnErom the

atons, and inpurities such as a hydrogen halide by
NBaBsn &l it a2AdnSesDinfh dhatiddwtimimg aldammxydiiecacid
(1) water, and/or (ii) at |east one conponent (A)
seheptigdeis@ncafBogyoup §608) shavgngf “anlal cahbbn atoms.

having "n" carbon atomn(s) corresponding to the

car boxyl i tn aghd, pAo@uapient eysbémi hehal kahbilewrenovheg
carboxylic acid are/is fed to at least the first
distizmhahapbecabuippépari tic einal by, excharge gesdrotherein,
feedi ng the conmponent (A) al one, the conponent (A) is

f adlaf tae aohoerchpnget resinehati achadidesirgmoyapadaity or
port for conducting side cut of the carboxylic acid) ;

t hed1yidieogels dialabdd idanf erevavéng shethplidegcontacting
boi l i ng point conponent and efficiently separated as a

| eweh s bidg siaieant ¢ tlot serondss e ssypam) throm the second
concentration of the hydrogen halide contained in a

c drilsddyliat i d¢odsma .f i nal product can be reduced.

Mor eover, the condensation of the hydrogen halide in

the distillation colum can be inhibited, and

therefore corrosion of the distillation colum can be
EFFECT OF THE INVENTION

According to the present invention, in a process
for producing a purified carboxylic acid, which comprises
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
(A) selected from4 the group consisting of an alcohol having
“"n" carbon atom(s) corresponding to the carboxylic acid,
and an ester of the alcohol with the carboxylic acid are/is
fed to at least the first distillation column (particularly,
in the case of feeding the component (A) alone, the component
(A) is fed from a lower position relative to a side stream
bort for conducting side cut of the carboxylic acid): the
hydrogen halide can be converted to a lower boiling point

component and efficiently separatedasa lower boiling point



decreased. Further, by further contacting a fraction
containing a purified carboxylic acid withdrawn from

woOher7eTond di stillation colum with an ion exegaupmos/314124
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resin having halide -renovability or

hal i de- adsorbability, the concentration of such the
hal i de as not only the hyd?d%%h'halide but also a
hal ogenat ed hydrocarbon can be al so reduced .

Mpr@eM8lon . ACA8N &Ik dia: | RBePEERBBA LAY E6H I ®F tHeOWdrbgen
impurities and higher bp inpurities can be efficiently

T VS @@ a3 niddhhy aPyaEb 627 DOXYAETd ad h Edmale product

produced. Furthernore, an efficiently purified

oRj8Ché to ceRIdmXyMbeeadkd, adie B6npendation efethé hydragen
reacti on m xture obtained by a carbonyl ati on reaction

ofhaan @& Gehahe di/sari 1a idony aid et emedfe inBRIbEfEed, and
DESCRI PTION OF DRAWNGS Fig. 1 is a flow diagramfor
i | dHestefRire ¢ anr eitoadi o ritheo fd ias tpirlddaicitdno re qilnowe szamwfbe
a carboxylic acid of the present invention. Fig. 2 1is
a ddemeabeal)r atfufreherd,| byt fatithgraconttectémgoad Faactdon
a production process of a carboxylic acid of the
preaserdinined ipuribEea cEPbDESCRCPICON WoFthidgawn from the
| NVENTI ON The present invention shall now be described
i reatsirad distihlatienaedaniniwith assanexehange Fesisiaying
drawings . Fig. 1 is a flow diagramfor explaining a
privajlicde oremeveletbity eor deabidgtadserbzPbilithe Present
i nvention. The enbodi nent of Fig. 1 shows a process

il ooRPAYr BRetiwirogen
m xture

halide but also ahalogenated hydrocarbon canbe also reduced.
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.
Furthermore, an efficiently purified objective carboxylic
acid can be produced even from a reaction mixture obtained
by a carbonylation reaction of analcoholand/ora derivative

thereof.

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
‘embodiment of a production process of a carboxylic acid

of the present invention.



generated by a continuous carbonyl ation reaction of
nmet hanol wi th carbon nonoxide in the presence of a

woanlymaydoat i on cat al yst system conpri si ng a r hedrAP006/314124
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catal yst and a co-catalyst (lithiumiodide and nethyl
i odide) ,anda finite amount,of water. The process
conprises a reaction system(reactor) 1 for carrying
out the above-nentioned carbonyl ati on reacti on of

met hanol ; $Emh StED | BRSCRI Fexil ONMOK OFHE X NVENT ION
-separating columm) 8 for separating mainly ahigher

boi ling pmditpfesait amwenistioreashdk tiwhee dgscribed in

fraction or strean) containing a netal catalyst ]
COEPLNE Rt thafe e bbnkiceg spoiynto thapdianhesdrpwings.
hi gher bp conponent ) [e.g., the rhodium catalyst and

| #1§1 un & eof ey diragmam fenekipda imind R ARG PTOCcess
sol ution) containing acetic acid generated by the

r e@chi oarbaxylist adidt PF| aheopresfBimi2YeREAORenpvi ng
mainly at |east part of a | ower bp conmponent such as

met hyl i oflhdeembedhmenticef aF&9and/ 8hoHEefaPYRAGTE ??5n1
an acetic acid fraction or stream (lower bp fraction
opretinedn) &epufibhedhecehialdmid LR A eAg LgPuAxEuTe
; a second distillation colum 15 for separatin hanol
ngemleyaked e CPRELNYPURICGRBONY Y- t ?fh?’gﬁ‘SF Bp
impurities) such as water and propionic acid_f

s iwieths ioaahon( aosord decild Hhee RAP SHTIC P&F%ggk’gﬁ)tim

by side cut in the first distillatj.on col.u ;
 hada taely srte BE teg @&%S(Jin@diadghqde‘dwcr?gt Sultlnna)n%l&

for renoving an iodide such as. an _al kyl Jj.odide :
aceiqatadivs f}-%Elh%thH&lg\ﬁr‘?%m@FﬁgEé&dlﬁr%)t'h%r(ig?g'n te
distillation colum 15; and a

amount of water.

The process comprises a reaction system (reactor)
1 for carrying out the above-mentioned carbonylation
reaction of methanol; a distillation column (or
catalyst-separatingcolumn)8foréeparatingmainlyahigher
boiling point fraction or stream (or higher bp fraction
orstream)containingeametalcatalystcomponent(orhigher
boiling point component or a higher bp component) [e.g..,
the rhodium catalyst and lithium iodide] from a reaction
mixture (reaction solution) containing acetiq 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
'from an acetic acid fraction or stream (lower bp fraction
or stream) fed from the catalyst-separating column 8; a

seconddistillationcolumn15forseparatingmainlyatleast



condenser 21 for condensing the |ower boiling point
conponent fromthe first distillation colum 11 to

wdizewharsge a gaseous conponent and to recycl e aCriypo0e314124
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conmponent to the first distillation columm 11 and/ or
the reactor 1 . Mre specifigally, to the reactor 1
nmet hanol as a liquid conponent is continuously fed at
a predetermned rate via a feed line 4 and carbon

| &F a3 ghePABPOCGMPERSH Bt ( Hisyhoan thipn umgsinyi tfied v sach
afeed line 5. Mreover, to the reactor 1, a
caisplisbriand propioatel ysid Salout a eni)dec shtraam hgcetic acid
carbonyl ation catal yst system (a catal yst system
C G Hfd 8h N gv iRl ravaat (alxy takeonpdneidauchutasim eodiinat
catal yst, and a co-catalyst (e.g., lithiumiodide, and
metisA 11 a1t )calndhwdtler arénaldsldf-erbndving real dred
line 6 . Further, a fraction or stream(e.g., in the
f oripdfdé + xpnatying raliunmy 1P |[fose rcdspfimg tao il gtigleosuch
a higher bp fraction fromthe succeedi ng step(s) .
(@ag.an takkyhtiddiste -froparat ianetcst #eid strgam fyktdidrawn
and second distillation colums 11 and 15, and the
chrgessde Quy imythee feepnd ¥Rt ileatinn Icokhpmygh + nd a
feed line 6 . Then, inside the reactor 1, a_. .
| i cpidensiat e2k cERY | ePRESRTERY Core ol Pyt heitdRgt Botnt
and the higher bp conponent such as the netal Ca%i% st
conpupenent Srgm thenbir sikod gty et 1oRRP Y hL k9 %‘éirge
Is in equilibriumwith a vapor-ghase S sten1conﬁrising &
ca® s ePwe awonanhAnd 10 KeGYEdena i%ﬂﬂéﬂec gonent to

car bon di oxi de , and avapori zed | r conponent
(ote £ kgt ngrot ot abLonnao e Ll oends afdthe: Rgrotor 1.
2;?%2;; )a?ﬁggé?g%ﬁ ! el}%,gsﬁata#&% raeg%t%r 1, methanol as

a liquid component is continuously fed at a predetermined
rate via a feed line 4 and carbon monoxide as a gaseous
reactant is continuously fed via a feed line 5. Moreover,
to the reactor 1, a catalyst mi#ture (catalyst solﬁtion)
containing a carbonylation catalyst system (a catalyst
systemcomprisingamain catalyst component such as a rhodium
catalyst, and a co-catalyst (e.g., lithium jodide, and
methyl iodide)) and water may be fed through a feed line
6. Further, a fraction or stream (e.g., in the form of
liquid) 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
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
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woeetoo789l (e. g.

proceeds under stirring by a stirrer 2 or other neans

In order to maintain the inner pressure of the
_ , reaction pressure, and car b8aT/JrP2006/314124
nonoxi de partial pressure, hydrogen partial pressure)
at a certain degree, part of_ a vapor may be w t hdrawn
fromthe overhead of the red®dr 1 t hrough a di scharge
line 3, and discharged (renoved off) (not shown)

T%ﬁﬁ"f@%&t%{: hdl@WMiel hoghi RS RhehehtMBYcREd which@etal
cool ed by a heat exchanger EI" to forma liquid

-CBHEQF%E Compondihid (acet i CrAcidummehiiyh yaeet aha, 1ithium

met hyl “i odi de, acetal dehyde’, water, and others) and a
J25894S )CaEPaReRulilAGrYdngitar BovapoRoyhadee system
hydr ogen, and others) , and the forned |iquid

C eBRPRABH ndBY:akBohefYAbRUAE D ddereé FRGOhyliroyenginedhane
recycle line 3a, or the forned gaseous comnponent

( Wast €a s dieyibe, dnsicheapgedikbddoglerdmcstbanget l(eng. ,
3b. Incidentally, to the reactor 1 , if necessary,
hy@regan daydde ahahddt ior detd hademidnceatatatal gepeirated
activity . The hydrogen may be fed together with
caybenenpaaxtilent hirlighchhbohgadtlibnerdactpen of methanol
separately fed through another feed Iine (not shown).
Mpre@sads sindee $herriagthyn sysreeri canothkerhesans. In
reacti on systemthat acconpani es heatgeneration, the

r eacitenr t& mmEhn toitpthe dmerpressvnevihghemaagor 1 (e.g. .,
cooling unit (e.g., jacket) for controlling a reaction

t argEartEiian @resGomsonandscaoheai nedoxhde ray kel iRppssure,
m xture (crude reaction solution) generated in the

r dacimygen partinl mresgiate o afcidl, Contaigy e IR dPagt of
| ower bp conponent or |ower bp inpurities having a

ba NVarpp ot beowikEhdrawn tfzgm gihe overhead of the reactor

1 through a discharge line 3, and discharged (removed off)
(not shown). The vapor withdrawn from the reacfor 1 may
be further cooled by a heat exchanger El to form a liquid
component (including acetic acid, methyl acetate, ﬁethyl
iodide, acetaldehyde, ;vater, and others) and a gaseous
component (including carbonmonoxide, hydrogen, and others},
and the formed liquid component may be recycled to the reactor
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,

hydrogenmay be fed in order to enhance the catalyticactivity.
The hydrogen may be £ed together with carbonmonoxide through
fhe 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
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acetic acid (e.g., nethyl iodide as a co-catalyst,
nmet hyl acetate as a reaction product of acetic acid

waizodr/0edhanol , and acet al dehyde , a hi gher i o#Cd8P2006/314124

(such as hexyl iodide and decyl iodide) as by-products
), and a hi gher bp conponeqtzgr_higher bp inmpurities
havi ng a boiling point highéf than that of acetic acid
[a netal catalyst conponent (a rhodium catalyst, and

| jbhbyatiofi deere Ac€6r QahEY Yoipri el @ hicarti-cemoivd ngauwnii t
water] . For separating mainly the higher. bp conponent
syehc@s1 ik urBtial(ecat.gl yatkeo e miodtmamlting reaea¢bihon
m xture, part of the reaction mxture is continuously
Wirbhdeawauteom t he reactor 1, and is introduced or fed
to the distillation colum (catalyst -separating

col utm) 8cbmpotighta domed inedeivthe Heawtiiom miwture (crude
catal yst -separating colum 8 , fromthe reaction
Mréaeite onas blgbeon hpydnard teah ifnihel yeaoheni himay ianclude
netal catal yst conmponent, e.g., a rhodium catalyst,

| ialidaitim debi d&ydandent hedsde, antiower dvie cOPPOREREIGIHAOWET
(mainly containing acetic acid which is a product and
albgo ifpoctitdes hevingeacboddingl pednt Mgy than that of
acetate.nmethyl iodide , water , hydrogen iodide , and_
otdvertsic) agid bepar atrerkhylndogidenagh@ et idlats tonMethyl
wi t hdrawn fromthe bottom of the colum through a
batdedratiel as algeachhantirodusie PERLS Fie @cdn ‘(Ja%éﬂe&haml'
acid stream) is withdrawn fromthe overhea%h?r uﬂprdide

pand cfcetied dehivssta ghatadiofld 9ol (FHFS &

feed line 9 to feed or introduce intg the first

diand feayl dedidieinns PY-PROGHGH A TRAED ISR PRrogmponent

! Ionre %igher bp impurities having a boiling point higher than
that of acetic acid [a metal catalyst component (a rhodium
catalyst, and lithium iodide as a co-catalyst), propionic
acid, and water].

For separating mainly thé higher bp component such
as the metal catalyst component from the reaction mixture,
part of the reaction mixture is continuously withdrawn £rom
the reactor 1, and is introduced or fed to the distillation
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
éatalyst, 1ithium 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,
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9a and 9b. Incidentally, in the higher bp fraction,
the netal catal yst conponent, and in addition nethyl

woaadi7ce7somet hyl acetate, hydrogen iodi de, wat ePCTARED6/814124

aci'd, and others ,which remain w thout evaporation are
al so contained . IncidenthI%,_by maki ng (keeping) the
i nner tenperature and/ or prgssure of the catal yst
-separating colunmm 8 |ower than those of the reactor 1
' mb¥hi el oc88AE! afh 88r Of nPiirpgeflucd&ide , dandr pbhatspnare
o? the catalytic activity nmay be inhibited.

.1 Bepdentakl! YandnthBenyyRBRObP! £oAct hen skpawathdnawn from

efficiency of nmethyl iodide, it is advantageous to

f ead HHELAEYH EhactdlGinh egnrduntt aebbitom Himeild.agndnthe
colum 11 through a feed |ine 9a. Mreover, when the
cobgert bpt fedcoioh hpavette daid Isdraest)i ¢savilghdrpwanfrom
is higher than 3% by weight, in the light of the
Seperaid e 61 appeaypaft by dhegerta ul deseparating column
advant ageous to feed the acetic acid streamto the

f igr shrdughid Eakidohinel ure fded mighradisedintadhgpiirst
In the first distillation colum 11, usually, a | ower
bRifstaciiatiopachbilnsn Lbwebrdpolt edcipas) ebataf fiarghdines
of the | ower bp conponent (containing nethyl iodide,
methpndacet at Bnchdenhadidhydbn wee drighaw RR Haagtian. the
separated (or renoved) fromthe overhead or %P r,p%ﬁt
ofmettheel caltady sttheomglngniti. nand 3in AAAREHPYHG 1&3 fodide,

fraction (a first higher bp fraction Acontaininq%tng d
himgghry bpcedapenehydreggn iqdiee, “atehr opFohit ety
is separated (or renoved) fromthe bottomor. |ower, . a
parthests ; WeledreRAinHHdRAN e FRRITAT 1On are alsocontained.

Incidentally, by making (keeping) the inner temperature
and/or pressure of the catalyst-separating column 8 lower
than thosé of the reactor 1, further generation of
by-products or deterioration of the catalytic activity may
be inhibited.

Incidentally, in the viewpoint of the separation
efficiency of methyl iodide, it is advantageous to feed
the acetic acid stream to the first distillation column
11 through a feed 1line 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
'line 9b.

Tn the first distillation column 11, usually, a

lower bp fraction (a first lower bp fraction) containing
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line 14. Then, the side stream (acetic acid strean
mai nly containing acetic acid is withdrawn fromthe

woizowtootiost i | | ati on col utm 11 by side cut throRQiVIBR2006/314124

feed line 12, and is fed or introduced into the second
distillation colum 15. Hydrogen iodide is existence
inthe first distillation colurm 11. In the pr esent
invention, to prevent a purified acetic acid stream
nggECQEtﬂ{a AR EomBeEReerdrtdiidn nyf makteiyd iodide,
condensation of hydrogen iodide in the distillation -
-Cfﬂla‘l‘_ﬂ?ll%ceﬁ:'a_):e\’,\’aheétaﬁhbh aRt hgRekrandhar othelyl) is
acetate (hereinafter, sonmefines referred to as a

caEparated fdroferotdd pir FaMRAREBYethead OF ppeéy part of
wat er and the conponent (A) is fed to the first

ditgbl EbahinaNtEPbuER & b fifedm3at ahaasthigite©fopFrecHnt (a
| ower positions relative to a drawing port (side

S ek @@ Woghar bprEre@tdwst) dgn ta teiwg thehiigembpiciomponent
acid streamto convert the hydrogen iodide to a | ower

by eC@PORERET [ @nd propEoNyt acddi)des sepamdtiesl tepareatoyed)
fromthe overhead or upper part of the distillation

C @rivintAd . bolitnf br Stowsanpamént£ AP coidiny thatomighnaypottom
be, for exanple, fed through feed portsSla, Slb and/or
Shignevitch Tman béhkeocbde d tmeaan(acd t up peidagitiréane mainly
positions relative to the side streamport . In the

casm tofirfiesyliawe ttite ddidtis onpdrdrawn Aran difte EBERE |y
the first conponent (A) is fed froma |ower position

r eliatiVeldoidtheodiute $1resamiger cut THrQuylea fged line 12,

fraction withdrawmn fromthe overhead or upper part of
t lend Lestedlpz tintradusedbr tortheiseenidfigstillation column
15. '

Hydrogen iodide is existence in the first
distillation column 11. In the present invention, to
prevent a purified acetic acid stream from contamipation
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)),
or (iii) water and the component (A) is fed to the first
distillation columﬁ 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
iodide) , 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



acetic acid and others ,and is fed to the condenser 21
through the line 13. In the condenser 21, the | ower bp

wobnretooTae1i s condensed to separate a gaseous CBapPOPBENE/314124
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mai nl y cont ai ni ng carbon nonoxi de, hydrogen and

others, and a liquid conponenj, containing net hyl

i odi de ,nmethyl acetate , acetic acid, acetal dehyde and

ot hers. The gaseous conponent separated in the
coRdensEilb2andfodi Sbhangdatlt hayugh hodatedatmery 0§ upper
22, and if necessary, is recycled to the reaction
syendmlowenrpoghtioes fraekhlivee t® thewsifewstdampyprt. In
the feed line 5 (not shown) . The |iquid conponent
sepheatege|of fleedingdbhe Airst compependt 68) iadtaneanusually
aqueous phase and an oily phase, and the aqueous phase
andherelis t gopRasensr(@ )dl s Erdifgram e diosgghpels telen gelative
lines 24 and 23, respectively. The oily phase

di $ehadhges1ider SigIeah@oditacharge line 23 is rich in

met hyl iodide as a co-catalyst, and nmay be recycled to

t he reacti dRes¥SVer P fixastdenavwiEhgepun frem e oygghead
aqueous phase di scharged through_the discharge |ine 24

'S OF) ERPPR BUThIt SRBEARSt GA60H41AEIED Sebuan dohgaptains
and others, and nay be recycled to the first

i SRS BBARRheTs (FBuGH o4 Fethe widansemal shrough

may . be_recycledto the reaction system.through recyc
Id-2sint

i 68 345, C I GHASTIRE AL 1 N 1 g6 Fgpotion

1S CAURHRAINSS Llie Lo I RS By

T MR R AT R TR

22 &g@%?gsm?éﬁgg{é %}é:)iﬁl'{%izle't.l.ﬁlgx Jéé%}yfq.)oéi%oet, rﬁgwi dltate ,
acetic acid, acetaldehyde and others. The gaseous
component separated in the condenser 21 is discharged
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 agqueous
phase and an oily phase, and the agueous phase and the oily
phase are discharged through discharge lines 24 and 23,
respectively. The oily phase discharged through the
discharge line 23 is rich inmethyl iodide as a co-catalyst,
andmay be recycled to the reaction systeml througharecycle
line 25. The aqueous phase discharged through the discharge
line 24 is rich in methyl 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
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The hi gher bp fraction discharged fromthe bottom of
the first distillation colum 11 contains the higher

wopowmepenent, as well as the | ower bp conponeRCTAPZIO6/314124

acetic acid which remain w thout evaporation, and

others, and may be recycl ed 9 the reaction system 1.

The hi gher bp fraction may be, if necessary, joined to
(or conmbined to) a recycle line of the succeeding step
(@0the FBActeeaNdydtenl thabheh adydle 1irtedlTahpad 25.
separating colum, and the condenser) (in the
empdizgitc18indidE the @ingCyhage ote the hofudoeryphiasg to
a liquid conmponent fromthe condenser 21) for

r af e oy ey eaddiesy smviia tihve theedadeinec 6 (not
acid stream which is obtained by side cut fromthe

f igtdwrd) St iThleadi ochaoye strEhmAdon atf ddast ¢e ofetivmd ine
distillation colum 15 through the feed |ine 12, at

| qastentoedd ol 3 and tlondisbhacgepinest23 ang 24 may bglfurther
i odi de, nmethyl acetate, and acetal dehyde) remaining in

t eateed ted aioo chrstakdahyderdsepartatbigtg pmirep ofcelamn) (not
hi gher bp conponent (e.g., propionic acid, and water)
arshdwun} hev separatedr rcemeves cyoraldidkyde | ati on

colum 15 ,and an acetic acid stream having a hi gher
purity is The hdioher b fradiien ddsehangach&remcbhg bottom
distillation colum 15, a fraction (lower bp fraction,
sezbriche ofvers bplisbbllanlor rrimd nkl ¢ BIRS Hip higher
conponent is discharged fromthe overhead or upper .
pdvp asimpdnentol asmweht igithe HPYeRAREompPeaent agdpcptic
fraction (higher bp fraction, second higher b

f raetd mi%ﬁﬁaﬁhpﬁgl"f%l%ieéilﬁ‘@torﬁﬁlé’é‘np%@rﬂ”{)%rs' and may
di scharged fromthe bottom of the_colum_ or_ | ower Part.
ofbe Kecysileft ﬁhgmctlon systeml. Thehigherbpfraction

may be, if necessary, joined to (or combined to) a recycle
line of the succeeding step (e.g., the second distillation
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
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
iodide, methyl acetate, and acetaldehyde) remaining in the
acetic acid stream, and at least part of the higher bp
.component (e.g., propionic acid, and water) are further
separated in the seconddistillationcolumn 15, andanacetic

acid stream having a higher purity is withdrawn as a side
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a bottomline 18, and a side stream (acetic acid
streanm) rich in acetic acid is distilled by side cut

wohowwgtsda |ine 16. If necessary, the | ower bprPEraerionesi4i24

di scharged fromthe overhead or upper part of the
colum may be recycled to t@ﬁ:gecond distillation
col utm 15 and/or the reaction system 1l (not shown)
Mor eover, if necessary, the higher bp fraction

disggeBangedr ram tdeadirt Hoster1khensn peltmnflshe €ohotmon
may be recycled to the reaction system 1 .(not shown)

1 n1ekder phostavel ohhessone@ movadt Wp gfraiche onydeogerining
i odi de contained in the acetic acid stream w t hdrawn

bythel dewsut bgnsbipoeet d scangdenaayieantodmt tiee lowdmdged or
iodide in the distillation colum 15, usually, at

| eppleropartesberhé ey rimatheonghoaetdiselsareé ekl tln and
as a conponent (B) or a second conponent (B) )

sel eghedibnonidiceybpupractsos! isegaid hbghprriep Faasition)
(b-2) nmethyl acetate, (b-3) an alkali netal hydroxide

S W tad neia shieumi bidr g demponent a5 dikehargedfirom the
acetate such as potassium acetate and (b-5) a
hyqecitens jpio ithies cadutnmay bewérdpavt t o e ndumn through
distillation colum 15 fromat |east any one of upper

ared Hodbwem ddsiet il8ns paldagi vide os thean ARl pAFILd & igeeam)
stream port) for side cut of the acetic acid stream _
Theicledongcebhp @it i6B)isikil brd foyd sifgrowk dkmoaaty fokine
a feed port (e.g. , feed ports S2a and/or S2b) which

i s16 ocdfedecessvyoatheah9WehePBf LXRPELOR LT ged from

positions relative to the side streamport . In the g
cakie Wiarheadtd qfptunRedl Pagd of ﬁ%ﬁh&i?lﬁ'&l@t meg b regrele

to the second distillation colum 1? as_i s the case ..
to the second distillation column 15 and/or e reaction

system 1 (not shown). Moreover, if necessary, the higher
bp fraction discharged from the bottom or lower part of
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 iodide
in the distillation column 15, usually, at least one member
(hereinafter, sometimes referre_d to as a compqnent (B) or
a second componeﬁt (B)) selected from the group consisting
of (b-1) methanol, (b-2) methyl acetate, (b-3) an alkali
metal hydroxide such as potassiumhydroxide, (b-4 ) analkali
'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



with the first distillation colum 11, the nethanol
and/ or nethyl acetate is converted to a | ower bp

woanpmeert (e.g. , nethyl iodide) by a reacti ORCHIPIV06/314124
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hydr ogen i odi de, and can be separated or discharged as
a lower bp fraction fromthej,gverhead or upper part of
the distillation colum 15. Fnci dentally, in the case
where the al kali netal hydroxide (usually, an aqueous
sorelaoivd ey adle) drawiiedy fpoat éslideestpeamt pont) for side
relative to the side streamport (e.g., fromthe feed
potiit S2b)thd e etimuriciaf streamdr thenseécdndecomnpdment (B)
contam nated in the side cut acetic acid stream can be
r edag é foda fiomexamplent £rivinree feed, pont t(we TasEepfiaperts
the al kali netal hydroxide (usually, an aqueous
sob2ai amd/oxs $2l) fwinhchnisppecabediin ont rbéast vany cone of
the side streamport (e.g. , fromthe feed port S2a) |,
t heppepwamd boéweh@dsjidricyen reddtdvetty bhecvhdasitrgapgport .
in the side cut acetic acid streamcan be further ]
r eBucthe coapardaens t bthe hmethaeobf an@ler ngethel gpkafate is
metal hydroxide fromthe | ower position. The acetic
acfedste et creantk @it S atianr Jolswmn 1S .sé6oAg the case
distillation colum 15 is introduced_ into a heat
exghbhddre Exrshrdighithatipneolgmplle ore Mgthanel and/or
further.is fed through a feed |ine 16a to the overhead
ormabhEl rAtatst is AANVEETELotR detOVRERR IGITPOR M (g99- -
ed with an_ ion exchange resi

equi Wit | _ esin therein, re the
acF‘ngYér%ﬁfb‘-Qﬁ) Do RSk LPRAGE ngtiﬁoﬁ@?a}o‘ﬁ\g‘i%t and can
Do e SEA R %0 SRR e LB Olod D e
et ko ISR, L, 208! kol NIRRT ARARC 1.
Incidentally, in the case where the alkali metal hydroxide
(usually, an agqueous solution thereof) is fed f£rom a lower
position relative to the side stream port (e.g., from the
feed port S2b), the amount of the hydrogen iodidé to be
contaminatedin the side cut aceticacidstreamcanbe reduced
to a trace amount. Moreover, in the case where the alkali
metal hydroxide (usually, an aqueous solution) is fed from
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.
The acetic acid stream obtained by side cut from
the second distillation column 15 is introduced into a heat

exchanger E2 through the line 16 for cooling, and further,
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stepwi se raising (elevating) the tenperature of the
acetic acid streamto renove an i odide such as an

wabboroorsedi de, and a purified acetic acid is dperisbPloedsi4124

fromthe bottomof the colum through a Iline 20. Thus
obt ai ned acetic acid as a fipal product has an
extrenely | ow concentrati on %? The hydrogen iodide
because of feeding the first conponent (A) and/or

WRLL I P dd $f sdiedt hlihat 197 ¢ Wi blerfBad bit h@ber

feedi ng the sécond conponent (B) to the second

digshid batd @3 18@lUTodPae MFERYCIng WMt 18 equipped with
di'stillations are carried out at two steps, that is,

the fiignS bx@hdngecendidi shétbahi ORnEpb UPMS alilciansl giiup of
the renoval rates of the | ower bp conponent (lower bp

| Y [ ddieexcrifthd hedimhey 4 Ximonetighighaadyd or
inpurities) are considerably high. In addition, since

t ke Aid<a agitth flg.eamhssdeasseethé oagiid-hemoving column
hal i de-renovi ng col utm 19, contam nation wth a halide
suod, asoafg vl iy kalodhged sheareutkiabhyitdechmen, &hd acetic
hi ghly pure acetic acid is obtained . Mreover ,since

c aslien sadriein 0k padsedethiadildetiendiodeenthahge resin with
distillation colum(s) is effectively inhibited,

COf tesr e aaiddguatalevatnig) Hdbedtemperatwos (of) thelagsitic
can be also prevented.Fig. 2 is a flow diagram for

exant d s tge & did eremevisodnnéndide suphodaced anllybceadide,
of a carboxylic acid of the present invention. The

endoodli arepur of 164 et toraebd ohelsdist hhledk e thytbottom
in the enmbodiment of Fig . 1, the |lower bp fractions .
comf dihei aglume thovmrgtbp Lionp@fent Shilstohiraiied pegitigeacid
first distillation columm 11 and the second ]

di a%ia |Binah nxsiduat hasape PELCREEFedoVoc@pcentration of

the hydrogen iodide because of feeding the first component
(A) and/or water to the first distillation column 11, and
further feeding the second component (B) to the second

distillation column 15. Moreover, since.the distillAations
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
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
‘of hydrogen iodide inside of the distillation column(s)
is effectively inhibited, corrosion or degradation of the

distillation(s) column can be also prevented.



al dehyde- separating colum 26 to separate a | ower bp
fraction containing an al dehyde and a hi gher bp

woénretoorae1 f or recycling the higher bp fracti onPCo/JPives/314124
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reaction systeml1l . Mre specifically, in the o

enbodi nent of Fig. 2,the | owesybp fraction containing

the | ower bp conponent w thdrawn fromthe overhead or
upper part of the first distillation colum 11 js

further fed¥® theialddhae- diggramiion explainia® another
through the line (feed line) 13, and the |ower bp _
f r REPSHLRYHE i 1 PEIVCLIRD DAPeaporen earbniizide acid
fromthe second distillation colum 15 is joined to

(cobi TR R5Sehe Iewertion- 19hg embesdimend pE Figd 2
both fractions are fed to the al dehyde- separatin .
Col SHFSPORIRA AR ERETRIBcHIRle: 9L 3R PTRGAABRIRPE Fig.
26,. the | ower raction containing the | ower bp
coﬁbbﬁEﬁﬁgﬂﬁ%gggéﬁﬁgFﬁqﬁﬂﬁﬂﬁ?%n%%95&@qﬁWﬁ&PBéPmﬂonents
hydr pge and_t he higher bp fraction containing the

n el ot b el relt Ht TRotemieco hummyi1 ana tne
acetate Ier r, acetic aci re separated._ The

| owEF T £ ’a%‘ijr]oﬁa‘fjs°fdi%%%{?rgg’o5af%‘?n HEtRGEfrd dtoran

di sch lipe 27,
gﬁgﬁ%%ﬁﬁ‘?egﬁ%?é%%ﬁ%%%fn&ﬁfg“%tﬁ%réfﬁa?éfg%11' fwer b
unt ttom.ling, (fecycle ,

Ei}%’%‘gﬁ@lﬁ%@%ﬁ%@g&x ew?ﬁdiaﬁiﬁéférim? fFection

sys%%%gykﬁgaghﬁgg?lei crke)g? if%(éé% ..°q1 %&%%FSFF 1ORfystem

Lop. di d ' i
orEL SR S et g SAA R 88 e

27may conventiona

g-e%p £ &0 %nf‘@fﬁil?@%ﬂg ﬁdﬂﬁf Z‘pep t QohPSE &3S S tiarawn

paration efficiency of” the al dehyde.
from the overhead or upper part of the first distillation
column 11 is further fed to the aldehyde-separating column
26 through the line (feed 1line) 13, and the lower bp fraction
containing the lower bp componentv 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
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 iodide,
methyl acetate, water, or acetic acid are separated. The
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



Mor eover, the higher bp fraction may be fed to the
first distillation columm 11 and/or the second

wdizad7idofsati on col umm 15 (not shown) to increasecT/JP2006/314124
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separability between acetic acid and water in the
distillation colum. Further,.if necessary, the higher
bp fraction fromthe al dehydé- separating colum 26

may be introduced into a condenser (not shown) for
COpKEhensats | QMbd OL SR PRI R e Becptly Phase 28 ch Thie MEigher bp
i odi de, and an aqueous phase rich in nethyl acetate,

wef £ c Bléh afLth&r&eh dErdihethe | Bot e SEfEtH@NeIums rdie be
enbodi ment of Fig . 1 , the oily phase may be recycl ed

t oréddecIedctd hes taRBibn @y sitem agurovaghhaseecpyldeline
recycled to any of the first distillation colum 11,

t h28 sednrali airtd1l1lyat ithie dowemnbpSfraoctibdhedisaoarged from
system 1l . Incidentally, the higher bp fraction

wi tihel dawchiirgmltime bbnhagbedfurtther tredted byyid ¢envemtional
colum 11 and/or the second distillation colum 15 nay
bemetlgd| ezl d 0 Extracddiononwagbinm lox lorthegts .t fe increase
recycle line 28 ,or if necessary , may be recycled to

t hthe esepavatigst efificianoyghft heef addehyde.6 (not
shown). Thus , in the enbodinment of Fig. 2 , since an

al dehydei sMereeved. Hhe hijobeti big finactimmpmaypbe fed to the
fractions fromthe first and second distillation )
cof irat distddd ats onoce hema 1dandar shpgaaqihdistikhation
before recycling to the reaction systemor the

di seimmat L8n (@@guﬁhpwm) r €0l &PF5R2EE FRR2APREM}EE Between
recycling in a continuous process_can be inhibited. As

a fEehiie agid and wadegy AR (HHSA 1§t 1 bhaktem CO1yERer af BT ther,

[ urities (e.qg. ropi oni ¢c_aci d, crotonal dehyde,
n?.f necessgryg thg h?.gher bp fraction from the

aldehyde-separating column 26 may be introduced into a
condenser (not shown) for condensation to separate an oily
phase rich in methyl iodide, and an aqueous phase rich in
methyl acetate, water and acetic acid. Then, in th'e 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
11, the second distillation column 15, and the reaction
system 1. Incidentally, the higher bp fractiop withdrawn
from the bottom of the first distillation column 11 and/or
the second distillation column 15 may be recycled to the
reactionsysteml throughthe recycle line 28, orif necessary,
inay be recycled to the reaction system 1 through the feed
line 6 (not shown).

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



2- et hyl crot onal dehyde, hexyl iodide, and decyl i odide)
as consecutive reaction products fromthe al dehyde.

wonaei7cerwal |y, a step for feeding to al dehyde- PCT/JP2006/314124
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separating colum 26 the fraction (overhead) fromthe
second distillation colunn_d??charged through the

di scharge line 17 may be om tfed. The production

process of the present invention is applicable to a

vaid atemddfed DY Gy jaldtang eaet Leqerobp veractisons chhah sthe
or derivatives thereof without limting the

abpies fresr d oseclot@r syl Bl a ©owf cobtanol 1l i@ athi oo the
step (Carbonylation reaction systen)) In the reaction
Sysldshyde- sépahat ing caldmnibefidreersdpeixig te. the reaction
reactive derivative such as an ester, an ether, or a
hasysieemi or ceindodys bl ttlatd dh calbtmon, nohocutatidg ofiethe
al cohol to be used in the carbonylation reaction,

t haléelnpge biey exeoptlingdimnaatenhbhubasi pyotasgagchonbe

atom (s), for exanple, an aliphatic alcohol [e.g. , an
al keinbbitedg. As & €esudil kdhotdn he ldrastieefRdyoreduced to
et hanol , propanol, isopropanol, butanol, pentanol, or

heganerﬁite lamuanntawl (<. ol cphgplpelg aczal.cfymb@nﬂh@@hyde
(e.g., a C3_iocycloal kanol )such as cycl ohexanol or
cy2tebbyinsbronaidehydemthexyl dowdide.aandrdacyl deWdide) as
(e.g., a C _ioaryl alcohol (such as a pheno
coﬁpoaﬁqyylgacﬁeagt@ﬁ@nsrodaﬁtar£FQV|tgpcaﬁéphyéeg., a

C _ioaryl- C _4al kanol) such as benzyl al cohol or )
ph$n@@ﬁ?ptaﬂéﬁhoﬁ]step 6prefeedingethuabdphyde-geparating
carbon atons is about 1 to 14, preferably about 1 t.o

10°°éHE‘nm3PetBPeﬁEPSEWHa!SBHFrE}eFQ)6fr°ﬂm§ﬁ& nd

foregoing alcohols , an aliphat al coho .
dlgtllgation column dischéarged ?:hrougpx 1j:he discharge line

17 may be omitted.

The production process of the present invention“
is applicable to a 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 alcohol or a derivative
thereof (e.g., a reactive derivative such as an ester, an
ether, or a halide) is carbonylated with carbop monoxide.
As the alcohol to be used in the carbonylation reaction,
there may be exemplifiedan alcoholhaving "n" carbonatom(s),
for example, an aliphatic alcohol [e.g., an alkanol (e.g.,
‘a Ci-10alkanol) such as methanol, ethanol, propanol,
isopropanol, butanol, pentanol, or hexanol], an alicyclic

alcohol [e.g., a cycloalkanol (e.g., a C3z-jpcycloalkanol)



is preferred. The nunmber "n" of carbon atons in the
al i phatic alcohol is , for exanple , about 1 to 6,

wonref7@oaoly about 1 to 4 , and particul arly abear/Jtowe3i4124
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3 . Anmong the al cohol derivatives, as the ester, there
may be exenplified an ester_ofga_ carboxylic acid to be
formed with a raw al cohol, for exanple, a G - alkyl

ester of a C2-6carboxylic acid such as nmethyl acetate

or seichyés gryayichrestamo loor ayitdreactAsnd e, ehhergmdtier elcohol
may be exenplified an ether corresponding.-to the raw

al danohryX aldcekalpl{e., g a, didg-1oakkYlalriderl ¢siiéh a$ a phenol
met hyl ether, ethyl ether, propyl ether, isopropyl

et lfompounidlt)y Isustbhes, plvenole lank @ralityleadeohods (Bhg., a
halide ,there may be used a halide corresponding to

t h€eal cahpl ; Csumilkenaiet bythi aslitekmzye. glcphah at phkenethyl
hal i de such as an al kyl iodide) . Further, if

ne@dsehol ] .ar gihgrsehofhe ppBberTdy’ 6€ cgybgnatons is about
pol yhydric al cohol, for exanple, an al kyl ene glycol

sudhtas et ayﬁéﬁﬁaeitmhoutpilmllenea@@ yode pFeferably about

but anedi ol a derivative thereof (e.g., an ester,

halli §e,6 anA@PﬁerBhe FRECAPABEA LEPhel tioan At i RRA HaAdgohoL

may. be used singl in conmpination.In the preferred

Ildﬁ & §§§*¥bac¥P8nn§?§?§n1nanoglEéﬁ@Pnh§$PW§ ig- the

R Sl da A2 L U LR sy

T TS P B £,

car boxy!| ¢ pRgFREE ey §s¥??’%§ﬁgﬁg {5 TP 95y there

r eer‘t%}yl Qe e%%ltp%.mf ie aru? fe%rtia%dof a carboxylic acid to be formed
with a raw alcohol, for example, a Cj-galkyl ester of a
Csy-gcarboxylic acid such as methyl acetate or ethyl
propionate, or others. As the ether, there may be
exemplified an ether corresponding to the raw alcohél, for
example, a diCj-galkyl ether such as methyl ether, ethyl
ether, propyl ether, isopropyl ether or butyl ether, or
the like. Moreover, asthehalide, theremaybeusedahalide
corresponding to the alcohol, such as methyl iodide (e.g.,
an alkyl halide such as an alkyl iodide). Further, if
necessary, as an alcohol, there may be used a polyvhydric
alcohol, for example, an alkylene glycol such as ethylene
glycol, propylene glycol or butanediol, or a derivative
thereof (e.g., an ester, a halide, an ether).

The alcohol or a derivative thereof may be used

singly or in combination.



a reaction systemin which at |east one nenber
sel ected fromthe group consisting of nethanol, nethyl

weacet7abeoi and di met hyl ether (particularly at Peagpr2006/314124
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methanol) is allowed to react with carbon nonoxide in

t he presence of a carbonylat'fn_catalyst systemin a

I'i qui d- phase reaction systén# to produce acetic acid

or a derivative thereof. Incidentally ,as the al coho

or a derivgf kM pheF&efed 13 guieShnady Fehetish spytde, an
directly or indirectly fed to the reaction system

My mvals oho! irvorlerdondld vad kerndefuid thedicaamt

froma distillation step may be recycled and fed to

t erd CAEB BP 5YSt ga1Lcoh1Cakaky Bbriyatafel Rheieof (e.g.,
reacti on systemmy conprise a carbonyl ati on catal yst,
anfk Bh & L AhetN gl aek tates hertaiydriodisié henddiberthlyate tdrer)
catal yst, there nmay be usually enployed a catal yst
havay®eubé@rdobtang poamrboxydig. acid hastialg tatdl yesrbon
As the netal catalyst, there may be exenplified a

t ranshé bea aetbvathvalkhetreof epay.t,i @ ghaboxyddicanhydride) .
catal yst containing a netal elenent of the G oup 8 of

t hen Perdtddiul aFabtiee dfo 1H|cenievyt seadbior)aygiian is peskgrred:
catalyst, a rhodiumcatalyst ,an iridiumcatalyst ,or

otaersacthen ceystemt imayhbeh sa’ki hppst nene | memperesercted

used in the formof a netal oxide (including a conplex
nefabmahe:le):puancmieﬁtmp&xm@‘ébaaoihetl%ﬁtmgl pgetate, and
(e.g., a chloride, a bromde, an _iodide) ,a ngetal
cadbosyhul e thern) (panhigudegiy)at lgagigtRanel hisspllowed
inorganic acid (e.g. ,a sulfate ,a njtrate , a
phbephaae}, whtheearbennppeexifeoiRefle BEERCRCRePE) 2

catal%st na¥ be used singly or in conbinatiog. .
carbonylation catalyst system in a liquid-phase reaction

system, to produce acetic acid or a derivative thereof.

Incidentally, as thealcoholoraderivative thereof,
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 reactiqn system.

The catalyst system in the reaction system may
comprise a carbonylation catalyst, and a co-catalyst or
accelerator. As the carbonylation catalyst, ﬁhere 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
‘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.



The preferred netal catal yst includes a rhodi um
catal yst and an iridiumcatalyst (in particular a

wohodiooteocat al yst) . Further, it is preferred POTUB®O6/314124
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the'netal catalyst in the formdissolvable in a

reaction solution. Incidental]y, rhodiumusually

exists as a conplex in t he™r&4cfion sol ution ,and in

the case using a rhodiumcatalyst , the catalyst is

NOfip PILHLY A iyl bET é?@irﬁ’;ﬁlé Me@sL | be mayab¥Shsédnin the
change into a conplex in the reaction solution, and

NedoRE d45 @M met aMabikQHe { 2h8BuaffgSsompIdiodietral oxide),
catal yst , a rhodlun1hallde‘(sucﬁ as brom de or

| il dRtdd Wpdtdeida) |y e prHEh adrecayer ,a tdifloride, a
catal yst may be stabilized in the reaction solution by

adsh sl @e sahticdid hah hdealearbosyisald (of gap anctaigte) ,
and/ or water thereto. The concentrati on of the

cad mbyal g6t éPanedivanichold (20 gt.Q bs@Dbappmanitrate,

preferably about 100 to 4,000 ppm nore preferably

abouph&Ofh4 be B, 0A0n@pal onppaxt docudbtndys abdictbG) naral

2,000 ppmon the basis of weight relative to the total

ancandalpét thay | bguasedhstegly sornin| conhingbienwher e

the concentration of the catalyst is too high, due to

t he changeTihé phefeated ywetdk. catakyshotiielhydes a rhodium

catalyst)into an insol vabl e conponent (e.g. , a )

r hoattahy shl antd agudirids umhoat ahy $bdide paatd cud@r a rhodium

precipitation thereof, there is a possibility to

r edatelyht) r edurherf fitijehgreferpmbddietiss tthe metal

the co-catalyst or accelerator constituting the .

catatgiystyin cthe thamme i@ Paalled ipapi 5A3CRAPRJeglution.

for exanple, alkali nmetal halides (e.g., an iodide |,

suEpcidentally, 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,
and may be used invarious forms. Assucharhodiumcatalyst,
a rhodium halide (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, fpr example,
about 10 to 5,000 ppm, preferably about 100 to 4,000 ppm,
more preferably abou‘t.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)



[ithiumiodide, potassiumiodide, or sodiumiodide; a
brom de such as |ithium brom de, potassium brom de or

weadi7erdor om de) , a hydrogen halide (e.g. , hydrogamoos/314124
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i odi de , hydrogen brom de), an al kyl halide [an al kyl
halide (a G _ioal kyl halide, \,rjvr eferably a G _ 4al kyl

hal i de) corresponding to a rhw al cohol, for exanple a

G _ioayl iodide (e.g., a G _ 4alkyl iodide) such as
et ahOdh 861 vEL %! chRshinh O RIQRYh tREEUEM alide such
brom de correspondi ng to these alkyl iodides (e.g., :
et Wn JH i G a IR YAnd i Qﬁ:)e,c‘?itawﬁhirprﬂMeof, there
corresponding to these al kyl i odi des (e.g. , nethyl

chi9rd ddsidinGi ©entsl teduddecml kaddcimdaleffidncy and
(particularly an 1odide) also functions as a
stpddddAgiviady t he carbonyl ation catalyst (e.g. , a

rhodi um catal yst) . These co-catal ysts or accelerators
may be used shedd-adtdlynobiduatdl@rator panstiuhding the
it is preferred to use an alkali netal halide (in
patdt£ly st Bnstdkal themd alay dei deged nvanoidisdtaloides t FEor
an al kyl halide (in particular an al kyl iodide) and/or

a éwahpen dbtate. mdbel pratsieed(cay al yan bgdidensuch as

i ncludes a catal yst system conprising a netal catalyst
cahpoimoumt {@lide, spohassimmchedddest or apedbym iodide; a
al kal i metal halide) and an al kyl halide. The content __
of bt drei desvehas i thiunbremddet aroass ban bremide gpF@dium
about 0.1 to 40% by weight, preferably about 0.5 to

3085 byige) ghhydnnuemhalidef er abl Rydsogent adi dsohrogen
wei ght relative to the whol e |iquid-phase system Mre
speromida) | yan i allkybrivallicd¢ dranpfalkwatisddde d aalitd1eglkyl

the foregoing carbonyl ation reaction of an al cohol,
t healide, preferably a Cj-szalkyl halide) corresponding to a

raw alcohol, for example a Ci-j1palkyl iodide (e.g., a
C1-4alkyl iodide) such as methyl iodide, ethyl iodide or
propyl iodide, a bromide corresponding to these alkyl
jodides (e.g., methyl bromide, propyl bromide), 6r a
chloride corresponding to these alkyl iodides (e.g., methyl
chloride)]. Incidentally, the alkali metal halide
(particularly an iodide) also functions as a stabilizer
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
‘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
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content of the al kyl halide such as nethyl iodide may
be, for exanple, about 1 to 25% by wei ght, preferably

wahooroo®ot o 20% by wei ght, and nore preferabl ypraborioo&314124

to 15% by weight relative to the whol e |iquid-phase
system Incidentally, the higher the concentration
(content) of the alkyl halide-is, the nore the

reaction is accelerated (pronoted) . The econonically
ached1ageaUsie)o RN amtd Iy Icamllddlesui t abl y sel ected in
consi deration of recovery of the alkyl halide, the

size or saleccofitthe édficiHe kyp-catafiyslt ¢heackepefaror may
circulating the recovered alkyl halide into the

I agct ofor excanrplieed adadut tthel amowitd oy et naxefeaaply
to the recovery or circul ation, and others. Mbreover,
t hbawoint@®E tof I0% ot kedightet @ndaldmie praderably ahawh 1
i odide may be, for exanple, about 0.1 to 40% by
weiglR63 y eedghlsl yebdbive Eobthe V@S’%ebill%i'-@hPPaﬁﬁ Fystem.
more preferably about 1 to 30% by weight relative to
t Momdospedifidalhasin sy PreAUGHGH e & 1IGATRIKY Hee acid
reaction system a carboxylic acid ester év: n
paby ithe pregobny aramiiony kariux yraetaenehamagmohol, the
al cohol, such as nmethyl acetate) may be_included in a
prepotenbrribithepadkyd halide mughpsiedhyl igAdde may be.
preferabl yabout 0 .5 to 15% by wei ght rel ati%/e tt?ltheb &
whbe® exaphe prrReutykt & 2P hchHaiRtIh Y, Pretqeably abou
reaction solution, there exists usually ahout %g t
109 &9 208 Bt weiohfe eaﬁblaay?i@ea%r%a%& é”ﬁ’% o T5% by
equi | i brium of the al cohol ag tEe raal nﬁteri gl gn‘(rzll t he
pretghtchebBkyYP ctaActl® EaPhBn  HBNORT BR P B SY 8! ng
:Tgytlggdrﬁgg%&ig?a% %tsﬁglggg%egﬁeuéggcgrsltgagggﬁ Qégntelq{:) of
the alkyl halide is, the more the reaction is accelerated
(promoted). The economically advantageous concentration
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
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 liquid-phase system.
Incidentally, in the reaction system, a carboxylic
‘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
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with an inert gas (e.g. ,nitrogen, helium carbon
di oxi de) . Mbreover, an exhausted gas conponent

woant7anTidng car bon nonoxi de obt ai ned from succeedipmos/314124

steps (e.g., a distillation step (distillation
colum), a condenser, and an g\l dehyde- separating
columm) may be recycled to t?]e reacti on system The
carbon nonoxi de partial pressure in the reaction

SYHRIP 68y tel 54 8y wiYyRY fe1@bDié £0.thd wh31dR4 o dg phase
0.9 to 2 MPa) ,preferably about 1 to 2 .5 MPa(e.g. ,

akQutit el 15 Theideh tifay, andther ecpcefienabbyuthont, thefe
to 2 MPa (e.g., 1.18 to 2 MPa) as an absolute
Pre8&sd £ ushiagigeab bt v,. 5ndd Idnbyateight be i emintrmxylic
of Figs. 1 and 2 , carbon nonoxi de may be fed fromthe

| Queird pedteefdidecs eantidri dyiwparfyitig: dlvdivel as the raw
carbonyl ation reaction, hydrogen is formed (or

geneteat £al) dmyd atlsdni prrodweaic tcaurbdrey Weeraaiat bon nonoxi de
andwat er. Additionally, hydrogenmay be fed to the

reacti on Systimon mbhexhydriome keeshingeté ddheaseachigapystem
gas with carbon nonoxide as a rawmaterial to the

r eneecyt iben USSEst e a NP \g&Es,, cifempy dpo gieedn@s Bedpeddibited
the reaction systemby recycling a gaseous conponent
(iwctudnngneytigegete - S ar DIFTPIROK kRl HH, ceFbogy)dioxide).
exhausted in the succeeding distillation step .
(Meredveri opncexbangted f IpsceewReyent  gpntaipipgycarbon

purifying the gaseous conponent . The hydr gen parti al
prieerexddenobhainedcEFeoR sYSEentimy BE?P?O? efampfe,
about 0.5 to 200 kPa, preferahbly about to 15Q kPa,
andiebiblpEéreryy (%Siﬁtllé-att&oi’oéﬂdﬂange.%.c,o nsg§Tpand
kPa) as an absol ute 1(::)r_essure.

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
MPa (e.g., 0.9 to 2MPa), preferably about 1 to 2.5MPa(e.g.,
about 1.15 to 2.5 MPa), and morel 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
the reactor by sparging.

In the carbonylation reaction, hydrogen is formed
(or generated) by a shift reaction between carbon monoxide
andwater. Additionally, hydrogenmaybe fedto thereaction
system. The hydrogen may be fed as a mixed gas with carbon
monoxide as arawmaterial tothereactionsystem. Moreover,
the hydrogen may be fed to the reaction system by recycling

a gaseous component (including hydrogen, carbon monoxide,
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Incidentally, the carbon nonoxide partial pressure or
hydrogen partial pressure in the reaction system may

woeomdpwdt ed, for exanple, by suitably adjusti RGTUP®06/314124

amount of the carbon nonoxi de and hydrogen fed and/or
recycled to the reaction system the anount of raw
substances (e.g. , nethandl )46f ed to the reaction

system the reaction tenperature, the reaction
pﬁﬁﬁs&ﬁeré‘f‘%ﬁia{\?é&d iR the fEshsyd RS iR tiqacitiion, step
the reaction tenperature may be, for exanple, about.

10Q:5012939¢0on RiAkAMAD! ¥ raberbstalyt @r22e06ui tabdy
nmore preferably about 170 t6 2100C . Mbreover, the

I 8¢k iFYR ng @RI IgR ddbulse icipohe@tUgeTRE CRgar6genypartial
for exanple, about 1 to 5 MPa, preferably about 1.5 to

4 MR3suRdi A0S ReRiciidhl ¥yabontmay be ,3£6r M3mmples, about
reaction nay be carried out in the presence or absence
ofp .3 %@ von! kpPalhgreFatably ablowentl ito NG kPai,t edd more
a specific one as far as the reactivity, or the

S QRRFRIraM ylabuut f5 aat 100 kPAiI Ceegcy Hoeso rl kPa) as an

decrease, and a variety of solvents may be used. In

usito 16 Hrexhioxyl i ¢ acids (e.g. , acetic acid) as

a product may be practically utilizedas a sol vent .

The concermnoldentaiflwatiee carbbhanorextdepasyiadmpyessure

not limted to a specific one, and nay be a | ow

C @t antdmigenn. paitiel abnuess swte i dfhenareactipn Rystem may

reaction systemis for exanple about 0 .1 to 10% by

weheg it uspredf, ef abl examiwia . DY IsubtFodppdisisfing hhg amount

nore preferably about 0.1 to 5% by weight relative to

t hef ttheal carvomtmohoxide andHrgdrogen 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.

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,
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 a solvent. Thereactionsolventisnotlimited
to a specific one as far as the reactivity, or the separation
6r purification efficiency does not decrease, and a variety
of solvents may be used. In usual cases, carboxylic acids

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



of the reaction system Mreover, in order to prevent
the reduction of the reaction rate or to avoid

wdesd7ab7doi zat i on of the netal catalyst ,if nece€TdrP306/314124
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into the reaction systemthere nay be added a conpound
which is capable of formng g, salt of an iodide salt
in the reaction system for exanple, an alkali mnetal
halide (e.g. , the above -exenplified alkali neta

hald desoivedtquat ernary ammoni um salt or quaternary

phosphoni unsalt of an alkali nmetal. Anong these

conmponent snef E6ALERETHIEEBRG Ntwvatfers bhubhé tegction system

preferred to use an alkali netal iodide, particularly

lithidee iladiided o thesfearietial nopecarpshydas i a 1ow

reaction, a carboxylic acid having "n+1" carbon atons

( @sdhoemdtibmCi theceonespunali tap of water dohbhe Baacigon
n* carbon aton(s) (e.g., nethanol) is fornmed together

Wi g+ dtn @StEFT ekampa ef alvomed Oc Artiso%§® iy welghi tar afsgrably

al cohol (e.g. , nethyl acetate) ,water generated with

t hepest e i tocani by wedghitonanfimmeeli RFeReRAPLY FPRHe ©- 1

havi ng "n+1" carbon atons (e.g., acetal dehyde

cote Sspoydedghtore brt Bye dioothe otalmayn e °§cijoq1r~ﬁaq/ﬂ?¥gase
n+2" carbon atons (e.g. , propionic acid) , and

otbBrthe rrectannasygtemn MRraqyedti bR %Vé%’érﬁ" prevent the

generation of al dehydes may be depressed or inhibited. .
Byrednubiay amhena KRAGHEOR Fateot dy arpig eFEaRH Gt Lon
the succeeding steps (e.g. , distillati col um, [
bygﬁmermvﬁgl cabalBatt 1EMeRRAAEonste ?*ee’;&%‘f onl sybtem
reduci ng the proportion of the co-catal yst .
al kpereoERYdR £hECRPAFBE Y at%asa?é%p?rag’;ﬁgeh of £8fming

ure.
Mor eover, the generation of  hydr [
a salt of an igdide salt in theyrea(?cqtejr]orll gystem, for example,

an alkali metal halide (e.g., the above-exemplified alkali
metal halides), a quaternary ammonium salt or quaternary
phosphoniumsalt of an alkalimetal. Among these components,
from the viewpoint of solubility, it is preferred'to use
an alkali metal iodide, particularly lithium jodide.

In the foregoing carbonylation reaction, a
carboxylic acid having "n+1" carbon atoms (e.g., acetic
acid)corresponding1x>analcoholhaving'Hf'carbonatom(s)
(e.g., methanol) is formed together with an ester of the
formed carboxylic acid with the alcohol (e.é., methyl
acetate),watergeneratedwiththeesterificationreaction,
in addition an aldehyde having "n+1" carbon atoms {e.g.,
‘acetaldehyde) corresponding to the alcohol, a carboxylic
acid having "n+2" carbon atoms (e.g.., propionic acid), and

others.



the reaction systemmay be depressed or inhibited by
adj usting the water concentration. The space tine

we@izad7chord1t he obj ective carboxylic acid in thePcearionesi4124
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system may be, for exanple, about 5 nol/Lh to 50

nmol / Lh, preferably about 8_mak/Lh to 40 nol/Lh, and

nore preferably about 10 nol/Lh to 30 nol/Lh.

(Catal yst -separating step) In the catalyst

- separ at | nEpctdgmialdyl yist theepapating TOTLAM) Jengipfion
the reaction mxture fed fromthe reaction step, a

hi gferl dephyidesc naprbg Gepessnd orcii i tRf XY Feweyigg the
hi gher bp catal yst conponent (a netal catalyst _.
corpdekyde im ghe J%ﬁ@mngﬁrqlsét‘—‘ie@ﬁ‘ Eaem st SE%Eﬁegé'-n& steps
rhodi um catal yst, and an alkali nmetal halide) js )
sebargtedi%§¢¥ilaﬁﬁﬂnjqg%ﬁﬂ@dneﬂF)b¥'m%@}fglpﬁgﬁbebﬁeaCtlon
fraction (carboxylic acid stream containing a .
Cﬁ¢ﬁbﬂytl@naeiﬂ°¥se§éﬁﬁiﬁteEGQECﬁngaEB? Q%%ﬁ%BF%ﬂ?)Of the
The separation of the netal catal co nen e
coﬂ@u@ﬂﬁélﬁﬁtasééhvéﬁtPBnﬁikXépé?éi%%naﬁg?ﬂ5d£%$aﬁygrogen
separation apparatus and may be usual Ly carried out _ .
wi PATERELIREESTULE i éfpﬂelogﬁroxt% |9&Hﬁr€$¥L§’.“, °é Wﬁddeﬁ%qen 0
col um. a packed colum, a flash distil.lation L,

VoEBBy EPaB Ay St lalary bE CORGERERE Hay 1BRiDLtTY by

separated b ans of distillation_in conbination with
anPQﬂPSGF"%Itgg- WBPECEPRTCREEREGRhi ch is widely used

o L bl SRR CRLA N i 8 BbiBEraeRP Rkt o
BB SR o A0 s PR e Wl 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)

In the catalyst-separating step
(cafalyst—separating column), from the.reaction mixture
fedfromthereactionstep,alﬁgherbpfraction(orstream)
containing at least a higher bp catalyst component (ametal
catalyst component, e.g., a carbonylation catalyst such
as a rhodium catalyst, and an alkali metal halide) is
separated as a 1liquid (component), and a lower bp fraction
(carboxylic acid stream) containing a carboxflic acid is
separated as a vapor (component).

The separation of the metal catalyst component may
‘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,
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flash distillation is utilized, in adiabatic flash,
the reaction m xture may be separated into the vapor

woanpmaerdt and the |iquid conponent wi thout heaCrapoaérsi4124

with reduced pressure, and in thernostatic flash, the
reaction m xture nmay be separated into the vapor
conponent and the |iquid cormporent with heating and
reduced pressure. The reaction nmxture may be

sePgstEd ddiind NG ¥RROK SONRONENE i W &d1hn)i.quiereover,
conponent by conﬁlnlng these flash conditions. These
flgshmetsii tdedi Pt Saporntit RayCBEl s8farated ff means of
exanple, at a tenperature of about 80 to 2000C under a

PEeEEY N8 ataRHCIHESMIPLESELGE)1 Oh adkiit - 50sb0id-06Q1kBaing
(e.g., about 100 to 1,000 kPa) , preferably about 100

t @280 ak Rhichnd sridepyelieeabliyn andust13@ 1t apPQQ dekd.on .
The catal yst-separating step may be conposed of a

singl e step, the WAtahgstosppardtdhga splepralthey reaction
steps in conbination. The higher bp catal yst conponent

( mEkalireahakysé soppoxissd §indepaheat edpby conpozent end $he
usually recycled to the reaction system The |ower bp

f ndeiidcdmpebexy Wit hag wi dioeahpatépgr atBer esamhde , when
cat al yst-separating col um contai ns aproduct

c allamty |dic @dilh {iory is addilizesti dn adiadddiid ddash, the
co-catal yst such as hydrogen iodide or nethyl i odide,
arressttdrommikiiarernayde sepaoxyefcink dhai Yaper capponent
al cohol (e.g., nethyl acetate), water, a small anount
ofartsy tpeotidquif@sgoriporent wirthauie hpad isigcpnggwith reduced
aset al dehyde , and a carboxylic acid having "n+2"

c anteasuonansudh tRepneoptahie ftdash. thenreaetprrdpiffture

i nvention, the purified carboxylic
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
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
more preferably about 100 to 300 kPa.

The catalyst-separating step may be c‘omposed 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
fecycled to the reaction system.

The lower bp fraction (carboxylic acid stream)

separated in the catalyst-separating column contains a



acid may be produced by distilling the carboxylic acid
streamin the first distillation colum and the second

wdizad7idofsati on colum. (First distillation col ura)Y/JPIw06/314124
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the first distillation colum, a lower bp fraction (a
first Tower bp fraction) contgining at |east part of
an | ower bp conponent [e.g., a hal ogenated hydrocarbon
such as an al kyl halide, an al kyl ester of a

capbedytt sk Eig.acid ¢athoxyddet aeiattiligy,i hg dddiltion,
carbon atonms) (e.g., an ester with an al cohol having
nna"ceéachbalasbnkath) asanydatrogdy deodibde ngr "metilyt atddbide ,
atons] and higher bp fraction (a first higher bp
f rante ®dr ednthenpngdatt lceeatioxydritc efid wigher rbp alcohol
conmponent (e.g., a carboxylic acid having "n+2" carbon
at oesg, , andthmlearethte)onshtare sepmaiiedmpnoimn ohe
carboxylic acid stream(e.g., acetic acid strean) fed
f royrpieduat by ste -gepanaaldehyde sweh and@aefalfdehyde ., and
(side stream) containing at |east a carboxylic acid
hazicagboxyliccae bdhaxtiogs n+2 "vgarkpmatony ssicheagpropionic
Incidentally, in usual cases , the |ower bp conponent
(spcafd . welmrthey @resienity ipsenbben ¢ s parddied sarbagylic
first distillation colum.As nentioned above, the
cappbadyiay ke pepduseddundiebil bing Eheiqagbarwliq #¢td shream
colum is not limted to a carboxylic acid stream, .
obtiaithalt bys t 8dsiidd atieonraWimn ahgithe seopd Adst Lt Laiton
the reaction m xture of the reaction system The
caFB&Mi-c aci d stream nay be a one contai ning at
| east _a carbongic acid haxing "n+1" carbon atons, a
hydr bEtRShafi 8ELLLRELPBWEP BB onponent, the hi gher bp
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
hydrocarbon such as an alkyl halide, an alkyl ester of a
carboxylicacid(e.g.,acarboxylicacidhaving“n+1"carbcn
atoms) (e.g., an ester with an alcohol having "n" carbon
atom(s)), an aldehyde having "n+1" carbon atoms] and higher
bp fraction (a first higher bp fraction) containing at least
part of a higher bp component (e.g., a carboxylic acid having
"n+2" carbon atoms, and water) (bottoms) are separated £rom
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"
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.
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haleiagg iavbsrstem mandepdirersavofed ie Shaes

conmponent, and others,- or sinply may be a m xture of
t hese conponents. Mreover, the reaction m xture from

woOheo7rezdti on system may be directly fed as theCcT/JP2006/314124

carboxylic acid streamto the first distillation

colum, and the higher bp frgction containing the
nmetal catal yst conponent r?m? e W thdrawn fromthe
bottom of the first distillation colum . The feed

port for fge@dintddnka §86PeXWHE caebexyllieanid srrehn fed
catal yst -separating colum is not limted to a

spgcthibcroRst, alotiexagpbs collynbesanytobembtedppera
part , mddle part, or lower part of the first

distbbkalienaeousreMar 6b¥aineidnbyheeimbving the metal
distillation colum, the carboxylic acid stream from
t Bataayak ysmparpar Bt bm gheateaot imaymbethee ofridre spantion
upper or |ower position relative to a side stream port
f yseenducthagaxibdeyliic atid wrssHmenay e s@nsogphtaining
acid. The feeding of the carboxylic acid stream from
t he appet posatbomyilékcabiid hevihg Shdé"scpehenpetems, a
real i zes enhancenent the separation efficiency of an
ahiyyiirolyeni thaldreot hives lowEire bipe spimpenein tt hdheahihpm bp
s acid streamfromthe |ower position relative to the
sicoepsneadm podtothets z o sAMPANt hay ke aj RixHare pfe these
where the water concentration in the carboxylic acid
stoosponientsot MomeevehantBe, BpagEight PLstyRPr €S/ Che
enhancement the renoval efficiency of the hydrogen, .
bl o acid
for side cut of the objective carboxylic aci gfi
T G0 R i AR SR bate dLober
tl%i) fflrrasc}tion containing the metal catalyst component may

be withdrawn from the bottom of the first distillation
column.

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
acid stream from the catalyst-separating column may be fed
fromeither upper or lov{rer positionrelative toa side 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
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 stream port realizes
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. out by side cut not by over

distillation colum. In usual cases, the position of
the side streamport is preferably m ddle part or

woOawgroopratt in the first distillation colum. PCT/JP2006/314124

Asnenti oned above, since in the first distillation
colum, the objective.carQoE&ILc acid streamis taken
ead, the objective
carboxylic acid streamis effectively prevented from
recRbaNt fnian iof dike chydr aperei tHedeatenerenernpration
hydrol ysis of an al kyl iodide. According.to the ,
PERLER ch FYEEY 100 acid etreamliemait lbwestthare3 Hypembert)
(first conponent) (A) selected fromthe grou
cenghstiBgneiyasnhhacbaénhathagrenvvedr pohiaienty) of the

(e.g. , methanol) corresponding to an objective
caghesykhchatidehavi ng "n+1" carbon atons and an ester
(e.g. , methyl acetate) of the alcohol with the

obj ect i veMeaebusy|, i thapiog iitd ohedf tthas ideastredB HaTs£or
distillation colum . By feeding such a conponent to

t badki cat dEsthél abjeottod wwarbowytbgarihinae bee 33y, one
hydrogen iodide) in the distillation colum can bef. &
c@iveppes pard .| ovisidlep bearpomehtlo3ifdh e A
hal i de having "n" carbon atom(s), and can be . . £ the
efdiistiidiahionepelamad ol Wuah&ages o kP BAFLHECD ©
overhead or upper partof the colum. Accordingly

¢ aritdenistatiaon PO tt A6 Bi]ﬂ?@ﬁéﬁlﬁam?agl?np?ﬂg %%j’edc sn @art
carboxylic acid, or corrosion of the distillati :
colnitine faa stlisideriEk RO BEmE he ARHFD Lprpdpbgle . since

ek e e M SERHET % REDBBELYE dprpoerise

UL S S b2l bk 4 S BTy pheRa, e

Caé‘gjpé(cﬂ::%.\(r:e accairclla'oxylic acid stream is effectively prevented
from recontamination of the hydrogen iodide generated by
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
acid having “n+1” carbon atoms and an ester (e.g., methyl
acetate) of fhe alcohol with the objective carboxylic acid
is fed to at least the first distillationcolumn. By feeding
such a component to the first distillation column, hydrogen
halide (e.g., hydrogen iodide) in the distillation column

' 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 from the overhead or upper part



since the ester forns an azeotropic systemw th water.
As the first distillation colum, there may be used,

woéano7amzaypl e, a conventional distillation col urar/Je20g96/314124
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a plate colum, a packed colum, a flash distillation
colum, and others . Incidenfally, the material of the

~distillation colum is not |Tmted to a specific one,

and a material of a glass, a netal, a ceramc, or
otdretBel SoMg@hl eAckbrdsually , acsh Sdminat iem ofot e ydardgen
of a netal is used practically. Incidentally, in the
cagal iafe Usi nPeaodijsttiitrat canboryLhn amid, ofr acoratogriiosl of
capabl e of shielding light, "'such as a netal,

gettey diisenlbataohroed umal dgertcsachdassétdenicdiihe hydirogen
be al so inhibited. The feeding position of the first

c drgdoinntir{s)deardd drhenatiert tld athierf iqodtumii sits |dffigadively
colum is not limted to a specific one, and may be
anynhpdsitedn Inctidenfieldiyt, Eeedimggiofudhealestéinr dét-idon
of the distillation colum. The above conmponent (S) is
ususithyl feetakem ta theakis el giuisin Fohume| ean adsprigprove
t he upper and | ower positions relative to the side )
stseparaptlitn ofhveherhiron|dw obdechinexgareoryifc acid,
streamis obtained by side cut in nmany cases

. |siicentle |§sten foEme g afedephy sHetem With water.
conponent (A) alone (including the case of feeding the
first conpdhthe fixptaistih}la celuppy hans peRpPe used,
the first conponent (A) is fed fromthe | ower position

r F Q¥ | 9%ANRLe h& sPaveRtional distiligtine Fplypn, €.9.. a
distillation colum, at |east one ne ?_rstsflll% ted fr

t Helate S0 138w om@Rckefecylumn g FLAsH fon coluln,

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

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 combonent(s) 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

carboxylicacid stream is obtained by side cut inmany cases.
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met hyl acetate) may be fed alone. The first conponent
(A) may be fed with a product carboxylic acid (e.g.,

wacadrioo7saci d) , for exanple, as a carboxylic aeCdJP2006/314124

solution thereof. In the case of feeding the first
conmponent (A) and water, e_acg of water and at | east

one nenber selected fromthe I%i rst conponents (e.g.,

net hanol , and nethyl acetate) may be separately fed;

O iR drit=S11€,0APOAR_L c ¢ GRdEd@d Big e IFd risad campanent
m xture (e.g. , aqueous solution) . The water may be

f qd\ JahDoRe t(@ 1@ dingSthdlcakel dBFeedifagthenfipst maynpoaent
fed with a product carboxyli’c acid. Feeding water to

t ha)f idssta datbdstydtiicomoid waluwteor] )gphef dimsit aompoment
havi ng a high water concentration in the distillation
cala)mis afedl cérrome heorideresa tpoeri Hicon aeritatedtvieorjo dfhe side
hydrogen halide in the zone. Mreover, feeding of
wattaream tgotthe first conmponent (A) ensures to convert
hydrogen halide into the | ower bp conponent

ef ficientlBa the tie sdasy sdfi fleddiary adjamfi r it least one
conmponent (A) fromthe |lower position relative to the
sinenls sedepded, fxom rieotitns haldmponeat soée edt i diadhanel,
renoved. Moreover, the renoval rate or degree of the
hyeiridyeh aegltiade )i Bay e Fed ahapfaecedyy firstf eaypagent (A)
wat er.or both the first conponent (A) (particularly an .
almhd?g £edl whklkra fRRRfAudie CATRXPLES t3GH r o i ve2FRELC
the side streamport, or (ii) feeding at |east water

[ i3F3h) ¢ ifoM arample erdHALCIRROFYLEE adhSRLRE LPR) thereot .
particul ar, at |east_ an alcohol, i.e., an alcqhol, or
anlTh {dh Sasengfafieeding)the Tokshegpementodfdi gpd water,

relative to the side streamport, and feedjng the
(3420 CORPORERE T RDattaeh ahe yndiber Se18ed % ron the

first components (e.g., methanol, and methyl acetate) may
be separately fed; or the first component (A) and water
may be fed as amixture (e.g., aqueous solution). The water
may be fed alone to the first distillation column, 6r may
be fed with a product carboxylic acid. Feeding water to
the first distillation column develops (forms) a zone having
a high water concentration in the distillation column, and
causes condensation (concentration) of hydrogen 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
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,



al cohol) fromthe |ower position relative to the side
streamport. In particular, in the case of feeding a

woantogmydoic acid stream (e.g., a carboxylic acpdTgpPr0ea@sm4124
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fromthe catal yst -separating colum) to the first

distillation colum fromthe dpper position relative

to the side stream port ,s'uc% an effect is significant
Incidentally, feeding water to the first

digyt bbltAl {08 COFHMEGARleRA( RS (PapERERBATLY an alcohol)
di ssoci ation or ionization of the hydrogen halide

( earfhl wa s E%ﬁirtﬂ@nga):,po@id: iider&i aove abethoside stream
i oni zed hydrogen hal | de beconmes nore reactive to the

figsdt CopponENtEdeMing At PedieStidter [he pantia@klant erater
or degree of the hydrogen halide is inproved or

eniancam fAaea ddgdonerit (25 prief gaediduladd torleast an
feed) both water and the first conponent (A) to the
fiasdonbist idleat, am caolashol | rod dantaldohol endhatherster) |
feed ports feeding the first conponent (A) and/or

wat ¥sm ithenappkicnpbatitionarsheicite doide andet fieredoport,
conmponent (s) nay be fed fromeither one feed port or

a gmdirgdeaingftieetipot tcomponanie (i pstparthvelarkin, an
since the first conmponent (A) and/or water is (are)

f eall ¢ahd e £iromsthelil ol pats idri cgorehative teoblee sidgts toream
of the hydrogen halide in the side stream (objective
capdoiky| iIns paritd cytlegan)nf thenqadre of feediiagi a|aypxrylic
colum can be remarkably reduced. The concentration of

t hachy dsoxramheeide. i o caeborybiei geidapbbryni Erewi the
stream may be, depending on the concentration of _the,
hydababys baseperakingecebipmokytp cthei §iseFedpfidlabion
the first distillation colunm, for exanple

column from the upper position relative to’'the side stream
port, such aneffect is significant. Incidentally, feeding
water to the first distillation column accelerates
(promotes) dissociationorionization of thehydrogenhalide
(e.g., hydrogen iodide), and the dissociated or iénized
hydrogen halide becomes more reactive to the first component
(A). Asaresult, the removal rate or degree of the hydrogen
halide is improved or enhanced. Accordingly, it is
preferred to add (or feed) both water and the first component
(A) to the first distillation column. Incideptally, the
number of feed ports feeding the first component (A) and/oxr
water is not limited to a specific one, and the above
component(s) may be fed from either one feed port or a
plurality of feed ports.

In the present invention, since the first component

(A) and/orwater is(are) fed to the firstdistillation column,



not hi gher than 25 ppm (e.g. , about 0 to 25 ppm
preferably not higher than 20 ppm(e.g. ,finite or

woOiniTtoeBotoncentrati on to about 20 ppm , nDr ePCT/JP2006/314124
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preferably not higher than 15 ppm and particularly
not hi gher than 10 ppm The f.eed proportions of the
first conponent (A) (the al'cgﬁol' and an ester thereof)
and that of the water may be, respectively, for

eX8AB! Sonddntraltayn d£tihely8868g8RIhalidf ehaitey sadeustream
10 to 6,000 nmol (e.g., 100 to 5,000 nol) , and nore

pr ebsrabkyvabestndRP1ie 5c080svBban ! Btomethe finpt of
t he hydrogen halide contained in the carboxylic acid

st aeawftheiear BoxyhhCcani Bestemankapllyt petiheedli r sthe

distillation colum ). Mreover ,the feed proportion

of cbheehitkatiennpenent hpfiragdhohalhéewahethaapbfective

(ii) about 0.02 to 50% by nol, preferably about 0.1 to

30%abyorglliceagid &treadSiapybepl fiepandingren the

preferably about 1.5 to 20% by nol either relative to

t heohekalt ramuontofothelteydmrdrxial tdedirdthewganpoyyliic acid

carbon atons contained in the carboxylic acid stream

(t bereambbeg|tic thei fissitedhstitlabiomediymn, for example,

distillation colum) or relative to the total anount

of nolten bylawhshahezb pom he. geadboyt @it 8pPihepreégrably

proportions6 314124 - 5 7 - may satisfy at |east one

of npltdidharethaingl nrm ¢t Ger fg_p;_tg,ox(]_q_rﬂtgq},g.o;q;g?ntratlon

usual Iy satisfy both ranges of %i) and (.) . Moreover,

at tioeabpusn20 aimpon&Nres PreéeEgbiyonet Helgheyfhan 15 ppm,

consi sting of an al kali netal h¥1droxi de (such as

sodingmparticularly 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
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 proportion of the
first component (A) and/or the water may be (ii) about 0.02
to 50% by mol, preferably about 0.1 to 30% by mol (e.g.,
1 to 25% by mol), and more preferably about 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
‘acid stream (the carboxylic acid stream fed to the first

distillation column) or relative to the total amount of

the alcohol fed to thereactionsystem. The feedproportions
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hydr oxi de or potassi um hydroxide) , an al kali netal
acetate (such as potassium acetate), and a

waypopezephor ous acid may be fed to the first PCT/JP2006/314124

distillation colum so as to further enhance the
separation efficiency of th%7hxdrogen hal i de. These
conponents are usually fed as an aqueous solution in
many cases . In the case of feeding these conponents
2RabNEaIUEQ St IV BRe biTetREaNOsTS e Wl efi thay (1)
be Suitably selected within the range in which the ‘
.tBFakii uRhdohayehetalie¢ tattibeyf bosh dasgebl afi 64) and
col uim does not exceed the range of the above feed
preRgrtion . Incidentally, in stead of the water,

acetic acid, nmethanol and/or nethyl acetate may be

used as ampekweelr,.adheasindneiampanestt aslacteddiryp the
anmount (feed proportion), a feeding position, and .
OlheNulp EGY's Det Biey of aach Tkali mhtal aygeoxdEect FHeyap Fodium
the paragraph of the bel ownentioned second

dinstdrdsatde brasd s i Wi bydirekiiidedt i am al&addrue et agrtate
pressure in the first distillation colum nay be .
SUigadH Ya s ed et sedl wie pavediate on athk & GWHARRRPRIRTPUR acid
the species of the objective carboxylic acid and t$e h
dingty beafédnocthe firser disblkhaklenigodamy 6935t FHrther
renmoval selected fromthe |ower bp co onené and the ..o
hi giiteandep therpepenatiofoef Ekahphey of %@h’éﬁ’ zegegshartae.
purifying acetic acid in the plate colum, the lution
i riftee pe eSSUPENERET AT , UBYRE hEafePr 38 st e TUTO eSO
colum nmay be about 0.01 to 1 _MPa, _preferab

0. D1 many) cAskBa, BAdhRCass efefepiing Seo?éﬁ’g‘%t%%teb‘fc? as

MPa in terms of gauge pressure. Incidentally, i tabl
di thé Blaaeons SRy BBp |Hr@@°&té§&ﬁ"§wégﬁr%'raé’v%%?“%ﬁe Y
d :telllelcﬂaldoxyitcl'?jl.nugplefrra%rge in which the total amount of water

fed to the first distillation column does not exceed the .
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
of the below-mentioned second distillation column.

The distillation temperature and pressure in the
first distillationcolumnmay be suitably selecteddepending
on the condition such as the species of the objective
carboxylic acid and the distillation column, or the main
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



contanination of air, as well as can inhibit
generation of a free halogen (free iodine)

wonaei7cerwal |y, due to generation of a free hélBgEﬂPHﬂﬁM4n4
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as free iodine, the objective carboxylic acid

sonetines turns dark yell ow é brown. Accordingly, a

hypophosphor ous aci d or ot he may be suitably fed

(e.g. , inthe initial step of the process operation)

t O erd  (($ud1Be, hA/QaRAd PrediiifegE hald dlumn may
reover, in the first distillation colum, the inner

1 epeihit’ .01 thelamdmMmpriefetadly eveuteadol to 0.7 MPa,

tenperature) may be adjusted by adjusting the inner

Pr&Sd Hos e réhérﬁﬁh.grﬁbou’tﬂd .oBytba . ¥ MPacxanpkes ab@hduge
20 to 180C, preferably about 50 to 1500C , and nore

- prgfsably. aboididddift 410yl 4@6 ti Nkrdmreunder tane apasd.ed

of a plate colum, the theoretical number of plates is

NoprPeglire uban | prévent ethé odesspktation onelurmdfrom

dependi ng on the species of the conponent to be

S P Baihat Soaboft abri cadOye bl ederaduh yindbbekt 79erepstion

and nore preferably about 8 to 30. Further, in order

t cosepafaée halapdehyfieedi yodinedr indiderHiaghly. due to

precision )in the first distillation colum ,the

t hgenetathbnnofiber foeephalegenayuph aBofireeoipgipp, the

preferably about 20 to 60, and nore preferably about

250bge&0ive chebpkydicdaid [Sometimeditpmns AREK: ¥PL4RY oF

ratio may for exanple be selected fromabout 0.5 to

3, BPGynandApretrdiatly. #hbupPophesphorousoagts«Ha oty eds may

the above-nentioned theoretical nunber of plates, or

mabebsuitabtBdE ey (T cadPnfhentnikidt tiRuChFRsePrEress

pl at es. _
operation) to convert the free halogen to a hydrogen halide.

Moreover, in the first distillation column, the
inner temperature of the column (usually overhead
temperature) may be adjusted by adjusting the inner pressure
of the column, and may be, for example, about 20 to 180°C,
pi:eferably about 50 to 150°C, and more preferably about 100
to 140°C.

Moreover, in the case of a plate column, the
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
| precision) inthe firstdistillationcolumn, the theoretical

number of plates may be about 10 to 80, preferably about

20 to 60, and more preferably about 25 to 50.
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I ncidentally, the [ower bp fraction obtained by
renovi ng the higher bp catal yst conponent fromthe

weoeepariatioon step of the catal yst component i s ROT/JP2006/314124

necessarily subjected to reflux, and may be fed from
the overhead of the first distillation colum. Since
the |l ower bp fraction sepa‘ra’iged'fromthe first
distillation colum contains an al kyl halide ,an alkyl

ester 8‘; ?ngtéé’%ﬁétcdgsjcﬂll%iéﬁ @it Neh8 rdHRux ratio

| ower ron may be recycled to the.reaction

S @o%”?f:%ﬁp&%ebliai Lshodishi £+6hi Mol 0 .to 3,000, and

I nci'dent a the lower bp fraction withdrawmm fromthe

‘::L;Inr}éfe‘iia%tﬂi} lAdBN ¢ WP 4,9 0w ladIRGRESRY Yorl Gthe

nsate with a condenser as shown in the enbodi nent

of s fd vt - b Qo d & Y d Sie t iR WunlBEAWE |[pvfe PP or may be
fraction may be directly recycled, or after renoving

of fe Bt RS gl ko rearnan mmbésiodplates.
hydrogen by sinply cooling the withdrawn |ower bp

f racdi htd 6y & Nidi@d bguEtaceipaneptaimyd ey removing
recycled . Further ,anong | ower bp conmponents in the

| owyes HaRhkraBbi eatadpsal ceipaiemetfardmthbesepaeation step
quality of the carboxylic acid as a final product.

Ther ey eathfiiysecesmpoyentafiemoteneviesgatrtid yabuehigdged to
(e.g. , after renoving the al dehyde by subjecting the

f roetiwe, camd ahaynget Hed| foem tipe | operheadsof othe first

t heal dehyde separation step (al dehyde- separating

- codistjllatihenreobumnng conponent (s) may be recycl ed

to the reaction systemand/or the first distillation

col um. | rBimee thecl wferbpdansitignt srpamaRed fom the first

fraction with the condenser for recycling, it is not

nedéstalyahben e lum conaingan@lkyl halide, analkyl ester
of a carboxylic acid, water and others, the lower bp fraction
may be recycled to the reaction system and/or the first
distillation column. Incidentally, the lower bp fraction
withdrawn from the first distillation column is ﬁot
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
off an offgas component such as carbon monoxide or hydrogen
by simply cooling the withdrawn lower bp fraqtion, the
remaining liquid 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
.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



conmponent is divided into two phases , an aqueous
phase and an oily phase, to separately recycle the two

wohew@e789as shown in the enbodi nent of Fig . 1PCTHR2006/314124
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i quid conponent may be recycled to the reaction
system the first and/or the éecond distillation
col umm, wi t hout dividing int® the two phases .
Mor eover, in the case of separating the liquid

c o IURAIMA RN’ (QilldRelyaene eParididmasdsmn) ) ,

may berecycl’ed to the reaction systemand/or the
digid L:leﬁ%aﬁ.ﬁﬁln%%&ﬁ@i@penﬂ- 1e) hiaghse rrfdiant itontiid atetagrhion
solution) separated in the first distillation colum

COR} A IS AR/ tReCAl BOX Wis tsi 1AG td diaviodgmin+2Incthdaase
atons, an entrai ned rhodi um catal yst, lithiumiodide,
i ' @dYinidedzinighehoi@edt vo Eaabbkyh ivc @eittier comdensgr for
Wi t hout being evaporated, the lower bp inpurities ,
ance OFAEiHg, Thered ot nécewsmsy argededetivaghihe bpiquid
fraction may be recycled to the reaction system.
| nebfigmi@nt Ws piiv@tetioinectoid pyasehe ameEmepuscrhasdg and
having "n+2" carbon atons which deteriorates the
quath | 61 9fplidiee pbf @ cseparabelpxmedyclei themlwpephases, as
renoved of f. Moreover, the bottom solution is not
neskssarin tithdemmnbimett Wit Fidhe lrecThe el sanidneomrprent
the succeeding steps, and may be directly recycled to
t heay ebe tiarysled gm thee HeRCEMBoBYETtER, theniEgiaryd/or
for recycling to the reaction system may be joined to
a fhedsécomd idds tiddditripra coawnpat el taeub Ay iding Jato the
to the reaction system Incidentally, if necessary, .. .
sepupaidsas. oMONSOFEIT.r bintieceRER o %%P%EPHigaéﬂyeaélq“ld
acetic acid may be inproved

component into two phases, either one of the phases may

be recycled to the reaction system and/or the distillation
columns.

The higher bp fraction (bottom solution) separated
in the first distillation column contains water, ‘a
carboxylic acid having.“n+2" carbon atoms, an entrained
rhodiumcatalyst, lithiumiodide, inaddition, the objective
carboxylic acid remaining without being evaporated, the
lower bp impurities, and others. Therefore, if necessary,
the higher bp fractionmay be recycled to the reacj:ion system.
Incidentally, prior torecycling, the carboxylic acidhaving
“n+2" carbon atoms which deteriorates the quality of the
objective carboxylic acid may be removed off. Moreover,
'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
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or enhanced by adding to the first distillation colum
a conponent which is capable of azeotropic with water,

wobano7amzapl e , an al kyl iodide (e.g. , nethyl podiyBRm®m0)/314124

(Sectond distillation colum) In the second

distillation colum, a hydr%gen hal i de, a | ower bp
conmponent , and a higher Bp onponent whi ch remain
MAihout bei ng separated in the first distillation

COL 49D; 3 © s Eaimyad iy he bR 1HhGR PERE reiaitiotheystem,
feedlnﬁ_poﬁtlon_of tﬁé carbogéFic gcid strean1€fzn1the
Thagtpd fr&ihégt t0"a COLLEAM | Se NBbr | FERABEG L@ PawpREtéiLal
one, and“nmay be located, for exanple, at any of upper,
"bgdgeca%l&e&eefop@ﬁé phatheosespatedi stillation

colum . In“usual cases , it is preferred to provide

“the carboxykigeRehth ¢! riEafetessafyBeppratiibity lof water

colum. As the second distillation colum, there nay

berymes chryMantd apald shshidd aceatnccatidmay de improved
exanpl e, a plate colum, a packed columm, a flash

dpst shhahtea B9l adain@neb afterficaitumstilVatdonecolumn a
the inner tenperature of the colum, the inner

peempuhent! whiiehcos usapabhe d¢iheoresttimglicwitidy wefter, for
plates, and the reflux ratio in the second

deshinphet,i @h ellkyin il dee ($6lgact o¢ thyped@idigieon t he
speci es of the objective carboxylic acid and the
d|s(sébahdo@isbiEhatibnrceiampbe, may be sel ected from
the sane (simlar) range with the range of the above
first di anitHeseconddietmllptdoaanlammy, ahydsopRniRdide.
second distillation colum, a hypophosphorous acid or .
othkosemip bemponeab) yrfded NighgT bp cempeasng vhirh Lempin
of the process operation) to convert
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
distillation column is not limited to a specific one, and
may be located, for example, at any of upper, middle, or
lower part of the seconddistillation column. Inusualcases,
it is preferred to provide the carboxylic acid stream to
a middle part of the column.
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
number of plates, and the reflux ratio in the second

distillation column may be selected depending on the species

of the objective carboxylic acidand the distillationcolumn,
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a free halogen to a hydrogen halide. Since the |ower
bp fraction (or second | ower bp fraction) separated

wonrammwrs1second distillati on col um cont ai ns acugerioné/314124

conponent such as an al kyl halide (e.g. , nethyl

i odide), a carboxylic acid esfer (e.g., nethyl

acetate) ,and/or water, the T'ower bp fraction nmay be
directly recycled to the reactor and/or second

difeld Lkahp08, GRAY P seletteacnansahy samy (eEimieyr) ednge
after being converted into a liquid, as sanme as the

| qeh R ragidero vt abave mamdthdifstidflation column.
distillation colum, with a‘condenser or a thermnal
camedidetrtalNBf e@ieya isi e tsleedndveri s 1flaadionocolumn, a
contai ns an al dehyde, the | ower bp fraction, for
exgpiphosphoivruy ecyid ed afiers meEybengui bebly dehyde-g. .
(e.g. , acetal dehyde) with the al dehyde-separating
cdlnunhe ihitdedssaep. oOnthéepmodess heprkaionk theonvert
hi gher bp fraction (or second higher bp fraction)
sepdimdeethdagen heo sedognittratiest ildlatdeon colum is rich

in a carboxylic acid having "n+2" carbon atons (e.qg.,
propi oni ¢ Shgial | then ladwiehyde Eractbroxydn ceaantl dawegr bp
an al kyl iodide, a netal salt, and others , the higher

b facitidron sepabeteld risean ythit stegend Gt ilmiiqn gtgumn
. Incidentally, since the higher bp fraction further

c ornrsi i vt upesnlt ermpjant sushcas ik plkydchalide (e.g.,
necessary, the higher bp fraction fromwhich a

c anadehapd | kodtde) havi PRrPoRYlic AGhHR a3EP%E (2nd- otMeFRYL
is renoved and/ or recovered_may be recycled to._the,

r eaee ke by anadrrwateie e dayeginfre H%‘h‘“@&%‘i}r“tlﬁ’

the purified . .
recycled to the reactor and/or second distillation column,

or if necessary, may be recycled after being conirerted into
a liquid, as same as the lower bp fraction withdrawn from
the first distillation column, with a condenser or a thermal
converter. Moreover, since the lower bp fraction cohtains
an aldehyde, the lower bp fraction, for example, may be
recycled after removing the aldehyde (e.g., acetaldehyde)
with the aldehyde—s.eparating column, if necessary.

Oon 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+2" carbon atoms (e.g., propionic acid), an aldehyde,
a carboxylic acid ester, an alkyl iodide, a metal salt,
and others , the higher bp fraction may be directly discarded
(or removed off). Incidentally, since the higher bp

fraction further contains water or the objective carboxylic
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carboxylic acid streamis w thdrawm by side cut, and
the position of the side stream port may be usually at

wa 2n07¢hdfse1or | ower position of the distillati orCTOP2UNEI314124

Incidentally , by wthdraw ng the carboxylic acid
stream from the side streanw&ort exi sting at an upper
position relative to the bbt:%ﬁiport for w thdraw ng
the higher bp fraction, the side stream and the higher
b%é:fifdﬁscti'f%e%\ééa%ﬁf finel @AGh¥rs BpaEaaedionn sebflevhich a
r

educe the concentration of the hydrogen halide

a1t hReasREGNHgH il cakiheoh aebmBN(amd Jditrals) is

one component (B) (second conponent ) selected from

t NQnRAE a8 @SS ek@veirebmdy B9 BdePhDéd hayithg Teaction
carbon aton(s) corresponding to the objective

cagyaad.i ¢ acid having "n+l1" carbon atons, (b-2) an

ester of the alcohol with the carboxylic acid having
"n+1" car len tMedSacdin 3K sarildlakdlon retlaimohy dihex pdeified
(b-4) an alkali netal acetate, and (b-5) a

hygadwnsaliar st Rtk ddm ipawithdrawn by $ddstcwhe and the
nmenber selected fromthe group consisting of the
alisedicdion bg th&adidesttabanypirok iméy, behssed Ky atnetmiddle
acetate, and the hypophosphorous acid) , and if

neseiswey posdttdromay the died itld attiorseebuan di skrigidantenlly .
colum. In particular , feeding the alkali netal ]
hylsly oxitteitawine teeovarkbizyiid ackh toreamrivgn Adye side
the remarkabl e decrease of the concentration_of the
hysttoemen dratt éxistimg atkanhivpRaaPaidien gelakjve to the
i ncl ude potassi um hydroxi de, sodi um hydroxi de, and

ot hetsom Thertl ket whtharawimg okireldrighes Jop | {ragkior. the
an aqueous sol ution inmanycases. Further, iporder to

r eglide shreammashithst hdgher bp fraction may be efficiently

separated.

Inorder to réduce the concentration of the hydrogen
halide existing in the second distillation column, at least
one component (B). (second component) selected from thé group
consisting of (b-1) an alcohol having "n" carbon atom(s)
corresponding to the objective carboxylic acid having "n+l”
carbon atoms, (b-2) an ester of the alcohol with the
carboxylic acid having "n+l1" 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 from the group consisting of the alcohol, the alkali
metal hydroxide, the alkali metal acetate, and the
.hypophosphorous acid), and if necessary, water may be fed
to the second distillation column. In particular, feeding

the alkalimetal hydroxide to the second distillation column
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of the hydrogen halide, the alcohol and/or the ester

may be fed together with the al kali netal hydroxide .
woheo7aoTohol and/ or the ester may be fed toget ReT/JPR0D6I314124

water . Moreover , as the alkali netal acetate, there

may be exenplified potassiu cetate, sodium acetat e,

and others. Fromthe viempbr% of convenience in

handling, the alkali nmetal acetate or the

hyROphosANQhRUSeAGERaBBY BEcHE#SE! ¥t Tatk aforiferagiaduh of
solution. Incidentally, acetic acid, nethanol and/or

Mei{Why@E65&h RalB¥ele 8618815 RR 120l NpdE ok 164 RaY i0lc lude
wat er.” The  feedi ng position of the second conponent,

argh i {s SRGE ISADONEE!  sd B0 thydrstiath | Gared Sptesfs C The
one, and may be any position in the height (or

| oppid HdinBak) idrestiqni sfustaa 1§ séd blsadn agueolisrsolution
The second conponent, and if necessary water, is

usiidhbity cadekr onrak theas i n@ideioss teaucedhectatdrtoration
t he upper and | ower positions relative to the side

stseaR Hylaroyethhellildes ehlealtvhotaahdXykri thacester may
streamis obtained by side cut in nany cases . Feedi ng

t hee abkaldgenealiwitidtha adkal dgqesalshpibtokide) Ihemldmhol
| ower position relative to the side stream port
acah@yes the etk mayhbe daslihbgetheheriidwegen - haloxrover,
contam nating to the carboxylic acid stream obtai ned
bya5|ﬂhecmlkghianetabeaaabahe..ﬁb@dén@avhbeaexamplified
metal hydroxide (or aqueous sol ution thereof) fromthe
uppetapsiuniavetatat i vediun tanetitte sndephhegi. From the
realizes to further reduce the contam nation anmount of
t heibydebybnofiaboueendenne darberjlivdacithesplkam metal
obt ai ned by side cut.
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
of water.

The feeding position of the second component, and
if 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
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
position relative to the side streamport achieves to reduce

the amount of the hydi:ogen halide contaminating to the

carboxylicacid streamobtainedby side cut ina trace amount.
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The feedi ng amount of the alkali netal hydroxide may
be, for exanple, (i) about 1 to 20,000 nol, preferably

wahoorool0d to 20, 000 nol (e.g., about 200 to 1BCDOP2006/314124

nol), and nore preferably about 300 to 10, 000 no
(e.g., about 500 to 5,000)ﬂ€$ relative to 1 nol of
t he hydrogen halide contained in the carboxylic acid
stream (the carboxylic acid streamfed to the second

dirgbighhat ka8 aokdm) metNor AoUebxitbe (beedyigoasoeoliution

the al kali nmetal hydroxide may be in such a range :
thfbrebe Ex@rhe uppdn pbeidionadiativento ahetdisde stream
al kali netal hydroxide, the proportion of the
CEbEQXitlehQia@bdtbaMhﬂguéﬂﬂé'dm o ebatamdoattdionedmppnt
the carboxylic acid stream (the carboxylic acid stream

f o¢ e hersgennhdldidetid that carboalylinr)acisys teeabobttalged
to 300,000 nol, preferably about 300 to 200, 000 nol,

apg @d/ge prgf.erably about 3,000 to 100,000 nol. The
feedi ng amount of the al kali netal hydroxide may

satisfy atThlec&isbddng ahottht abovize radikpd iomedialhdyydrioxide
or (ii) ,and usually may satisfy both ranges of (i

amay( be) poncidagiley,. (M)rabeet,l ttec20 0000 mdl i BT @bly
proportion of the alcohol (b-1) and the feed

prabpartt 199 do 2Re068tBPLl( be2y - magbdat 3¢} e dfpI0 @mol) .
about 1 to 10,000 nol, preferably about 10 to 6, 000
neind mage, preEerabdyoebonsl $00ake hor PP a1k A5t 49 absthout
500 to 5,000 nol relative to 1 nol of the hydrogen

 h@GgocbnPaPeell ) et iz boxy ML &&i Hheiredregepfalide

carboxylic acid streamfed to the second distillation._.
colanfifinedpirding carRombehe 3Gtdstgedmhd g Farboxylic
proportions may be (ii) about 0.02 to 509©q¥ noi

prastiet aptxeamoted otq the second distilTlation column).

Moreover, the feeding amount of the alkali metal hydroxide
may be in such a range that, for example, (ii) relative
to 1 mol of the alkali metal hydroxide, the proportion of
the carboxylic acid having “n+1\" carbon atoms confained
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
preferably about 3,000 to 100,000 mol. The feeding amount
of the alkali metal hydroxide may satisfy at lgast one of
the above range of either (i) or (ii), andusuallymay satisfy
both ranges of (i) and (j.i) practically.

Moreover, the total of the feed proportion of the
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
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to 30% by nol (e.g. , 1 to 25%by nol) , and nore
preferably about 1.5 to 20% by nol either relative to

woOheo7iootsal anmount of the carboxylic acid havi ngCTard06/314124

carbon atons contained in the carboxylic acid stream
(the carboxylic acid streaméqed to the second
distillation colum) or relative to the total anount

of the alcohol fed to the reaction system The total
o{ﬁ;rte?.‘%rfa?ﬁ.? RHORE $0PRS FRYoBAhb Sk BitiRATL ONRoDiof the
t he above range of either (i) or (ii), and usually may

s @bty ehoth 1hdR0ednehihed aRd thiel barbbaiydest acliy, stheam
proportion relative to the total anount of the al cohol

| g0l E41BLRY198 4K assUER &8N Hd8heldedla@sbti00¥tion
of al cohol is converted to carboxylic acid. The | ower

bR f1rael)i.onMbresvkhe aRcapeveititdll af ithe £oidpropey tiens
directly discarded (or renoved off) . Neverthel ess,

siagebbheil pvesobp of.nacto Bo$ toymmbhe peedadably about 0.1
distillation colum contains an al kyl halide (e.g. ,
matdhgbsi Bgime) (e.an alkyd =3t &y mbld , candonorte pradiedably
(e.g. , methyl acetate) ,a carboxylic acid, water, an
alifutde,. sabd 2Mheymopatither atlavivehs thectobal mmpunt
be recycled to at | east one nenber selected fromthe

r es thencaysoeyl it ke ifd havidgstn+l Acagbopohtipmns cantained
the second distillation columm (particularly, the

r eactthencaybbeyjlic &oidshisean t(dheeravbagylhe arHe fideean
fromthe lower bp fraction, the al dehyde -renoved

f rzesd iten tiney sbeondc§ts vl Laki e \aglunhe orpRelagpve to the
fraction may be reused as an absorbi n%sol ution for

t Heottd ¥ qamoyunbrofistike |3 kpahp hefedint@ afhe 283 Figl Ay e s tem.

forthepunp. Since the higher bp fraction (bottaom
sdlhe itePal 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
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 seéond distillation
column may be directly discarded (or removed off).
Nevertheless, since the lower bp fraction from the second
distillation column contains an alkyl halide (erg. , 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
6ne member selected from the reaction system, the first
distillation column, and the second distillation column

(particularly, the reaction system). Further, after
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fromthe second distillation colum contains a
carboxylic acid having "n+2" carbon atons, water, an

wohpemo7sse car boxylic acid, and others, the hi ghegrinpe/314124

fraction (bottom solution) may be directly discarded
(or renoved off), or may be ecycled to the reaction
system Further, after renoving the carboxylic acid

havi ng "n+2" carbon atonms fromthe higher bp fraction

, EBRoG2NGOXYEI a1dehgdeerpvadtheatbiver bayfibectéonc| tbe
Incidentally, the concentration of hydrogen halide in

t Ae aph9ducrefiBycldef Bd¢ tsée thayr beeckicecldy. adjorsovey ,othe
regul ati ng the feeding position of the carboxylic acid
stloga bpofrabeipnenapuse areyrestedi g sbsprbingheolution
first and/or second distillation colum, the bal ance
bebweehet b&fyaker otomsent Lagindd medhendchidsegéing agent
hal i de concentration in the first distillation colum,

t ferftaedbugp pos irnanthé hi pheabpdimac el bpobsempolyfkdon)
water) to the first distillation colum, the feed

priapaor thersetondalis tridielt immdcolupst epntalnpa cproxylic
and second distillation colum, the feed proportion of

t lesiall haiviinget"al+ 2y drastiode atemshe wad@dnd aft SI9EE G
colum, and others. According to the present

i rsarhiozyd,ichgchddiang ohkersy ShechigbaEmp fARChhgR dottom
water to the first distillation6 314124 - 6 8 -
cHalmtiome mayobe: ddrechdyhgireaeAelolPRer HVetQff) . or
al ready reduced in the carboxylic acid stream 84

f gt R SIRIVHE eArio AN CeRG I Rt L. welI- e hgfter

second congonent (B) .
removing he carboxylic acid having "n+2" carbon atoms from

thehigher bp fraction, the carboxylic acid-removed fraction
may be recycled.

Incidentally, the concentration of hydrogen halide
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
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
second distillation column, and others.

According to the present invention, by adding the

first component (A) and/or water to the first distillation
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and if necessary water, to the second distillation
columm, the objective carboxylic acid can be
wehbizmoeet | y renoved (or separated) . Further, PCEP2006/314124
generation of by-products (e.g., alkali netal iodide)
acconpanyi ng additi on of tthSecond conponent (B)
,and/ or the contanination"oP”t he second conponent (B)
to the carboxylic acid as a final product can be
dEaplig 2l aRAHGEDE (W hyarbeEnviag:as siad Dobameady
By turther providing (feeding) the side stream
(£8aRAXY! I¢ 136l 8a3bbOgIk ccaBtal StAgad. PBY feeding such
carboxylic acid recovéred fromthe second distillation
C8FE§EX Yi8ialf £t rbamtdewhahi &ie theesmoong cimponeat (B).
hal'tde (e.g., a hal ogenated hydrocarbon such as an
alkyl 1 Pallcdesb@yIwat 88X Wo thdi skecomd didemiyillatdgindedjumn,
can be renoved, and a further purified carboxylic acid
| $nRr ogYeibife darbdeyhatidteid amibengistiegentAy removed
haPide -renoving colum is not necessary required, and
-t hgCakhaxukiba)aci Fustheam thy penepataonedfwbyhpgoducts
remover (renoving agent or material) having a
hale .¢e-,F aMR¥abi hétyl ol odads praedimpayy {rg gddition of the
zeolite, an activated carbon, and an i on exchange
I eidona compariater (BY, efrfd Lirthe gondamiaationt gla% second
fromthe carboxylic acid streamwhich is continuously
ohdcaipark(t (BY donttieumprtoptlen) acithdas éh idaRFeuct
resin having halide-renovability or -adsorbability,
patdn 8 atrtas ttileeidly deeduweefbvi ng col utm provi ded with
the ion exchange resin therein is advantageously used.
The (iHaligecramgy ingsistaps (§eLUMi)ted to a specific

By further providing (feeding) the side stream
(carboxylic acid stream) containing a purified carboxylic
acid recovered from the second distillation column by side
cut to the halide-removing step, a halide (e.g., a
halogenated hydrocarbon such as an alkylhalide (e.g.. hexyl
jodide, and decyl iodide)) can be removed, and a further
purified carboxylic acid is producible.

In the halide-removing step, the halide-removing
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). In order to efficiently remove the halide from the

| carboxylic acid stream which is continuously obtained (in
a continuous system), the ion exchange resin having

halide-removability or -adsorbability, particularly the
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one as far as having the halide-renovability or
-adsorbability, and is usually an ion exchange resin

wouswrafsp1a cati on exchange resin) in which at PC®&aB1006/314124

part of the active site (e.g., usually an acidic group
such as a sul fone group ,a §%rgoxyl group ,a phenolic
hydr oxy group , or a phosphone group) is substituted
or exchanged with a netal. The nmetal may include, for

X2{PLE- réhol 88§ boQbfin as@kweehathd f ometdetiagrgeupesin
consi sting of sitlver (Ag), nercury (Hg), and cupper

(HereTheisabhpanexgbengeyr aska.as a base (substrate)

may be any one of a strong acidic cation exchange

resi n andrge WeaKefShhflyeassdlic isaid i imidednge a epealific
and the preferred one includes a strong acidic cation
eyaBapge raeshB, hhoingxanpl Raladecremevabilatyi oF
exchange resin, and the like. In the ion exchange

r eglBorba®iNaePOr hkhanief ushaligt ave iont exchensieg &G SLd
the netal (or substituted with the netal) may be, for
exagplad 1yahooatién texBR8h by nesin prigf evisily adbdeasispart
to 75% by nol, and nore preferably about 30 to 70% b

mele. tAk hedste ninteadte .y ,ofustiad lyaaboxgldsC aﬁﬁ‘b‘%tﬁ”é‘éh\as
fromthe second distillation colum with the ion
excéangene esionp( px eaebabiy) gree ng pienHd CRYB5RFY gL OUP -
acid streamthrough the ion exchange resin) realizes,

r emwalpholsphoachgrpdp) kel sehshjtebed oniarehaRosd (pith 2
(or passing through)the ion exchange resin, if

newssslr y Thehmetakporyt ineludes hEOE F¥RIWI¢ ¢ akjlpast one
stream may be increased (or el evated) stepw_se,.The

sepbek Sedmsdiedt GremctlRe ATV SRBFiEEing 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
exchange resin, and the preferred one includes a strong
acidic cation exchange resin, for example, a macroreficular
ion exchange resin, and the like.

In the ion exchange resin, the proportion of the
active site exchanged to the metal (or substituted with
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
‘resin (preferably passing of the carboxyl‘ic acid stream
through the ion exchange resin) realizes removal of the

halide. Following the contactingwith (orpassing through)
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inhibit outflow or effusion of the netal fromthe ion

exchange resin ,as well as to renove the halide
wehbizmoely . In terns of principle of the aceCobyEne314124

a halide of a higher hydrocarbon (sonetines referred

to as a higher halide , €.9. 4, an i odi de of a higher

hydr ocar bon) can be easily r&oved. I ncidental ly, the

size of the higher halide, for exanple, even a halide

h@ﬁianzgoﬁ‘ ﬁk&?aﬂ&é‘if’eﬁﬁ:,h i3S nakRpealyl, §heUpempérature of
smal'l er than the pore size of the ion exchange resin,

-aeggrééfsbzxylie ea Y @3 aff 118Gt b6 Untemddi® (bal ellevated)
diffusion is small, and doeS not affect on the renoval

ethbplieeY Oofnhéherdphigle tdyaamaire flrgatiiim ensures to
di ssoci ati on energy of such a halide is relatively

sHRkk bi tidife f1edw € eifFush bhoifetlie yet eifrabl the ion exchange
Accordi ngly, even the higher halide (e.g., an iodide)

| $edling dewaYakisetd remotteghechahi ¢b eddésipott1yf.f eEnr terms
the quality of the carboxylic acid, for exanple, at a

t QFPPahilal ofhittle adedollydial,i de had.igle, dfexayhigher

i odide) is renovabl e. Exanples of the halide -renoving

C ply@rd dabom Cs ordet BngackEdrrelimapadkigiey haldée. e.9. .,
t hereof at |east the ion exchange resin which is
exhabgedenwbfha chigitet hydroglambpernyr ganded ety nsspved.
of an ion exchange resin (e.g. , a bed conprising a
pardicidrdtal Inesitie 6azgueff dhseh)iohed hadidpyLomjgxample,
hal i de -renoving colum may be provided with the netal

- exvdraagedlide kacinggesidsi shatmFyah agdreepentyl group,
ot herion exchange resin (e.g. , a cation exchange )

r eiss rsmadkieanitdvare tdieapgaer 83FR, OnEha HoMi FFERAAIR TGRS LD -
resin) inside thereof . In the case of guttin t&e .
Caﬁ¢@rmg§hﬁ@ﬂ"f¢rﬁe efgect such as the halide iffusion

is small, and does not affect on the removal efficiency
of the halide. Moreover, since the dissociation energy of
such a halide is relatively small, the halide is efficiently
removable. Accordingly, even the higher halide (e.g., an
jodide) is also removable in a degree which does not affect
the quality of the carbo:;ylic acid, for example, at a
temperature at which a hexyl halide (e.g., hexyl iodide)
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
'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



side of the downstreamrelative to the ion exchange
resin exchanged with the netal (e.g. ,putting the

woesi7otsg1 packi ng, or putting the resin as a reerarPived}i4124
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, eéven the netal is effused fromthe netal -changed ion
exchange resin, the effused.jyetal can be captured with

t he cation exchange resin and renoved fromthe
carboxylic acid stream The tenperature of the halide-

I § PRV Feh &4 e STRY (8€g. | ar cex o leclahmy réBiho arafCon
, preferably about 30 to 700C, and nore.preferably

ARG ahGelre HH Cand Bgor BdreeREhaifige arysioNyinsi de tHereof .

stream to be passed through'is not limted to a
SRRC ithieC calge, oFNgutyinke thkotaeianpeachiange Walsideat the
-renoving colum utilizing a guard bed, e.g. ,about
3RVW/de bbetne! Asien Peredn el attd vES tBVEhe jporfextciiEinge resin
about 5 BV/h to 12 BV/h, and nore preferably about 6
B\t Ham gt vBW b themeitdeintel d y, puhtihg the Yesin bEpeekigd.
step, the carboxylic acid stream may be contacted w th
t her pRitainex diengesk imasec resda begi)n. awan dhanplegal is
the halide -renoving colum may conprise a colum
preffiviad] Mirdm tiie mettdl-chestgatyddn ere@rhesidsi fhe
and a columm provided with another ion exchange resin.
Fos £ fnemtbhet al arhabicke turedovd Fy thel el pmp=EBAPPPKSS1n
an ani on exchange resin colum, and a netal -exchanged
| camdex e ristm Tt LrRF AT HEC Rkt $EER81 de of
t he ani on exchange resin col um, T/ JP2006/ 314J24 -_ 7 2
- Ior may G tiesweratarrsl 0 Xtmbgdd ook eBedHRGyE0 1 BLR naY
col um, .

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
example, in a halide-removing column utilizing a guard bed,
e.g., about 3BV/h (bedvolume per hour) to1l5BV/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
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
| 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,



and a cation exchange resin colum on the downstream
side of the netal -exchanged ion exchange resin

woabarrm789The details of the former exanpl e canPO®JP2006/314124
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referred by WO02/ 062740 , and ot hers.

(Al dehyde-separating colum),ln the case where the
fraction containing an al dehyde (e.g., an al dehyde
havi ng "n+1" carbon atonms) generated by the reaction

| S ;n%?yéanﬁﬁciwa Gleftal|-he shgeldhieor eachange SEstiorgo kuRn ,
distiflation colum(s) ,and others, the anount of .
-bé{ﬁgr&@&ttiow el cASngeC aebanydoTurmticch lekei Agwnatzeanm side
carbon atons, an unsaturated al dehyde having "n+2"
CaEbeReaherE] - 8R6hangabkybni edttenbaviraginn¢eluphr hohe
atons increases. Therefore, by separating the aldeh¥920

hayi-ag 1 el he 86 baaratemp e om baeefernedRhy FPE2( 6
withdrawn fromthe first and/ or second distillation
cahdmaiserpr.ior to the recycle to the reaction system
and/or the distillation colum(s) , generation of the
car baxgthpdacsepanatngg” aekumear bon at oms, the
unsat ur at ed al dehyde having "n+2" carbon atogns, .and

the al kyl Inotthde chaei mpene+ thec LB6H 18P0 FONERFFEY an

i nhibited. That is, the |ower boiling point fractign )
idlladtasie f(eam tharf ialsiehdida Mavi@icon o) ufRgy §Htoms
the second distillation colum containiqgn%he al kvl ca to
hajerteratteie ot Kifle axmagtiom tife 1essh8 i A& 0
"n+1" carbon atons, the al dehyde having "n+1l' carb
attinsreaat 2on SYAHeBL s} 63 LHREAPR H8EHT“8£EQ/G tasthers,

-separating colum. In theal dehyde- separ ati, .
a trgﬂ\@nd;m% pﬁgbﬁopﬁpdppgcflil% gs a carpboxy 1@ga895%1ng

“nh+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
"n+1" carbon atoms from the lower bp fraction withdrawn
from the first and/or second distillation column(s)' prior
to the recycle to the reaction systemand/or the distillation
column(s), generation of the carboxylic acid having “n+2"
carbon atoms, the unsaturated aldehyde having "n+2" carbon
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
‘ester of the carboxylic acid having "n+l1" carbon atoms,

the aldehyde having “n+l1” carbon atoms, water, and others

is fed to the aldehyde-separating column. In the
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(a fourth lower bp fraction) containing the al dehyde
is separated froma higher boiling point fraction (a

woéawtoa7dei gher bp fraction) containing the al kpCT/JP2006/314124

hali de, the al kyl ester of the carboxylic acid, water,
and ot hers. The al dehyde may_be separated fromthe
over head or upper part of Th%saTdehyde- separ ati ng
colum, with the offgas conmponent such as carbon

MR eo—rsre%)é‘ira %;C?Jﬁ%nﬁ’f OPSwELPBLNSRY pEI¥nPEraction

previously reénove with a condenser or a cooling
dqy Fomi Alowle?d HPE £38RAN 0Bt aliRend deleydadethde is
| ower bp fractions ' fromthe first and second

dis%gialﬂaaéé@rfx‘aﬁ! HM$gRES BOL1IREE SRt | trLanbmead ffvurth
feeding to the al dehyde -separating colum. The | ower

by et bpneF4om & § kentEie g she @118ACAAd I de, the alkyl
distillation colum nmay be fed to the al dehyde-

SeRat idW ©al WEkbdHy e dones wpcdr acdrndnstiemsn batle
distillation colums may be individually fed to the

al gedutdpie sRiAbat s8gacetdantvom e beeehtaticed wppes.part

In the al dehyde- separating colum ,since the higher

brof £Ré bildengdkaisapdrhy ihegravliung ihetatbe bfdgasscaenponent

| ower bp fraction contains the al kyl halide ,water

, tdecls alsherybon natickiekt e, hydreogdn ectlihecofEgbexgomponent

acid, and the |ike, the higher bp fraction can be ]

I afy'g lbedptrevibes Ly asnared psfemi th Ascondenseripria cooling

-separating columm, for exanple, there may be used a

c ofwehte ppaliodi 5¢ itheaséparabianmet the aldehysiet ¢ The lower

colum , a packed colum ,a flash distillation colum_,

arlp dirfaertsi onsTHeom dimeef br st @ndoveeord disdiddaddenegolumnns

andpressure (overhead pressure) in the_al dehyde

- separaotngecessarily 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.

In the aldehyde-separating column, since the higher
bp fraction obtained by removing the aldehyde as the lower
bp fraction contains the alkylhalide, water, the carboxylic
acid ester, the objective carboxylic acid, and the like,
thehigherbp fractioncanberecycledtothereaction system.
-As the aldehyde-separating column, for example,

there may be used a conventional distillation column, e.g.,

~aplate column, apackedcolumn, aflash distillation column,

and others.

The temperature (overhead temperature) and
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colum may be sel ected dependi ng on the species of
al dehyde and al kyl halide as well as distillation

woabarrma7sdand is not particularly limted as faPCagPabe/314124

| east an al dehyde (e.g., acetal dehyde) is separable as

a lower bp fraction fromthe lower bp fraction (s)

(the first and/or second Foﬂér'bp fraction(s))

obtained in the first and/or second distillation

C L LE A j epge t -

CRLEITGAL PYvEbhbha ﬂ%egg\ﬁ_f@r D et BEt ¥E@EnF de- 9 sehydeng

onponents” (particularly an al kyl halide )

-Lpomﬁhi pai élélecf&li dgﬁéﬂﬁhﬁg b tmesgasﬁe@fofuamghgde

ate colum as the al dehyde -separating colum for
pgﬁhf LeRLh ONaffigacati wedti ds dDetovenbear poeamn|eand is
about 10°to 1,000 kPa, preferably about 10 to 700 kPa,

apd:"paetRERlaAR Yinkeduh 39 £arS8e kPalassanaabadfshgde
pressure. In the case where the overhead pressure is

t @g. oW, atBeaiaRAfak) ODs eddpai ALy o sadewelrdbpyfiraction
becomes low, it is necessary to [ower the tenperature

f eromaiieNskBe BREEaUSsicRIBY @Mt £f §t andibryseconid dower
aresult it is not preferred in cost. On the other

hapd £ rigk thiloa (eage oMterit eidhd nowreh exid sir essivog isecoag

hi gh, the inner tenperature of the colum rises due to
exge%silvelticardetiupn ¢s s biyeyt 8biaingslilfifereace betyeen the
possibility that acetal dehyde which is condensed

Wigl e yidecasd b b ricompongmisi (zeut vt ar khen adkidhaide)
exposing to high tenperature thereby being

canf boibahgbaint he Forgiomple c dmpbine sase\of seiag atHate
i nner tenperature of the columm (overhead tenperature
nmeplumn Gsr tles anplahy dhaepa® tigep gelumy, £oB Ry fication

about 20 to 700C , and nore preferably_ about
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 necAessary
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 polymérized within the column by exposing
to high temperature thereby being contaminated in the higher
‘b.p component.

Moreover, the inner temperature of the column

(overhead temperature) may be, for example, about 10 to
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40 to 600C . In the case where the al dehyde-

separating colum is a plate colum, the theoretica
wauano@mo7of pl ates may for exanpl e be about 5 t®Cc80P2006/314124

preferably about 8 to 60, and nore preferably about 10

to 50. In the al dehyde- sgpggaging colum ,the refl ux
rati o may be selected fromabout 1 to 1,000,

preferably about 10 to 800, and preferably about 50 to

%Q ¢ e eferQBQS}taﬂ&Qt be @9909 dgpangbrg pre fidiably about
ove- ntloned t heoreti cal nber of plates .

1 pgi denggé in the case mhere generation of the
aFgeﬁgdéaéaﬁ hydrogen is inhibited by suitably
adj ust i ngrH hené esgde whexendhki ahdehytibesepactitdng column
system and further the al dehyde is renoved fromthe
regyal prateeasntmam the thebrétatabnnuobem¢s) phgtes may
using the al dehyde- separating colum, the anount of
t Forakstahpde be hbewteacttDoEOSyBreﬁeanbﬂ-m about 8 to 60,
distillation colum(s) can be remarkably reduced, and
t hadamouet pakferably @boddcd® &ar BOxylic acid having
"n+2" carbon atons can be greatly reduced. Therefore,
even in aIsﬁageabdehhéeeaeb@R§t1@9é@ﬂ@mgbﬁ€§h¥?51%%ratl°
fed to the second distillation colum, the
cmmqeh@raﬁﬂ@wt@ﬁ.ﬁh@mt&ﬂﬁwﬁyﬂl€Oaéh§09av@ﬁ§feﬁ$@ly about
carbon atons can be decreased to the degree within t h?
pri®d ot 880 aratud dxredienabdycaboukydq @%épg (&n@-  tahQt 100
not necessary to separate the carboxylic. acid, havj ng
" tep60@ hdependiowon fhetRbosecairn tdited Fhppprtical number

col untm. Mor eover ,since the anpunt of the forned
uresfatpiradtess

Tncidentally, in the case where generation of the
aldehyde and hydrogen is inhibited by suitably adjusting
the reaction condition in the reaction system, and further
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
"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
écid, and it is not necessary to separate the carboxylic
acid having “n+2" carbon atoms in the second distillation

column.
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al dehyde having "n+2" carbon atons is reducible, the
test val ue of potassium permanganate can be remarkably

wonpr7awesd1iwi t hout a specific treatnent such asPamwJP2006/314124

ozonhation, and for exanple, can be not shorter than
the standard value (120 mnugs.). In the present
invention, the purified carboxylic acid is producible
by renmoving inpurities fromthe carboxylic acid stream
cont ai ni nilotleevierp uriitdeckhs ambuns offydveofermad ungagurated
| oner bp conponents and/or higher bp conponents wth
ataldedsidet haviingstnantl et d adiostsi 1§ atedicthlgmide test
The preferred production process conprises the above
r sadhieoof geims<ihm perabhpganasepzambporemagnblydmproved
first distillation step, and the second distillation
stwfthout susheaifibt Howatmentegugblas aphezppetdppend for
process includes one conprising (a) continuously
aldxawipie metdrabel nog shartewi thar ke F AT Yaratus, (120
hydrogen partial pressure of 5 to 100 kPa in a vapor
pheisaitegfs X he reaction systemin the presence of (i) a
catal yst system conprising a netal catalyst of th .
group 8 neitmlthef preBePt AaRt iy Ehepniikipd ‘f%‘fe%‘?xyllc
i odide and an al kyl iodide, and (ii) water ip a
praspict tiHpeeducible) By, FRMAEHhHtL %&?%&Ft%&%@mﬂ%?e
| i qui d- phase reaction s stenl_&b%ﬁp ti puousl

& rgﬁ?

i TR W 19610 SEAEBh SRBEPATr GiiPt HESPEALEPEnSuch 28
g ST GINE R RS ol N e
edahbsaes o0 ke {45 FFLPIR Bl Lk on
acci:giun?rrl]s ?l k‘f(l'lle ip?%fdeerrer?tp%ldu%%gto%t gro%tsgr c@ﬂgrises the
above reactionstep, thecatalyst-separationstep, the first
distillation step, and the second distillation step. In
such a method, for example, the preferred process includes
one comprising (a) continuously ailowing 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
presence of (i) acatalyst system comprisingametal catalyst
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; (c) feeding the reaction
iﬁixture 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
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propionic acid; (e) feeding the | ower boiling point
fraction as a carboxylic acid streamto the first

wdizad7idofsati on columm ; (f ) separating a | ower POP/JP2006/314124

fraction containing part of the alkyl iodide, the
met hyl acetate and water, angd a higher bp fraction
containing part of water and propionic acid in the
first distillation colum with feeding water and/or at

| eaglcienacsanPaneal kyd) iohias! mewpgiencktatkeecwatier and
fromthe group consisting of nethanol and nethyl :
ARl i®n iR cid { hd) adaw my ShelRoskdam ciory poimh§raction
| east the acetic acid by side cut fromthe first

dizsd 4 Ehabbei1£6ladTd st hgar eedhed ilet dideidlatdomicolumn;
the second distillation colum; (i) renoving a | ower

by £y aeplagatéant ai Ddwegr dp feast ipar tontathéngl kgrt of the
i odide, the nmethyl acetate and water, and a higher bp

f raGdyi I odiideqi hegmat-hiydastepate apdvigaterargnd a higher
propionic acid in the second distillation colum; and
(jbp fatddidireawicun taisiidey Qadamt omtdnianf Pranidmis acid
acetic acid by side cut to recover the acetic acid.

| nici dteet Bl tyt dis tildatsism opluwaditgh feedingyater and/or
conmponent (A) alone (including the case of feeding the

f j atstleasrtpone monfpnent (Ad GFkrs e corpenestyy pehected from
thereof), the first conponent (A) is fed to the first
dihe Idrnimecnsiisghing of actbapplpsdfi rekhyl atetrtep (9)
a side streamport for conducting side cut of the sid

StwbtinTented i 4R GG FAN tRIPLRG: 26 hEaBFcLBRacotic
i nvention also includes a system for duci ng a
pURGEE daY e Y TR dDRaTARG " LB LRI RNaP BT ()
THES P08 Ao f1 85 ERP AR CL ERPASHEN] 81 it cn Cotumn;
(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; aﬁd (3)
withdrawing a side s'tream 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 first distillation 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 a purified carboxylic acid having “n+l1”

carbon atoms, comprising the first and second distillation



the reaction system the catalyst -separating col umm,
the first distillation colum, and the second

wdizad7idofsati on col umm, and if necessary, nay fuPCNEP2006/314124

10

15

20

25

conpri se the halide- renoving colum and/or the

al dehyde- separating col umn g | NDUSTRI AL APPLI CABI LI TY
The present invention is useful for obtaining a
carboxylic acid such as acetic acid in the industrial
PLRAWRIHLON PheGRsEIudtdldd sybasnymaw ebuprise . chererrRgLe -
a highly purified carboxylic acid in the continuous

PRO Gela@it 100 €S § em EXAMPLdES: ates t -of st aigl ek s, the
are intended to describe thi's invention in further .
detiaidt anikisimdidy cvdureanark tihe gtk digtillation
defining the scope of the invention. Exanples 1 to 10
ansh IGANDAr Aid Vef Mermd syl el {uthRea a4 hthhe
use of a reactor having a volunme 0.3 L , a continuous

r @aelide- nesocongl st letn rendior ddte @ ldelyde rieRprating
di agram shown in Fig. 1, and the generation rate of

t o umaluct was neasured (Exanples 1 to 4, 7, 8 and
10). The reaction conditions and the results are shown
in Table 1 . Table 1 Reaction conditions STY Hydrogen

Exanpl es Pressure Tenperature Rh Lil CH% Water M
par??al AC C2 ADIND%%TRIAL APPLICABILI Q

The present invention is useful for obtaining a
carboxylic acid such as acetic acid in the industrial
production process, particularly useful for obtaining a

highlypurifiedcarboxylicacidinthecontinuousproduction

process.

EXAMPLES
The following examplesyare intended to déscribe
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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phase was w thdrawn by side cut froma position | ower
than the 30th plate fromthe top of the distillation

woabarrma7sol nci dental ly, in Exanples 5 and 6 thePeatIR2006/314124

operati on was conducted as ot her Exanpl es except that
a nodel sol ution containing %cgtic aci d, hydrogen

i odi de, nethyl iodide, nethyl” acetate and water was
used instead of the reaction mxture and was fed to
the g spibd@td £l Ton Mgover, in Conparative
Exanples 1 and 2 , a 40 nmmf gl ass O der shaw 4

distillat #{%E‘h ¢RLUEL 6PQ O AHSS)LavaDESShandist DDetion

sol ution ontal ning acetic acid, hydrogeni odi de,
Mebivini P8 GRLa e hy thecebateiandnivterd Sy ftbe reactor
the distillation colum fromthe seventh plate from

t hast peaofo e aaktan.laliofospauahi feoxzdnplseventh plate
nmet hanol , nmethyl acetate and water were not fed. In
Cerpariid ¥6p EF alfel € Pumn mehbarthafbdeth doinme iyl apetate,
was added fromone feed port, and the distillation was

C aRdu g Eefle tesies ranwait e s niddedr seurenatfeed aonix (Feed
rati-o of 3.0 and a colum bottomtenperature of
12016@Gon [ncodetwal Fgedapdrbet (Reedvisdttiend rlomndndI) -
over head of the colum was condensed, and separ ated

i mhe s bt iayeas anadadtedamdesan atpgsphgricpsessure
upper and |l ower |ayers was divided into a portion far

r efl aixefihuxxagotadh. Lo Haafidanialdat, a ractientgipdrawn
portion fromeach | ayer was subjected to reflux so a

S
t Crmmhtbeeveieafovt thef cekunnrrs cqiianisd o PRY sqRahAted

was no substantial difference between the bg:h Iqiers
r eigeiraliang upperwiRYRT RRL| ® TWathd aYsTrer Eg6R: PHntn iPPer

the latter portion . A liquid, phase was w thdrawn PX
siafed dpwefr dAYarposts i&jyided 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
above refluxratio. Incidentally, there was no substantial
difference between the both lafers regarding the weight
ratiooftheformerportionandthelatterportion. Aliguid
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
containing acetic acid, hydrogen iodide, methyl iodide,
méthyl 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,andanmdelsolution(containingaceticacid,hydrogen
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| ower than the 50th plate fromthe top of the
distillation colum . The concentrati on of the

waypdremgere1i odi de in the reaction m xture or nOHET/IP2006/314124

solution, and the feed conditions of nethanol and/or
met hyl acetate are shown in Jable 2 . The results are
shown in Table 3 .Table 2 H T n Feed Feed sol ution
Feed solution solution | | Inner |Inner Feed

t QrRAIRL, Une tWét el oead , trePey Bt acet AbOAwWalier) was fed

(prmI/H) MeOH M Water plate of colu pn (pnol/H)

( prepkhl) a9l 1diqrosicliuvan 6fomotheisprepihoplafre from the

(irmol/H) (ranol/H) ("C) (C Ex. | 89 0. 5227

1k%p @& thed ddl4izhn .2 BAMco@dPara?i860Egadpks. 12 geghgnol,

52 2 7118 . 64. 904 2. 2BTM120 . 5 30000

Exnethyf. Zdbtat2 4nd Walk welred notg fpd. 4Ip1CompprRitive

119 . 0 300 0 O Ex. 4 1440 . 92 2 7 118. 84 . 8 7 .

4 Ekdnplel BTMetRanol 286ed@ okrtignl1By was Fided from pne

.. 94. 609. 8BTM119 . 0295 00 Ex. 6 219 1. O

9 f2ed Iokt, Gandl .tige (li3stolllat BIM wWaD corghgy@@ yngsr an

7150 0. 5927 119. 64 . 707 . 00

Batibditeic pregsure at7a reglax r¢t907of 32.0 and_a_column

Com 700. 44 - - - - Ex. | Com 7 6 0 .

. Botftem emmSatur®e @D 120- 6_°C.. -Ilgtldqntally, 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 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 above reflux ratio. Incidentally, there was
nosubstantialdifferenCebetweenthebothlayersregarding
theweightratiooftheformerportionandthelatterportion.
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 methanol and/or methyl acetate are shown in Table 2.

The results are shown in Table 3.



In the Table, "MeOH' and "MA" represent nethanol and

nmet hyl acetate, respectively. Table 3 Fornul ati on of
weiidg/omi1sol uti on MOH/ H MeOH rati o H renovaCTOR10e6/314124

(molar ratio) (mol%9 H H Water (%9 (ppm (mmol/H)
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1500 Ex. |4 335 4.¥ 96)8]8.,41]0.]0290 1200| Ex. 5 359 -
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Incidentally, in the case of conducting the
above- nenti oned Exanpl es under industrial conditions
wonopreez®ure distillation, since the inner tenperaruwe3i4124

of the distillation colum usually rises about 20 to
300C, it is considered that e_reaction rate
i ncreases about 4 to 8 tines. Therefore, it is
consi dered that the concentration of ¢ he hydyogen
iodide in the solution obtained by sifle gut San be
reduced to about 0.2 to 2 ppm As appg\reﬁt fg’om Tabl es
2 and 3 , by introducing nethanol fram asl ower
position relative to at |least the side c@t Abrt of
acetic acid, the concentration of thelio#idein the

(

si de cut, sol uti qQn was r ey kabl y, reﬂidéedﬂ Second
distil]gtion gtap |[W|th the| use of aaﬁ E ass
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woamt@o7sas Exanpl e 10 except that a nodel

fromthe first distillation colum. Mreover, Exanple
9 and Conparative Exanple 3 were conducted in the sane

A : _ sol uPCOP2006/314124
contai ning acetic acid, water and hydrogen iodide

(formulation: 99.8% by weight of acetic acid, 0.2% by
wei ght of water, and 1.4 pp bt hydr ogen i odi de (as
iodide ion)) was fed instead of the side cut solution

fromthe fheshedibatindl ald pRamPLE) sonédaneaopdillation
distillation colum - The concentration of the

hyd5086h aliediede aith ahh %tfneeghé@i@t ipeR sle@gtet, 0 thiae ingeend
distillation colum, and the feed conditions of the

PRLABSrHFURAIs X KIS cRduURRUSa S Aldlld ivele 1showrhat is, the
Table 4 The results are shown in Table 5 .Table 4 H i

nreaed i9al Henpe ettt es @fuedhan oiedtestimenitonwals [Low.

I nner Inner H Water Feed tenperature KOH Water (ppm

( nReliddh thaad  enpekaidyeoKQandaict iofg tivé aboveraeroltikped

(irrool/H plate of colum (muol/H (mvol/H ( C (00

Eexxatples 4rffiler Ahlludt3iklo condiftiod ih pressure -

Ex. 101 . 8 0. 011 33 120. 6 O . 57 5. 2 BTM 122 .

0 AistifAdtio, Gimcebxthe3 ihner Empe)iture of -the . .

- 00 Table 5 O's
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 mm glass Oldershaw distillation
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 I) or two feed ports (Feed solutions I and 1)

to the second distillation column (Example 10). The vapor
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KOHH H renoval ratio H i n AC product (nolar
ratio) (%9 (ppm (mol/H Ex . 98 8 30. 8 0. 9000

WO 200/08%B9EX. 10 111 98 . 2 0 . 026 0 . 00019 Cequ/JB2006/314124

- 18 . 21 . 100 0 . 00900 In the Table, "KOH H "
represents the proportion ( ar ratio) of the feeding
anount of potassium hydroxide relative to the anount

of the hydrogen iodide in the feed

S hilsieon s Reitdartahl Yy sideheuabsvemnehei A&t plate from
Exanpl es, since the distillation was conducted at an .
atyeSpBBr ¢ £ tWee88bad, dbet i Nhetide muaiumtnu e Iokcideatally,
colum was relatively low, that is, the reaction )

t eieersalder @udf spaiuasisinumnhFdampilde 3t Wast vave Beoledyin a
I ncidentally, in the case of conducting the )
aheige nEnd ithieesb Ckedrplodsitinderas ndedtad alsidmeant sedation
in pressure distillation, since the inner tenperature
offxidae tthestfiilrset iddirs tciol latniars Wl Juny. ses about 20 to

30C, it is considered that the reaction rate increases
about 4 t dickedviess. EXhmpaedt andi Gonpandiky e EredPlfat Wwere
the concentration of hydrogen iodide in the side cut

s ataridwrterhriihd e d@owd MEONESt 2F] BRAFPLAaR0 FpERt (Hat 2
| odi de -renoving step The side cut solution (Exgaggf
1jodst sodadiop chetadsiaddreetic Aqish wedsr(3h rogen
further passed through an Ag-exchanged ion xchangg 0.23%
r ebodide| (farmlausem ad -8%eY WRtdheAf agrdis RGFS: ©-<°
iodide inmpurities were_renoved. Thus obtain etic

achyiveashaf 2EaTh)ARh | EEPRICOT BYATO9ISHhEC gﬁ%g SFrispaiae
{hsen | hara® nfed oing HeA 71 cIN? oD, S1pptg obith HHbn tne
firstdistillation columntothe 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.



The finally obtained acetic acid had extrenely | ow

concentrations of both hydrogen iodide and al kyl
woadi7ce789and was sufficient as a final product PCT/JP2006/314124

Moreover, in the acetic acid after renoving the al kyl

i odi de, the concentration ofg¢he propionic acid was 93

ppm the concentration of the crotonal dehyde was not

hi gher than 0.2 ppm and the potassi um per manganate
‘testwas 190 minutes. Accordingly, the suffi@ient

results as a final product were obt ai ned.CLAIMS 1. A
process for producing a carboxylic acid havgng ‘n+1"

car bon at omns, mhiTh conpri sés feeding a carBoxywic
aci d |stream gontlaining at | east a carboxylic¢ achd
havi g "n+1d Tarhon|af ons, a hydrogen hal i de , &1 ower
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a second hi gher boiling point fraction containing part
of the higher boiling point conponent in the second

wdizad7idofsati on col umm, and wit hdrawi ng a secondPeTdR2006/314124

stream contai ning the carboxylic acid having "n+1"

carbon atons by side cut fr@m the second distillation

columm to recover a carboxylic acid having "n+l1"

carbon atons; 006/314124 - 9 0 - which further

conpri sesThesdémtally, wit ethe oabawe ereahiioned| BB LR

first conponent (A) selected fromthe group consisting
C

. okiapeakhehdlistidlatipondasgconduatedapborPl pEmaspRer

having "n" carpon_aton(s),‘and an ester of the al coho
otk seheec ey ¢ T teubeTRE UrROT The COFUSN 13REPHRtLIVELY
colum, or (ii) at least one first conponent (A) _
s&bwct@hatroﬁnthbegréastééﬁsW@mPﬁEaGPr§n°§IPB%BF?lum
corresponding to the carboxylic acid, havin%""
cayidooxddenttgatment waf és¥er HICHIRPEREROM ™ gh? [gase of
first distillation colum froma |ower position .
r sloadups ing shei Faever BN A pRat HETE 1o TR APARg trial
si de qup_of the first side stream.contaj.nin &pe.
c arcpGiyfiion sadind PREFSHF S GdpT PRt SHEICS, theptnner
process according to clai %_, wherei n the
hdiempenas urepaf d%@ddwt&&%‘ ELPPng"eJ{%“‘% H&‘ﬁa&%?{‘g%? ahgut
poi nt conponent . 3 . A process according to_clai
W ;epgswﬁu &t 18 cogeifered At Fhe ]%‘?ar%‘if’%‘bﬁﬁgﬁg-&@%ﬁses
are fed to th

about 4 to SQtimes. 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) Iodide-removing step

The side cut solution (Example 10) obtained by the
above distillation step (3) was further passed through an
Ag-exchanged ion exchange resih 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
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
‘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



first distillation colum from an upper position
relative to the first side stream port for conducting
weiza/ot1 of the first side stream contai ni ng PO®JP2006/314124
carboxylic acid having "n+1" carbon atonms. 4 . A
process according to claimXkg Wherein, in the first
distillation colum, at |east water is fed froman
upper position relative to the first side stream port
f @ascopdunihagesi dAcuirdidlne, filresisudifdeientezgeults as
cont ai ni ng the carboxylic aci-d having "n+1" carbon
.akoffinalampaoduetf wesecobpaieed.(A) is fed froma | owner
position relative to the first side streamport. 5. A
process according to claim1l , wherein each of the
feed proportion of the first conponent (A) and that of
wat er satisfies the following (i) , (ii) , or both of
(i) and (ii ): (i) the feed proportion is 1 to 10,000
nol relative to 1 nol of the hydrogen halide contained
in the carboxylic acid streamfed to the first
distillation colum, ( ) the feed proportion is 0.02
to 50% by nol relative to the total anount of the
carboxylic acid having "n+1" carbon atons contained in
the carboxylic acid streamfed to the first
distillation colum. 6 . A process according to claim
1 ,which conprises further feeding to the second
distillation colum at |east one second conponent (B)
sel ected fromthe group consisting of (b-1) an
al cohol, corresponding to the carboxylic acid having
"n+1" carbon atom having "n" carbon aton(s), (b-2)
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an ester of the alcohol wth the carboxylic acid
havi ng "n+1" carbon atons, (b-3) an al kali netal

waypdronisde, (b-4) an alkali netal acetate and ebTAP2086/314124

hypophosphorous acid. 7 . A process according to claim
6 , wherein the second conpgrent (B) is fed to the
second distillation colum fromat | east one of upper
and | ower positions relative to a second side stream
port for conducting side QUAIMS t he second side stream
cont ai ni ng the carboxylic acid having "n+1" carbon

.atons. 8 . Aprocess according to claim6,wherein the

total of the feed proportion of the conponent (b-1 )
and t he feed »popoetsdEorgrade:owgperarioxy-izgacid having
satisfies the following (i), (ii), or both of (i) and
(i"np1"( cptrbent attamsof whiiehf cenPFASESrti on of the
conmponent (b-1) and the feed proportion of the
conponent £ebd2hgisscarhexyiyi 801 fsit reamgoner ting fpleast
of the hydrogen halide contained in the carboxylic
ae caghosyhitedcid hiayisecondldi serbos @dPmsol griydrogen
(ii) the total of the feed groportion of the_coqggneqp
( thallyl denda Liewerrdeeil b BPLRS S HPANRA L BRAGHBARENEH DY) Ling
is 0.02 to 50% by nol relative to the total amount of
t e igdy ISREOnendTitP Rahidgt et iddafchPhFigmn -
contained in the carboxylic acid streamfed t.0 t%@ .
second di SEPATAGIHG @olfym.t OWRLH P8 LRGAS AFaFion
claim6,wherein the feed proportjion of the conponent
(ECHAING BET RE EBEI SAFRG {79 (PYIEL GromRte gy 2nd
(Iélgiéggjﬂyéggr boiling point fraction containing part of
thehigherboilingpointcomponentinthefirstdistillation
column,
withdrawing a first side streamcontaining at least
the carboxylic acid having "n+l" carbon atoms by side cut
from the first distillation column,
feeding the first side stream to a second
distillation column,
separating a second lower boiling point fraction _
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
‘carboxylic acid having “"n+1” carbon atoms by side cut from

the second distillation column to recover a carboxylic acid

having "n+l" carbon atoms;



10

15

20

25

(iii) the feed proportion of the conponent (b-3) i
( - s 1
to 20,000 nol relative to 1 nol of the hydrogen) hal i de

woanmi7aored i n the carboxylic acid streamfed tecriir2006/314124

sec‘gnd ;Jll stillation col um, "(i v) the anpunt of the
carboxylic acid having "ntlggcarbon atoms contained in
the carboxylic acid streamfed to the second
di IStI:‘l ation colum is 30 to 300,000 nol relative to 1
mol of t hehtehpbmnertiex bs@priges PepdESs according to
claim 1, whi ch conprisescontinuously allowi ng an
al cohol hay) maten’, cawbberanshatd)ens toope FlFgh gamponent
thereof to react with carbon nonoxide at a hydroge
peayi sblpeesdufeonf thet grasD RPaSiﬁténgaﬁSra%hﬁ gog?l'
the reacti on system in the presence of a catal yst,
systeasponpingi g sheecarbesy algsactdmpBABHEIant afarron
al kyl halide, and water in a proportion of 0.1 to 10% .
butomi ght avflaghvester pinidie i HﬁigetBSaSFFBRX Lic
system continuously withdrawi ng the reaction mxture
Igcgﬂgﬂzte {té@fﬁllmtsﬂéﬁéﬁﬂ-lﬁéﬂhé’@ﬁgmr'egﬁ i on mixture
( atal yst -separating col um, separati '
hi ghler boil il e deAs treng EL5H tcPIRI MY (k"ﬁgs‘?rle%%é&fmm
catal yst conmponent, and a thiyd | ower_ bhaoil.i 981: t
;rté@t gyRuPafanFaEdiRYg PRe?R 1R %Olil%mrcooroﬁ?slﬁn%l pm%tto the
raction as a car boxylic aci,d strea first
glo\ftﬁhqu’éﬂiléh a@&%nﬂ%ﬂ‘? AnprS‘E‘Jéé ng%’%%pé-{‘-‘ ﬁg éti%éc niSaeer
, Wwhi ch conprises f j j
stqfeﬁh?(f’dt‘%gprf@dto the Lher, CANtasH NG dhEo$6RANERGH HeLower
position relative to a first side stream port 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
hydrogen halide is separated by converting to the lower
boiling point component.

3. A process according to claim 1, wherein water
is, or water and the first component (A) are fed to the
first distillation column from an upper position relative
to the first side stream port for conducting side cut of
the first side stream containing the carboxylic acid having
"n+l" carbon atoms.

4. A process according to claim 1, wherein, in the
first distillation column, at least water is fed from an
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
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by side cut fromthe second distillation colum with
an ion exchange resin having a halide -renovability or

waea 2bEloots1 adsor babi lity to purify the carboxyl PCcTARiod6/314124

having "n+1" carbon atons. 12. A process according to
claim 10, wherein the |ower Q?iling poi nt fraction

wthdrawn fromat | east one 0oFf the first distillation
colum and the second distillation colum contains an

al kdthpdidd e a )afs At &y Irroat 8ridfer poviltorl relatide to the
havi ng "n+1" carbon atons, an al dehydehavi ng "n+1"

Caf Pkt 1S, strshmadert . Whi ch the process further

conpri ses subjecting the | ower boiling point fraction

to an al denyda pepeeaii abcsiapngsepachaimgl, ivhermin each
al dehyde separation step, a fourth | ower boiling point

f reetiienreeat piopogtibe ofl dabyflerst arwnporienit (A )hagherhat
boiling point fraction containing the al kyl halide,

t hef aldtplr satésfakst hee crHmwina (4di.d(iahd embeth afdi)
recycling the fourth higher boiling point fraction to

t hande@tt) on system 13. A process according to claim

1 , which conprises continuously allow ng nethanol °

react with(xhithenfeed@tiocperiion hydr 5gek0 pR0Q mel relative
pressure of 5 to 100 kPa in a vapor phase of the .
r edotl nolyftbm hvdragephesiddeecontaipgtaly dihesGrERegylic
conprising a nmetal catalyst of the group 8 metal of

t hecPdr stodeamTEefleto sheafkupt ALEhL1la4ia8 SRYUHER-

al kyl iodide, and water in a proportion of 0.1 to
(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
fed to the first distillation column.

6. A process according to claim 1, which comprises
further feeding to the second distillation column at least
one second component (B) selected £rom the group consisting
of (b-1) an alcohol, corresponding to the carboxylic acid
having “"n+1" carbon atom, having "n" carbon atom(s), (b-2)
an ester of the alcohol with the carboxylic acid having
"n+1" carbon atoms, (b-3) an alkali metal hydroxide, (b-4)
an alkali metal acetate and (b-5) a hypophosphprous 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
to a second side stream port for conducting side cut of
the second side streamcontaining the carboxylic acid having

"n+l1l" carbon atoms.
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5% by weight relative to a whole |iquid-phase reaction
system continuously withdrawi ng the reaction m xture

wobnramotsireacti on system feeding the reacti ORCTUIRION6/B14124

to a catalyst -separating colum, separating a third

hi gher boiling point fracti contai ni ng the netal

catal yst and the alkali netal iodide, and a third

| ower boiling point fraction containing aceticacid, an

al kyl i odigde, A prbbygbsarricaidingiad etadmé , prlogpiein the total
acid, feeding the third |ower boiling point fraction

apfatharbead lpropacitd osi bEathé canperents( bdildt ahdthepfeed

colum, separating a first [ower boiling point
f paeigot izanbéi thegoatpdresst (pa2t) sitisties Kihe ifodilgwing
the nethyl acetate and water, and a first higher
baiil )i N ipioi ntoxf rewdthi af ddnkt a@nd rigiiak: | east part of
water and propionic acid in the first distillation
col umm, wi(tiHdrleavkngai offi the fepd@roPoxdihoiont hgiGrypRanent
| east the acetic acid by side cut fromthe first _
di@-1) aridrtheolfiged proadiien ME fihes CaRpRaRrt ddidlo is
the second distillation colum, separating a secon .
| cetro A1 |00y medi Aelptave 5/ doRPhi A NP parFdTeItheralide
al kyl iodide, the nethyl acetate_and water, %nd
sexrcatnehdn Bbel PAEPRBY ALC 2GEE | FrFeadht &l Hgtﬁﬁrﬁe“nd
of water and propionic acid in the second

distillation column,

(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+l1" carbon atoms contained
in the carboxylic acid stream fed to the second distillation
column.

9. AprocessaccordingfoclahnG,whereinthefeed
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)
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+l”
carbon atoms contained in the carboxylic acid stream fed
to the second distillation column is 30 to 300,000 mol

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

10. Aprocess accordingtoclaiml, whichcomprises



distillation colum, w thdrawing a second side stream
containing the acetic acid by side cut fromthe second

wdizadziobtsati on columm to recover acetic acid, wWARCTHP2006/314124
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further conprises feeding (i) water, or water and at

| east one first conponent (Ajsselected fromthe group
consi sting of nethanol and nethyl acetate to the first
distillation colum, or (ii) at |east one first

conponent doftisRloesilgdailowihe agr alpobohdiastiingy” of carbon
met hanol and nethyl acetate to the first -distillation

C ol oy € ¥ eraadmanest posthéneof ebatdact with chirbon mpngxide
stream port for conducting side cut of the first side
stdeaThgydrogeni pgradali prassdre 1df 1A for 68skPactvraliRpor
to claim13, which conprises further feeding to the

- seslpask difsthelreaotion syatent inetlse mraseneord a catalyst

conmponent (B) selected fromthe group consisting of

( bststemtduaplis iy 2) nebahbytataly st conEemn Hengsan Ayl
hydr oxi de, (b-4) potassium acetate and (b-5)

hypaphas plaordwsitasi dn 25prepeysiem 300 gr fqudPighby weight
sarboxylic acid, which conprises a first distillation
cotehative tepardhohg, ligokiapkaseokgrrtiari 8YStPBam
contai ning at | east a carboxylic acid having "n+1"

car bon at mtjamh?‘élﬁ?b@@ﬁth&ﬁ?@énﬂath%ﬁéﬁc'ﬁ&gfli"ﬁﬁ‘%%ﬁrom
conmponent and a hi gher boiling point conmponent, a

fitbe reaetivwi fYA§SPei nt fracti on contai ni ng

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

feeding the third lower boiling point fraction as
a carboxylic acid stream to the first distillation column.

11i. Aprocessaccordingtoclaﬂnl,whichcomprises

further contacting thé second side stream obtained
by side cut from the second distillation column with an
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
"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



part of the |ower boiling point conponent and a first
hi gher boiling point fraction containing part of the

waigit@o7d90i | i ng poi nt conmponent, and wi t hdr awi RQTAP2006/314124
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| ﬁ%&n?oi“hhmg parbbncabpmaenandnwatei gh

first side streamcontaining at | east the carboxylic
acid having "n+1" carbon at@ys by side cut, and a
second distillation colum for separating a second
| ower boiling point fraction containing@gart of the

ighi p:pﬁgprocess

point fraction (a second higher boiling point

f Fagithen) coapirasesng part of the higher boiling point

component fromthe first side streamfromthe fjrst

di sti | | at sabjeoking, tad ovathodding BOosREHRSTHRR to an

stream contai ning a carboxylic acid having "n+1"

c alldehydco mepayasida skemio recover the second side

stream wherein (i) water, or water and at | east qne
Fng

first comsepemating.sdnedhed aldsRyCRe SGPEHF LENsi

of an al cohol, corresponding to the carboxxlig aﬁgg de
hadwgH howenbbbhing peiot EEark kan R kaint iy fRegtaskyde -
wi th the carboxylic acid is fed to_the first aining the
dizstd lal Souskhdeigher beilding PeinteELpcELanr Rt g
conmponent (A) selected fromthe group consisting a
alaldtwl haddideos 5BRIRREY L PTHRT aﬁ EES‘%yF?E SE‘F’QFHh%gui%grhnd
"n" carbon aton(s) , and an ester of the alcohol wth

t heate® bos®dic acid is fed to the first distillation

columm fr Ongggyclzfj\.l\rllegr t gsflcglln(:)ﬂm lilei‘.lg%telrvbeo:{fir?g point fraction

to the reaction system.

13. Aprocess accordingto claim 1, which comprises

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 catalyst system comprising a metaJ. 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 liquid-phase reaction
system,

continuously withdrawing the reaction mixture £rom
the reaction system,

feeding the reaction mixture to a
catalyst-separating column,

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



first side stream port for conducting side cut of the
first side stream containing the carboxylic acid

woaavirng78yn+1" carbon atonms . 16 . A system accecuiypmoé/si4124

10

15

20

25

claim15 ,which conprises a reaction system for
continuously allow ng an "n".carbon aton(s) or a
derivative thereof to react Wwth carbon nonoxi de at a
hydrogen partial pressure of 1 to 150 kPa in a vapor
phase oin th&yleastias , sysiem aeetthdepreaber @ngf pgopionic
catal yst system conprising a netal catalyst

cg@enentand an al kyl halide, and water in a

proportion of 0.1 to 10% by "wei ght relative to a whole

| i qui d- ph@gediaacthentisyst dowexr baldlipgt potepdizadtipn as
colum for separating a third higher boiling point

f raehi-boxghNt @ cid g tirkamnee dhecfiabysiizohbbrieinn g0dvgn .
third |l ower boiling point fraction as a carboxylic )
aci d streamphraning eadiinst Hoxen doddrdtichodsty fraction
W thdrawn fromthe reaction system a first

di csdritd iatiingn adollemstf prrsepdr tive nyliyl i fedideuydihe methyl
boi ling point fraction containing part of the | ower ,
baide trafeandwatenpored e Bies hhioher behhEhg BeiLptfgaction
poi nt fraction containing part of the higher bojiling . .
patontaionpuheatt ¥eash (hRT e H 3T ARG PR T rétf??rd in
the catal yst -separating colum, and w thdraw ng the
fitle Blegt Aisbid RN FHY™MR- | east the carboxylic
acid having "n+1" carbon atons_by side cut, a se

d
di sti || at POHERGHANFRG B MefaP AP 17 oL COR AT BIAY 2L Least

“boilin oint fraction contajnin rt the.lo .
the gkékic acid by side cut %rghpghe P{rsp dls%@ilatlon

column,

feeding the first side stream to the second
distillation column,

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

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
‘(A)selectedfromthegroupconsistingofnmthanolandmethyl
acetate to the first distillation column, or

(ii) at least one first component (2) selected from



boi I'i ng point conponent and a second hi gher boiling
poi nt fraction containing part of the higher boiling

weoabemtooromponent fromthe first side stream frearihmos/314124
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first distillation colum, and w thdrawi ng a second
side stream containing a carhoxylic acid having "n+1"
carbon atons by side cut to recover the second side
stream and a halide -renoving colum for renoving a

halhdeyfsupndone 154 aado s imist iFd i R BnaEoné thyl ng-dtete to the
carboxylic acid fromthe second distillati.on col umm,

angs pBt ali 0k BY1 Ba €86H Wyl i@ i b ay Logetnpasitdphonelative
atons, wherein the halide-renoving colum is equipped
W £h aFit eidbaggeesaasport Marecondantinpeside cut of the
exchange resin has a halide -renovability or a halide
- agseshabiiliet gtieamr eontanginge abakideabgdsont acti ng
with the second side streamfromthe second
distillatioa.cd umtocess according to claim 13, which
comprisesfurtherfeedingtothéseconddistillationcolumn
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)
hypophosphorous acid.
15. Asystemforproducingacarboxylicacid, which
comprises
a first distillation column for
separating, from a carboxylic acid stream containing
at least a carboxylic acid having "n+l" carbon atoms, a
hydrogenhalide,alowerboilingpdintcomponentandahigher
boiling point component,
a first lower boiling 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, and
withdrawing a first side stream containing at least
the carboxylic acid having "n+1" carbon atoms by side cut,
and
a second distillation column for

separating a second lower boiling point fraction

containing part of the lower boiling point component and
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a higher boiling point fraction (a second higher boiling
pointfraction)containingpart<ﬁfthehigherboilingpoint
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, |

wherein

(i) water, or water and at least one first component
(A) 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 is fed to the first distillation column, or

(ii) at least one first component (A) selected from
the group consisting of an alcohol, corresponding to the
carboxylic acid, having "n” carbon atom(s), and aﬁ 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. Asystemaccordingtoclaiml5, whichcomprises

a reaction system for continuously allowing an

*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
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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 the metal catalyst
component and a third lower boiling point fraction as a
carboxylic acid stream from a reactionmixture continuously
withdrawn from the reaction system,

a first distillation column for separating a first
lower boiling 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+l”
carbon atoms by side cut,

aseconddistillationcolumn for separatingasecond
lower boiling point 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
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acid having "n+l1l" carbon atoms,
whereinthehalide-;emovingcolumhisequippedwith
an ion exchange resin therein, and the ion exchange resin
has a halide-removability or a halide-adsorbability for
removing the halide by contactingwith the second side stream

from the second distillation column.



