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PROCESS FOR PRODUCI NG A CARBOXYLI C ACI D FI ELD OF THE | NVENTI ON i#li s . \
i nventiongrelates to a pgecess for _producing 5 a carboxylic acid fré%%
nitri I"‘e“’"“c'})npound or an amiige compound. Such carboxylic acid is a remar atJi y
i mpor- tapt compound in the field of organic synthesis and is produced as
an internédiate or a prodli}ct. 10 . -1 - BACKGROUND OF THE

| NVENTI ON" When a carboxyl i'c acid % produced by hydrolyzing a nitrile
conpound or an ami de conpoufid, a concentrated sulfuric acid or other
inorganic acid is usually used as a hydrolyzing catalyst. In this nmethod, a
nitrile 15 conpound PROGESGSMOR FPRODACIING t2h CARBOXYILA Cagicdpso t hat an
equi val ent anount of ammoni um hydrogensulfate rela- tive to an objected
carboxylic acid is by-produced as shown in the follow ng reaction schene
(a). RCN + Herr]SOerr] + Herr]O[err] RCONH err] Herr]SOerr] 20

RCONH err].Herr]SQerr] + H eFﬂ%@R@@dﬂHﬁ NNVENTLRN err ] (a)
The by- produced anmoni um hydrogensul fate is dis- charged into a river or

ot her " envi ronnent as'F i 1t4en Arelpiee YRt Progess vkax oneduging

however, causes an nvi rgﬁimint al destruyction problem Further, useful

5
ammoni a and sufff SAFCOFEId WA &FETPs MHdrge® SOTRONREr 950 2R pRSdE
recovering, SOcBR%%u%dRrogﬂ%%!%%r %%%lic acid is a remarkably impor-

tant compound in the field of organic synthesis and is

produced as an intermediate or a product.

10 BACKGROUND OF THE INVENTION

When a carboxylic acid is produced by hydrolyzing
a nitrile compound or an amide compound, a concentrated
sulfuric acid or other inorganic acid is usually used as
a hydrolyzing catalyst. 1In this'method, a nitrile

15 compound is allowed to react with sulfuric acid so that
an equivalent amount of ammonium hydrogensulfate rela-
tive to an objected carboxylic acid is by-produced as
shown in the following reaction scheme (a).

RCN + H2S04 + H20 —> RCONH:2 H3S04
20 RCONH2 -H2S804 + H320
—> RCOOH + NH4HSO4 (a)

The by-produced ammonium hydrogensulfate is dis-
charged into a river or other environment as an indus-
trial waste water. This waste water, however, causes an

25 environmental destruction problem. Further, useful
ammonia and sulfuric acid which are discharged or

discarded without recovering, so that a production cost



-2- is increased and resources are not utilized effectively. On the other
hand, efforts have been nade to devel op treatnent processes for the

by- pr oduced ammoni um hydr ogensul fate and producti on processes which do not
5 gi ve by-produced ammoni um hydrogensul fate. By way of illustration, a
process which conprises deconposi ng am sonium hydrogensul fate by

heat - deconposition into nitrogen, SQerr] and water, oxidizing the produced
SJerr] to give sulfuric acid, recovering the product sulfuric acid 10

and recycling the same as a hydrolyzing catalyst for a nitrile conpound as
illustrated in ithedfotdasd Gt s udtes MEHIOL 4 th/l4Qest rgf featdjvely .
1/2Nerr] + 5/2Herr]O + SOerr] SOerr] + 1/2derr] + Herr]O [err]
Herr]Sd err] On the ofier Iand, effdxtorhiavg been maderiozess, the
sul fur conponent of anmmoni um hydrogensul fate can be reutilized as sulfuric
aci d. However, develamuonien ety @ daesaesmfny e R RFOSIAeta B8O Wbt be
recovered since nitrogen gas is produced by heat-deconposition of amoni um
hydrogen- 20 hydregensulfateand @LEodudislaiy | BRAGESSES R 1% at ed at

and Thus (Re. appirails HastEah FETUHT PG bR er | o GoF Gver
i CoooVer Y A SRl 9 £ 0 Y o U a2
monium hydrogensulfate by heat-decomposition into
nitrogen, SO2 and water, oxidizing the produced SOz to
give sulfuric acid, recovering the product sulfuric acid

10 and recycling the same as a hydrolyzing catalyst for a
nitrile compound as illustrated in the following scheme
(b).

NH4HSO4 + 1/402 — 1/2N2 + 5/2H20 + SOz
SO2 + 1/202 + H20 — H28504 (b)

15 According to this process, the sulfur component of
ammonium hydrogensulfate can be reutilized as sulfuric
acid. However, (i) ammonia derived from ammonium
hydrogensulfate can not be recovered since nitrogen gas
is produced by heat-decomposition of ammonium hydrogen-

20 sulfate. Further, (ii) the sulfuric acid gas is treated
at a high temperature so that corrosion of an apparatus
is remarkably enhanced and thus the apparatus needs to
be renewed in a short period. Moreover, (iii) recovery
and recycling of the sulfur component as sulfuric acid

25 require a large quantity of steps such as a heat-
decomposition step of ammonium hydrogensulfate, an

isolation step of components produced by the heat-



deconposition step of anmoni um hydrogensul fate, an isolation step of
conmponent s produced by the heat - -3- deconposition, an oxidizing step of
SJerr] and an isolation step of sulfuric acid, and hence cause renarkably
hi gh plant and equi pnment cost. Accordingly, the above- nentioned process is
enpl oyed in a production plant for 5 a-carboxylic acid in a fairly |arge
scale, but it is poorly applicable to general purpose and does not insure
ef ficient production of a carboxylic acid at |ow cost. By the sanme token,
simlar problenms exist in a case when a basic catalyst is used as a

hydr ol yzi ng catdfiopsteosit-iSuvviaRy oaH A ng\wrtedl O Ao rdich@iny isialatsiam

obj ect of the present |nvent|on to rovide a process for producing a
carbox- ylic adt@Rudfec S c@nfe handg Layseh wemarkaplyl fiigh
produced salt of a cat%bytlc conponent It is another object of the present

i nvention to pPd@ ﬁﬂﬂ%ﬁ?qQE'qQ§§nlu99¥9£ﬁ¥ﬂ%HY«:qﬁﬁnﬁﬁ%ﬁﬂ”(an aC|d|c

aicos anmon AN AR PSS D SNy oAl A Ciop BIFRH FE1 ) bo

utilized fgr praoq:%%o%lqc %.CCSLadr @L%X%l If%i%:(ilyd'large scale, but it is
poorly applicable to general purpose and does not insure
efficient production of a carboxylic acid at low cost.
By the same token, similar problems exist in a case when
a basic catalyst is used as a hydrolyzing catalyst.
10
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a process for producing a carbox-
ylic acid which ensures effective utilization of a by-

15 produced salt of a catalytic component.

It is another object of the present invention to
provide a process for forming a catalytic component (an
acidic catalyst or a basic catalyst) in a simple and
easy manner and ammonia or an aqueous ammonia with ease

20 and efficiency and hence can effectively be utilized for
production of a carboxylic acid.

A yet another object of the present invention is
to provide a process for producing a carboxylic acid
which does not produce ammonium hydrogensulfate or other

25 by-products.
It is a further object of the present invention to

provide a production process of a carboxylic acid which



A yet another object of the present invention is to provide a process for
produci ngrig ¢ tgghylic aci d which does not produce ammoni um hydr ogensul f ate

or other 2 it d 1t is a further object of the present invention
to provi demlw mmf [ process of a carboxylic acid which -4- provides
recovery o la and catal yst +ma-sinple and easy manner. A
still further object of the present invention is to provide a process for
produci ng a carboxylic acid 5 which insures effective utilization of
ammonia and a catalytic conponent. It is a yet another object of the

i nvention to provvides pegdyetriyorfpusedds @mmendar leavdy icadadgisd By whi ch t he
catal yti c conponent and ammoni a can be 10 reutilized with a high

ef fici ency and sésPleadPsl vasy a/PnNedd to general purpose. The present

i nventors made intensive investiga- tions to acconplish the above objects,
and found that a uti?®i¥attorf GFtieeRiRFEISSi e dngsant niufentightiss

deconposition of a by-produced salt of a catalytic conponent. (an .ammoni um
St o a0l 4o RO A FEOreEs o g £ CoBeRTe AGid and

basi ¢ Cata%ySt%hich insures effective utilization of ammonia and a
catalytic component.

It is a yet another object of the invention to
provide a production process of a carboxylic acid by
which the catalytic component and ammonia can be

10 reutilized with a high efficiency and can largely be
applied to general purpose.

The present inventors made intensive investiga-
tions to accomplish the above objects, and found that a
utilization of electrodialysis results in efficient

15 decomposition of a by-produced salt of a catalytic
component (an ammonium salt of an acidic catalyst or a
salt formed with a carboxylic acid and a basic catalyst)
so that the produced catalytic component and ammonia or
an agqueous ammonia can effectively reutilized in a

20 production process of a carboxylic acid from a nitrile
compound or an amide compound. Further they found that
a combination use of a hydration reaction of a nitrile
compound with the use of a manganese oxide catalyst, a
hydrolysis reaction using a base as a catalyst and

25 electrodialysis results in production of a carboxylic
acid without forming ammonium hydrogensulfate and other

by-products. The present invention has been accom-



so that th roduced catalytlc conponent and amoni a or an aqueous ammoni a
can be eff

&y plareded fin a 20 production process of a carboxylic
nd or an am de conpound. Further they found that

acid froma
ration reaction of a nitrile conmpound wth the

a conbinati
use of a nanganese OX|de catal yst, a hydrad ysis reaction using a base as a
catal yst and 25 el ectrodialysis results in production of a carboxylic
acid wi thout form ng ammoni um hydrogensul fate and ot her by-products. The
present invention has been accom -5- plished on the basis of the above
findi ngs. Thusplisbe@ironetbeobashe pfethat abavenfiBAiegf prises (1) a step
of hydrolyzing a nitrile conpound or an am de conpound In the presence

of an acidic 5 ca@@PﬁsttP@ PFomes sc &b SRR Preserd ARy %QﬁlgﬁwﬁﬁWUnlsalt of

the acidic catal yst, or th f b f
salt of a carbBi%P?E éEPdaaﬁHQPhggbg¥Sgggggéggsg ngﬁhgééﬁ%ﬂ?éogpagaﬁggzga

Sat of the achdl enideaP Evimﬁhﬁ"%F%"#ﬁ'&ié?ﬁrssca?é B g sdre, 3or
ot e s S AR, A R st
the basic Catab¥SEhe acidic catalyst, or (b) in the presence of a
basic catalyst to form a salt of a carboxylic acid and a
base, and ammonia or aqueous ammonia, and
(2a) a step of electrodialysing the by-produced
10 ammonium salt of the acidic catalyst to form an acid and
ammonia or aqueous ammonia, or (2b) a step of electro-
dialysing the produced salt of the carboxylic acid and
the base to form the carboxylic acid and the base.
The acid or base produced in the electrodialysis
15 may be reutilized as a catalyst for the hydrolysis step
of the nitrile compound or the amide compound, and/or
the ammonia or aqueous ammonia produced by the hydroly-
sis or electrodialysis may be recycled as a nitrogen
source for the nitrile compound or the amide compound
20 (processes A and B). In the present process, a nitrile
compound may be hydrated in the presence of a manganese
catalyst to form a corresponding amide compound, and the
obtained amide compound may be subjected to the hydroly-
sis step (process C).
25 The electrodialysis can be effected by using an

ion exchange membrane comprising a bipolar membrane and

at least one membrane selected from a cation exchange



The acidic catal yst or basic catal yst produced in the electrodialysis 15
may be reutilized as a catalyst for the hydrolysis step of the nitrile
conpound or the am de conpound, and/or the amoni a or aqueous anmoni a
produced by the hydroly- sis or electrodialysis may be recycled as a
nitrogen source for the nitrile conpound d& -he am de conmpound 20
(processes A and B). In the present process, a nitrile conpound may be
hydrated in the presence of a manganese catalyst to forma correspondi ng
am de conpound, and the obtained am de conpound nmay be subjected to the
hydrol y- sis smepbfpnecesd &n. apfon exchanggemembeepgdi afhei 8itanlBe
effected by using an ion exchange nenbrane conprising a bipolar nenbrane
and at | east osempenbdapscidufesteforr 6HREPLEL | 67 2BRYAEAFe COMPOYNdSeABane
and an ani on exchange nenbrane. The nitrile conpoung incluggs fgr exanpl e,
cyanhydrin confsb@nddkgnd Lhe PPRE. MANehBYSe anRfanYRdus Fa 2P ke 0P about 6
or nore, and as the base, an_al kali netal rroxi de.can .be 5 | oyed,

for instance. MOTRe BPQC€§stP€)bﬁﬁ?’feptﬁ&g%g&nﬂFggés%XdﬁggédFeggglggstep
and anmoni a recycle step (feeding step) L d i es A and
B, an ani d& co Q&HHegxtngtﬁﬁﬁt P§Cess giee P&%?%nébg b%gégpgﬁﬁ%?kture of
the hydration %%%%r&%%sagdb%%%dkggycle step and ammonia recycle step

(feeding step) as mentioned in the processes A and B, an
amide compound extracting process of extracting a
reaction mixture of the hydration step (i) and feeding

10 the obtained organic layer containing the amide compound
to the hydrolysis step (ii), a recycle step of extract-
ing a mixture produced in the electrodialysis step
(iii), separating an organic solvent from the obtained
organic layer, and recycling the obtained organic

15 solvent as an extractant for the amide extracting step

or a carboxylic acid extracting step.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic construction diagram illus-
20 trating an example of a two-chamber electrodialyser.
Fig. 2 is a schematic construction diagram illus-
trating an example of a three-chamber electrodialyser.
Fig. 3 is a production flow'chart showing an
embodiment of the production process of the present

25 invention.

DETAILED DESCRIPTION OF THE INVENTION



10 t he obtai ned organic | ayer containing the am de conpound to the

hydrol ysis step (ii), a recycle step of extract- ing a m xture produced in
theelectrodialysis step (iii), separating an organic solvent fromthe
obt ai ned organic layer, and recycling the obtained organic 15 sol vent as
an extractant for the am de extracting step -or a carboxylic acid extracting
step. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic construction
diagramillus- 20 trating an exanpl e of a two-chanber el ectrodial yser.
Fig. 2 is a schematic construction diagramillus- trating an exanple of a

t hr ee- chanber el ect riih ginesseant Finyergtien al privicigsariesvwiidy t showi ng an
enbodi nent of the production process of the present 25 I nventi on.

DETAI LED DESCRrETe@XiOf THE thevENteghed drawipgs WP@§@nPeFﬁ§§ﬁFVOn is now
described with referring to the attached draw ngs where necessa The
speci es of the nitriThe GRAOLERI Shdt Qﬂn%&ﬁ?&ﬁﬁxﬁﬂﬂ??ﬁ? aidfe present

I nvention are not 5 strictly limted and n .be sel ected froq1var|ous
conpounds mﬁthFQWQOHPSa&srgﬁﬁg Rb |paﬂse€&éﬂﬁwgn Ph&XHi £'P1" e conpound,

t here may be ”EQ&52R39 3597

and can be selected from various
compounds within a broad range. As typical example of
the nitrile compound, there may be mentioned a compound
shown by the formula RCN or RCOCN, and typical example
of the amide compound can be shown by the formula

10 RCONH2, wherein R represents an aliphatic hydrocarbon
group, an alicyclic hydrocarbon group, an aromatic
hydrocarbon group or a heterocyclic group, and these
groups may further have a substituent. Further, a
polynitrile and a polyamide can also be employed as the

15 nitrile compound and the amide compound respectively.
That is, the above aliphatic hydrocarbon group, alicy-
clic hydrocarbon group, aromatic hydrocarbon group or
heterocyclic group may be whichever of a monovalent
group or a polyvalent group being divalent or more.

20 The aliphatic hydrocarbon group includes, for
instance, saturated hydrocarbon groups or unsaturated
hydrocarbon groups such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, s-butyl, t-butyl, pentyl,
hexyl, octyl, decyl and other alkyl groups each having

25 about 1 to 12 carbon atoms (preferably about 1 to 6
carbon atoms); vinyl, allyl, l-propenyl, isopropenyl,

2-butenyl and other alkenyl groups each having about 2



shown by the fornmula RCN or RCOCN, and typical exanple of the am de
conpound can be shown by the formula 10 RCONH[ err], wherein R represents
an aliphatic hydrocarbon group, an alicyclic hydrocarbon group, an aromatic
hydr ocarbon group or a heterocyclic group, and these groups may further
have a substituent. Further, a polynitrite8and a pol yanm de can al so be

enpl oyed as the 15 nitrile conpound and the am de conpound respectively.
That is, the above aliphatic hydrocarbon group, alicy- clic hydrocarbon
group, aromatic hydrocarbon group or heterocyclic group nay be whi chever of
a nonoval ent grisupl drearipot \@konsit Ry bei APPREIehtan? ¢fgier 20

The aliphatic hydrocarbon group includes, for instance, saturated

hydr ocar bon grcﬂﬂd’sY’tif UHRART faeh W%r%br%u’ﬂ% 54RO ’?ré%tffwsv et hyl ,

propyl, |soprop but | sobut but t - butyl entyl, hexyl, octyl
decyl and ot he % aec%/f:rhaﬁﬁ %Sab ‘é‘bo% tg f?o & tb"a‘?bfb ’%ﬁ

(preferably about to 6 carbon at ons) ; V|nyI allyl, 1-propenyl,

i sopropenyl , qﬂﬂ %ﬂ 'd ot her al kenyl groups each having about 2 - 8-
to 12 carbqn atons p y . Qt s each
havi ng abo%t 2to 1 car %%S %f £88 %?gﬁglérg %Egééﬁﬁgﬁ g about 2 to

12 carbon at ons; hc1ude cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, cyclooctyl and other cycloalkyl groups each
having about 3 to 10 carbon atoms, and cycloalkylene
groups corresponding to these cycloalkyl groups. As the

10 aromatic hydrocarbon groups, there may be mentioned for
example phenyl, naphthyl and other aryl groups each
having about 6 to 14 carbon atoms, allylene groups
corresponding to these aryl groups and so forth. The
aralkyl group includes, for instance, benzyl, pheny-

15 lethyl (phenethyl) and other aralkyl groups each having
about 7 to 15 carbon atoms.

The heterocyclic group includes heterocyclic
groups each having at least one atom, as a hetero atom,
selected from the group consisting of a nitrogen atom,

20 an oxygen atom and a sulfur atom, and may be whichever
of an aromatic heterocyclic group, a non-aromatic
heterocyclic group or a condensed heterocyclic group.
As examples of the heterocyclic group, there may be
mentioned furyl, thienyl, pyrrolyl, imidazolyl, pyrro-

25 lidinyl, pyridyl, pyrazinyl, pyrimidinyl, indolyl,
pyridazinyl, piperidino, morpholino, morpholinyl,

quinolyl and other groups.



and others. 5 Exanpl es of the alicyclic hydrocarbon group include
cycl opropyl, cyclobutyl, cyclopentyl, cyclo- hexyl, cyclooctyl and ot her
cycl oal kyl groups each having about 3 to 10 carbon atons, and cycl oal kyl ene
groups corresponding to these cycl oal kyl groups. As the 10 aromatic

hydr ocar bon groups, there nmay be nentioned® for exanpl e phenyl, naphthyl and
ot her aryl groups each having about 6 to 14 carbon atons, allylene groups
corresponding to these aryl groups and so forth. The aral kyl group

i ncludes, for instance, benzyl, pheny- 15 | et hyl (phenethyl) and ot her
aral kyl groups each Thesex@gmbms represented ton Rt . fulthdrthavse el i c
group includes heterocyclic groups each having at | east one atom as a
hetero atom seubstdduendm t ixagicdgs ednsush sybstiduent dgedudeom 20 an
oxygen atom and a sul fur atom and may _be whi chever of an arqgmatic

heterocyclic gPgdpged Ademg: oﬁatl'iyék}?é‘tyéf SEPIR ¢ Aiddp IEOURS cdfd&nsed
Tont | oned %ﬁr%%tﬁwlﬁfmetxh%”p' esm%fyf.f‘%s%iér?ara% St oAnRE - QT
U TR R, K AN R 3;;%1 gy o
chlorophenyl, methoxyphenyl, naphthyl and other Cs-14
aryl groups), ether groups, alkoxy dgroups (e.g. methoxy,
ethoxy and other Ci-s alkoxy groups), aryloxy groups
(e.g. phenoxy and other Cg-14 aryloxy groups), mercapto
10 group, alkylthio groups (e.g. methylthio, ethylthio and
other Ci-s alkylthio groups), arylthio groups (e.g.
phenylthio and other Ci¢-4 arylthio groups), carboxyl
group, ester groups (e.g. methoxycarbonyl and other Ci-s
alkoxy-carbonyl groups); acetoxy and other Cz-12 acyloxy
15 groups and so on), acyl groups (e.g. acetyl, benzoyl and
other Cz2-12 acyl groups), amino groups, mono- Or
di-substituted amino groups (e.g. methylamino, dimethyl-
amino and other mono- or di-Ci-s alkylamino groups),
nitro group and the like. The number of such substi-
20 tuents to be substituted on the group represented by R
may be about 1 to 4.

Examples of the aliphatic nitrile include nitriles
each having a saturated or unsaturated aliphatic hydro-
carbon group, such as saturated or unsaturated nitriles

25 each having about 2 to 6 carbon atoms (for instance,
acetonitrile, propionitrile, butyronitrile, isobutyro-

nitrile, valeronitrile, isovaleronitrile, capronitrile



-9- These groups represented by R may further have a substituent. Exanples

of such substituent include hal ogen atons, a hydroxyl group, alkyl groups

(e.g. methyl, ethyl, propyl, isopropyl and other Clerr] alkyl 5 groups),

aryl groups (e.g. phenyl, tolyl, xylyl, chlorophenyl, methoxyphenyl,

napht hyl and ot her C6-14 aryl groups), etB&r -groups, al koxy groups (e.g.

nmet hoxy, ethoxy and other (Jerr] al koxy groups), aryloxy groups (e.g.

phenoxy and ot her C6-14 aryl oxy groups), nmercapto 10 group, alkylthio

groups (e.g. nethylthio, ethylthio and other Cerr] aIkyIthlo groups),

aryl t hi o gr oupsn@e of-hegheaturite dampnsarHerr idas :r madiopittisiid egr GHFSL -

car boxyl group, ester groups (e.q. nethoxycarbonyl_and otheth&Srr]
e

alkox¥ caernyMQymﬁﬂ?%e Qﬁﬁ?%ﬂf?%ﬁQNHa43RSQH A & o roups and
SO on acyl groups (e acety enzoyl, K and other, C2-12 acyl ou
ani no groups, dgl lé'{}B'sDcllltelﬁ %WW’(?"& v lg‘r‘ﬁ ps).

di et hyl - am no and ot her nono- |-C[e l.am n rou S nltro
group and the Me&&Y e RS Qﬁt ﬁnoqﬁgyrqq} p%@

substlputegignﬁﬁgg% rouq: %pr%ﬁl tﬁﬁés eac JHEE?%%&s- fé%t(yf@ﬁ%ﬂ@ es of

t he alipha de avi'ng a saturate

ntriles 25 '@*ﬁ‘% S GS alotﬁﬁfi”%"?%% PR AUIEE Sospnonl urated
acetonitrile, RIARARIL L, PR - tHyPdtiobtyronitrile
(4-methylthio-2-hydroxybutyronitrile) and other a-
hydroxynitriles; cyanoacetic acid and other nitriles
10 each having a carboxyl group; amino-3-propionitrile and
other B-aminonitriles, etc.), and unsaturated nitriles
(e.g. acrylonitrile, methacrylonitrile, allyl cyanide,
crotononitrile).

The aliphatic nitrile further includes compounds

15 represented by RCOCN wherein R has the same meaning as
above, such as pyruvonitrile (acetyl cyanide), cyano-
acetone and others.

As the alicyclic nitrile, there may be mentioned
for instance nitriles each having 4 to 10 carbon atoms

20 such as cyclopentanecarbonitrile, cyclohexanecarbo-
nitrile and the like.

Examples of the aromatic nitrile include benzoni-
trile, o-, m- and p-chlorobenzonitrile, o-, m- and
p-fluorobenzonitrile, o-, m- and p-nitrobenzonitrile,

25 p-aminobenzonitrile, 4-cyanophenol, o-, m- and p-toluni-
trile, 2,4-dichlorobenzonitrile, 2,6-dichlorobenzoni-

trile, 2,6-difluorobenzonitrile, anisonitrile, o-naph-



nitrile, valeronitrile, isovaleronitrile, capronitrile - 10 - and ot her
saturated nononitriles; malonitrile, succi- nonitrile, glutaronitrile,

adi ponitrile and other saturated dinitriles; [err]-am nopropionitrile,
[err]-am no- nethylthiobutyronitrile, [err]-am nobutyronitrile, am- 5
noacetonitrile and other [err]-am nonitrdllds;~- | actonitrile,

hydr oxyacetonitrile, [err]-hydroxyisobutyronitrile (aceto- cyanohydrin),

[ err]-hydroxy-y-nmethylthiobutyronitrile

(4- met hyl t hi o- 2- hydroxybutyronitrile) and other a- hydroxynitriles;
cyanoaceti ¢ acithemidtot¥er hinaphdwniotrilkacndatihar auamdoky |meraup:

am no-3-propionitrile and other [err]-amnonitriles, etc.), and unsaturated
nitriles (e.g. BEecklgoniRhthalonigifibes y| biprhthalomni tgiley Spxpphthalo-
crotononitrile). The aliphatic nitrile further includes  conpounds 15
represent ed by TREGEN-SuIHE| e Th A AL LG LR R AARR £o5eh as
pyruvonitrile (acety no- . acet one anfvgthergﬂrAs the alicyclic

cyani de), cyapos- .
nitrile, there may bthﬁeﬁf?%ﬁéﬂcf%ftFﬁé?aﬁ BOnttf S et AT NE¥PARLA- t 0" 10
Cor o Lo 2o Rt L S RO S A SRS,
mandelonitrile, p-hydroxyphenylacetonitrile, p-hydroxy-
phenylpropionitrile, p-methoxyphenylacetonitrile and
other nitriles each having an aralkyl group.
As the heterocyclic nitrile, there may be men-

10 tioned, for instance, nitrile compounds each having a
heterocyclic group containing 5- or 6-membered ring and
having at least one atom selected from the group con-
sisting of a nitrogen atom, an oxygen atom and a sulfur
atom as a hetero atom, such as 2-thiophenecarbonitrile,

15 2-furonitrile, and other nitriles each having a sulfur
atom or an oxygen atom as a hetero atom; 2-cyanopyri-
dine, 3-cyanopyridine, 4-cyanopyridine, cyanopyrazine
and other nitriles each containing a nitrogen atom as a
hetero atom; 5-cyanoindole and other condensed hetero-

20 cycles; cyanopiperidine, cyanopiperazine and other
hydrogenated heterocyclic nitriles, condensed heterocy-
clic nitriles and so on.

Such heterocyclic nitrile also includes compounds
represented by RCOCN, where R represents a heterocyclic

25 group, such as nicotinonitrile, isonicotinonitrile and
the like.

In more detail, the nitrile compound, in which the



trile, o-, m and p-chlorobenzonitrile, o-, m and p-fluorobenzonitrile,
o-, m and p-nitrobenzonitrile, 25 p- am nobenzonitrile, 4-cyanophenol,
o-, m and p-toluni- trile, 2,4-dichlorobenzonitrile, 2,6-dichlorobenzoni-
trile, 2,6-difluorobenzonitrile, anisonitrile, [err]-naph- thonitrile,
[err]-naphthonitrile and ot her aromati c” mbfioni - triles; phthalonitrile,

i sophthalonitrile, terephthalo- nitrile and other aromatic dinitriles and
so forth. The aromatic nitrile also includes, for exanple, 5 benzyl

cyani de, cinnampyl nitrile, phenylacetonitrile, nde#oaitrilgb
p-hydLoxypEenyF&éBFBHEFrPF@Foﬁgﬁ 8ﬁ09§9FBhe?}Fﬁ¥ggi82 YPFpgaroon el

- et hox enyl acetonitri .an ther npitri i ,

b oup. Ae the. BEGEPecHEPREtiE, PYAEOCRRAPE il Beorene rpoorETifeBroYy,

i nstance, nitril d havij i 1.Ni 5-
o bomonbered PPR SRBCRRSTSEaaPY| Babhd, B, PEPSROEUENLE AhOuRacoNEEET O

con- sisting of.anhtl 3eHoah0RY 138 BENEBRNALOTLRAHoRy LI UECRPOIRAS

hetero atom sucC I ophenecar boni uronitriTe, and other

nitriles egch aﬁ&i@g %o§%hturA§Fe§ha§1ae BXYERB ah9AbAStAiNel 86RpaLAA)
2-cyanopyri- dine, 3-cyanopyridine, 4-cyanopyridine, cyanopyrazine and

other nitrilestgach &ayt BeNmBdtaonkhr afehoabebastaihel encamnt AET
5- cyanoi ndol e and ot her condensed het ero-
propionitrile, &-aminobutyronitrile and other
a-aminonitriles; 3-aminopropionitrile and other -
aminonitriles.

10 Examples of the cyanohydrin compound include
a~-cyanohydrin compounds, B-cyanohydrin compounds, Yy-cya-
nohydrin compounds and others. Such cyanchydrin com-
pound may contain, for instance, about 2 to 18, prefer-
ably about 3 to 12, and more preferably about 3 to 8

15 carbon atoms.

As the o-cyanohydrin compound, there may be men-
tioned a compound shown by the following formula (Ia)
R - . (N
RZ ~C ~OH (Ia)
20
wherein R*and R? independently represent a hydro-
gen atom or a hydrocarbon group which may have a sub-
stituent, and R' and R? may form a ring together with
the adjacent carbon atom, with a proviso that R! and R?
25 are not concurrently hydrogen atoms.

Examples of the hydrocarbon group represented by

RY, R?, and the substituent which the hydrocarbon group



20 cycl es; cyanopi peri di ne, cyanopi perazi ne and ot her hydrogenat ed
heterocyclic nitriles, condensed heterocy- clic nitriles and so on. Such
het erocyclic nitrile also includes conpounds represented by RCOCN, where R
represents a heterocyclic 25 group, such as nicotinonitrile,

I sonicotinonitrile and the like. In nore d8tail, the nitrile conpound, in
whi ch the - 12 - aliphatic hydrocarbon group, alicyclic hydrocarbon
group, aromatic hydrocarbon group or heterocyclic group each represented by
R has a substituent, includes for exanple am no-nitrile conpounds,
cyanohydrin comaguidses incdudes dhieo il Phagd Ce MidFlosarON; 19 odPiSnoni tril e
conpound, there nmay be nentioned am noacetonitrile, %m r]-am no-
propionitrile, Aldayclde ATROFESHON, (IReUind agoRat 18, AFdrasambone group.,

3- an1noprop|on|trlle and othe !err% anlnonltrlles Eé%nples of

t he cyanohydri ®P¢oiHéu BaCSEN ey 5hﬁﬁg'@?ve
Eiéﬁ&%??ﬁ“ﬁﬁ%”eamiﬁc tlde ds’ o Bt amatich, o R SO G 16, prof er -
ably about ;3 to 12, @ngfe@fgd pﬁffaeﬁ&béw AROHIaS, 195 Bador1158d AP Lo
explanation of R, the alkyl groups each having about 1
to 12 (preferably about 1 to 6) carbon atoms, the
alkenyl groups each having about 2 to 12 carbon atoms,
the alkynyl groups each having about 2 to 12 carbon

10 atoms, the cycloalkyl groups each having about 3 to 10
carbon atoms, the aryl groups each having about 6 to 14
carbon atoms, and phenylmethyl, 2-phenylethyl, 1l-phenyl-
ethyl, 3-phenylpropyl, 4-phenylbutyl group and other
C7-10 aralkyl groups.

15 As examples of the ring which is formed with R?
and R? together with the adjacent carbon atom, there may
be mentioned cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl ring and other
cycloalkane rings each having about 3 to 8 carbon atoms.

20 Typical examples of the o-cyanohydrin compound
include hydroxyacetonitrile, lactonitrile, acetone cya-
nohydrin, 2-hydroxybutanenitrile, 2-hydroxy-4-methyl-
thiobutanenitrile, 2-hydroxy-2-methylbutanenitrile,
2-hydroxy-3-methylbutanenitrile, 2-hydroxy-3-butene-

25 nitrile, 2-hydroxypentanenitrile, 2-hydroxyhexane-
nitrile, 2-hydroxyoctanenitrile and other aliphatic

a-cyanohydrins; 2-hydroxy-cyclohexaneacetonitrile,



As the [err]-cyanohydrin conmpound, there nay be nen- tioned a conpound
shown by the following formula (la) [err] 20 wherein Rierr] and Rlerr]

i ndependently represent a hydro- gen atom or a hydrocarbon group whi ch may
have a sub- stituent, and Rl and R2 may forma ring together with the

adj acent carbon atom with a proviso thatl®err] and Rerr] 25 are not
concurrently hydrogen atons. Exanples of the hydrocarbon group represented

by 1 2 R, R, and the substituent which the hydrocarbon group - 13 -
may have include the aliphatic hydrocarbon groups, alicyclic hydrocarbon
group, aronati cYinlopesiaboney Cyapohyfdinge CYGRO FHEERNYARELE gr oups

may have, as exenplified in the explanation of the grqup R .5,
Preferred R er pdaedhrre ol qyediGd & - CYangs¥aripsd MRnard oo+ 5FA&ri on of R

t he al kyl groups_each having abqut |1 to.12 (prefera about 1.to 6) carbon
atons, the al kémAYIFOFTpS - YRR LRG LR 59&5 98%15R%§Fb850a %%E, t%e

al kynyl groups each having about 2 to 12 carbon 10 atons, the cycl oal kyl
groups each haﬁﬁ%§QQ§§¥ ﬁ%q%ilo carbon atons, the aryl groups each having

about 6 tO514 As the B-cyanohydrin compound, use can be made of
3-hydroxypropanenitrile, 3-hydroxybutanenitrile,
3-hydroxyhexanenitrile, 2-hydroxycyclohexanecarbonitrile
or 3-hydroxy-3-phenylpropanenitrile, for example.

The y-cyanohydrin compound includes, for instance,

10 4-hydroxybutanenitrile, 4-hydroxyhexanenitrile, 3-
hydroxyhexanecarbonitrile, 4-hydroxy-4-phenylbutaneni-
trile and so on.

Since the electrodialysis step in the present
invention may usually be conducted in the presence of

15 water, the nitrile compound may preferably be a compound
where a corresponding salt of a carboxylic acid is
water-soluble. From this point of view, the nitrile
compound may have, as the total carbon atoms, about 2 to
18, preferably about 2 to 12, and more preferably about

20 2 to 8 carbon atoms, typically speaking.

Preferred examples of the nitrile compound include
cyanohydrin compounds, in particular, a-cyanohydrin
compounds such as compounds shown by the formula (Ia)
which are useful for production of a hydroxycarboxylic

25 acid. More preferably, the nitrile compound includes
for instance lactonitrile, acetone cyanohydrin, 2-

hydroxy-4-methylthiobutanenitrile and other aliphatic



carbon atons, and phenyl nethyl, 2-phenylethyl, 1-phenyl- ethyl,

3- phenyl propyl, 4-phenyl butyl group and other CJerr] aral kyl groups. 15

As exanples of the ring which is formed with Rlerr] and Rlerr] together

wi th the adjacent carbon atom there may be nentioned cycl opropyl,

cycl obutyl, cyclopentyl, cyclohexyl, cycl dheptyl, cyclooctyl ring and ot her
cycl oal kane rings each having about 3 to 8 carbon atons. 20
exanpl es of the [err]-cyanohydrin conpound include hydroxyacetonitrile,
| actonitrile, acetone cya- nohydrin, 2-hydroxybutanenitrile,

2- hydr oxy- 4- mefhglyanphiyeingnedichr PRY1ng. BPEUdx p- 20m8t FAFBICaRERMEri | e,

2- hydr oxy- 3-nmet hyl butanenitrile, 2-hydroxy-3-butene- 25
2-hydroxypentanenitﬂQQ%dQPqﬁk#%m9ﬁ€¥hﬁ§gqﬂ%qq¥%§ sk

Typi ca

iitrile,

ﬁgfiéhenitrile

and ot her aliphatic_a-cyanohydrins; 2-hydr, - | Qh it
10 Ceyel opent RIHELEFin Gy GYARC SFOrBTex AtolE Ve PHdh a0 En At d SoEte P

alicyclic [err]-cgyanohydrins; nagpel ni&&k%@
r

2- hydr oxy- 3- ph ut® §ﬁ1ﬂﬁlq?r R& Yot Her boqyerted fre

omatl C a- cyan(r)“n

yarind.og

As the [erg]-c%@%_ drig CATROYRE MSQeCHRE Mde Ylural amide

3- hydr oxypiopa

enitrile, 3-hydroxybutanenitrile, 3-hydroxyhexanenitrile,

2- hydroxycycl ohexapecarRonidddt! @ne amide group may only be converted

to a carboxyl group.

Meanwhile, the nitrile compound as mentioned above

can be obtained in a conventional manner.

Taking an

10 aliphatic nitrile as an example, it may be prepared by

allowing a halogenated alkyl or dialkyl sulfate to react

with potassium cyanide or other alkali cyanide. The

aromatic nitrile can be produced by, for instance, a

process comprising diazotizing an amine and allowing the

15 resultant to react with copper (I) cyanide or other

techniques.

In particular, the a-cyanohydrin compound among

such nitrile compounds may be prepared by, for instance,

a process which comprises allowing cyanide to react with

20 an aldehyde or a ketone, a process which comprises

allowing an adduct derived from an aldehyde or ketone

and sodium hydrogensulfite to react with an alkali

cyanide such as potassium cyanide or others.

The

B-cyanohydrin compound can be prepared by allowing an

25 epoxide to react with hydrogen cyanide, for example.

As examples of the amide compound, there may be

mentioned compounds corresponding to the above nitrile



or 3-hydroxy- 3-phenyl propanenitrile, for exanple. The y-cyanohydrin
conpound includes, for instance, 10 4- hydr oxybut anenitril e,

4- hydr oxyhexanenitrile, 3- hydroxyhexanecarbonitrile,

4- hydr oxy- 4- phenyl but aneni - trile and so on. Since the electrodialysis step
in the present invention may usually be cdfducted in the presence of 15
water, the nitrile conpound may preferably be a conpound where a
correspondi ng salt of a carboxylic acid is water-soluble. Fromthis point
of view, the nitrile conpound may have, as the total carbon atons, about 2
to 18, preferalsigmrMmis.2 sueh as aﬁﬂf‘m@%’r SN AR utyramide g
carbon atons, typically speaking. Preferred exanples of the nitrile
conpound i ncl ude RHEIBIRRIS, @sHIRRde i IR oA A9 et SANAR dr i n

b oducti on of | SFTHIRARALE b oy IRty 1= SRy GEERL, el P ame ni'trile
CoD O | e e AR L0 i S WA bibad
\[I\:ﬁtl;,‘ll:l] t fl)el‘azl [“rlldl e@o%%%gﬁa% é% t 3’% cy%rg%@%d&%%ﬁ%én’: z have
at |east one p_methoxyphenylacetamide, terephthalamide, nicotinamide,
isonicotinamide and so forth.
The processes (A) and (B) of the present invention
are now described in detail.

10 There is no limit as to the catalyst in the hy-
drolysis reaction as far as being utilizable in a
hydrolysis of a nitrile compound or an amide compound,
and a variety of acidic catalysts and basic catalysts
can be employed.

15 Examples of the acidic catalyst include hydro-
chloric acid, nitric acid, phosphoric acid, sulfuric
acid and other inorganic acids, trichloroacetic acid,
trifluoroacetic acid, methanesulfonic acid and other
organic acids. These acidic catalysts may be used

20 singly or in combination. Preferred acidic catalyst
includes mineral acids (e.g. sulfuric acid and other
inorganic acids).

As the basic catalyst for hydrolysis of the amide
compound, there may be mentioned for instance sodium

25 hydroxide, potassium hydroxide and other hydroxides of
alkali metals, sodium carbonate, potassium carbonate,

sodium hydrogencarbonate, potassium hydrogencarbonate



am de group or carboxyl group converted from one cyano 5 group, and when
the am de group have plural am de groups, at |east one am de group may only
be converted to a carboxyl group. Meanwhile, the nitrile conmpound as

menti oned above can be obtained in a conventional manner. Taking an 10
aliphatic nitrile as an exanple, it may-bé&7prepared by allowi ng a

hal ogenat ed al kyl or dial kyl sulfate to react with potassi um cyani de or

ot her alkali cyanide. The aromatic nitrile can be produced by, for

i nstance, a process conprising diazotizing an am ne and allow ng the 15
resul tant to readt ovhelr cegpenates ofariléeldr methlds radhsioqess. PHCh
particular, the [err]-cyanohydrin conpound anong such nitrile conpounds may
be prepared bypaisdc icatedysss mayr ad6Ss behiesw 1oyRer L8dersnosnitdy OFarkide to
react with 20 an aldehyde or a ketone, a process which conprises allow ng
an adduct deri GOMPANGHILR -al FERFEETEH @éﬂmﬂéeénﬁfSGHFu%FﬁﬂﬁrGﬁéﬁgﬁﬁgite to

react wwth an alkali_c ani%g_suchogs t ssiuq?ﬁ%gn!de or others. The
[err]-cyanohydﬂmﬁl&gﬁp HE g3 r@@%@@ﬂ‘ﬂ?’gl owi ng an 25 epoxi de to
e B e o s SHAEl i A ST AL 4R A
nitrile method of a carboxylic acid by hydrolyzing a nitrile
compound or an amide compound in the presence of an
acidic acid. Taking a typical nitrile compound and
amide compound as an example, the production reaction of
10 a carboxylic acid can be represented by the following
reaction scheme (1A) or (1B).
(i) Hydrolysis of a nitrile compound (hydration)
RCN + HA + 2H20 — RCOOH + NH4A (14)
wherein HA represents an acidic catalyst, and R
15 has the same meaning as above.
(ii) Hydrolysis of an amide compound (hydration)
RCONH2 + HA + H20 — RCOOH + NH4A (1B)
wherein R and HA have the same meanings as above.
The amount of the acidic catalyst may suitably be
20 selected from a range not inferring with the hydrolysis
reaction, and is for example about 0.75 to 10 moles,
preferably about 0.9 to 5 moles, more preferably about 1
to 3 moles and practically about 1 to 2.5 moles per mole
of the nitrile compound or amide compound.
25 The amount of water in the hydrolysis reaction may

only be an excess mole relative to the nitrile compound

or amide compound, as apparent from the above reaction



- 16 - compounds, such as acetam de, propionam de, butyram de,

i sobutyram de, acrylam de, nethacryl am de, |actoam de, pyruvoam de,

[ err]-hydroxyi sobutyram de, 4-nmethylthio- 2-hydroxyi sobutyram de,

phenyl acet am de, mandel am de, 5 p- hydr oxyphenyl acet am de,

p- hydr oxyphenyl pr opi onani de, p-net hoxyphedyl acet am de, terephthal ani de,

ni coti nam de, isonicotinamde and so forth. The processes (A) and (B) of
the present invention are now described in detail. 10 There is no
limt as to the catalyst in the hy- drolysis reaction as far as bein
utilizable in #deames ysitheofredatiivig IRFQRMFFAAT Fr the aates ct@nﬁom%,e and
a variety of acidic catalysts and basjc catal ysts can be enployed. 15
Exanpl es of t h®fadins @%’dieyﬁo"}%”tﬂjé’-%ydﬁ%y IR tTEIGe a@RPuthial ileasd d,
phosphoric acid, sulfuric acid and other inaqr i ¢ gcids, trichlqroacetic
acid, trifluor gacset"locleaé’lrd,morﬁft ﬁfh‘&'ulaf &ﬁitha'?gzoan% & Jor é’fr’ﬁ%rc?r&“l ds.
These aci di ¢ cat.,al yst e sy ngl [ | nati qQn.
Preferred aci di&}J Ycaa’tsoﬁ%ytg?yit%clztj%g%l%%nearng Qrgjcﬁédgjr eigglf:‘:‘lcysig'll %E’ﬂu% azc'izd tnd

ot her i nor gani q@%o%g.mﬁﬁegﬁvﬁéﬁagﬁ t %scticjacig_w% g]syé%hf} ofant he am de

conpound, there may ance sodirum 2 roxi de,

potassi um hydr Qe ARghdter NP RYSARS Lfs dKalo nled)S reIddiV8 to
car bonat e, potassium carbonate,
the nitrile compound. The amount of the water relative
to 1 mole of the amide compound may be about at least
0.7 mole or more (e.g. about 0.8 to 50 moles), prefera-
10 bly about 1 to 25 moles, more preferably about 1.2 to 10
moles and practically about an excess mole (e.g. about
1.5 to 10 moles).
The reaction may be carried out in an inert sol-
vent as necessary. Such inert solvent includes, for
15 example, hexane, octane and other aliphatic hydrocar-
bons, cyclohexane and other alicyclic hydrocarbons,
benzene, xylene, toluene and other aromatic hydrocar-
bons, dichloromethane, carbon tetrachloride and other
halogenated hydrocarbons, methanol, ethanol, propanol,
20 isopropanol, butanol and other alcohols, methyl acetate,
ethyl acetate, isobutyl acetate and other esters,
dimethyl ether, diethyl ether, dioxane, tetrahydrofuran
and other ethers, acetone, methyl ethyl ketone, methyl
isobutyl ketone and other ketones, aprotic solvents and
25 so forth. These solvents may be employed singly or in
combination.

The hydrolysis can be conducted in a suitable



sodi um hydr ogencar bonat e, potassi um hydrogencar bonat e - 17 - and ot her
carbonates of alkali netals and so on. Such basic catal ysts may al so be
enpl oyed i ndependently or in conbination. Preferred exanples of the basic
catal yst include hydroxides of alkali netals. 5 The present

I nvention can be applied to (A) a nethod d® a carboxylic acid by

hydrol yzing a nitrile conpound or an am de conpound in the presence of an
acidic acid. Taking a typical nitrile conmpound and am de conpound as an
exanpl e, the production reaction of 10 a carboxylic acid can be

represent ed by comdiftdlononiswgly @ésctator deimperatime o (agg)ut @i0) taydrol ysi s
of a nitrile conpound (hydration) RCN + HA + 2H err] O [err] RCOCH +

NH err] A PRy %@rr@ifﬁmlrye@b@é%nt@ &9 48U angk AoFst Pref@RPLY has
t he sane neani n% as above ii) Hydrolysis of an am de conpound (hydration)
RCONH err] + HARPP - RCOOH + NH err] A (1B) wherein R and HA

h th bov T t of th di | yst

Sui tably EZ”So”eaZ'eP%ﬁ &v?q%#%c% BT 1t o TS R AT i s

reaction, gnd | sftorb e % &tic% %f&oﬁ%sf{%' 8% % %fe%rt%lal Yo about 0.9
THou

toSrmIes pree
electrodlaly51s to give an acid and ammonia (or agqueous

ammonia). The reaction in the electrodialysis step can
be illustrated by the following reaction scheme (reac-
tion formula).

10 NH4A + H20 —* NH4OH + HA

NH4OH — H20 + NH3
As apparent from the above reaction formula, for

effective reutilization of by-products, the process may
preferably comprise at least either one step of (1) a

15 step of reutilizing an acid produced by the electrod-
ialysis as a catalyst in the hydrolysis step of the ni-
trile compound or amide compound, and (2) a step of
reutilizing ammonia or aqueous ammonia produced by the
electrodialysis as a nitrogen source for the nitrile

20 compound or amide compound. Preferred process comprises
both of (1) the reutilizing step of the acid@ and (2) the
reutilizing step of the ammonia (or aqueous ammonia).
Further, the separated water may be subjected or
supplied to the hydrolysis step of the nitrile compound

25 or amide compound.

Incidentally, the nitrile compound may also be

prepared by a conventional technigue with the use of the



to 3 noles and practically about 1 to 2.5 noles per nole of the nitrile

conpound or am de conpound. 25 The anpunt of water in the hydrolysis
reaction may only be an excess nole relative to the nitrile conpound or
am de conpound, as apparent fromthe above reaction - 18 - schenes. The

relative proportion of the water to 1 nol20of the nitrile conpound is, for
I nstance, about at least 1.5 nole or nore (e.g. about 1.5 to 50 nol es),
prefera- bly about 2 to 25 noles and nore preferably about 2.2 to 5 10
mol es. The water may practically be used in an excess anpunt ée.g. about
2.5 to 10 nol esinmpaliat Bseat oithegaht sPhECEonpBORdasTHEE2gRBAAt O6f @Rhe wat er
relative to 1 nole of the am de conpound may be about at |east 0.7 nole or
more (e.g. abo@@déhgd?oCQGPREPGSY}EBréW@P&laloreaEF9°8b8§talc?EbQEYﬁ%Fes,
nore preferably about 1.2 to 10 noles _and practically about an excess nol e
(e.g. about 1.3ci8 YHthopm@pnigner, QLBErsn nﬁ&ebgm&g r FBEPBHPYi i28n°Fner t

sol - vent as necessarﬁ.FSuch i nert sol¥§n
e

i ncl ud f 15
hexane, oct aneP&fB25EHeralfi FREAVPETAYE CQF59§5ﬁE?§89 B ammog%gnggeﬁer

) _ cl"ohexane and ot
s vonr B RSSFRARE sHBPRENCo, Ba-phPHAERT Y b L RLba
with ammonia. Further, the present invention may also
be applied to (B) a process of producing a carboxylic
acid by hydrolyzing the nitrile compound or amide
compound in the presence of a basic catalyst. By taking
10 a typical nitrile compound and amide compound as an
example, the production reaction of a carboxylic acid
can be shown by the following reaction formulas (2A) or
(2B).
(iii) Hydrolysis of the nitrile compound:
15 RCN + MOH + 2H20 —> RCOOM + NH4OH (23a)
wherein MOH represents a basic catalyst and R has
the same meaning as above.
(iv) Hydrolysis of the amide compound:
RCONH2 + MOH + H20 — RCOOM + NH4OH (2B)
20 wherein R and MOH have the same meanings as above.
The amount of the basic catalyst and the propor-
tion of the water in the hydrolysis reaction in the
presence of the basic catalyst are similar to those of
the hydrolysis reaction with the use of the acidic
25 catalyst, as apparently shown in the above schemes.
The salt of a carboxylic acid and a base is sub-

jected to hydrolysis to form the carboxylic acid and the



hal ogenat ed hydr ocar bons, nethanol, ethanol, propanol, 20 | sopr opanol ,

but anol and ot her al cohols, nethyl acetate, ethyl acetate, isobutyl acetate
and ot her esters, dinmethyl ether, diethyl ether, dioxane, tetrahydrofuran
and ot her ethers, acetone, nethyl ethyl ketone, nethyl isobutyl ketone and
ot her ketones, aprotic solvents and 25 - 3 forth. These solvents may be
enpl oyed singly or in conbination. The hydrol ysis can be conducted in a

sui tabl e 19 condition, such as at a tenperature of about 30 to

200[ err] C, preferably about 50 to 150[err] C and nore preferably about 60 to
120[ err] C. Thebbgepr oBheedeamdapuinsihe eflechecddpdveisatiersmpyspe

by- produced by the hydrolysis is subjected to electrodiah §is to give an
acid and anmonF8PEEFeRGEE0RY ARRoAPALOWIRE FEREMEoATPRMP é el ectrodi al ysi s

step can be illustrated by the fal]ow cti SC (reac- tion

1Eor rriJI a%_'t 10] o+ N pﬁﬂ%’* ] E’Hﬁf‘qd[ err]q%or(?gﬁr ]}PZQ%\II-T[ gﬁiﬁ] I]—I + HA NH err] OH
err] Herr + er a ent dqqth ove reaction formula, for

ef fective reutiIizati&ﬁk%$§ﬁy-ﬁ$%duc€%{ é'ggﬁgess may preferably conprise

at | east egther Onefﬂéﬂbfgcéég @E) of the present invention comprises

at least either one step of (1) a step of reutilizing a
base produced by the electrodialysis as a catalyst in
the hydrolysis step of the nitrile compound, and (2) a
step of reutilizing ammonia or agueous ammonia produced

10 by the electrodialysis as a nitrogen source in a pro-
duction process of the nitrile compound or amide
compound. For the purpose of further utilizing the
by-products in the hydrolysis reaction, it is preferable
for the present process to comprise both steps of (1)

15 the reutilizing step of the base and (2) the reutilizing
step of ammonia (or aqueous ammonia).

The electrodialysis can be effected by a various
techniques, for example by a process which comprises
ion-dissociating an ammonium salt of the acidic catalyst

20 or a salt of a carboxylic acid and the basic catalyst
with the use of a membrane capable of ion transporting
or ion exchanging while applying a voltage, and allowing
the resultant cation or anion to selectively permeate
the membrane for separation.

25 The species of the cation exchange membrane is not
critically limited and use may be made of various

membranes having cation exchanging capabilities, such as



15 step of reutilizing an acid produced by the electrod- ialysis as a
catalyst in the hydrolysis step of the ni- trile conpound or am de
conmpound, and (2) a step of reutilizing ammonia or aqueous anmoni a produced
by the electrodialysis as a nitrogen source for the nitrile 20 conpound
or ami de conpound. Preferred process conpZises both of (1) the reutilizing
step of the acid and (2) the reutilizing step of the ammobnia (or agueous
anmoni a). Further, the separated water may be subjected or supplied to the
hydrol ysis step of the nitrile conpound 25  or am de conpound.

I nci dental ly, ph@lnntﬁﬁpéaﬁgﬁpaeﬁarﬁa?saP§§hbéaHF§SaPeGa59°§ esrieReronal

technique with the use of the - - ammpnia as a n|trog source, such
as reaction of9§QUQIééﬁ}&@1€6nﬁo§H&fﬂPﬁﬁ éﬁﬁﬁngﬁoupeaEPFBﬂ 33 gC9PhoRyl i ¢
acid wth anmoni a or others. The am de co oun a red in a
conventional nREREAVGECAGLENECARRGHYL SEOKPs R%P?B 8 % , 95G8R " as

may a1 90 be apfi FEAEH Capc dPoceTs %%‘é%?oaﬁﬁﬁtﬁg%ﬁbgé?ﬁs%ﬁ? Bigepventi or
11 V2419 (NS e cHRTRRNAYCORTE (R BOTRANTY | bieTcgsgRayel °
corpound as ancarboxyllc acid ester group, sulfonamide group and
others. A base material of the membrane may have a
plural species of the cation exchange groups. Preferred
examples of the cation exchange group include sulfonic
10 acid group, carboxyl group and a perfluoroalkylcarboxyl
group.
The species of the anion exchange membrane is also
not particularly restricted, and use can be made of a
variety of anion exchange membranes including anion
15 exchange membranes each having a primary amino group, a
secondary amino group, a tertiary amino group, a
quaternary amino group (quaternary ammonium salt) and so
on. A base material of such membrane may have plural
species of anion exchange groups. Preferred anion
20 exchange group includes a group of a quaternary ammonium
salt.
As the base material having the ion exchange
group, there may be mentioned various polymers such as
polytetrafluoroethylene and other fluororesins, cross-
25 linked polymers (e.g. a styrene-divinylbenzene series
polymer, a vinyl-divinylbenzene series polymer, a

styrene-butadiene series polymer, etc.), acrylic



exanpl e, the production reaction of a carboxylic acid can be shown by the
foILomAng_reactlon formulas (2A) or (2B). (iii) Hydrolysis of the nitrile
compound: 15 RCN + MOH + 2H err]O [err] RCOOM + NH err] CH
(2A) wherein MOH represents a basic catalyst and R has the sane neaning as
above. (iv) Hydrolysis of the ani de conpoddd- RCONH err] + MOH + Herr] O
[err] RCOOM + NH[err] OH (2B) 20 wherein R and MOH have the sane
nmeani ngs as above. The anount of the basic catalyst and the propor- tion of
the water in the hydrolysis reaction in the presence of the basic catalyst
are sinmilar topoiymerst, ceadepsesd poilymeasctiicod -widPh StRF1§8€IBAeRe aci dic
25 catalyst, as apparently shown in the above schenes. The salt of a
car boxyl i ¢ aci @PdFHLRTRRyEdriia §Qﬁyﬂe§bFEdaPoeﬁfﬁﬁbP?ggyeF SChe
carboxylic acid and the - 21 - Dbase. Tg:er action.n t | ectrodial ysis
step may be repP&Ent edBFERe PSICIOE\SWN& c?n«?%v? CRSFEmT°a)°. IE%SO%ZIOP
NH err] OH [err] R@+ H&}%rr Q+ NH err + re [ err + MOH
. ; 1 -
5 The prEEESL9ER™E 1:ta}ﬁl_g'_pru_esse[en arJl ﬁ%&n@%%&%& ]yleea f either
one step Og (1%n%,S%P%dT§ﬂfgﬂyfénQ,n% %oly(vinyl chloride), a polyes-
ter, a polyamide, a polyurethane and other thermoplastic
resins, a phenolic resin, a vinyl ester resin and other
thermosetting resins. The base material may be rein-
forced by a support such as a reinforcing fiber or a
10 cloth.
Further, the ion exchange membrane used in the
electrodialysis may be whichever of a homogeneous
membrane, a heterogeneous membrane, a fused membrane or
an impregnated membrane, for instance. The ion exchange’
15 membrane may also be a composite membrane having an
anion exchanging capability on one surface and a cation
exchanging capability on the other surface of the
membrane (a bipolar membrane), an amphoteric membrane
having both of an anion exchange group and a cation
20 exchange group, or others.
The electrodialysis corresponds, theoretically, to
a hydrolysis of a salt described in the page 233 of "Ion
Exchange Membrane” (edited by Yujiro KOSAKA and Hiroshi
SHIMIZU, published by Kyoritsu Shuppan Co., Ltd.,
25 Japan), and there can be referred to such literature

concerning a method for the electrodialysis techniques.

By way of illustration, the electrodialysis may be



base produced by the electrodialysis as a catalyst in the hydrolysis step
of the nitrile conpound, and (2) a step of reutilizing amoni a or aqueous
ammoni a produced 10 by the electrodialysis as a nitrogen source in a pro-
duction process of the nitrile compound or am de conpound. For the purpose
of further utilizing the by-products in-tt24 kydrolysis reaction, it is
preferable for the present process to conprise both steps of (1) 15 t he
reutilizing step of the base and (2) the reutilizing step of ammonia (or
aqueous ammoni a). The el ectrodi alysis can be effected by a various

t echni ques, forefEamiR® 13X W6 HrD e S Mk Ahprksnip re et gashladivssidc ivRsSeg an
ammoni um salt of the acidic catal yst 20 or a salt of a carboxylic acid

and the basic d¥asitoddatyiae dse B ol mefRERr @Y Mmemiyane
transporting or_ion exchangi ng while applying a voltage, and allow t he
resul tant cati GHbRRALPT CHHANES MARPIRIHS THRPGHD e TRt e LY
separation. 25 The species of, t cati on exchange ra I S not
critically i m'atr}a% aachPIUS%g baeppﬁngé{]%o \?agr%c(%ﬁoieesnb ar?g{triﬁfv%ﬁsg cation

exchangi ng scapghj,l i%dr?asncﬁ}bcfb&%:e t f%?icsiefrﬁ{lif,%te&@. GdIRIANeS each

havi ng a cati on exchange group 1 nc u&?ng a sulfonic "aci'd group, carboxyl

group, a use an electrodialyser equipped with a bipolar membrane,
and an ion exchange membrane comprising at least one
membrane selected from a cation exchange membrane and an
anion exchange membrane.

10 The species of the electrodialyser is not critical
and a conventional two-chamber or three-chamber electro-
dialyser may preferably be employed. The two-chamber
electrodialyser may be composed of plural of bipolar
membranes which are disposed in such a manner that each

15 anion exchange membrane side faces to an anode side and
each cation exchange membrane side faces to a cathode
side, and cation exchange membranes or anion exchange
membranes each disposed between these bipolar membranes.
Thus, by applying a voltage (potential) between the

20 electrodes at both ends, a water molecule or a salt,
which is penetrated into an interface of the anion
exchange membrane portion and the cation exchange
portion of the bipolar membrane, is decomposed or
disintegrated to produce H® ion or a cation in the anion

25 exchange membrane side, and OH" ion or an anion in the
cation exchange membrane side of the bipolar membrane.

As shown in Fig. 1, a two-chamber electrodialyser



per fl uoro-al kyl carboxyl group, a phosphonic acid group, a sulfuric acid
ester group, a phosphoric acid ester 5 group, a carboxylic acid ester
group, a perfluoroal kyl- carboxylic acid ester group, sulfonam de group and
others. A base material of the nenbrane nay have a plural species of the
cation exchange groups. Preferred exanpleg5of the cation exchange group
I ncl ude sul fonic 10 aci d group, carboxyl group and a
per fl uoroal kyl carboxyl group. The species of the anion exchange nenbrane is
al so not particularly restricted, and use can be made of a variety of anion
exchange nmenbr &%éad fcbdgolgrafmesprone A 1fa G LSS B BRMRERANTy a
primary am no group, a secondary am no group, .a tertiary am.no _groyp, a
quat er n?r yf ani F&0g £ eFGIrRLer ﬁ&rf%ﬂ%%dsém FLERP %Rluﬁagaé)gp
material of such nenbrane may have plural species qf. ani Qn,exchange groups.
Preferred ani or?lmlaremg%’e&r @uﬁe’idncﬁad{f@g §fgrcc?8c o eéccc}]lt?artltg%r nary P
ammoni um salt. As_.the ba terial -hayi the jo n r,oup, e
][nlay be rrentionéﬂf"\?&ﬁn&?s & rnsaacseul h\{)ées%&ﬁq‘ytaent E’a uoflogit%haillaelr?%tgng ot her
uororesi s, o 05% 25 co |t DU MBS diGG st Uo inslicd By hanzene
series polymer,”"a \SlAl nt% G \#I ny en%’lene serdl(lesqrpsol ymer, a st;?reriwe- but adi ene
series polyner 5 §iGovar?fleflirane, a cation exchange membrane and an

anion exchange membranes may be prepared by, for
instance as illustrated in Fig. 2, disposing bipolar
membranes B, anion exchange membranes A and cation

10 exchange membranes C, in turns, between an anode 1 and a
cathode 2.

In the electrodialyser, the cation exchange mem-
brane is disposed as facing to an anion exchange mem-
brane of the bipolar membrane, and the anion exchange

15 membrane is disposed as facing to a cation exchange
membrane of the bipolar membrane. Further, the two-
chamber electrodialyser may usually be equipped with, in
the direction from a cathode chamber 6 toward an anode
chamber 5, a chamber (acid-base mixing chamber) 4 for

20 accommodating a reaction mixture containing a salt (an
ammonium salt of the acidic catalyst or a salt of a
carboxylic acid and the basic catalyst), and a chamber
(an acid chamber or an alkali chamber) 3 for accommodat-
ing a solution of the catalytic component (the acidic

25 catalyst or basic catalyst). The three-chamber electro-
dialyzer may usually comprise, in the direction from a

cathode chamber 6 toward an anode chamber 5, a chamber



- 23 - polyners, condensed polynmers (e.g. an ethyl enei m ne- epichl orohydrin
pol ymer or an epoxy polyner) and so forth. Further, according to the
speci es of the ion exchange nmenbrane, use can al so be nade of a pol yethyl -
5 ene, a polypropylene, a poly(vinyl chloride), a polyes- ter, a polyam de,
a pol yuret hane and ot her thernoplastic re2¢ns, a phenolic resin, a vinyl
ester resin and other thernosetting resins. The base material may be rein-
forced by a support such as a reinforcing fiber or a 10 cloth. Further,
the i on exchange nenbrane used in the electrodialysis nmay be whichever of a
honpgeneous mefbr andt ghhmberdgéfebos aerpmEAdatangugegeAeRBPANBLELURR

i npregnat ed menbrane, for instance. The ion_exchan%e 15 menbrane nmay al so
be a conposit eCABHBLBABINERENGRAR ARPOAMBRBAYRgSAGTcAbabPfi #6184 one

rerbranc. (2 bi BAFATYRBrBF ARSP. 85 CaRBN EPFBOREAR SAE Has o thE: Reat bar
ol ectr o al yoi SHEBLVEEDondE. SEhBoPBAEEF 7 toratryannpierdhlrad gt
doscrl 0o b BEPRLCAERSE chbRBeE 28R MERLABGacLad) bilaDknty) 110,
Japan), and th?5358§ﬁ be referred to such literature
The bipolar membrane can be obtained according to
a conventional technology. As such technology, there
may be mentioned for example a process which comprises
10 laminating a cation exchange membrane and an anion
exchange membrane each other with the use of a mixture
of polyethylene-epichlorohydrin to cure and adhere the
membranes [Japanese Patent Publication No. 3962/1957
(JP-B-32-3962)1, a process which comprises pressing two
15 membranes a paste mixture of a finely powdered cation
exchange resin or anion exchange resin and a thermoplas-
tic substance for adhesion [Japanese Patent Publication
No. 1453171960 (JP-B-35-14531)], a process which
comprises applying a glue-like substance comprising
20 vinylpyridine and an epoxy compound to the surface of a
cation exchange membrane and irradiating a radiation
(radioactive ray) to the resultant [Japanese Patent
Publication No. 1663371963 (JP-B-38-16633)], a process
which comprises attaching a sulfonic acid-type polymeric
25 electrolyte and an allylamine to the surface of an anion
exchange membrane and irradiating an electrolytically

dissociating radiation to the resultant for crosslinking



concerning a nethod for the electrodial ysis techni ques. By way of
Illustration, the electrodialysis my be - 24 - effected by using a

mul ti chanber el ectrodial ysis vessel (electrodialyser) in which a cation
exchange menbrane and an ani on exchange nmenbrane are di sposed alternately
and a voltage is applied to el ectrodes at2Both ends. 5 For enhanci ng
current efficiency, it is preferable to use an el ectrodial yser equi pped

wi th a bipolar nenbrane, and an i on exchange nmenbrane conprising at | east
one nenbrane selected froma cation exchange nenbrane and an ani on exchange
menbrane. 10 [Japan€se PpéeindsPobliilretdlonctNoodiddilpddP 76s (48t Behilti cal and
a conventional two-chanber or three-chanber el ectro- dialyser may
preferably be dApBdjeda PROCERS- ¥hdgbe COBPEASLSdPACFIRL tRdy e °€onposed of
plural of bipolar nmenbranes which are disposed in such a manner that _each
15  ani on excR&RGE1FEREra® §i§€r¢é€§sOFgaQn18W0&§°§F883aW8m§§3Heca?ion

exchange nenbrane side face% to a cat hode  si and .cat i on.exchange

menbr anes or aRidhUELc Rande THERGFEES §§€ﬁehﬁggb§@d18@tﬁggﬁaPﬁgse BiBol ar
T e on B gnihl iRl Fhaseel BRIV R Ihn Usckdnge,
into an interf%%%b%%n%h%n%nEp%other polymer [Japanese Patent Applica-
tion Laid-open No. 37190/1978 (JP-A-53-37190)], a
process which comprises holding a sheet-like substance
obtained by impregnating-polymerization styrene and

10 divinylbenzene to a polyethylene film, between a frame
made of stainless steel or so forth, sulfonating one
surface of the sheet, chloro-methylating the other
surface of the sheet, and aminating the resultant
[United States Patent No. 3562139], a process which

15 comprises treating an interface of a cation exchange
membrane and an anion exchange membrane with an inor-
ganic compound and adhering the both membranes each
other [Japanese Patent Application Laid-open No.
47235/1984 (JP-A-59-47235)].

20 The condition of the electrodialysis can be se-
lected from a broad range as far as not sacrificing
utilization efficiencies of the acidic catalyst or basic
catalyst, and ammonia or aqueous ammonia, and the
temperature is, for example about 0 to 100°C, preferably

25 about 10 to 70°C and more preferably about 20 to 50°C,
and the electric current density is about 1 to 30 A/dm?

and preferably about 3 to 20 A/dm?, for instance.



exchange nmenbrane portion and the cation exchange portion of the bipolar
menbrane, i s deconposed or disintegrated to produce Herr] ion or a cation
in the anion 25 exchange nmenbrane side, and OHerr] ion or an anion in

t he cation exchange nenbrane side of the bipolar nenbrane. As shown in Fig.
1, a two-chanber el ectrodial yser - 25 28ysing a bipolar nmenbrane and a
cati on exchange nenbrane can for exanple be constructed by disposing plural
of bipolar nmenbranes B and plural of cation exchange nmenbranes C
alternately between an anode 1 and a cat hode 5 2. A three-chanmber

el ectrodi al yser as PCS@EEd@Iyoushey PXasiesd &f MvPxesent daviedti®kechange
menbrane and an ani on exchange_nenbranes _may be pre areg for_instance
as |IIustratedalHYFP§°d9039|§65§|ﬁ3nbpﬁog§F°WBﬁﬁ?gn % B eﬁﬁ?Bﬂlﬁkgﬁéﬁge

nmb A and 10 ha t
anode 1 and a €BANEAE. BEORHORH oGt aLrr BALALYeLr  PPRRCCAE BAYBEcHange. mom

brane is dlsposed as faC|n to a Rl Q exch ng n e blpolar
menbr ane, and FHEC aﬁ?oﬁaexc aﬁeugiglzeﬁe aﬁe ﬁ gggétgégdg ggféglng to a

cation excgangeagsaﬁ 0g gélgge @haegégrgggﬁhapgroﬁagghﬁg,qu@u&w@orchanber

el ectrodi al yser sual equl ppe
producing a carboxylic acid with preventing environmen-

tal pollution. Still more, a carboxylic acid can be

produced with the use of a simple construction and

further with few steps of a combination of a conven-
10 tional apparatus and an electrodialyser.

A reaction scheme of the present production
process (C) is illustrated as follows, when the compound
shown by RCN, wherein R has the same meaning as above is
employed as a typical example of the nitrile compound.

15

RCN (1)

H,0 1 Maqganese [Hydration step]
oxide

RCONH,, (1)

H201B4 ---------

----- NH; + RCOoH-B (m)

[Hydrolysis step]

lElectrodialysiS [Electrodialysis step]

25 RCOH + B ---------



the direction froma cathode chanber 6 toward an anode chanber 5, a chanber
(aci d-base m xi ng chanmber) 4 for 20 accommodating a reaction m xture
containing a salt (an anmoniumsalt of the acidic catalyst or a salt of a
carboxylic acid and the basic catalyst), and a chanber (an acid chanber or
an al kali chanber) 3 for accomobdat- ing &@9selution of the catalytic
conponent (the acidic 25 catal yst or basic catalyst). The three-chanber
el ectro- dialyzer may usually conprise, in the direction froma cat hode
chanber 6 toward an anode chanber 5, a chanber - 26 - (a salt chanber)
15 for acconmodat i ndFiag r eacits ¢n pRoduate abracianed flewy shiartant ditfoni um
salt of the acidic catalyst or the salt of a carboxylic acid and th% basi c
catal yst), an A&RdiggadbeemPigenic O§ntEGaPERGUST 128 BXogessaNG)aftal kal i
chanber 13 for accomodati ng an al kal i ase .. .nenbrane,can be

) b . Th i.pol
obtaLned acpor&?ﬁ?PF@S§“$ol BRI t & aﬁ&&??5§é%§5§ﬁaF&8hREF&&“F t here
may be nentione or .exa whi.ch . [ . | ami [
cation exchangéiﬁ%ﬁﬁ?gﬁeq%ngoghar %?%ngﬁﬁgﬁﬁgﬂﬂE%%%gﬁékgag %ghgfghrghathe

use of a nmixture_ 0f l.yet hyl ene- epi chl orohydrin to cure and adhere the
menbr anes [Japan I cation No. 3962/ 1957

In the hydration step, a nitrile compound shown by
the formula RCN (I)
wherein R has the same meaning as above, is hy-
drated in the presence of a manganese oxide catalyst to
10 form a corresponding amide compound (II). Since a
manganese oxide is used in this process, this process
does not by-produce a reaction product derived from the
nitriie compound, which is different from a process with
the use of sulfuric acid as a catalyst. Accordingly, it
15 is not necessary to discharge a large quantity of by-
products, and complicated steps for regeneration of the
catalyst are not required.
According to an embodiment as illustrated in Fig.
3, in the hydration step (i), a reactor is respectively
20 charged with a nitrile compound from a nitrile supply
line 21, and water from a water supply line 39, and
hydration reaction is carried out in the present of a
manganese oxide catalyst. Meanwhile, a water-phase of
an amide extracting step (iv) described hereafter may be
25 supplied to the reactor through a water recycle line
(water recycle line) 31.

The species of the manganese oxide used as the



(JP-B-32-3962)], a process which conprises pressing two 15 menbr anes a
paste m xture of a finely powdered cation exchange resin or anion exchange
resin and a thernoplas- tic substance for adhesion [Japanese Patent
Publ i cati on No. 14531/1960 (JP-B-35-14531)], a process which conprises
appl ying a glue-like substance conprising380- vinylpyridine and an epoxy
conpound to the surface of a cation exchange nenbrane and irradiating a
radi ati on (radioactive ray) to the resultant [Japanese Patent Publication
No. 16633/ 1963 (JP-B-38-16633)], a process which conprises attaching a

sul foni ¢ aci d- CAp&LFSty dér e 25 trigtdat rl&“y{t@%ﬁ@%%sleypéfﬁlﬁ@ to the
surface of an ani gqn exchange .menbr ane and irragéatin an electrolytically
di ssoci ati ng rgﬂF&PpénvFgegﬁéeFegﬁﬁi Gt SFELOFEGss| ARGy them, 37 -

[ Japanese Pat ent PublicatLon.gp. 4113/1976 % P—%—Sl- 113%&Fha grocess
whi ch conpri sePaFPERS5 &K g 6 CGEp ESHHG o °8 $5FFace afrda
exchange menbrange &Ml § ObeRdlaIRY SHDGS k! ST 2% MlosxchaRge
resin b5 havi ng the opposed chargé relative to the 1"on exchangé nenbrane

and a ot her paly ek fJ3RaNe3e-uRRLERl AP R FrangadR skalddo gﬁ@.'\kene e ..
37190/ 1978 (JP-A-53-37190)], a process which conprises holding a sﬁeet-llke

substance obt aiyagd vRY metiRGRAL ARJONQ! BTN KZalir0B -S¥HeRerand for
instance. Typically preferred manganese oxide includes
a manganese dioxide having a d-structure.
The manganese dioxide with a d-structure may be
10 prepared by, for example, reducing a manganese compound
with hepta (7) valent in a neutral to alkalescent condi-
tion at a reaction temperature of about 20 to 100°C [see

Z. Anorg. Allg. Chem., 309, pl0-14 (1961)].

For the purpose of enhancing the reaction rate,

15 selectivity of the objective substance and catalyst life
(catalyst cycle) in the hydration step (i), a metallic
simple substance or compound containing Group Ia
elements (e.g. Na, K, etc.), Group IIa elements (e.g.
Mg, Ca, Ba, etc.), Group IIb elements (e.g. Zn), Group

20 IVa elements (e.g. %r, etc.), Group IVb elements (e.qg.
Sn, etc.), Group Va elements (e.g. V, etc.) or others,
each of which group is of the Periodic Table of Ele-
ments, may be used together with the manganese oxide.

The amount of water in the hydration step (i) is,

25 for instance relative to 1 mole of the nitrile compound,

not less than 0.5 mole (e.g. about 0.5 to 300 moles),

and preferably not less than 1 mole {(e.g. about 1 to 150



10 divinyl benzene to a polyethylene film between a frame nade of
stainless steel or so forth, sulfonating one surface of the sheet,

chl oro-nmethyl ating the other surface of the sheet, and ami nating the
resultant [United States Patent No. 3562139], a process which 15

conprises treating an interface of a cati@a exchange menbrane and an ani on
exchange nenbrane with an inor- ganic conpound and adhering the both

menbr anes each other [ Japanese Patent Application Laid-open No. 47235/1984
(JP-A-59-47235)]. The condition of the electrodialysis 5,680 be se-
lected froma W&F)r an&'@raslff%ea%l%tﬂ?aéq]ﬂbéﬂﬁyuﬂﬁ i Pt Tt

SqueoUs. amont EOTRANh @k o ﬁe"r{%b%" e‘faaér%{ﬂy I S 100 er e
Bnd the e ectr MBS RIG ST BT T 0 ARLE ang SrERE abi y
FETIREE R R S e AR
el S s vl o o S son
Therefore, the NGESHdy BSHdlded ¥o the reaction system
The reaction may usually conducted at a tempera-
ture of about 20 to 150°C, and preferably about 30 to
120°C. When the reaction temperature is lower than
i0 20°C, the reaction time is apt to be prolonged, and when
it exceeds 150°C, a side reaction such as dehydro-
gencyanide reaction is promoted so that a yield is
liable to be sacrificed. The reaction pressure may be
any of pressure as far as the reaction system can be
15 maintained as a liquid phase at the reaction tempera-
ture, and for example is about 1 to 20 atm and prefera-
bly about 1 to 10 atm. The reaction may practically be
carried out at an atmospheric pressure. The reaction
time depends on a reaction manner, reaction temperature,
20 species and/or amount of the manganese oxide catalyst or
other factors, so as not to be described in a word, but
generally is about 0.4 to 12 hours.
Regarding the reaction manner, the reaction can be
conducted in whichever of a fixed bed method, fluidized
25 bed method or other method, and by whichever of a batch

system or flow system. The shape or configuration of

the catalyst is not critical and the catalyst may be



produci ng a carboxylic acid with preventing environnen- tal pollution.
Still nmore, a carboxylic acid can be produced with the use of a sinple
construction and further with few steps of a conbination of a conven- 10
tional apparatus and an el ectrodialyser. A reaction schene of the present
production process (C) is illustrated as B8l Fows, when the conpound shown
by RCN, wherein R has the sane neaning as above is enployed as a typical
exanple of the nitrile conpound. 15 [err] 20 25 - 29 - Fig. 3is a
production schene (flow chart) iIIus-_trating an enbodi nent of the
producti on prooevdery) eranndag: dparticwiateiloRr Phbepr 6688s gyl &F the

present invention is nowillustrated with referring to Fig. 3.

Hydration step™@¥ BAEChPEr OGRSt ephea SRtEHBE ESﬁpBEﬁB gﬁoﬁﬁeayaﬁhg
formula RCN ) wherein R has the same neaning as above, is hy- drated
in the presenc§l ¥ ﬁﬁﬁ@&ﬂ§§e oxi de catalyst to 10 forma correspondi ng

am de conpound (Il?j S&?%e E'n !

5 A reaction mixture containing an amide compound
(II) produced in the hydration step may be subjected to
the amide extracting step to extract the amide compound
(II) with an organic solvent, where necessary.

In the amide extracting step (iv) in the embodi-

10 ment shown in Fig. 3, a reaction mixture containing an
amide compound produced in the hydration step (i) is
supplied from a hydration reaction mixture supply line
22 to an extractor, and is extracted with an organic
solvent supplied through an organic solvent supply line

15 32. As the organic solvent, an organic solvent con-
tained in an organic layer (phase) obtained in the
under-mentioned water layer separating step (v) can be
employed. The obtained organic layer containing the
amide compound is supplied from an amide mixture supply

20 line 23 to the hydrolysis step (ii), and the water layer
is recycled through a water recycle line 31 to the
hydration step (i).

As examples of the organic solvent, there may be
mentioned conventional hydrophobic organic solvents such

25 as alcohols, ketones, aldehydes, esters, ethers,
hydrocarbons, halogenated hydrocarbons and the like.

The alcohol includes, for instance, aliphatic



manganese oxide is used in this process, this process does not by-produce a
reaction product derived fromthe nitrile conpound, which is different from
a process with the use of sulfuric acid as a catalyst. Accordingly, it 15
i's not necessary to discharge a |arge quantity of by- products, and
conplicated steps for regeneration of the38atalyst are not required.
According to an enbodiment as illustrated in Fig. 3, in the hydration step
(i), areactor is respectively 20 charged with a nitrile conpound from a
nitrile supply line 21, and water froma water supply line 39, and
hydrati on reactilophpdscaechetiayingi # oiempresearbon atrlsgarddEYSLice

catal yst. Meanwhile, a water-phase of an am de extracting step (iv)
described her eaficehoisy epeh2baviagpfl P&dMeEer RETPERC BSP™Ehr §85h 34X Wat er
recycle line (water recycle line) 31. The_species of tge nan%anese oxi de

used as the matig aleghelpseacsd REYIRG: TcOFy MOFfi F8FPARd A HBEe nad¥ing
bref orabl y bo. §8dLSaDR tHimGe oHELe TGRS 1 JOAS SEYCEnBRTEE Mo err]
R I A

each having about 4 to 12 carbon atoms (preferably about

4 to 9 carbon atoms), such as l-butanol, 2-butanol,

isobutyl alcohol and other Cs4 alcohols; l-pentanol,

isoamyl alcohol, tert-amyl alcohol, 2-pentanol and other

10 Cs alcohols; l-hexanol, 2-methyl-l-pentanol, 3-methyl-
l-pentanol, 2,2-dimethyl-1l-butanol, 2-ethyl-1-butanol,
4-ethyl-1-pentanol, 2-hexanol, 3-hexanol, 3-methyl-
2-pentanol, 2,3-dimethyl-2-butanol, 2-methyl-3-pentanol,
3-methyl-3-pentanol, 4-methyl-2-pentanol, 2-methyl-

15 2-pentanol and other Cs alcohols; n-heptyl alcohol,
2-methyl-1-hexyl alcohol, 3-methyl-1l-hexyl alcohol,
4-methyl-1l-hexyl alcohol, 5-methyl-l-hexyl alcohol, 2-
ethyl-1-pentanol, 3-ethyl-l-pentanol, 2,2-
dimethyl-1l-pentanol, 3,3-dimethyl-l-pentanol,

20 4,4-dimethyl-1-pentanol, 2,3-dimethyl-l-pentanol,
2,4-dimethyl-1-pentanol, 3,4-dimethyl-l-pentanol and
other C7 alcohols; l-octanol, 2-methyl-l-heptanol,
3-methyl-1l-heptanol, 4-methyl-l-heptanol, 5-methyl-
1-heptanol, 2-octanol, 3-octanol, 4-octanol, 2-methyl-

25 2-heptanol, 3-methyl-2-heptanol, 4-methyl-2-heptanol,
5-methyl-2-heptanol, 6-methyl-2-heptanol, 2-methyl-

3-heptanol, 3-methyl-3-heptanol and other Cg alcohols;



i nstance. Typically preferred manganese oxi de includes a nanganese di oxide
having a [err]-structure. The nanganese dioxide with a [err]-structure may
be 10 prepared by, for exanple, reducing a manganese conpound w th hepta
(7) valent in a neutral to al kal escent condi- tion at a reaction
tenperature of about 20 to 100[err]C [see3% -Anorg. Allg. Chem, 309,
p10-14 (1961)]. For the purpose of enhancing the reaction rate, 15

sel ectivity of the objective substance and catalyst life (catalyst cycle)
in the hydration step (i), a netallic sinple substance or conpound

contai ni ng G oamd & -aloaemels ape §thra Cg adCePIsE oup 11a el enents (e.g.

My, Ca, Ba, etc.), Goup Ilb elenments (e.g._Zn . up. 20. | Va_el t
Eg- 3 \Z/r ’ etet(::cj ) br GI)t her ijaeE,Lh of e\s/\hatléuﬁ[ ’ g'e][c‘c%()?lt %%Vgﬁ*%/a‘* gﬁr:r@oﬁf% Sf
.g. V, : : i C ro is o r.iodi
\I/Evla'?;ar n:egttshenﬁgaﬁﬁﬁ‘zé&ofl?gé‘tnl‘?)&ﬁ‘qﬁ tc1¥5 f%q%ﬁgﬁésgyggﬁ) ?%a?%g %rrrlo-&ﬁnt em?
step .(1).418 '
the nitrile co d2 Ycﬁé‘é’s é)r’llm : er?lﬂ%re H(ag’%g%ng%g&ft %t g%t?&tng(l) g: Zs;)],c

o el a0 RAERRHET, hP hls Mkhh $8, 7 o b 15

reaction SnDOtméEbdﬁ atoms includes, for instance, benzyl alcohol and
other aromatic alcohols each having about 7 to 12 carbon
atoms.

As the ketone, there may be exemplified with

10 methyl ethyl ketone, diethyl ketone, methyl propyl
ketone, methyl isopropyl ketone, methyl butyl ketone,
methyl 1-methylpropyl ketone, methyl 2-methylpropyl
ketone, ethyl propyl ketone and other ketones each
having 4 or more carbon atoms (e.g. about 4 to 12 carbon

15 atoms, and preferably about 4 to 9 carbon atoms).

The aldehyde includes, for example, butyraldehyde,
valeraldehyde, benzaldehyde and other aldehydes each
having 4 or more carbon atoms (e.g. about 4 to 12 carbon
atoms, and preferably about 4 to 9 carbon atoms).

20 Examples of the ester include, ethyl acetate,
propyl acetate, isopropyl acetate, butyl acetate, pentyl
acetate, methyl propionate, ethyl propionate, ethyl
butyrate, ethyl valerate and other esters each having 2
or more carbon atoms (e.g. about 2 to 12 carbon atoms,

25 preferably about 2 to 9 carbon atoms).

As the ether, there may be mentioned ethyl ether,

propyl ether, isopropyl ether, butyl ether, isobutyl



wat er - sol ubl e organi c sol vent such as acetone and ot her

as a liquid phase at the reaction tenpera- ture, and for

ket ones; nethanol ,
et hanol and ot her al cohols; and 5 di met hoxyet hane, tetrahydrofuran,

di oxane and other ethers nay be added to the reaction system The reaction
may usually conducted at a tenpera- ture of about 20 to 150[err]C, and
preferably about 30 to 120[err]C. Wien the3¥eaction tenperature is |ower
than 10 20[err]C, the reaction tine is apt to be prolonged, and when it
exceeds 150[err]C, a side reaction such as dehydro- gencyani de reaction is
pronoted so that a yield is |iable to be sacrificed. The reaction pressure
may be any of pRERRTIranGsOther Rthewrs reaeli BAVEYSt PEARCHR 9ZTLORR| nt ai ned

e

, xanple is about 1
to 20 atm and REPBFale¥y 2BRE 4 tQ 4D %?ﬁ?oﬁh%t?@%ct?¥ﬁ¢%€£55¥a%??%%lIy

be carried out ft an al%ﬁ§$her%$ggtss,géginT e reaction tinme depends on a
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reaction manner® t2att?

manganese oxi de cata&xgtBgéfggggg?%a§58%ﬁdesof ? Qﬁgpﬁgefﬁggregg?ron

word, but generally is~a ours. "Regar
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fluidized or ot her nethod, and by C
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SEPREFes and/or anpbunt of the

g%cribed in a

e ten

system or f1ow sysd ey JiSpeleRte OfcFOIbh AR | 80 Otidie £AIQyBici s not

critical and the catalyst may be
hydrocarbons; and benzene, toluene, xylen

e,

ethylbenzene

and other aromatic hydrocarbons. Examples of the

halogenated hydrocarbon include methylene chloride,

10 chloroform, carbon tetrachloride, dichloroethylene,

chlorobenzene and so on.

These organic solvents can be used singly or in

combination.

Preferred example of the organic solvent includes

15 alcohols, ketones, aldehydes, esters, ethers and the

like, and alcohols or ketones each having 4 or more

carbon atoms (e.g. about 4 to 12 carbon atoms) are more

desirable.

As the organic solvent used for extraction, use

20

25

can also be made of an organic solvent obtained in the
below-mentioned carboxylic acid recovering step (viii)
or an unused (unrecycled) organic solvent in addition
to, or in lieu of the organic solvent obtained in the
water layer separating step (v).

The extraction may be effected in a conventional
manner, such as by adding an organic solvent to a reac-

tion mixture obtained in the above-mentioned hydration



- 32 - powdery, granular (particulate) or other form and it may al so be
nol ded. The catal yst can also be used as a slurry catalyst. Am de
extracting step 5 A reaction mxture containing an am de conpound
(I'l) produced in the hydration step may be subjected to the am de
extracting step to extract the am de compdéind (I11) with an organic sol vent,
where necessary. In the am de extracting step (iv) in the enbodi- 10 ment
shown in Fig. 3, a reaction mxture containing an am de conpound produced
in the hydration step (i) is supplied froma hydration reaction mxture
supply |ine 22st&Panagf: PA&dHg, oanghrkiag: thet £§SHLLRE&nMdX§HRPe sol vent
supplied through an organic solvent supply line 15 32. As the organic
sol vent, an or%gﬁﬂ€a§&VV§Hﬁakéﬁg~ta?ﬁ@deﬁﬁréﬁt&Pgaﬁﬁe Py EPTANRASE) 10
obtained in the_under-nentiogned water |ayer separating.ste (vg an be

enpl oyed. The BBLAPAYETORPYSAFE Phy LR tCHnEXFHENy CFnE R AE BB S

supplied from am _de m xture supply 20 lLine 2 0 rolysi,s step
e T S i L e

(ii), and the ecyc through—a r recycle to

the hydrathon ghiln(iu ﬁ?%a X3 8S BhpblSnd 038! §sSgliealaphbcig MY be

menti oned conventiona rophobic organi c sol vents 5 as al cohals,
ketones, al dehyd@so88h§" Sepdid®eSand recover the manganese oxide by,

for example, filtration. The recovered manganese oxide
can be reutilized in the hydration step.
An organic layer (phase) obtainable in the amide

10 extracting step (v) is, as such or as suitably adjusted
in terms of the concentration, supplied to a hydrolysis
step (ii). Even when the amide compound is supplied to
the hydrolysis step (ii) together with the organic
solvent, a salt of a carboxylic acid produced by hy-

15 drolysis passes into a water layer so that the organic
solvent can easily be separated from the salt of a
carboxylic acid. Further, hydrolysis in the presence of
an organic solvent practically results in smooth
proceeding of the reaction and hence in a production of

20 the salt of a carboxylic acid with a high yield.
Accordingly, the organic solvent and the amide compound
may be supplied to the hydrolysis step (ii) together
with each other without separation, while the amide
compound may also be separated from the organic layer to

25 supply to the hydrolysis step (ii).

A water layer (phase) obtainable in the amide

extracting step (iv) can be reutilized by recovering the



hydr ocar bons, hal ogenated hydrocarbons and the |ike. The al cohol includes,
for instance, aliphatic - 33 - alcohols each having 4 or nore carbon
atons, alicyclic al cohols each having 4 or nore carbon atons, and aro-
mati c al cohols each having 7 or nore carbon atons. As the aliphatic al cohol
having 4 or nore carbon atons, 5 t here Ady-be nentioned for exanple

al i phatic al cohols each having about 4 to 12 carbon atons (preferably about
4 to 9 carbon atons), such as 1-butanol, 2-butanol, isobutyl alcohol and
other C4 alcohols; 1-pentanol, isoanyl alcohol, tert anyl al cohol,
2-pentanol and semeertol dhe HySiTat inc GHeRs  (1)-he Fardihera. ikt Ayl POSSERLENO! |
3-net hyl - 1-pentanol, 2,2-dinethyl-1-butanal, 2-ethyl-1-butanol,

4- et hyl - 1- pentéﬁbFeCZCH@xéﬁﬂs waltedy dRgleT Fondihgy PElovsaeniigned

2, 3-di net hyl - 2- butanol net hy pent naol pent.anqQ

met hyl - 2- penthé(t‘?éflo Yf%’?‘eﬁmp (fbl% g‘rﬁ &F&%lgﬁg%tshé" érlrl]l)al <S8 s:
hept yl al cohol thyl - 1- I hyl I hoI
nmet hyl - 1- hexﬂ tglrcgf?gle\é an y‘;lo% ex% al%cd%:dél %n?l Q7%h lfa %ent anol
et hyl - 1- pent I t I%%_rata : t anol , 20
4- di met h?/’l lwégﬁirano%erd 1%‘?&{1@ h?? peil(r?t <3(1ir(13c:%|'s3 B , 4-di rretlhyl ?I pent anol
4-di met hyl - 1o ey Rl S as ammonium hydrogensulfate being

different from a process using sulfuric acid as a

4-
n-
4-
3-
4
3

catalyst. Therefore, it does not cause environment
destruction.

10 The reaction mixture obtainable in the hydration
step (i) may be supplied to the hydrolysis step (ii)
without subjecting to the amide extracting step (iv).

Hydrolysis step
In the hydrolysis step, the amide compound (II)

15 formed in the hydration step is hydrolyzed in the
presence of a base B to produce a corresponding salt
(ITI) of a carboxylic acid and the base, and ammonia.
Since a base is used as a hydrolyzing catalyst, the
nitrogen atom of the amide compound, and in its turn,

20 the nitrogen atom of the nitrile compound can be recov-
ered as ammonia. Such advantages can clearly be dif-
ferentiated from a process employing sulfuric acid as a
catalyst.

In the hydrolysis step (ii) of the embodiment as

25 illustrated in Fig. 3,.an amide compound from an amide
mixture supply line 23, and a base and water from a

base-water supply line 42 are respectively supplied to a



other Cferr] al cohols; 1-octanol, 2-nethyl-1-heptanol, 3-nethyl-1-heptanol,
4- met hyl - 1- hept anol, 5-nethyl - 1-heptanol, 2-octanol, 3-octanol, 4-octanol,
2-met hyl - 25 2- hept anol , 3-nethyl -2-heptanol, 4-nmethyl-2-heptanol,

5- met hyl - 2- hept anol, 6-net hyl - 2- hept anol, 2-net hyl - 3-heptanol,

3- et hyl - 3- hept anol and other C8 al cohoks38 - - 34 - and 1-nonanol and
other C[err] alcohols. Exanples of the alicyclic alcohol having 4 or nore
carbon atons include cycl opentanol, cyclohexanol and other alicyclic

al cohol s each having about 4 to 12 5 carbon atons. The aromatic al cohol
having 7 or noreac&pbofocarorsuchchydeslysds rRSCAAS8:- benzyl al cohol and

ot her aromatic al cohols each having about 7 to 12 carbon atong. As the
ketone, there may b&hex&afie Mast B twlﬁ’evﬁt%la%tmr%%@astﬁ étthy|

ket one, methyl propyl ketone, methyl isopropyl ketone,. nmethyl butyl ketone,
met hyl 1- met hyPBE8PYE R&SEne, Afef %Pﬁggﬁ§¥ﬁr SfF'kgpgﬁg,%g?héprropyl

o 12 carbon 18ent30BRG £2qSPRRAFaRry ASRLC T 8 G e arBal o BHETOkT,

ngeg¥ﬂgri§fggd éésggégﬁéggﬁJ%ydg%EX%%LdQQXH%iuﬁa%@%ﬁ%@ﬁ%ﬁqeCaQQQ%ﬁJdehyde
hydroxide and other alkali metal hydroxides; sodium
carbonate, potassium carbonate and other alkali metal
carbonates; sodium hydrogencarbonate, potassium hydro-
gencarbonate and other alkali metal hydrogencarbonates;

10 magnesium hydroxide, calcium hydroxide and other alka-
line earth metal hydroxides; and magnesium carbonate,
calcium carbonate and other alkaline earth metal car-
bonates.

Examples of the organic base include triethyla-

15 mine, tripropylamine, tributylamine and other mono-, di-
or tri-alkylamines; piperazine, piperidine, N-methyl-
piperidine, morpholine and other cyclic amines; ethanol-
amine, triethanolamine and other alkanolamines; pyridine
and other basic nitrogen-containing heterocyclic

20 compounds. The base may preferably be a water-soluble
base, because the electrodialysis step (iii) is carried
out in the presence of water wherein a salt of a
carboxylic acid produced in the hydrolysis step (ii) is
separated into a carboxylic acid and a base.

25 Preferred base includes, for instance, alkali
metal hydroxides (e.g. sodium hydroxide, potassium

hydroxide, etc.) and alkali metal carbonates (e.g.



having 4 or nore carbon atons (e.g. about 4 to 12 carbon atons, and
preferably about 4 to 9 carbon atons). 20 Exanpl es of the ester

i nclude, ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate,
pentyl acetate, nethyl propionate, ethyl propionate, ethyl butyrate, ethyl
val erate and ot her esters each having 2-oB%more carbon atons (e.g. about 2
to 12 carbon atons, 25 preferably about 2 to 9 carbon atons). As the
ether, there may be nentioned ethyl ether, propyl ether, isopropyl ether,
butyl ether, isobutyl - 35 - ether and other ethers each having 4 or
nore carbon at 6RE1EBR garkesdites PetassdyphsRTROSREE peEfedabl PMaBSUt 2 to 9
carbon atons), for instance, The hydrocarbon include, faqr exanple, _pentane,
5 hexane, hept&fe, SQELYe RYFFOFiHE: ROLIFSLIR RyGro¥ife pofsthe like

cycl opent ane, cxclo exane and gth%r ali%gclképry%rocarbons; and benzene,
tol uene, xyl en§3ePRYPREATERESANG PEt HEP A AS e PRAYEr ocar bons. Exanpl es of

t he hal ogenat ed hydrs%ccg,llr (th(za[nsésnc qlf}geoe”eénp%llrﬁeﬂeed Ci@cﬁa?e%%enﬁ:qgo o%hlior of orm

carbon tetrachl oride, oroet nylene; robenzene an on*These

organi ¢ SOEVG”E%mBQHaQﬁoHSGdF%E“%hﬁaﬂ%ih@ %ﬂng%%EEQ%n rate, the pKa

value of the base may for example be not less than 6

(e.g. about 6 to 30), preferably not less than 9 (e.g.

about 9 to 20) and more preferably about 14 to 18.
The proportion of the base is, for example, not

10 less than 0.5 gram equivalent, preferably about 1 to 5
gram equivalents and more preferably about 1.02 to 2
gram equivalents per mole of the amide compound. When
the proportion of the base is less than 0.5 gram
equivalent, it is liable that unreacted amide compound

15 remains in large quantity and hence complicated opera-
tions such as a recovering operation are required. In
contrast, the use of the base in an amount exceeding 5
gram equivalents is apt to cause economical disadvan-
tages.

20 The concentration of the base in the reaction
system is, for example, not less than 0.1 N (normal)
(e.g. about 0.1 to 5 N), and preferably about 0.2 to 3 N
(e.g. about 0.5 to 3 N). When the concentration of the
base is less than 0.1 N, not only the reaction rate is

25 decreased but also a reaction volume required for
obtaining a certain amount of a carboxylic acid is

increased so that the productivity is apt to be sacri-



Preferred exanple of the organic solvent includes 15 al cohol s, ket ones,

al dehydes, esters, ethers and the |like, and al cohols or ketones each having
4 or nore carbon atons (e.g. about 4 to 12 carbon atons) are nore
desirable. As the organic solvent used for extraction, use 20 can al so be
made of an organi c sol vent obtained in th& bel ow nmentioned carboxylic acid
recovering step (viii) or an unused (unrecycled) organic solvent in
addition to, or in lieu of the organic solvent obtained in the water |ayer

separating step (v). 25 The extraction may be effected in a
conventional nfhfAed; such as by adding an organic solvent to a reac- tion
m xture obtai ned in the above-nentioned hydration - - Ste

m xi ng or shaki ng t A& ﬁ@@uPKQHP%M%Hﬁu%§ePt%ﬂﬂdalW@t§§é&ﬁ|H§ua%H Bf?ﬁactlon
can be conducted in whi chever system of  bat sten1 r continuqus_system
Waen t he react?Bnaﬁ1?FﬁP§508W93¥ nh@tﬁﬁﬁggﬂeg €oR4ee comRﬂFBﬁ" né

he mingancse. BRPGBIBYN 8#"%5%%% of 1B, PEBF s kS chdrLARR RARLC

t he manganese I on € récovere manganese

oxi de can De I eubbibzed b gﬁsu'eygr%' 8B0Sh8ResiNaREIBRLECL YRy LBBAEE)

obt ai nabl e”i n
not less than 1.5 mole (e.g. about 1.5 to 300 moles),

relative to 1 mole of the amide compound.
The reaction may generally be conducted at 20 to

150°C, and preferably at 30 to 120°C. If the reaction

10 is effected at a temperature of lower than 20°C, the
reaction time is liable to be prolonged, and when the
reaction temperature exceeds 150°C, a side reaction is
occasionally proceeded and hence the yield 1is decreased.
The reaction pressure may only be a pressure by which

15 the reaction system is kept in a liquid phase at a
reaction temperature, and is for example about 1 to 20
atm and preferably about 1 to 10 atm. The reaction may
practically be effected at atmospheric pressure. The
reaction time is not exemplified in a word since it

20 depends on the species or amount of the base to be used,
the reaction temperature and other reaction conditions,
and the reaction may generally be conducted for about
0.1 to 10 hours. The reaction can be effected in either
of batch system or continuous system.

25 A base and water recovered in the below-described
electrodialysis step (iii) and/or carboxylic acid

extracting step can efficiently be reutilized as the



10 extracting step (v) is, as such or as suitably adjusted in terns of
the concentration, supplied to a hydrolysis step (ii). Even when the am de
conmpound is supplied to the hydrolysis step (ii) together with the organic
solvent, a salt of a carboxylic acid produced by hy- 15 drol ysis passes
into a water layer so that the organic sofkent can easily be separated from
the salt of a carboxylic acid. Further, hydrolysis in the presence of an
organi c solvent practically results in snooth proceeding of the reaction
and hence in a production of 20 the salt of a_carboxylic acid wth a high
yi el d. Accor di bgisg ande vaitganite 61 us8d dRd tige DY@ YESFpSERF EARY be
supplied to the hydrolysis step (ii) taogether wth each other w.thout

lseparatiog,5 whfm§tfﬁ§'aﬁﬁgésﬁéjﬁSFP&S 19 &8 H&VeLFa L BRPFPEIIERE 6Pgani c
ayer to su o the I ' t ). A I h

obt ai nabl e iE %gﬁi ésngFé§ F%§y3?§6%f$3Tg§%%OEéa$§%§%|P?§§5€§p ase)
recovering the - 3 - _sSa t t I I her,, +ht, |
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(ii) or electraqdi iSi.s step (iii). The water |ayer can al so be discharged,
and even is h%%é%fﬁab'er | ayer is discharged, it does not contain by-

ratin

A reaction mixture obtainable in the hydrolysis
step is, when necessary, subjected to a water layer
separating step. Separation of the water layer may be

10 conducted by, for example, a method which comprises
separating the reaction mixture obtained in the hydro-
lyzing step into an organic layer (organic phase) and a
water layer (water phase). This step is useful when the
reaction mixture obtained in the hydrolysis step

15 contains an organic solvent. By way of an example, when
the amide compound is supplied to the hydrolysis step
together with an organic solvent used as an extractant
in the amide extracting step, the reaction mixture
obtainable in the hydrolysis step contains the organic

20 solvent. Such organic solvent can easily and readily be
recovered in the water layer separating step.

In the embodiment shown in Fig. 3, a reaction
mixture produced in the hydrolysis step (ii) is supplied
to a separator (separating apparatus) through a hydro-

25 lysis reaction mixture supply line 24 to separate the
same into an organic layer containing an organic

solvent, and a water layer containing a salt of a



products such as anmoni um hydrogensul fate, being different froma process
using sulfuric acid as a catalyst. Therefore, it does not cause environnent
destruction. 10 The reaction m xture obtainable in the hydration
step (i) may be supplied to the hydrolysis step (ii) w thout subjecting to
the ami de extracting step (iv). Hydrolysi42step In the hydrolysis step, the
am de conpound (I1) 15 formed in the hydration step is hydrolyzed in the
presence of a base B to produce a corresponding salt (lI11) of a carboxylic
acid and the base, and ammonia. Since a base is used as a hydrol yzing
catal yst, the RPEPOFIHLS &HGk apfe 2aBMOAdaconpound, and in its turn, 20
the nitrogen atomof_the nitrjile conpound can be recov- ered _as gnmoni a.
e &

Such advant ages can CledY9PHE SR FHG Sh T &Y 1%Yi ng

sulfuric acid as_a.catalyst. In _the hydrolysis ep (4 i f the. enbodi nent
2e 26" i TV ust ParBdt komEsest 5 B 58 BerReta s ak Sl SRR e

fggpl y line 23, i% RAIS A _s‘(@gﬁ_& h5QM 3 0age wat %E{t%%@@la)ﬁtl ipechg are
pectively supplied to'a react or ‘'t o conduct hydrolysis
reaction. g amide extracting step (iv). The organic layer can also
be used as an extractant in the below-mentioned carbox-
vlic acid extracting step (vii). On the other hand, the
water layer is supplied via a carboxylate mixture supply
line 25 to an ammonia recovering line (vi).

10 Incidentally, the reaction mixture obtainable in
the hydrolysis step (ii) may be supplied, without being
subjected to the water layer separating step (v), to the
ammonia recovering step (v) or electrodialysis step
(iii).

15 Ammonia recovering step

The water layer obtainable in the above water
layer separating step is subjected to an ammonia recov-
ering step, as necessary, to recover ammonia from the
water layer. The recovery of ammonia can be carried out

20 .by, for instance, a process of stripping with the use of
an inert gas, a process of vaporizing a dissolved
ammonia by heating or other techniques.

In the ammonia recovering step (iv) of the embodi-
ment illustrated in Fig. 3, ammonia dissolved in a water

25 layer of the water layer separating step (v) which is
supplied through the carboxylate mixture supply line 25

is stripped using an inert gas supplied from an inert



The base may be whi chever of an inorganic base or organic base. As such

i norgani ¢ base, there may be nentioned for exanple |ithium hydroxide,
sodi um hydrox- 5 i de, potassi um hydroxi de, rubidium hydroxi de, caesium
hydr oxi de and ot her al kali netal hydroxides; sodi um carbonate, potassium
carbonate and ot her al kali netal carbonat é8; -sodi um hydr ogencar bonat e,

pot assi um hydro- gencarbonate and other al kali netal hydrogencarbonates; 10
magnesi um hydr oxi de, cal ci um hydroxi de and ot her alka- |ine earth netal
hydr oxi des; and magnesi um carbonate, cal ci um carbonate and ot her al kaline
earth metal calGashSHRPEY. lE%&néﬂesa§ﬂ BREosigadisc TBgoF TR @@edtri et hyl a-
15 m ne, tripropylamne, tributylam ne and other nono-, di- or
trl-alkylanlne§aS&PH§r@2¥ﬁ€reppﬁéﬁﬁépﬁég GheedRert ﬁﬁﬁeﬁpéiﬁ@moﬁéﬁpﬁéﬁlne
and other cyclic am nes; ethanol- am.ne, trieth nolanlne and ot

al kanol ami nes; aﬁyPﬂﬂpﬁéaaﬁ&°8yﬁ§9n§aéﬁeenPProgg ec dRELth9RG H@F&Pgﬁfcllc 20

conpounds. Th base ma pref%rabl % wat er-sol ubl e base, because the
el ectrodi al ysi °§}§§aﬁP e “ER9 ed Sgﬁuﬂh Fﬁ€°8re§€ﬁ Su5H \G&E %inherein

a salt of g carg%§xllc %ogr §H§% d%n Bﬁes@y309k%§'s %e ool grkz

separat ed Into a car oxy C acl ase erre

i ncludes, for hﬁﬁbﬂﬁﬁema§'b@'bf%%h%bdh%QrQh&dﬁinﬁ%rgsu%%db%”bh%@&%h‘de
pota55|un1hydrOX|de etc.’) and al kali netal “carbonates (e.g.

system or contlnuous system.
The recovered ammonia can be utilized as a raw
material (reactant) for production of a cyano compound

10 such as hydrogen cyanide, where such cyano compound is
used as a raw material (reactant) for the nitrile
compound. In other words, the ammonia can be reutilized
as a nitrogen source for production of the nitrile
compound. By way of illustration, hydrogen cyanide can

15 be prepared from ammonia, methanocl and carbon monoxide
according to the following scheme (cC).

CH30H + CO —> HCOOCH3
HCOOCH3 + NH3z — HCONH: + H20
HCONHz — HCN + H20 (c)

20 The hydrogen cyanide may also be prepared from
ammonia, methane and oxygen according to the following
scheme (d4d).

2NH3 + 2CH4 + 302 — 2HCN + 6H20 (d4)
A nitrile compound (I) can readily be prepared by

25 allowing the hydrogen cyanide to react with other
material compound A (e.g. a ketone, an aldehyde, an

epoxy (epoxide).



- 39 - sodium carbonate, potassium carbonate, etc.). Anong them sodium
hydr oxi de, potassium hydroxide and the |ike can advantageously be used as
t he base. Such bases nay be enpl oyed i ndependently or in 5 conbi nat i on.
For enhancing the reaction rate, the pKa value of the base may for exanple
be not less than 6 (e.g. about 6 to 30); f#feferably not less than 9 (e.qg.
about 9 to 20) and nore preferably about 14 to 18. The proportion of the
base is, for exanple, not 10 | ess than 0.5 gram equival ent, preferably
about 1 to 5 gram equivalents and nore preferably about 1.02 to 2 gram
equi val ents per nol d&hsin tamnandiadd sc GHFdRPRED WidH tHhe psspaft MSThE& he base
is less than 0.5 gramequivalent, it is liable that unreacted am de
conpound 15 R&mBPndneRtl g2§e ijuihei RMeRAahERCQVEEABSi S4B (8pédradti ons
such as a recovering gperation are required. .In contrg?lté th§ use af. _the
base in an anpQRtadREeFPRGOHSyPARLEEG FAPEALLIPS BFLDPES81Ee ABTERGR ca
di sadvan- tages. 2 . Eh concentration of t se . Lgaction
systemi s, forcéﬁagﬁléPpﬁ&ﬁe egg %H nPHOLH %688r95p%e?§.§f §B§3§98.1 to 5
N), and preferably.about 0 2.t0.3 N.(e. g % ut &3620%eN) amBial at Ren
concentratgon Sﬂaﬁﬁ ebgéggpsb eggetﬁ%negelq ?'not only thé reaction rate is
be reutilized or recycled with a high efficiency in a
simple and easy manner.
The water layer separating step (v) and the ammo-
nia recovering step (vi) may also be effected in the
10 reverse order. Namely, it is possible that the reaction
mixture obtained in the hydrolysis step (ii) is supplied
to the ammonia recovering step (vi) to recover ammonia
by stripping or other technique, and a resultant mixture
containing a salt of a carboxylic acid, from which
15 ammonia has been recovered, is supplied to the water
layer separating step (v) to separate an organic layer
containing an organic solvent from a water layer
containing the salt of carboxylic acid. In such a case,
the organic layer can be recycled to the amide extract-
20 ing step (iv) or other steps, and the water layer can be
supplied to the electrodialysis step (iii).
Further, ammonia formed in the hydrolysis step
(ii) may not necessarily be recovered, and the reaction
mixture in the hydrolysis step may be supplied to the
25 electrodialysis step (iii), if necessary after subjected

to the water layer separating step (v).

Electrodialysis step



25 decreased but also a reaction volune required for obtaining a certain
anount of a carboxylic acid is increased so that the productivity is apt to
be sacri - - 40 - f iced. In the hydrolysis step (ii), water is usually
used in an excess anmount relative to the am de conpound, and the anmount of
the water is, for instance, not less than49 - 1 nole (e.g. about 1 to 500
nol es) and preferably about not less than 1.5 nole (e.g. about 1.5 to 300
noles), relative to 1 nole of the am de conpound. The reaction nay
general ly be conducted at 20 to 150[err]C, and preferably at 30 to
120[err]C. If the rebetihm abpctredigk et SRl a 3 ekl atthe AL 1dver than

20[err]C, the reaction tine is |iable to he prolonged, and _when the
reaction tenpeCRoEYddCeafdd f6Faed én & (?émrvgag’ty;édfﬁqiyfl&é Porddl | y

proceeded and hence th leld is decreased., ,The reaction _pressur.e mmay only
Wcétﬁ%l%o e(tlr?é:%rré% aﬁé’r? lssysttoeEiform Keptohim Si)q%tgl%gd phase

be a pressure By mis | iquil

at a reaction t%ri%%r)%t re’ath'hd_ltihl%)f %rn%egargys% quout 1 to 20 atm and
t atm e [

preferably abodt reaction may practically be effected at

at mospher i  pressur nJﬂ‘Per{@@fi}}PthﬂBréé;f)é’@E €O ihd Gthn {s@, Word since
it 20 depends on the species ‘or anount of the base to be used,
apparatus, reaction conditions and others of the elec-
trodialysis, the description in the explanation of the
processes (A) and (B) can be referred to.
The concentration of a salt of a carboxylic acid

10 in the electrodialysis may be selected from a range not
adversely affecting the electrodialysis, and usually is
about 0.1 to 5 normal. The electrodialysis can be
effected in whichever of a batch system or continuous
system.

15 According to the embodiment illustrated in Fig. 3,
electrodialysis is conducted in the electrodialysis step
(iii) in such a manner that a mixture containing a salt
of carboxylic acid (III) and water produced in the
hydrolysis step (ii) through a carboxylate mixture

20 supply line 26, and water through a water supply line 40
to an electrodialyser equipped with an ion exchange
membrane or others.

By effecting the electrodialysis step (iii), a
corresponding carboxylic acid and base are formed from

25 the carboxylic acid salt, and thus separated into a
mixture containing the carboxylic acid and water, and a

mixture containing the base and water. The formed



the reaction tenperature and other reaction conditions, and the reaction
may generally be conducted for about 0.1 to 10 hours. The reaction can be
effected in either of batch systemor continuous system 25 A base
and water recovered in the bel ow described electrodialysis step (iii)

and/ or carboxylic acid extracting step cadbefficiently be reutilized as the
-41- base and water to be used in the hydrolysis reaction. Further, it is
al so possible to devote or appropriate an unused base or water to the whole
or a part of the required anount of the base or water to be used inthe 5
reaction. Watemixfpge sepdrdming fhep camRoietich afda @nd d‘& 1?wi‘b'ﬁ'e in the
hydrolysis step is, when necessary, subjected to a mater er aratlng
step. Separati JHETUGh@ \GATROHYAYSH FeLXITe IS 'exarrpl e,

ﬁ getho? mhlchggé%Prlseihsepar tlng g?g?{eactlon qbﬁ’%%%‘ Vﬁb é?iﬁb
ydr o- YZ1 ng a yer
e pr P orvel & il parpdhy US%fl%tu%e@utaA;ﬁg S oA Nl Wgry&g&aégf% n

t he hydrol ysis ohtai ng an org

exanpl e, when the aéme%etxfo%qmg SEHPRE 89 1o e it ie/ YontdiPing

the carboxylic acid and water may occasionally contain
an undecomposed salt of carboxylic acid according to a
condition of the electrodialysis.
The mixture containing the base and water obtained
10 in the electrodialysis step can be recovered from a
base-water recovering line 33. The recovered base can
be reutilized as a catalyst by recycling the same to the
hydrolysis step (ii).
A part of a feeding mixture (a mixture from the
15 carboxylate mixture supply line 26 and the carboxylic
acid mixture recycling line 38) is supplied through a
carboxylic acid mixture supply line 27 to a carboxylic
acid extracting step (vii). The mixture containing the
carboxylic acid and water formed in the electrodialysis
20 step (iii) may be supplied directly to the carboxylic
acid extracting step (vii) without recycling to the
electrodialysis step (iii).
Carboxylic acid extracting step and carboxylic acid
recovering ste
25 A carboxylic acid formed in the electrodialysis
step can be recovered by, where necessary, subjecting to

a carboxylic acid extracting step and then to a carbox-



together with an organic solvent used as an extractant in the am de
extracting step, the reaction m xture obtainable in the hydrolysis step
contai ns the organic 20 solvent. Such organic solvent can easily and
readily be recovered in the water |ayer separating step. In the enbodi nent
shown in Fig. 3, a reaction mxture produt¢éd-in the hydrolysis step (ii) is
supplied to a separator (separating apparatus) through a hydro- 25 |l ysi s
reaction mxture supply line 24 to separate the same into an organic |ayer
containing an organic solvent, and a water |ayer containing a salt of a

- 42 - carboxy¥iécadrddaracanabanrd. S¥RB-organi c | ayer contains the organic
sol vent as a main conponent so as to be reutilized, througz t.he organic

sol vent supply | ine 132 thes Carboyyldct &S PHH@G L% MG Xtitdcing st ep
L) o, O OB Yt RSB B 2D, 8L AR, E0B 4P g,
e e ckasepie ARG 2R GSHE LIRS ERShC by |0 25 1o o
o L L, RGBS 2L 8ol (LT SRR othebe 9
carboxylic acid mixture supply line 27 to an extractor,
and the carboxylic acid is extracted with an organic
solvent supplied from an organic solvent supply line 37.
As the organic solvent, there may be mentioned
10 such organic solvents as described in the explanation of
the amide extracting step (vi), such as alcohols,
ketones, aldehydes, esters and ethers. Preferred
examples of the organic solvent include alcohols and
ketones each having 4 or more carbon atoms (e.g. about 4
15 to 12 carbon atoms). The extraction may be carried out
in a conventional manner.
The organic layer containing the carboxylic acid
and the organic solvent is supplied via a carboxylic
acid extract supply line 28 to the carboxylic acid
20 recovering step (viii). On the other hand, the water
layer is withdrawn from a water recovering line 36 and
hence can be recycled, together with a base-water
mixture containing a base of the base-water recovering
line 33, through a water supply line 41 to the electrod-
25 jalysis step (iii), and, through the base-water supply
line 42 to the hydrolysis step (ii).

In the carboxylic acid recovering step (viii), an



ammoni a recovering step (v) or electrodialysis step (iii). 15 Ammoni a
recovering step The water |ayer obtainable in the above water |ayer
separating step is subjected to an anmoni a recov- ering step, as necessary,
to recover amonia fromthe water |ayer. The recovery of ammonia can be
carried out 20 by, for instance, a procdss -of stripping with the use of
an inert gas, a process of vaporizing a dissolved ammonia by heating or

ot her techniques. In the amonia recovering step (iv) of the enbodi- nent
illustrated in Fig. 3, ammoni a dissolved in a water 25 | ayer of the water
| ayer separ ati ngrgsree (hdyeshiaintisisingpla ezhtboxyigie tdamid arbbyard ate m xture
supply line 25 is stripped using an inert gas supplied froman inert -
43 - gas suppl YHdaE@solsanty iped IrecdreralPvs arxherethis moddir e
containing the inert gas and anmmonia via an amoni a recqovering |line 35. The
inert gas incl fFEFAGONEEHAR d Vidik iy eiePard tatn inhqdhe & 1iGr bon 5
di oxi de, carbon npnpoxi de and so forth.. The recpovery .of ammonia nay be

ef fected by anPHehAd dheh I IS FH G &Xcﬁ%%’i%]tlfm sy<tem The

can .he utihized as a ra

r ver ni i i
ecover ed qmo & e dverBl from a carboxylic acid

cé%boxyllc aci
recovering line 29, and the organic solvent is recycled
through the organic solvent supply line 37 to the
carboxylic acid extracting step (vii) and hence is
reutilizable as an extractant. The recovered organic

10 solvent may also be employed as an extractant to be used
in the amide extracting step (iv).

The recovery and extraction of the carboxylic acid
may respectively be effected by any manner such as a
batch system or continuous system.

15 The carboxylic acid formed in the electrodialysis
step (iii) can also be separated and recovered by a
conventional separating technique effected to a mixture
containing a carboxylic acid and water, such as extrac-
tion, distillation, crystallization, recrystallization,

20 column chromatography or a suitable combination of these
techniques.

According to the processes (A) and (B) of the
present invention, a salt of a catalytic component
by-produced in a hydrolysis step of a nitrile compound

25 or an amide compound is decomposed to regenerate a cata-
lyst or ammonia and hence such catalyst or ammonia can

be reutilized or recycled to a production process of a



material (reactant) for production of a cyano conpound 10 such as
hydrogen:cyani de, where such cyano conpound is used as a raw nmateri al
(reactant) for the nitrile conpound. In other words, the amonia can be
reutilized as a nitrogen source for production of the nitrile conpound. By
way of illustration, hydrogen cyanide can485- be prepared from anmoni a,
nmet hanol and car bon nonoxi de according to the follow ng schene (c).
CHerr]OH + CO [err] HCOOCH err] HCOOCH err] + NH err] [err] HCONH err] +

Herr]O HCONH err] [err] HCN + Herr]O (c) 20 The
hydr ogen cyani (‘P@r}ﬁ’é’s?‘yé-llé“o 56-Gr egAreEE HAarem amesribexyiddich asd dasdnoxygen

di to the follow heme (d). 2NH err] + 2CHerr] + 3(err] [err]
gﬁ(c::l(zlr +I ga[ e?r] G%fﬁgﬂtl%vgr%%ﬂsqcé’%@&%@wd inOluddng a&FEOVE e ofr &b&red by 25

al 'owi ng the hydrogen .cyanide to react with other material conpound A (e.g.
a ket one, an a?é(?é:ﬁggg:,l%ﬁo&?@)&?"(teﬁ&io T Compopent .\\gdn ay FRERRE 3-s

Stripped with Wcise ol, WENA0E @5 A1 110SH, 998 S hs ammani e, Lecover | ng

step (vi), an obtai gaseous m xture con nia can

be supplied tothiae RradyehioRRRNeHR Q%nh%gﬁeﬁgpcatalyst or a basic

catalyst) and ammonia (or aqueous ammonia) can be formed
with high efficiency in a simple and easy manner to be
practically utilized in the production of a carboxylic
acid. Moreover, the processes insure reutilization of
10 the catalytic component and ammonia (or aqueous ammonia)
with a high efficiency and hence they are highly useful
for general purpose as a production process of a
carboxylic acid.
The process (C) of the present invention, in which
15 hydration of a nitrile compound using a manganese oxide
catalyst, hydrolysis of the produced amide compound with
the use of a basic catalyst, and electrodialysis of a
salt of a carboxylic acid are effected in combination,
does not produce such by-products as ammonium hydrogen-
20 sulfate. Further, the process provides recovery of
useful ammonia or catalyst in a simple and easy manner.
Moreover, it insures effective utilization of the
ammonia and the catalytic component.
The following examples are intended to illustrate
25 the present invention in more detail, but should by no

means limit the scope of the invention.



5 cyani de shown by the schene (d). Therefore, amonia can be reutilized
or recycled with a high efficiency in a sinple and easy manner. The water

| ayer separating step (v) and the anmp- nia recovering step (vi) may al so
be effected in the 10 reverse order. Nanely, it is possible that the
reaction mixture obtained in the hydrol ysP8 step (ii) is supplied to the
anmoni a recovering step (vi) to recover ammonia by stripping or other
technique, and a resultant m xture containing a salt of a carboxylic acid,
fromwhich 15 ammoni a has been recovered, is supplied to the water |ayer
separating step (v) to separate an or g&¥PNMPLESer contai ning an organic
solvent froma water |l ayer containing the salt of carboxylic acid. In such
a case, the orgaﬁﬁ?ﬂ can be recycled to the am de extract- 20 i ng

oL oR ) o oL R I IR RN RE AR 0 o the
oy oL Decessatyy Beed SERLE" Stho BTN SARIL AL Yt i Lhe
oo B & QRS Lrlel Jdi AR I ARIOrIRAR Bl oY HRoxkVkea 0.5
mole/hr. of isobutyraldehyde and 1 mole/hr. of ammonia
at an atmospheric pressure at 200°C. The produced gas
was cooled to give a condensate, and the condensate was
subjected to distillation to provide isobutyronitrile at
10 a rate of 0.49 mole/hr.
2. Production step of sodium isobutyrate
In a 1l-liter glass agitator, were heated 0.49
mole/hr. of isobutyronitrile and 270 ml/hr. of a 2 N
aqueous solution of sodium hydroxide at 80°C to give
15 ammonia gas. Further, the ammonia dissolved in the
reaction mixture was stripped by bubbling a nitrogen gas
into the reaction mixture. The ammonia gas formed in
the agitator and the stripped gas were mixed and
recycled to the production step of isobutyronitrile. As
20 a result of analysis of the reaction mixture from which
ammonia had been removed, sodium isobutyrate was formed
at a rate of 0.49 mole/hr.
3. Electrodialysis step
In this step, was used an electrodialyser (type:
25 TS2B-2-5, effective membrane area: 200 cm® x 5 pairs,

Tokuyama Co., Ltd., Japan) provided with a bipolar

membrane (Neosepta® BP-1, Tokuyama Co., Ltd., Japan) and



In the electrodialysis step, a salt (Il11) of a carboxylic acid forned in

t he above hydrolysis step is subjected to electrodialysis to forma
correspondi ng carboxylic acid (1V) and a base B. 5 I nci dental ly,
with respect to the nechani sm apparatus, reaction conditions and ot hers of
the elec- trodialysis, the description |n5the expl anation of the processes
(A) and (B) can be referred to. The concentration of a salt of a carboxylic
acid 10 in the electrodialysis may be selected froma range not adversely
affecting the electrodialysis, and uysually is about 0.1 to 5 normal, The

el ectrodi al ysi @ CRHIOR spichangs MempRadse/dieasen afa Al s Fokuwagiy Co. .

conti nuous system 15 Acc rding to odinent illustrated in
Fig. 3, el ectr&d:ldal'ysﬁaé’qns)'c@r?d tterﬁt g{rb ‘odi ‘alysis step (iii) in
such a manner t hat nlxture ntalnln of c o] Jd ) and
wat er produced in th h?/rbr%?yg% ?erf)l’?l qﬁroug %n%agr(% Aél{lure 20

| | 26 |
supply line eqU| ppe? e]ﬁl@&q}hlaal wseq:%o ﬁ'%}kﬁ%d‘l% tlg.t s ofB;:he

electrod|alyser an 1 on exc ange nengrane or ers
effecting the @e%fédﬁ:f%ﬂ ikttt dilldd 1P G RN Jeeed igk aci d
and base are forne rom 25 t he carboxylic acid salt an t hus separated

into a mxture et Nidybdthia-Ad ey |5 o Bl Jxd avat.ay aéousn Xt ure
cont ai ning the base and water. The forned
solution of sodium hydroxide, respectively. By the same
token, to an anion chamber and cation chamber of the
electrodialyser were recycled each 5 liters of a 10%
10 aqueous solution of sodium hydroxide, respectively.
Thus, electrodialysis was effected at about 40°C and at
a current of 20 A (current density 10 A/100 cmz) for 4
hours. As a result, 99% of the sodium isobutyrate was
converted to isobutyric acid to give a 20% agqueous
15 solution of isobutyric acid and a 2 N aqueous solution
of sodium hydroxide. The produced 2 N aqueous solution
of sodium hydroxide was recycled to the production step
of sodium isobutyrate. Further, isobutyric acid was
recovered from the 20% aqueous solution of isobutyric
20 acid by extraction (extractant: methyl ethyl ketone,
amount of extractant: 5 liters).
Example 2
1. Production step of sodium lactate
By using a 500 ml-glass agitator, 70 g/hr. of
25 lactamide and 330 g/hr. of a 12% aqueous solution of
sodium hydroxide were heated up to 80°C to give ammonia

gas. Further, the reaction mixture was allowed to



- 46 - mixture containing the carboxylic acid and water is, through a
carboxylic acid mxture recycling line 38, mxed with a mxture of the
carboxylic acid and water in the carboxylate m xture supply line 26 to be
recycled to 5 the electrodialysis step (iii). The mixture containing the
carboxylic acid and water may occasionakl $2centain an undeconposed salt of
carboxylic acid according to a condition of the electrodialysis. The
m xture containing the base and water obtained 10 in the electrodialysis
step can be recovered froma base-water recovering Iine 33. The recovered
base can be regoinitiazdd widhand&raopst deF LecyeRngg ofhbubkdd ndo ippdhe
hydrolysis step (ii). A part of a feeding mxture (a mxture fromthe 15
car boxyl at e ni %@ihee mepmery asi Fxapplend tHoe stadpoAPMeRigc dd s§oRvEre 10
recycling line 38) is supplied through a carboxylic acid.m xture pply
Ikne 27 to a céP@bFﬂWQ§%£@iEléiPFﬁctimﬁgﬁﬁﬂﬁoP&PiP?STWEOQPfFSréHCE ai ni ng
t he carboxylic acid and water fornmed in t. L ectr.odi al ysis 2 p (iii)
m_ayhbe suppl i leé’l@istse@tqlfatt(?rt W& Sc I""iltcjc(iaah& gftrrlggte?éng%ést %Bd( \ﬁl::nl
wi t hout regyclin é_.the el rodj_al ysi t il r i Ci
extractinggsteﬁe%H %égﬁbg§§ﬁ%%ea%% %%d@diéﬁjt a br&gﬁéylgﬁ ste d%
lactamide. The reaction mixture from which ammonia had
been removed contained 22% of sodium lactate, as a
result of an analysis.
2. Electrodialysis step
10 To an acid-base mixing chamber and an alkali
chamber of the electrodialyser as used in Example 1 were
circulated 5 liters of the reaction mixture obtained in
the production process of sodium isobutyrate and 5
liters of 0.4% aqueous solution of sodium hydroxide, and
15 to an anion chamber and cation chamber were recycled 5
liters of 10% agueous solution of sodium hydroxide,
respectively. Thus, electrodialysis was carried out at
a current of 20 A for 4 hours. Resultantly, 99% of the
sodium lactate was converted to lactic acid, and a 20%
20 aqueous solution of lactic acid and a 12% aqueous
solution of sodium hydroxide were obtained. The 12%
aqueous solution of sodium hydroxide was then recycled
to a production step of sodium lactate. Further,
lactate was recovered from the 20% aqueous solution of
25 lactic acid by means of concentration.
Example 3

According to the production scheme (flow chart)



recovering step 25 A carboxylic acid fornmed in the electrodial ysis
step. can .be recovered by, where necessary, subjecting to a carboxylic acid
extracting step and then to a carbox- - 47 - ylic acid recovering step.
In the carboxylic acid extracting step (vii) of the illustrated enbodi nent
of Fig. 3, a mxture contain- ing a carbo®g i-c acid and water forned in the
5 el ectrodialysis step (iii) is supplied through the carboxylic acid
m xture supply line 27 to an extractor, and the carboxylic acid is
extracted with an organic solvent supplied froman organi c sol vent supply
line 37. As thellokuptimated|ivefig + For € Thdrxyrehtnediutl tiol obwiane gt gani ¢
sol vents as described in the explanation of the am de extracting step (vi),
such as al coholaSik&tashd¥-era wdes, esters and ethers. Preferred exanpl es
of the organic solyvent include alcohols and ketones each having 4 or nore
carbon atoms (e.g.(LhJHITALEPR §teP %ﬁﬁﬁxﬁ#&&ons). The extraction may be
carried out in a conyentional manner. . The o§ga IC %3 er .§on! 'nin?ztge
Cppr etF F

carboxylic acid and H@a%Q%%%?% 5?§%%? 5 : 3s ciY %ﬁﬁ acid
extract sugpl y Ad&'eccﬁrﬁnfn%éélf (Cg@rM)l ' ad:ll.\% a particle size of 10 to

20 mesh. A glass tubular reactor (inner diameter 4 cm,
length 60 cm) equipped with a jacket was charged with
600 cc (350 g) of the comminuted manganese dioxide, and
a warm water at 50°C was flowed into the jacket.

10 To the tubular reactor were supplied 2-hydroxy-4-
methylthiobutanenitrile (2-~hydroxy-4-methylthio-
butyronitrile), which had been prepared from acrolein,
methyl mercaptan and prussic acid (hydrogen cyanide),
from a nitrile supply line 21 at a rate of 131 g per

15 hour, and water from a water supply line 39 (unused
water) and a water recycle line 31 (a recycled water
from the step (iv)) at a total flow rate of 740 g per
hour. As a result, the conversion rate of the supplied
2-hydroxy-4-methylthiobutanenitrile to 2-hydroxy-

20 4-methyl-thiobutanamide (2-hydroxy-4-methylthiobutyra-
mide) was 100%. The 2-hydroxy-4-methylthiobutanamide
was formed at a rate of 149 g per hour.

(2) Amide extracting step [step (iv}]
To a 300 ml-inner capacity glass tube (extractor)

25 charged with Raschig rings were supplied continuously
the reaction mixture obtained in the above hydration

step via a hydration reaction mixture supply line 22,



20 recovering step (viii). On the other hand, the water layer is

w thdrawn. froma water recovering line 36 and hence can be recycl ed,
together with a base-water m xture containing a base of the base-water
recovering line 33, through a water supply line 41 to the electrod- 25
ialysis step (iii), and, through the base>#ater supply line 42 to the
hydrol ysis step (ii). In the carboxylic acid recovering step (viii), an

- 48 - organic layer containing a carboxylic acid and an organi c sol vent
obtained in the above carboxylic acid extracting _ste vii) is separated
into the car bo@ @Ra&rFTasFante CONGAFNd NSO MedRY 1n e thivd: ikelteneogndrie 5 |
carboxylic acid_ is.recovered fraoma_carboxylic acid recqvering |line 29, an
the organic sofFth pmouRty Ofe f1EFEIYSE 5r @R OT9GNENLaIEEpOY IthRe 37
to the carboxylic acid.extracting step (vii)) and hence i.s reutilizable as
an extractant.SF%g ?Xgave?8 8PgRESERLG SO4 F?&nfuﬁg Yéﬂ%Sebégeﬁ§I8yed as
an extractant e d .len e .ge IxN lV) ...The_recoyery
and extraction%gfgtﬁgigapgofépigagégdh%§§rﬁ§?8e%t%%%F?ggé)éPfggfga 8? any

nmanner such aspatBucRipyIt RELBheGONt i NUOUS system 15 The
carboxylic acid fofnmed in the electrodialysis

Resultantly, an organic layer containing 2-hy-
droxy-4-methylthiobutanamide and a small amount of water
and a water layer containing a small amount of methyl
ethyl ketone were obtained respectively at flow rates of

10 838 g per hour (149 g/hr. in terms of 2-hydroxy-
4-methylthiobutanamide) and 890 g per hour. After
distilling off the methyl ethyl ketone, the water layer
was recycled through a water recycling line 31 to the
hydration step (i).

15 (3) Hydrolysis step [step (ii)]

To 1-liter capacity glass reactor equipped with a
stirrer were supplied the organic layer obtained in the
amide extracting step (iv) through an amide mixture
supply line 23 continuously, and 8% aqueous solution of

20 sodium hydroxide containing a small quantity of sodium
2-hydroxy-4-methylthiobutanoate (a mixture of an aqueous
solution obtained in the step (iii) and a water layer of
the step (vii)) through a base-water supply line 42 at a
flow rate of 540 g per hour, and the hydrolysis reaction

25 was carried out at a reaction temperature of 60°C.

Resultantly, a reaction mixture containing sodium

2-hydroxy-4-methylthiobutanocate (230 g/hr.), ammonia (17



step (iii) can also be separated and recovered by a conventional separating
technique effected to a m xture containing a carboxylic acid and water,
such as extrac- tion, distillation, crystallization, recrystallization, 20
col utm chr omat ogr aphy or a suitabl e conbi nati on of these techniques.
According to the processes (A) and (B) of >Phe present invention, a salt of
a catal ytic conponent by-produced in a hydrolysis step of a nitrile
conmpound 25 or an am de conpound is deconposed to regenerate a cata- |yst
or ammoni a and hence such catal yst or ammoni a can be reutilized or recycled
to a producti of/PFodes¥aderyand metyyl eihydxReiteongciv@s PRRdPEleatya
carboxylic acid_can effectively be produced, including recovery of the

Vi
catal yti c conpdd@it T8teoler 33 & EFE, BT conpara- tively |ow cost with
utilizing by-prod s, Further, 5 the catal ytic c onent, (an acidic
catalyst or a basR%SCQF§F§é fygﬁdﬁﬁﬂﬁf'ﬁin@bé%gahéﬁgg%égﬁgdia) can be
formed with high effjcie | ' e . easy. er r ically
utilized in the pro ugﬁéﬁioéﬁa&:%‘%%(y?%a%ﬁ.lr{\/r‘g{}{ekovh@}r#cﬁ%eﬁpsfg%ﬂe ses

e Saont SRR Rl Gy, st
supply line 24 to a separator for separation. The
separated organic layer (a mixture of methyl ethyl
ketone mixture and 10% of water) was recycled through
the organic solvent supply line 32 to the amide extract-

10 ing step at a flow rate of 690 g per hour, as described
above.
(5) Ammonia recovering step [step (vi)]
To an ammonia diffusing column (tower) packed with
Raschig rings were supplied a water layer containing
15 sodium 2-hydroxy-4-methylthiobutancate obtained in the
water separating step (v), and ammonia, from a carboxyl-
ate mixture supply line 25, and methane gas via an inert
gas supply line 34 connected to the bottom of the
ammonia diffusing column at a flow rate of 23 liters per
20 hour.

A methane-ammonia gas mixture was obtained f£rom
the top of the ammonia diffusing column. This gaseous
mixture was supplied to a hydrogen cyanide preparing
step from an ammonia recycling line 35.

25 (6) Electrodialysis step [step (iii)]
In this step, an electrodialyser (type: TS2B-2-5;

effective area 200 cm? x 5 pairs, Tokuyama Co., Ltd.,



for general purpose as a production process of a carboxylic acid. The
process (C) of the present invention, in which 15 hydration of a nitrile
conpound usi hg a manganese oxi de catal yst, hydrolysis of the produced am de
conpound with the use of a basic catalyst, and electrodialysis of a salt of
a carboxylic acid are effected in conblnatﬁon does not produce such

by- products as anmoni um hydr ogen- 20 sulfate. Further, the process

provi des recovery of useful anmonia or catalyst in a sinple and easy
manner. Moreover, it insures effective utilization of the anmmmnia and the
catal ytic conpo@an) TeEHAAeb R G SIRMPITS N RRY @ F34Wstrate 25

the present invention in nDre detall but, shoul d by. ng ne t the
scope of the ||W"é’r’i’tqn&? memb rag@ %@' rﬁ'}/@ﬁtu }Yt AP, of

I sobutyronitrile To t t eel | g h 5
di anet er) chalr §& wi atr‘FS alﬂn | iﬁegélt aﬁ‘ggﬁ a\r,%{g 2 (‘%‘ TS P
| sobutyral dehyde and, 1 d&%&&é@é s L é&aﬁﬁ}naﬁﬁnsat%% &éé%ie at

200[ err] C. The produce as was to give a co
Condensateswasthlobutanoate (carboxylate mixture supply line 26) from

which ammonia had been eliminated in the ammonia
recovering step (vi) was mixed with an aqueous solution
(carboxylic acid mixture recycling line 38) containing
2-hydroxy-4-methylthicbutanoic acid and undecomposed
10 sodium 2-hydroxy-4-methylthiobutanocate obtained in the
electrodialysis, and the resultant mixture was supplied
to the electrodialyser. The concentration of sodium 2-
hydroxy-4-methylthiobutanoate in this mixture was 8.8%
by weight and the feeding amount of the mixture to the
15 electrodialyser was 3,600 g per hour. While, a part of
the mixture (655 g per hour) was supplied to a carbox-
ylic acid extracting step (vii) from a carboxylic acid
mixture supply line 27.
An aqueous solution of sodium hydroxide obtained
20 in the electrodialysis was mixed, through a base-water
recovering line 33, with a water layer (an aqueous
solution containing undecomposed sodium 2-hydroxy-4-
methylthiobutanoate: a water recovering line 36) of the
below-mentioned carboxylic acid extracting step (vii),
25 and a part of the resultant mixture was supplied as an
electrolyte through a water supply line 41 to the

electrodialyser, and the most of the remained was



subjected to distillation to provide isobutyronitrile at 10 a rate of
0.49 nole/hr. 2. Production step of sodiumisobutyrate In a 1-liter glass
agitator, were heated 0.49 nole/hr. of isobutyronitrile and 270 m/hr. of a
2 N aqueous sol ution of sodium hydroxide at 80[err]C to give 15 anmoni a
gas. Further, the ammoni a dissolved intR reaction mixture was stripped
by bubbling a nitrogen gas into the reaction m xture. The ammoni a gas
formed in the agitator and the stripped gas were m xed and recycled to the
production step of isobutyronitrile. a result of analysis of the

As 20
reaction mi xt urETHORWMALT Fefid tRadidWdsilte 6 Jhd)sobut yrat e
was fornmed at rate of 0.49 nole/hr. 3. Electrodialysis step In this step,
was used an el %d’["?%%l yader (AR water hais Zﬁ‘?,ple’f%/d;‘%% dﬁé‘fﬂﬁ%e area:
200 cn? x 5 pairs, Toku . td. -.J n). provided w th.a bipalar
menbr ane (Neosesﬁpaﬁlé’r lﬁ]y%?qlo%oktbyea%l%%%%%fs?aﬁgn)a e of%ﬁ 9 a
cation exchang%Eﬁquﬁﬂpe (Neosepta[err] AWVH, Tokuyama Co., Ltd., Japan), as
illustrated in"Fig. 1. To an aci d-base m xi ng chanber and an al kali cham

ber of thesel ectrqdi alys@oMAN&: TRONE| S adt i Stp IMep (vii)]

To a diffusing column was supplied a mixture (an
agueous solution containing 2-hydroxy-4-methylthio-
butanoic acid and undecomposed sodium 2-hydroxy-4-
methylthiobutanocate) of a solution containing a

10 carboxylic acid salt of the carboxylate mixture supply
line 26 and a solution containing a carboxylic acid of
the carboxylic acid mixture recycling line 38 through
the carboxylic acid mixture supply line 27, and was fed
methyl ethyl ketone as an extractant from an organic

15 solvent supply line 37 for extraction.

As a result of the extraction, an extract (organic
layer) containing 18.5% by weight of 2-hydroxy-4-
methylthiobutanoic acid, 73% by weight of methyl ethyl
ketone and 8.5% by weight of water was obtained at a

20 flow rate of 805 g per hour. A water layer containing
undecomposed sodium 2-hydroxy-4-methylthiobutancate was
recycled to the hydrolysis step (ii) and the electrodi-
alysis step (iii) together with the aqueous solution of
sodium hydroxide of a base-water recovering line 33

25 through a water recovering line 36, as described above.

(8) Carboxylic acid recovering step [step (viii)]

The extract (organic layer) obtained in the



5 reaction m xture obtained in the production process of sodi um

i sohutyrate and 5 liters of a 0.4% aqueous sol ution of sodi um hydroxi de,
respectively. By the sanme token, to an ani on chanber and cation chanber of
the el ectrodial yser were recycled each 5 liters of a 10% 10 aqueous

sol ution of sodi um hydroxide, respectivel38 -Thus, electrodialysis was
effected at about 40[err]C and at a current of 20 A (current density 10
A/100 cm[err]) for 4 hours. As a result, 99% of the sodiumisobutyrate was
converted to isobutyric acid to give a 20% aqueous 15 sol ution of

i sobutyric acierEPRKRLDC NaatdeRuEraet Lrgonter EvHl UrwagdswxpHed THe a
produced 2 N aqueous_ sol ution_of sodi um hydroxi de was recycled to the
product i on sté%l%?l%%ﬁﬁ%ﬁﬁi%?&Hm?rﬁﬁést¥%¥?ﬁ%?? twetl yEPE LEF L was
recovered fro he, 20% agueous sol uti on of isobutyric, 20 acid b

et ract on (exHaEHR . Beihyredthh: Rb Sneeotnutniv ot eoiis o s

liters). Exarrpé 2%. Pro&uctig_st {: sodium | actate. B i ng. a 500
m - gl ass agit R0F OL R PYITORY-Sume Shytnfotnt oS gt nd hattdg.y,
agueous sqj ut 'Fé’énﬂﬁe?og 153 hy gy pXi Qew&%rgbé‘&fﬁ&&.‘ #P égfi?&faeféie? é@ Prye
ammoni a gas. Further, the reaction mxture was allowed to - 52 -
g per hour through a carboxylic acid recovering line 29
from the bottom of the column. Further, methyl ethyl
ketone distillated from the top of the column was
recycled through the organic solvent supply line 37 to

10 the carboxylic acid extracting step (vii) to reutilize

as an extractant.



contact with nitrogen gas by neans of bubbling in the same manner as

Exanpl e i eet Hiisi e pia di ssolved in the reaction m xture. The ammoni a
gas produH &d agitator was mxed with the stripped gas and the
5 resul w’ s recycled to a production step of |actam de. The
reaction m xture i ch ammoni a had -b&&n -renoved cont ai ned 22% of
sodiumlactate, as a result of an analysis. 2. Electrodialysis step 10

To an aci d-base m xi ng chanber and an al kali chanber of the el ectrodial yser
as used in Exanple 1 were circulated 5 liters of the reaction m xture
obtained in th todifc Gl b déss of sodiumisobutyrate and 5 liters of

0. 4% aqueous sol uti on of_ sodi um hydroxi de, and 15 t o an ani on, chanmber and
cation chamber were tecy?IREP%LFF 1£7% Eﬁoq%ﬁ%%ﬁuﬁxﬁﬁ??ﬁﬁxﬁ%?nﬁ?ﬁdsodiun1
hydroxi de, respectively. Thus, electrodialysis was carried out at a current
of 20 A for 4 . ﬁ%ﬁﬁﬂy, 99% of the sodium | actate was converted
to lactic acid, and 0% L on of i cl n 2%
aqueous sol ution of gjbfjiau/m %r%ﬁ%dg&?m%fgé% aignnejdt?éﬁée ﬁ?&éa%lu(goog%aa&

sol uti on 0% SOQHANARRAR B WIEHL LRI o REOdIALN calke al

sodium |l actate. Further, lactate was rec fromthe 20% aqueous

solution of 25, IRyl G *ErbIRy IMRART I NN dhiddrdtim Balog $ndccordi ng
to the production schenme (flow'chart) :

acidic catalyst, or (b) in the presence of a basic

catalyst to form a salt of a carboxylic acid and a base,
and ammonia or agueous ammonia, and

10 (2a) a step of electrodialysing the by-produced
ammonium salt of the acidic catalyst to form an acid and
ammonia or agqueous ammonia, or (2b) a step of electro-
dialysing the produced salt of the carboxylic acid and
the base to form the carboxylic acid and the base.

15 2. A process for producing a carboxylic acid
according to claim 1, wherein said process is;

(A) a process comprising at least one step
selected from (i) a step of reutilizing the produced
acid as a catalyst to be used in the hydrolysis step of

20 the nitrile compound or the amide compound, and (ii) a
step of reutilizing the produced ammonia oxr agueous
ammonia as a nitrogen source for the nitrile compound or
the amide compound,

(B) a process comprising at least one step

25 selected from (i) a step of reutilizing the produced
base as a catalyst to be used in the hydrolysis step of

the nitrile compound or the amide compound, and (ii) a

gy



- 53 - illustrated in Fig. 3, 2-hydroxy-4-mnethylthiobutanoic acid was

pr epar edhisSheet Replpcegt ep [step (i)] A nmanganese di oxi de of

[err]-str i& verized 5 and comm nuted (graded) to give a particle
size of 1 A gl ass tubular reactor (inner dianeter 4 cm length
60 cm) equipped with a jacket was charged® t-h 600 cc (350 g) of the

conmm nut ed nmanganese di oxide, and a warmwater at 50[err]C was flowed into
the jacket. 10 To the tubular reactor were supplied 2-hydroxy-4-

met hyl t hi obut anenitrile (Z-hyﬂrpxy-4-nethylthio- butyronitrile), which had
been prepared f§R & AL LI | thie REGARGL A AN i E AWMU dr ogen
cyanide), froma nitrile supply line 21 at a rate of 131 g per 15 hour ,
and water from3 @R %@I@%ﬁ?@%@%‘lﬁﬁ%eﬁfﬁa’i )nlaqﬁju% VERTROYEE R e

line 31 (a recyt;i_léed waéer fromthe step (iv)) at a total flowrate of 740 g
per hour. As a TEsHTCG HEORMAELsiYn rate of the supplied

4 ety i obut anant b 20Rgar o, SahBetR Ny PR e Puararie S5eP 1960, e
2- hydr oxy- 45 met dfi‘ﬂﬂ%‘t@r}?inﬂ%ﬁ(%rﬁﬁm At thd P dndd B9 Per hour.

(2) Ami de extracting step [ste
manganese oxide to form a corresponding amide compound,

(ii) a hydrolysis step of hydrolyzing the amide compound
obtained in said hydration step in the presence of a
base to form a corresponding salt of a carboxylic acid

10 and ammonia, and (iii) an electrodialysis step of
electrodialysing the salt of the éarboxylic acid
obtained in said hydrolysis step to form the correspond-
ing carboxylic acid and the base.

3. A process for producing a carboxylic acid

15 according to claim 1, wherein (i) the acid or base
formed by the electrodialysis is reutilized as a
catalyst to be used in the hydrolysis step of the
nitrile compound or the amide compound, and (ii) the
ammonia or aqueous ammonia formed by the hydrolysis

20 electrodialysis is reutilized as a nitrogen source for
the nitrile compound or the amide compound.

4. A process for producing a carboxylic acid
according to claim 1, wherein the electrodialysis is
carried out by using an ion exchange membrane comprising

25 a bipolar membrane and at least one membrane selected
from a cation exchange membrane and an anion exchange

membrane.

LU



To a 300 ml -inner capacity glass tube (extractor) 25 charged with Raschig
rings were supplied continuously the reaction m xture obtained in the above
hydrati on step via a hydration reaction m xture supply |line 22, - 54 -
and an extractant containing nmethyl ethyl ketone and a small anmount of

di ssol ved water (an organic |layer of the $tlep (v)) from an organic sol vent
supply line 32 at a flowrate of 690 g per hour (620 g per hour in terns of
5 met hyl ethyl ketone). Resultantly, an organic |ayer containing 2-hy-

dr oxy- 4- net hyl t hi obut anam de and a _snmall amount of water and a water |ayer
containing a small aPounk B¥°ﬁ%¥ﬁyf°§tR??GR%%%ﬂeawﬁ@%b%ﬁY%}%eﬂc%%spect|ver

at flowrates of 10 838 g per hour (149 %4 in terns of 2- drﬁéy-
4- met hyl t hi obutBFEARHNI i By loe WAL A Hitghle i SRPRAY" ifet hyl

et hyl ketone, the Iayer mas ecycl ed through a water recycling line
31 to the hydréil\Mhﬁéﬁf Ty igempgin nd. (3) Hydrolysis step [step (ii)] To

1-liter capacity glags r&ag%g&egg gPe$r3ﬁ ngg |é£€$v¥§¥§rsgg éled t he

organi c layer obtained in e an1 rac g~ s ough an am de

mixture supply dddig e A% IOHPHS Y, Ak SR ARP IR SPIHd ' fHa value

of not less than 6.

7. A process for producing a carboxylic acid
according to claim 1, wherein said base is a hydroxide
of an alkali metal.

10 8. A process for producing a carboxylic acid
which comprises;
(A) the steps of;

hydrolyzing a nitrile compound or an amide
compound in the presence of an inorganic acigd,

15 electrodialysing an ammonium salt of the inorganic
acid by-produced in the hydrolysis step,

recycling the inorganic acid obtained in the
electro-dialysis step to the hydrolysis step of the
nitrile compound or the amide compound, and

20 recycling ammonia produced in the electrodialysis
step as a nitrogen source for the nitrile compound or
the amide compound, or

(B} the steps of;

hydrolyzing a nitrile compound or an amide

25 compound in the presence of a hydroxide of an alkali
metal,

electrodialysing an alkali metal salt of a

O LA



20 sodi umybygrgxide containing a small quantity of sodium

2- hydr oxy- 4- X lagitbat e (a mixture of an aqueous sol ution obtai ned
in the step,ﬂ,ﬂ , ter layer of the step (vii)) through a base-water
supply line ate of 540 g per hour, and the hydrol ysis
reaction 25 was carried out at a reacti 68 tenperature of 60[err]C.
Resultantly, a reaction m xture containing sodium

2- hydr oxy- 4- net hyl t hi obut anoate (230 g/ hr.), amonia (17 - 55 - g/hr.),

wat er and met hyl ethyl ketone was obtained at a flowrate of 1,390 g per
hour. (4) Wat eFarkpsrlisparciti rgoduegd] dnefhey PYIROLESEE] SheRi kPuferm

btained in the hydrolysis step. i lied.th h h | ysi
oact ! on nixt uEBSGERPYXIIAE SRRtk ey uraror By ofophPanignlraEtal. ' ©
rated or ic | ] thyl .ethyl t 1. xt d 10%
o nater) e eoyCr RIS v of yhe A Bk sS F0% fe
| t t- . .St . at .at i bed
Sbove. (5 amShraipsRdsn S8, plotraliaiangsts Qtnd BT kndOHyrBY EIRCr! DO

gg'n?g{‘m( tnog/er) slﬂégkﬁ‘.&{ ‘ﬁ’g‘éh n?%%ﬁ"ihg cbin %P\&%&’: $HRPLi@Ae? cWRBBLnLEY 8ha
g 15  sodium 2- hydroxy-4-nethylthi obutanoate obtained in the
recycling ammonia obtained in said electrodialysis
step as a nitrogen source for the nitrile compound or
the amide compound.

9. A process for producing a carboxylic acid

10 according to claim 2, wherein the process (C) further
comprises (iv) an amide extracting step of extracting a
reaction mixture of the hydration step (i) with an
organic solvent and supplying the extracted organic
layer containing an amide compound to the hydrolysis

15 step (ii).

10. A process for producing a carboxylic acid
according to claim 2, wherein said process (C} further
comprises (vi) an ammonia recycle step of recycling
ammonia produced in the hydrolysis step (ii) as a

20 nitrogen source for the nitrile compound.

11. A process for producing a carboxylic acid
according to claim 10, wherein said recycle step
comprises the steps of;

stripping the ammonia with methane gas,

25 forming hydrogen cyanide from the obtained gaseous
mixture of ammonia and methane, and

utilizing the obtained hydrogen cyanide as a

g g



wat er separating step (v), and ammonia, froma carboxyl- ate m xture supply
|l ine 25, .and nethane gas via an inert gas supply line 34 connected to the
bottom of the ammonia diffusing colum at a flowrate of 23 liters per 20
hour. A met hane-ammoni a gas m xture was obtained fromthe top of the
ammoni a di ffusing colum. This gaseous m %Bure was supplied to a hydrogen

cyani de preparing step froman ammonia recycling line 35. 25 (6)
El ectrodialysis step [step (iii)] In this step, an electrodialyser (type:
TS2B- 2-5; effective area 200 cnferr] x 5 pairs, Tokuyama Co., Ltd. - 56

- Japan) conpo<&@ciant @q&n@ﬁ@ R dffe CAMPORNGat i on exchange menbrane

(respectively manufact ured Tokuyama Co., Ltd Japan) was used_as an
el ectrodi al yser. a%uecﬁusp%‘?ﬂ cﬁ?’bfpg‘ﬁ%‘i“iﬁ‘ﬂ@ HyHPIEL HetIfAd a5

t hi obut anoat e rbo Iate n1xt in fron1 |ch amoni a had
been el i m nat e% e ecB’ Fper}é éf”é@ @’/)0) xg TR an
aqueous sol uti m& yI|c aC|d m xture recycling I|ne 38) containing
2- hydr oxy- 4- ne?% thio utan0|c acid and undeconposed 10 sodi um

2- hydr oxy- 4- et hy't*‘('\beFtéf%t%ﬁPh% R d e & AR AR YT e ANG 1 he

resul tant m xture was supplied
ing a mixture containing the carboxylic acid and water

produced in the electrodialysis step (iii),
a separating step of separating the carboxylic
acid produced in said extracting step from the organic

10 solvent, and

a recycle step of recycling the organic solvent
obtained in said separating step as an extractant to be
used in said carboxylic acid extracting step or an amide
extracting step.

15 13. A process for producing a carboxylic acid as
claimed in claim 9 or 12, wherein at least one hydropho-
bic organic solvent selected from the group consisting
of alcohols, ketones, aldehydes, esters and ethers is
used as the organic solvent for extraction.

20 14. A method of producing a carboxylic acid
according to claim 2, wherein said process (C) further
comprises (vii) a step of reutilizing a base produced in
the electrodialysis step (iii) as the base to be used in
the hydrolysis step (ii).

25 15. A method of producing a carboxylic acid which
comprises;

(i) a hydration step of hydrating a cyanohydrin

* € L M 5



to the el ectrodi al yser. The concentration of sodi um 2-

hydr oxy- 4- met hyl t hi obut anoate in this m xture was 8.8% by wei ght and the
feedi ng amount of the mxture to the 15 el ectrodi al yser was 3,600 g per
hour. Wile, a part of the m xture (655 per hour) was supplied to a
carbox- ylic acid extracting step (vii) ¥ "a carboxylic acid m xture
supply line 27. An aqueous sol ution of sodi um hydroxi de obtai ned 20 I n
the el ectrodialysis was m xed, through a base-water recovering |ine 33,
with a water | ayer (an aqueous sol ution containi ng undeconposed sodi um
2- hydr oxy- 4- nEtARATHI DL divatREesengd &f 2 RRGNRFS | HELdH)toE AT 2

bel ow nenti oned carboxylj.c acid extractjing step (vii), 25 and a part of
the resul tant MEHYP N BRI YA HE el ectrol yte through a water supply

[i 41 to th | ect { al d. th f th ' - 57 -
eeycled o recyet oo 15 cheposeRrELs CELfR b ydPEL EIRL "Bl Wdarcosy,

t i« f . t. | ine . el t i al t
fate bf 55 o paite JREMARG SRR Hedida dif S [ £0 B STYORL 8t @

(vii)] To & di tJusiditd YT WaSSUPMd Gl hylrdaiiide (B AACUES SGddili on
cont ai ni ng 2- hydr oxy- 4- nmet hyl t hi o-
metal salt of a corresponding hydroxycarboxylic acid,
and ammonia,
(v) a separating step of separating a mixture
containing the alkali metal salt of the hydroxy-

10 carboxylic acid and ammonia obtained in said hydrolysis
step (ii) into ammonia and a water layer containing the
alkali metal salt of the hydroxycarboxylic acid,

(iii) an electrodialysis step of electrodialysing
the water layer obtained in said separating step (v) by

15 means of an electrodialyser comprising a bipolar
membrane and at least one ion exchange membrane selected
from a cation exchange membrane and an anion exchange
membrane to form the hydroxycarboxylic acid and an
alkali metal hydroxide,

20 a recycling step of recycling the ammonia obtained
in said separating step (v) to a preparation step of
hydrogen cyanide, which is used as a reactant for the
cyanohydrin compound, and

a recycling step of recycling the alkali metal

25 hydroxide obtained in the electrodialysis step (iii) to

the hydrolysis step (ii).

16. A process for producing a carboxylic acid

D 0 0 o



but anoi ¢ acid and undeconposed sodi um 2- hydr oxy-4- nethylt hi obutanoate) of
a solution containing a 10 carboxylic acid salt of the carboxylate

m xture supply line 26 and a solution containing a carboxylic acid of the
carboxylic acid m xture recycling |line 38 through t he carboxylic acid

m xture supply line 27, and was fed methyPSerhyl ketone as an extractant
froman organic 15 soIvent supply Iine 37 for extraction. As a result of
the extraction, an extract (organic |ayer) containing 18. 5% by wei ght of
2- hydr oxy- 4- nethylthrobutanorc acid, 73%h ht of nethyl .ethyl ketone

¥ bR At e o8t

and 8. 5% by weid@SOTSANGatS AL odtai FOET BP&%5a g per
hour. A water |a er contal in undeco osed .so

2- hydr oxy- 4- ne & eg(?lteo:({te:?efroalr ozlhfmgs éltpep (i)
and the el ectraodi - aI srs ep (|||) together W th the aqueous sol ution of
sodrunthydroxrd%’ ter recovering line 33 25 t hrough a wat er

recovering line 36, flsact rfréﬂ?edje ]?acéf%%t 3 Xé/f'&xtﬂfi@tir?g?%/e” ng step

[step (viii)] The ex organi c | ayer dint

carboxy! [ ¢ 5301 §upidAhisnh. St iddadtabrs uBltad, bt dicet il atieng ool unn
(drstrllatron t for disti- Ilation. a result, an aqueous solution
cont ai ni ng hydration step (1) with the use of an organic solvent,
(vii) a carboxylic acid extracting step of
extracting the hydroxycarboxylic acid from a mixture
containing the hydroxycarboxylic acid obtained in the
10 electrodialysis step (iii) and water, ano
(viii) a carboxylic acid recovering step of
recovering the hydroxycarboxylic acid from an organic
layer obtained in the carboxylic acid extracting step
(vii).
15 17. A pfocess for producing a carboxylic acid

according to claim 15, wherein said cyanohydrin compound

is a compound shown by the following formula

RF ,CN

RZ/

(Ia)
20
wherein R! and R? independently represent a
hydrogen atom or a hydrocarbon group which may have a
substituent, or R! and R? may form a ring together with
the adjacent carbon atom, with a proviso that R! and R?
25 are not concurrently hydrogen atoms.
18. A process for producing a carboxylic acid as

claimed in claim 17, wherein said cyanohydrin compound

A



80% of 2- hydr oxy-4-net hyl t hi obutanoic acid and having 5 Gar dner col or
scale 4 was obtained at a flowrate of 178 g per hour through a carboxylic
acid recovering line 29 fromthe bottomof the colum. Further, mnethyl

et hyl ketone distillated fromthe top of the colum was recycled t hr ough

t he organic solvent supply line 37 to 16 66the carboxylic acid extracting

step (vii) to reutilize as an extractant. - 59 - Wiat is clainmed is: 1.
A process for producing a carboxylic acid which conprises; (1) a step of
hydrol yzing a nitrile conpound or an 5 am de conpound,(a) .in,the presence
of an acidic c&@aﬁy§9mp@qﬂ@wﬂfat@§r§&€WWL§ 4éid Hﬁ&rﬁnRanﬁBﬂ1§n1salt of the
acidic catal yst, or i.Ln the presence of a basic.catal st t forma salt
of a carboxyll63§@P& &H&lﬁhé §§@n5§tél r12 h&i© aqiedds
ammoni a, and 10 ep of si_n the r d
anmoni um sal t GRXEREL @'F%UP)@&[ §2y§t2 (t%%o gy Si]:3cah aI ﬁo?ﬂ&‘f(ei
anmoni a or aqueogus anmp f tr, t he
produced sal't §F°URe &Ear oiﬁllc aC|(JJ;%u d%?h% §§S| & tél ormthe

carboxyl i cgacid and {qe %?fo&@gélﬂéf -pfctiucing a c’)arbcﬁ{ﬂﬂ?ee?&ici or

produci ng a carboxyllc acl
according to claim 17, wherein said cyanohydrin compound

is 2-hydroxy-4-methylthiobutanenitrile.

20. A process for producing a carboxylic acid
according to claim 15, wherein said process further

10 comprises at least one step selected from the group
consisting of;

(ix) a recycling step of recycling a water layer.
obtained in the amide extracting step (iv) to the
hydration step (i),

15 (x) a recycling step of separating a water layer
obtained in the separating step (v) by a liquid separa-
tion and recycling the obtained organic layer to the
amide extracting step (iv),

(xi) a recycling step of recycling the water layer

20 obtained in the carboxylic acid extracting step (vii) to
the hydrolysis step (ii), and

(xii) a recycling step of recovering an organic
solvent from the organic layer obtained in the carbox-
ylic acid extracting step (vii) and reutilizing the

25 organic solvent as an extractant to be used in the
carboxylic acid extracting step (vii) or the amide

extracting step (iv).

MR



according to claim1l, wherein said process is; (A) a process conprising at

| east one step selected from (i) a step of reut|I|Z|ng t he produced acidic
catalyst as a catalyst to be used in the hydrolysis step of 20. the
nitrile conmpound or the am de conpound, ,and (ii) a step of reutilizing the
produced ammoni a or aqueous anmoni a asié nitrogen source for the nitrile
conpound or the am de conpound, (B) a process conprising at | east one step
25 selected from (i) a step of reutilizing t he produced basic catal yst as
a catalyst to be used in the hydrolysis f the nitrile conmpound or the
am de conpound, and (ii) a - 60- step I 1izing the produced anmoni a
or aqueous ammonia as a nitrogen source for the nitrile conpound or the

am de conpound, or (C) a process conprisi,ng (§) a hydration step of 5
hydrating a nitrile conpound in the presgnce [of a nanganese oxide to forma

correspondi ng am de conpound, (i of hydrol yzing the
am de conpound obtained in said hy pnesence of a base to
forma corresponding salt of @ cayhp<wB|c acid and @ HeBha€e 10 and
ammoni a, and (iii) an eIectrodiaVysjs ktep of ngnggqU L yS] the salt of
t he carboxylic acid N __\-_-_ ﬁ-fg-’f_’-”””””' IR _—_§V
NN N N R
NITNEN TN
N [ NI N
N \ N NV
+IN \ \ \ N -
7 \ \ \ N
N 1 N D N § N
NINAN IR EN
17 \ \ \ N2
!A \ IA 14 //J////////l : N ,’ \ZI_I/}/ \ 5
7o T
5 3|4]|3 314 6
1]
FIG, 2
— L
CIBAC| B C|BlA C
VL //}V/ //}[' 4 l /17111 IS TTLIISI OISR IIL SIS IETIN T VIIIIIS LI S8 N IE NI TTIATS
NN N =N
5%-:—: NN NS :@2
N \ N \ N
N 4 ] \ \ N -
+ N \ \ \ N
N f R \ \ N
N { N \ \ \/
N Q N \/
NiNEEN - iy
4
1—F \ \ N \V 2
2§1 "‘:L I3 AR ANI by \\\E
T I N SN BIR
513|114 15 L}S 13| 14 |15 6
[ L[ ] I



obtained in said hydrolysis step to formthe correspond- ing carboxylic

acid and the base. 3. A process for producing a carboxylic acid 15

according to claim1, wherein (i) the acidic catalyst or b£31C‘Catalyst SN
fornmed by the electrodialysis is reutilized as a catal yst W T'pe dseEd tiar thgwl
hydrol ysis step of the nitrile conpoum?&% t he am de conpound, andPgatgot he I
ammoni a or aqueous ammoni a formed by the hydrolysis or 20 el ectrodiaFysis=.1
is reutilized as a nitrogen source f@r gr1 nitrile conmpound or the am de
compound. 4. A process for producing a carboxylic acid according to claim

1, wherein the electrodialysis is car;%fd out by using an ion exchange
nenbrane conprising 25 a ane [@nd at | east one nenbrane
selected froma cation exchange n ani on exchange nenbrane.

- 61 - 5. A process for prqducing,a,carboxyli¢.\acid according to claiml,
wherein said nitrile conmpoynd is gY@V@H%h§ﬁ¥ﬁﬁ1:onpound. 6. A process for
produci ng a carboxylic ggligd 5 according to claiml1l, wherein said base has

a pKa value of not less thgn 6. 7. A profess for producing a carboxylic

acid 22
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according to claim1, wherein said base is a hydroxide of an alkali netal.

10 - 8. A process for producing a carboxylic acid which conpri ses;
(A) "thé steps of; hydrolyzing a nitrile conpound or an ami de conpound in
t he presence of an inorganic acid, 15 el ectrodi al ysi ng an amoni um

salt of the inorganic acid by-produced in the hydrolysis step, recycling
the inorganic acid obtained in the electro-dialysis step to the hydrolysis

step of the nitrile conpth#BSof OR RROAHEENG 80HBEUNG,ICaMd D20

recycling ammoni a produced in_the el ectrodial SIS step as a nitrogen source
for the nitrile conpound or £RET %ﬁ?ﬁep%oﬂﬁguﬂ SCEYSYRY the steps of;
hydrol yzing a nitrile conpound or an am de 25 conpound in the presence of

a hydroxide of an al kali netal, electrodialysing an aIkaIi netal salt of a

carboxylic acid progh%SQFkﬂFp%%mE%gggﬁ%% dﬁ u%%el%arboxyllc acid
a t

and a hydroxi de of recyc rOX|de of the al kali

metal obtai ned,{g 3| ge§! ﬁtEHQ'ﬁ£¥§éﬁcét89 BH RHSrBXHEB'Xéi& or other

5 acidic catalyst or an alkali metal hydroxide or other
basic catalyst, and the by-produced ammonium salt of the
acidic catalyst or the produced salt of a carboxylic
acid and a base is electrodialysed to form an acid and
ammonia or agqueous ammonia, or to form a base and

10 ammonia. The obtained acid or base may be recycled as a
catalyst for the hydrolysis of the nitrile compound or
amide compound, and the obtained ammonia is reutilized
as a nitrogen source for the nitrile compound or amide
comound. Such amide compound may be produced by

15 hydration of a nitrile compound in the presence of a

manganese oxide.
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s¢2 % pFes
5 step of the nitrile conpound or the ani de conpound, and r%cyclfng

ammoni a obtained in said hydrolysis step as a nitrogen source for the
nitrile conmpound or the am de conpound. 9. A process for producing a
carboxylic acid 10 according to claigg 2, wherein the process (C) further
conprises (iv) an am de extracting step—ef extracting a reaction m xture of
the hydration sERQCESS FWRhPRODUCING & CHRR@XYLEQJASTIPDI yi ng the extracted
organi ¢ |l ayer contal ning an am de conpound to the hydrolysis 15 step
(ii). 10. A process for prodaEsTRATTC@FO@HE DX STIigbUuREording to claim 2,
wherein said process (C) further conprises (vi) an ammoni a recycl e step of
recycling ammoni a produced in the hydrolysis step (ii) as a 20 nitrogen
source for the nitrile conpound. 11. A process for producing a carboxylic
acid according to claimitifileheorspousdiorracyahidet epmpoupdi $8s t he steps

of ; stripping the amonia with nmethane gas, 25 form ng hydrogen
cyani de from t hydnlgizesd s onasange of anmiomegamic metdner ether
utilizing the obtained hydrogen cyani de as a - 63

acidic catalyst or an alkali metal hydrox1de or other
basic catalyst, and the by-produced ammonium salt of the
acidic catalyst or the produced salt of a carboxylic
acid and a base is electrodialysed to form an acid and
ammonia or agueous ammonia, or to forﬁ a base and

10 ammonia. The obtained acid or base may be recycled as a
catalyst for the hydrolysis of the nitrile compound or
amide compound, and the obtained ammonia is reutilized
as a nitrogen source for the nitrile compound or amide
comound. Such amide compound may be produced by

15 hydration of a nitrile compound in the presence of a

manganese oxide.

Fig. 1
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reactant for the nitrile conpound. 12. A process for producing a carboxylic

acid as claimed in claim2, wherein said process (C further conprises; 5
(V|) a carboxylic acid extracting step of extract- ing a m xture containing
the carboxylic acid and water produced in the electrodialysis step (iii), a
separating step of separating the carbox¥llc acid produced in said
extracting step fromthe organic 10 and a recycle step of
recycling the organic sol vent obtainsqg£ égald separating step as an
extractant to be used in said car boxyli id extracting step or an am de
extracting step. 15 A process for gﬁoducing a carboxylic acid
as claimed in claim9 or 1? Iea e hydropho- bic organic _
sol vent selected fromthe droup congistlng al cohol s, ketones, al dehydes,
esters and ethers is used as thejorganic solven. for extraction. 20

14. A method of producingla carth tbkaﬁaﬂ @d,ording to claim2, wherein
said process (C) furtheg conpris 'of reutilizing a base
produced in the eIectrodiETyS|s step (iifi) as the base to be used in the
hydrol ysis step (ii). 25 15. 9p-fet hod of producing a carboxylic
acid which conprises; (i) & hydration stlep of hydrating a cyanohydrin
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- 64 - conpound in the presence of a manganese oxide to forma
correspondi ng hydroxyam de, (ii) a hydr ol ysi s step of hydrolyzing the

hydr oxy- am de obtained in said hydration step (|) inthe 5 presence of 5

an al kali nmetal hydroxide to forman al kali metal Ysalt of a corr é=gfondi ng

hydr oxycarboxylic acid, and ammnia, (v) a separating step of separating a
m xture containing the alkali nmetal salt @f .the hydroxy- 10 carboxylic
acid and ammoni a obtained in said hydrolysis step (ii) into ammonia and a

wat er | ayer containing the alkali metal salt of the hydroxycarboxwi%f aci d,
(ti1) an electrodialysis step of electrodialysing the water | ayer J ai ned
in said separaprb9i8éepréydvdyy 16f usBens Shmeniel £cdrodtalyserigoapri sing

a bi polar nenbrane and at | east one ion exchange nenbrane selected froma
cation exchangeimphbrané easlk antamméon exchange nmenbrane to formthe
hydr oxycarboxylic acid and an al kali netal hydroxide, 20 a recycling
step of recycling tResamdnifardheai nedectt o&i dheepaeakntgistveptfioh is a
preparation step of hydrogen cyanide, which is used as a reactant for the
cyanohydrin cofpobpndvid@ada process for producing a carboxylic acid
5 which insures effective utilization of ammonia and a
catalytic component.
It is a yet another object of the invention to
provide a production process.of a carboxylic acid by
which the catalytic component and ammonia can be
10 reutilized with a high efficiency and can largely be
applied to general purpose.
The present inventors made intensive investiga-
tions to accomplish the above objects, and found that a
utilization of electrodialysis results in efficient
15 decomposition of a by-produced salt of a catalytic
component (an ammonium salt of an acidic catalyst or a
salt formed with a carboxylic acid and a basic catalyst)
so that the produced catalytic component and ammonia or
an agueous ammonia can be effectively reutilized in a
20 production process of a carboxylic acid from a nitrile
compound or an amide compound. Further they found that
a combination use of a hydration reaction of a nitrile
compound with the use of a manganese oxide catalyst, a
hydrolysis reaction using a base as a catalyst and
25 electrodialysis results in production of a carboxylic
acid without forming ammonium hydrogensulféte and other
by-products. The present invention has been accom-
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a recycling step of recycling the alkali netal 25 hydr oxi de obtained in
the electrodialysis step (iii) to the hydrolysis step (ii). 16. A process
for producing a carboxylic acid - 65 - according to claim15, wherein
said process further conprises at | east one step selected fromthe group

consi sting of;

(iv) an am de extracting step of extracting a 5

hydr oxyam de froma reaction m xture obtaified in the hydration step (i)
with the use of an organic solvent, (vii) a carboxylic acid extracting step
of extracting the hydroxycarboxylic acid froma mxture containing the

hydr oxycarboxylic acid obtained in the 10 electrodialysis step (iii) and
wat er, and (Vi igllishedalohoXtyle ®agdisd offeadeeandeeStreRdahgsaecovering the

hydr oxycar boxylic acid froman organic |ayer obtained in the carboxylic
acid extracting stemHus, )thélprocess dff.thd mrrass fiorerpriiiciong a
carboxylic acid according to claim15, wherein said cyanohydrin conpound is
a conpound showrilzest e )f @ I[sowpngff duyrdrod vizemg] a2@itrile compound or

10

15

20

25

an amide compound (a) in the presence of an acidic
catalyst to form a carboxylic acid and an ammonium salt
of the acidic catalyst, or (b) in the presence of a
basic catalyst to form a salt of a carboxylic acid and

the basic catalyst, and ammonia or agueous ammenia, an

(2a) a step of electrodialysing the by-produced

ammonium salt of the acidic catalyst to form the acidic catalyst and

ammonia or agueous ammonia, or (2b) a step of electro-
dialysing the produced salt of the carboxylic acid and

the basic catalyst to form the carboxylic acid and the basic catalyst.

The acidic catalyst or basic catalyst produced in the electrodialysis

may be reutilized as a catalyst for the hydrolysis step
of the nitrile compound or the amide compound, and/or
the ammonia or aqueous ammonia produced by the hydroly-
sis or electrodialysis may be recycled as a nitrogen
source for the nitrile compound or the amide compound
(processes A and B). In the present process, a nitrile
compound may be hydrated in the presence of a manganese
catalyst to form a cofresponding amide compound, and the
obtained amide compound may be subjected to the hydroly-
sis step (process C).

The electrodialysis can be effected by using an
ion exchange membrane comprising a bipolar membrane and

at least one membrane selected from a cation exchange
e replacement $
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wherein R err] and R err] independently represent a hydrogen atomor a

hydr ocar bon group which nmay have a substituent, or R err] and R err] nmay
forma rin ' M“Ee adj acent carbon atom w th a proviso that

Rl err] andimﬁiﬁﬂ‘“i&‘“\m\l ot concurrently hydrogen atons. 18. A process
for produci carbexybic*acid as claimed in claim17, wherein said
cyanohydri n conpound - 66 - is a compoynd. of the fornula (la) where
Rlerr] and Rl err] respectively represents a (Jerr] al kyl group, a C2-12

al kenyl group, a (ferr] al kynyl group, a (Jerr] cycloal kyl group, a C6-14
aryl group or a Cferr] aral kyl group. 5 19. A process for
produci ng a cawhe¥yisccagide@cco9rding to claim 17, wherein said cyanohydrin
conmpound i s 2-hydroxy-4-nethylthiobutanenitrile. 20. A process for

produci ng a carboxylii.c acipgoaeeer dbagptodatang d5cawbekelncsatcddprocess
further 10 conprises at |east one step selected fromthe group consisting
of ; (ix) a recyblichgcsmppisésrecycling a water | ayer obtained in the am de
extracting step (iv) to the hydration step (i), 15 (x) a recycling
step of separating dliagesteayef bpfaphgding ehviszpieacPmpogrépoxvinby a
l'iquid sepéatr a-

amide compound (a) in the presence of an acidic catalyst
to form a carboxylic acid and an ammonium salt of the

acidic catalyst, or (b) in the presence of a basic

catalyst to form a salt of a carboxylic acid and

the basic catalyst, and ammonia or agueous ammonia, and

10 (2a) a step of electrodialysing the by-produced

ammonium salt of the acidic catalyst to form the acidic catalyst and

ammonia or agueous ammonia, or (2b) a step of electro-
dialysing the produced salt of the carboxylic acid and

the basic catalyst to form the carboxylic acid and the basic catalyst.

15 2. A process for producing a carboxylic acid
according to claim 1, wherein said process is;
(A) a process comprising at least one step

selected from (i) a step of reutilizing the produced

acidic catalyst as a catalyst to be used in the hydrolysis step of

20 the nitrile compound or the amide compound, and (ii) a
step of reutillizing the produced ammonia or agqueous
ammonia as a nitrogen source for the nitrile compound or
the amide compound,

(B) a process comprising at least one step
25 selected from (i) a step of reutilizing the produced

basic catalyst as a catalyst to be used in the hydrolysis step of

the nitrile compound or the amide compound, and (ii) a

This is the replacement sheet
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tion and recycling the obtained organic |layer to the am de extracting step
(tv), (xi) arecycling step of recycling the water |ayer 20 obtained in

t he car boxyji ' ing step (vii) to the hydrolysis step (ii), and
(xii) a remﬂmmﬂ’ Eﬂl‘iﬁlﬂecoveri ng an organic solvent fromthe organic
| ayer obtai hed®in the x- ylic acid extracting step (vii) and
reutilizing the 25 organi ¢ sol vent as an extractant to be used in the

carboxylic acid extracting step (vii) or the am de extracting step (iv).

step of reutilizing the produced ammonia or aqueous
ammonia as a nitrogen source for the nitrile compound or
the amide compound, or
(C) a process comprising (i) a hydration step of

5 hydrating a nitrile compound in the presence of a
manganese oxide to form a corresponding amide compound,
(1i) a hydrolysis step of hydrolyzing the amide compound
obtained in said hydration step in the presence of a

base to form a corresponding salt of a carboxylic acid and the base

10 and ammonia, and (iil) an electrodialysis step of
electrodialysing the salt of the carboxylic acid
obtained in said hydrolysis step to form the correspond-
ing carboxylic acid and the base.

3. A process for producing a carboxylic acid

15 according to claim 1, wherein (i) the acidic catalyst or basic catalyst

formed by the electrodialysis is reutilized as a
catalyst to be used in the hydrolysis step of the
nitrile compound or the amide compound, and (ii) the
ammonia or agqueous ammonia formed by the hydrolysis or

20 electrodialysis is reutilized as a nitrogen source for
the nitrile compound or the amide compound.

4. A process for producing a carboxylic acid
according to claim 1, wherein the electrodialysis 1is
carried out by using an ion exchange membrane comprising

25 a bipolar membrane and at least one membrane selected
from a cation exchange membrane and an anion exchange

membrane.
'Hﬂsistheremacementsheet
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A

carboxylic acid produced in the hydrolysis step to form

the carboxylic acid and a hydroxide of the alkali metal,
recycling the hydroxide of the alkali metal

obtained in said electrodialysis step to the hydrolysis

5 step of the nitrile compound or the amide compound, and

recycling ammonia obtained in said hydrolysis

step as a nitrogen source for the nitrile compound or

the amide compound.

9. A process for producing a carboxylic acid

10 according to claim 2, wherein the process (C) further
comprises (iv) an amide extracting step of extracting a
reaction mixture of the hydration step (i) with an
organic solvent and supplying the extracted organic
layer containing an amide compound to the hydrolysis

15 step (ii).

10. A process for producing a carboxylic acid
according to claim 2, wherein said process (C) further
comprises (vi) an ammonia recycle step of recycling
ammonia produced in the hydrolysis step (ii) as a

20 nitrogen source for the nitrile compound.

11. A process for producing a carboxylic acid
according to claim 10, wherein said recycle step
comprises the steps of;

stripping the ammonia with methane gas,

25 forming hydrogen cyanide from the obtained gaseous
mixture of ammonia and methane, and

utilizing the obtained hydrogen cyanide as a
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