PROCESS FOR PRODUCI NG METHI ONI NE  FI LED OF THE

| NVENTI ON The present invention relates to a process
for producing nethionine by hydrolyzing
5-[(2-(methylthio)ethyl)]-2,4- imdazolinedi one
according to the followi ng reaction fornula (1) : ~
CH35 HN-- O 1VFi --- OH +NH3+C02 (1) NH +2 H20 - CHIS
Met hionine is useful as an additive for aninmal feeding
stuffs. DESCRIEOTERS QFOR HERGIRICRNARIETHEOWINEhe
conventional processes for producing nmnethionine
conprises hydrolyzing 5-[(2-(nmethylthio)ethyl)]-

2, 4-imdazol i nedi one under basic conditions using a
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and potassium hydrogen carbonate. In this process,
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Methionine is useful as an additive for animal feeding stuffs.

DESCRIPTION OF THE PRIOR ART
One of the conventional processes for producing

methionine comprises hydrolyzing 5-[(2-{methylthio)ethyl}]-
2,4-imidazolinedione under basic conditions using a basic
potassium compound such as potassium carbonate and potassium
hydrogen carbonate. 1In this process, methionine can be
separated and obtained in the form of a crystal through
crystallization by introducing carbon dioxide into a reaction
golution after hydrolysis. However, a mother liquid after the
gseparation of methionine still contains methionine in an amount
corresponding to its solubility in a reaction medium and also
potassium hydrogen carbonate which may be recycled as the basic

potassium compound. Therefore, it is preferable to recycle the



entire amount of the nother liquid is recycled,

inpurities are accunulated in the reaction m xture of

the hydrolysis step, and thus it is required to purge

the nother liquid at a prescribed rate. In addition,

the di sposal of the purged nother liquid as a waste

l[iquid is not a good neasure since it results in the

| oss of methioni ne and potassi um hydrogen carbonate

rothar nkiiquidetei theartd diel sl o coIn elucth apoaak, if the
of the waste liquid are high. Accordingly, various
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net hi oni ne and pot assi um hydrogen carbonate fromthe
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JP-B-54-9174 discloses crystallization by m xing a
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t he separation of the second crystal is disposed as a
&tR*9Rquid. However, the mother liquid still
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crystal, it is advantageous 2 fromthe viewpoint of
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mother liquid have been proposed. For example, JP-B-54-9174
discloses crystallization by mixing a water-soluble solvent
such as an alcohol {e.g. methanol, etc.) or acetone with the
mother liquid and introducing carbon dioxide into the mixture.
JP-A-51-1415 discloses crystallization by concentrating the
mother liquid and introducing carbon dioxide into the
concentrated liquid. Further, JP-A-5-320124 discloses
crystallization by mixing the mother liquid with isopropanol
and introducing carbon dioxide into the mixture.

In the conventional procegses degcribed above, the mother
liquid after the separation of the second crystal is disposed
ags a waste ligquid. However, the mother liquid still contains
methionine and potassium hydrogen carbonate. Thus, if they can

be recovered in the form of a third crystal, it is advantageous



of disposal of the waste |iquid can be | owered.
SUVMARY OF THE | NNVENTI ON Accordi ngly, an object of
the present invention is to provide a process for
produci ng net hi oni ne, which is advantageous fromthe
vi ewpoi nt of the cost and also of the disposal of
waste liquid, by efficiently recovering even the
third crystal. The inventors of the present invention
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above object can be achieved by obtaining nethionine

by gaepyLay 68t tReywhatei 1akl:98 abkhebe UBGehydrol ysis
of 5-[(2-(nmethylthio)ethyl)]-2,4 imdazolinedi one and
subsequently recovering second and third crystals
fromthe nother liquid after the separation of
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present invention provides a process for producing
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crystallizatjion step (2)); 3 (3) mxing the nother
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preci pitating nethionine and potassi um hydr ogen _
The inventors of the present invention have made vigorcus

investigations and found that the above object can be achieved
by obtaining methionine by carrying out crystallization after
the hydrolysis of 5-[(2-(methylthio)ethyl)]-2,4-
imidazolinedione and subsequently recovering second and third
crystals from the mother liquid after the separation of
methionine in the prescribed manner.

That is, the present invention provides a process for
producing methionine comprising the following steps (1) to {4):
(1) hydrolyzing 5- [2- (methylthio)ethyl]-2,4-imidazolinedione
in the presence of a basic potassgium compound (Reaction step
(1))

(2) precipitating methicnine by introducing carbon dioxide into
the reaction solution cobtained in the step (1) and separating
the resulting slurry into the precipitate and a mother liquid

(First crystallization step (2));



carbonate by introducing carbon dioxide into the m xed
solution, and separating the resulting slurry into

the precipitate and a nother |iquid (Second

crystallization step (3)); and (4) concentrating the

nother liquid obtained in the step (3), precipitating

nmet hi oni ne and pot assi um hydrogen car bonate by

i ntroduci ng carbon dioxide into the concentrated

£3) uhiximg atide wepaeat 1l hguideobesithédninstuerytept ¢2) with a
the precipitate and a nother liquid (Third
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the present invention, nethionine can be produced
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mother liguid (Third crystallization step (4)).

According to the process of the present invention,
methionine can be produced advantageously from the view point

of the cost and also of the disposal of waste liquid treatment,.

DETAILD DESCRIPTION OF THE INVENTION

In the present invention, 5-[(2- (methylthio)ethyl)]-
2,4-imidazolinedione is used as a gtarting material and it is
hydrolyzed in the presence of a basic potassium compound to
obtain a reaction solution containing methionine in the form
of a potassium salt [the reaction step (1)1}.

The starting material, 5-[(2- (methylthio)ethyl}]-2,4-
imidazolinedione, is prepared by, for example, the reaction of
2-hydroxy-4-methylthiobutanenitrile with ammonia and carbon
dioxide, or ammcnium carbonate according to the reaction

formula (2) or (3):



~~CCN O FiN + (NH4)2C03 --3- NH + NH3 + H20 (3) CH3S
CN CH3S Exanpl es of the basic potassi um conpound

i ncl ude potassi um hydroxi de, potassi um carbonate, and
pot assi um hydrogen carbonate. They may be used as a
m xture of two or nore of them if desired. The
anount of the basic potassium conpound is, in term of

potassium wusually 2 to 10 noles, preferably 3 to 6

mol es, per nmole of 5- [ (2- (nmethylthio) et#l) ] -

2, 4-inm da®d i nedi one. The wei ght of watF sed is
usuq%L%néjféi20+NHﬂe§01he——ueight NH +Hy0 @
SH$72- t hyd hi o) et hyl )] - 2, 4-¢WddazoT i ione. The

hydrol ysis reaction may be carried out u
at about 150 to 200C under pressure at about 0.5 to 1
MPa (gauge pressure). The reaction tinme issually in

a range fg@m 10 mnutes to 24 hours. Hm~r€?

net hi oni ng obt ai gved,ddy Lhehydrol ysis skepjaf rommidhgo )
B 'S action solution, @ ion is

carried out by introducing carbon dioxidg into the

reaction solution and the precipitated nethionine is
recovered a fprst ryst al carrying out .the
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nqg be carried out under _

hydrogen carbonate. They may be used as a mixture of two or

more of them, if desired. The amount of the basic potassium
compound is, in term of potassium, usually 2 to 10 moles,
preferably 3 to 6 moles, per mole of 5-[(2- (methylthio)ethyl)}]-
2,4-imidazolinedione.

The weight of water used is usually 2 to 20 times the
welght of 5-[(2-{methylthio)ethyl)]-2,4-imidazclinedione.

The hydrolysis reaction may be carried out under heating
at about 150 to 200°C under pressure at about 0.5 to 1 MPa (gauge
pressure). The reaction time is usually in a range from 10
minutes to 24 hours.

To recover methionine obtained in the hydrolysis step
from the hydrolysis reaction solution, crystallization is
carried ocut by introducing carbon dioxide intc the reaction
soluticon and the precipitated methionine is recovered as a first
crystal by carrying out the solid-liquid separation of the

resulting slurry by filtration, decantation or the like [the



pressure usually at about 0.1 to 1 MPa (gauge
pressure), preferably about 0.2 to 0.5 MPa (gauge
pressure) of carbon dioxide gas by allow ng carbon

di oxi de gas to be absorbed in the hydrolysis reaction
solution. The crystallization tenperature is usually
O to 50C, preferably 10 to 30C. The <crystallization
time may be adjusted based on a duration in which the
Eargoncedyexhlidigasiba saeprdbed.in the hydrol ysis
reaction solution and nmethionine is sufficiently

preci prhat drst apgybtal 3idstdabhymhi} Bel angeitB0Bu80under
m nutes to 24 hours. Methioni ne obtained by the
sPbsdule qbdasepasat hBButSo . drtedi1apbar (gaupe peehedre),
or subjected to pH adjustnent if necessary, to
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contained in the starting mnaterial or produced due to
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Methionine obtained by the solid-liquid separation is
dried after being washed or subjected to pH adjustment, if
necessary, to obtain a product. The drying may be carried ocut
by heating at about 50 to 120°C in slightly reduced pressure
and the drying time may be usually in a range from 10 minutes
to 24 hours.

In the mother liquid after the methionine separation
(hereinafter, this mother liquid is sometimes referred to as
"first crystal mother liquid"), methionine may remain in an
amount corresponding to its solubility in the reaction medium,
and also potassium hydrogen carbconate possible to be recycled
is contained as the basic potassium compound. Therefore, the
first crystal mother liquid is preferably recycled to the

hydrolysis reaction in the step (1) . However, the first crystal



for exanple, am no acids other than nethionine (e.g.

gl ycine and al anine) and col ori ng conponents. These
inmpurities are brought into the hydrolysis reaction

by recycling. Therefore, it is necessary to recycle

the first crystal nother liquid not entirely but

partially to an extent that the inpurities are not

accurmul ated. Thus, a proportion of the first crystal

mot her 1iquid dstyocbatreoythpdrisiasuzbntya fited drO@%ebytarting
wei ght, preferably 70 to 90% by wei ght of the entire

aanent abfort peoliieell due/ sbadidaekhet ibngudblrihd the hydrolysis,
preferabl e enbodi nent, the first crystal nother
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liquid is recycled. As the result of the
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In a preferable embodiment, the first crystal mother
liguid is concentrated and then the concentrated liquid is
recycled. As the result of the concentration, carbcn dioxide
can be removed from the first crystal mother liguid and thus
the recycling liquid, which has an increased basicity and is
advantageous for the hydroclysis reaction, can be obtained.

When the concentration is carried out at a high
temperature of akbout 100 to 150°C,the conversion reaction of
potagsium hydrogen carbonate in the first crystal mother liquid
into potassium carbonate (2KHCO; —» KyCOs; + H,O + CO2) is promoted
and the recycling solution, which is more advantageous for the
hydrolysis because of the further increased basicity, can be
obtained. The concentration can be carried out under

atmospheric pressure, a reduced pressure or an elevated



pressure. The concentration ratio is usually 1.2 to 4
times, preferably 1.5 to 3.5 tines. Herein, a
concentration ratio neans the ratio of the weight of
a solution before concentration to the weight of the
solution after concentration [(solution weight before
concentration)/(solution weight after

concentration)]. The unrecycled portion of the first
prysséate notherchrayi duti sheubpreeatdradienyatakthezhatghn
to recover nethionine and potassium hydrogen

tatborat €racxFatatabbyet alt ikpidfergilasebtuse an elevated
invention, this crystallization step is carried out to
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pressure) of carbon di oxide gas. The
potassium hydrogen carbonate as a second crystal. 1In the

present invention, this crystallization step is carried out to
recover precipitated methionine and potassium hydrogen
carbonate as a second crystal by mixing the first crystal mother
liquid with a lower alcohol, introducing carbon dioxide into
the mixture, and carrying out the solid-liquid separation of
the resulting slurry by filtration, decantation or the like
[second crystallization step (3)]. Alternatively, the first
crystal mother liquid as a whole may be subjected to
crystallization without recycling a part of the first crystal
mother liquid.

Similarly to the first crystallization, this second
crystallization is preferably carried out by allowing carbon
dioxide gas to be absorbed in the mixture of the first crystal

mother liquid and the lower alcohol under pressure usually at



crystallization tenperature is usually 0 to 50C
preferably 5 to 20C. The crystallization tinme my be
adj usted based on a duration in which the carbon
di oxi de gas is saturated in the above m xture, and
nmet hi oni ne and pot assi um hydrogen carbonate are
sufficiently precipitated, and it is usually in a
range from 10 minutes to 24 hours. In general, an
ab&anob . havbny MP4&0(Hatge bphe@Eans) | SppédraBiyaabouwero.2 to
al cohol. I'n particular, a |ower alcohol which can be
01 Zedpw (HauBeeprakbsapk) r 8kl earboRr @iekabey gdged, Taed
exanples of such a | ower al cohol include nethano
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recovery rate of the second crystal can be increased

by contRASi %y, athalksReentdvingdn £8ns rarken aps is used
out under the sane conditions as those enployed in the
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be recycled. Alternatively, the whole anount of the
e mixeasy ygt:mwamﬁlﬁgt any ratio is preferably used, and examples

of such a lower alcohecl include methancl, ethancl, n-propanol,
isopropancl, and tert-butanol. Among them, isopropancl is
particularly preferable. The weight of the lower alcohol used
is usually 0.05 to 5 times, preferably 0.1 to 2 times the weight
of the first crystal mother ligquid to be subjected to the
crystallization. In this case, the first crystal mother liquid
and the lower alcohol may be mixed before or during introducing
carbon dioxide gas.

The first crystal mother liquid to be subjected to the
second crystallization is preferably the concentrated first
crystal mother liquid, as in the case of the first crystal mother
liguid to be recycled. The recovery rate of the second crystal
can be increased by concentration. The concentration can be

carried out under the same conditions as those employed in the



liquid is concentrated and then the concentrated

nmother liquid is separated into one portion of the

nother liquid for recycling and the other for second
crystallization. In the case where the first crystal

nother liquid is concentrated and then subjected to

the second crystallization, the weight of the | ower

al cohol is usually 0.05 to 5 tines, preferably 0.1 to
ohcamstrat henwsi ght tfrdthergenednhstihed lioptier tbibgurdcycled.
Since the basicity of the nother liquid is increased

hyteenacetelal i 0Re whelet BRocaBCet taked ikRtherykitgui thother
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Pighedabd \-dicamired &Y ahbdet hB) 1l Yriv it riRidY aBkher 1iquid
di peptide (i.e. a dehydration condensate of two

PBIRIYIe B heeUhes br@N S8 HdimbBgeki Tt a fHerecycling
heating is preferably carried out at a tenperature of

ﬁg@uﬁheléQhEQ §§9C58§35&Tﬁ£§§§gifiQSt@QHVF 9n5tﬁ?|§a%% where

Pa (gauge pressure eating tine is usua

u 0 r r a
ThOV LBl CaffabRN  Rop HE 1T6AYE] B BBAARH T RE R s p i nen

ch case, it _i ef erabl e t,0 dissolve.the

s led f e ind bR Rl s afkRRng e Wit Gt (e 1ower
recyclin fro he_ vj oi nt .of handl ing. . The t her .
FFETROL aTF HE I B ol o yhtdMesap REgEedabLY 011 to 2 times

hereipnafter,_ this nother liquid is sonetines referred
é%e a@elgﬁéc%th?yg?BFe%Fﬁégdl F‘aE}S”‘&I) 1dapif-cont ai ns
met hi oni ne and potassi um hydrogen_carbonate.
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the regeneration of methionine is preferably promoted by the

hydrolysis of methionine dipeptide (i.e. a dehydration
condensate of two methionine molecules) contained in the liquid.
The heating is preferably carried out at a temperature of about
140 to 180°C under pressure at about 0.5 to 2 MPa {gauge
pressure) . The heating time is usually 10 minutes to 24 hours.
The recovered second crystal may be recycled to the
hydrolysis reaction of the step (1). 1In such a case, it is
preferable to dissolve the gecond crystal in the first crystal
mother liquid for recycling, from the viewpoint of handling.
The mother liquid after the second crystal separation
(hereinafter, this mother liquid is sometimes referred to as
"second crystal mother liquid") still contains methionine and

potassium hydrogen carbonate. Therefore, in the present

10



liquid as a third crystal, the second crystal nother

liquid is concentrated, and carbon dioxide is

i ntroduced into the concentrated nother liquid for
crystallization. Then, the resulting slurry is

subjected to solid-liquid separation by filtration,
decantation or the like to recover precipitated

nmet hi oni ne and pot assi um hydrogen carbonate as the
ihvedtionydicat thehpurpcsy sifahtidzal onal steepoel)yt ofThethionine
concentration of the second crystal nother |iquid may
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reduced pressure, or an el evated pressure.
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The crystallization
or an elevated pressure. Preferably, the concentration is

carried out under a reduced pressure, since the temperature of
a heat source can be lowered. The concentration ratio is usually
1.2 to 4 times, preferably 1.5 to 3.5 times. The concentration
of the second crystal mother liquid makes it possible to remove
the lower alcohol from the second crystal mother ligquid and
increase the recovery rate of the third crystal.

Next, the concentrated sclution of the second crystal
mother liguid is subjected to the crystallization. Similarly
to the first crystallization and the second crystallization,
the third crystallization is preferably carried out under
pressure usually at about 0.1 to 1 MPa (gauge pressure),
preferably about 0.2 to 0.5 MPa (gauge pressure) of carbon

dioxide gas by allowing carbon dioxide to be absorbed in the
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time may be adjusted based on a duration in which the

carbon dioxide gas is saturated in the concentrated

not her |iquid and nmethionine and potassi um hydrogen
carbonate are sufficiently precipitated, and it is

usually in a range from 10 mnutes to 24 hours. The

third crystallization is preferably carried out in

t he presence of polyvinyl alcohol, as described in
dfngent 16083 0mothen higuidt neThe netphedathihzat tonptemperature
the third crystal in such a state that the crystal is
tasidual lsepatatsad d,r prefbeabdihertd Bgecd. Theusrysbellization
nother liquid hardly remains in the third crysta

timé Nga{ hiee sabsegteat baseli gnl b agigdasepar ahi ¥RicANghe carbon
the inpurity content in the recovered third crystal

@ﬂ@xbaed:s[acé 635 get ulhe cdMRHNE h@fedriteen el vad Mt hlxC Qﬁghid and
is usually 100 to 5000 ppm by weight, preferably 20

hO BPOR: ROy QY &@ESQEiQﬂSﬁ aPBgthecuebOhht 8f atBesufficiently
concentrated second crystal nother liquid. The first

g%gigikgéaai, ogn&n& the tkﬁsgfa&f@ Gy & @Jfaln'g%f‘@rg% 18%inutes to

e carried out In sence o yvi ny

o In particular, when the first
%éy§$§#?fzation is carried out in the presence of

lyvihyl al I b t hi onj ith d .

ouler” B ofb 7 cs 6T bE EREAPRCR: RRECTERBlY BaTFArfigout in
t al f bly b |led to_.the hydrolysi

ThdPToRehret AE BPLBinyL elnPhalyyagodeREr P59 4% of

the second crystal. Al of the above-nenti oned steps

{H)Afé—%ﬁ?Sﬁgy pEugh, fj Egeatment methgg can precipitate the

third crystal in such a state that the crystal is easily
separated from the mother liquid. Thus, the mother liquid
hardly remains in the third crystal during the subsequent
gclid-liquid separation, and the impurity content in the
recovered third crystal can be decreased. The amount of the
polyvinyl alcohol is usually 100 to 5000 ppm by weight,
preferably 200 to 3000 ppm by weight based on the weight of the
concentrated second crystal mother liquid.

The first crystallization and the second crystallization
may also be carried out in the presence of polyvinyl alcohol.
In particular, when the first crystallization is carried out
in the presence of polyvinyl alcohol, preferably, methionine
with good powder properties can be obtained.

The recovered third crystal may preferably be recycled

to the hydrolysis reaction of the step (1), similarly to the

12



out continuously or in a batch manner. Alternatively,
sone of the steps may be carried out continuously and
the rest may be carried out in a batch manner.
Exanpl es Hereinafter, the invention will be
illustrated by the follow ng Exanples, which do not
limt the present invention in any way. In the

Exanpl es, % and parts expressing concentrations or
eavantf the baseddonrwetght unl ess ot herw se
specified. Exanple 1 [Reaction step (1)] A hydrolysis
react i Ahl wis tharabheve amnat ored @tegrsat U o dk ) Indy e carried
178C under a pressure of 0.88 MPa (gauge pressure)

0t ColtehaenSEy tdrd ok Babehmanynén! r adyeirfgt iviele ,asome of
reaction vessel, 100 parts/hr of an aqueous sol ution

€Rat St &b H dnas Hbcdiried out continuously and the rest may be
5-[(2-(nmethyl thio)ethyl)]-2,4-imdazolinedione, 1.0

Partibg QEtDQEaéstHbHVHEHﬁbge 67.6 parts/hr of the
primarily concentrated Ii1quid of the first crystal

ﬁﬁgﬁg felkiquid described below, and 25.8 parts/hr of
o?utlon of second «crystal described bel ow

[P stugraphattLzat] g&ng[gsgn&gék A0gL BECLL P0gBOLULLOBy che

(133. 1 par revious

SR L PROpS B 1Ly 3 UBLEE Pl son
%g;g?gly? Z:?I%IZ xamgggg?tgsanghpartg gxpre331ng
concentrations or amounts are based on weight unlesgs otherwise
specified.

Example 1

[Reaction step (1}]

A hydrolysis reaction was carried out at a temperature
of 173 to 178°C under a pressure of 0.88 MPa (gauge pressure)
for a residence time of 1 hour by introducing, into a reaction
vessel, 100 parts/hr of an aqueous solution containing 18.7%
cf 5-[(2-(methylthic)ethyl)]-2,4-imidazolinedione, 1.0
part/hr of potassium hydroxide, 67.6 parts/hr of the primarily
concentrated liquid of the first crystal mother liquid
described below, and 25.8 parts/hr of the solution of second
crystal described below.

[First crystallization step (2)]

The reaction solution (133.1 parts/hr) obtained by the

previous hydrolysis reaction was mixed with 60.7 parts/hr of
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was carried out at 20C under a pressure of 0.3 MrPa
(gauge pressure) of carbon dioxide gas to precipitate
net hi onine. The resulting slurry was filtered, and
the filtration residue was washed with water and then
dried at 85 to 105C under a slightly reduced pressure
to obtain 15.6 parts/hr of nethionine (purity: 99.6%
yield: 97%. As a filtrate, 184.0 parts/hr of a first

wayst ahndod her3 | pgut d/Mascf esoYev eyl Thecdho 3t andyShatroduced
nother liquid obtained in the above (184.0 parts/hr)

Mﬁﬁoi@téﬁ@#@&ﬂliﬂé@i@ncﬁﬁﬁsﬁétaélOnTH@ﬂ?r@héScrﬁﬁﬂallization
concentrated at 115C and then 140C under a pressure of

Vad MBr{84UgRtPLESSHEL) uh@e?bﬁa%)geégﬁ_ré B&r bsahipal (Gauge
primarily concentrated liquid (the primry

EPEEEME Pl OB A BHH0d 1 dx { detg}%?%%aé%%@fiﬁﬂé‘%&’é Ifet{idd¥he. The

primarily concentrated |1 qui al ed that the

hi onj td. 6..Q9 : ; [
FELTL D1 SOPESLLL00 I © 00 90 ERS 1 R0YBAS M cue was

. ' ' t d, L Lgui 4

BAEhSE N AL SREPLUTMILY G SNCERtdt oth WL Gl LR, & ey
LGRS ARl B LS UL aLYS B JERR BB uri
LR R R RN N o N
hour and then introduced into a concentration
PPk at UBOBRBT cOhTBAEr HRBITSEPVEBSE- under a pressure
of 0.2 MPa (gauge pressure) to obtain 14 12.3

par t s/ Fipe of LEsk eebYigER | oElbptehiguiddobtgingd in the above

§secondary concentration ratio: 1.5 tines; cunulative
h@4gﬁ(ﬁanﬂﬁyQyﬁ waeyintroduced into a concentration apparatus

and concentrated at 115°C and then 140°C under a pressure of
0.2 MPa (gauge presgsure) to obtain 106.4 parta/hr of a primarily
concentrated liquid (the primary concentration ratio: 1.7
times). The analysis of the primarily concentrated liguid
revealed that the methionine concentration was 6.0% and the
potassium concentration was 13.5%.

Asg described above, 67.6 parts/hr of the primarily
concentrated liguid (106.4 parts/hr) of the above-mentioned
first crystal mother liquid was recycled to the hydrolysis
reaction. Also, 18.5 parts/hr of the scolution was introduced
into a heating apparatus and heated at 165°C under a pressure
of 1 MPa (gauge pressure) for a residence time of 1 hour and
then introduced into a concentration apparatus and concentrated

at 135°C under a pressure of 0.2 MPa (gauge pressure) to obtain
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and secondary concentrations: 2.6 tinmes). Further,
20.3 parts/hr of the remaining was used for

di ssolution of a wet cake of the second crystal as
descri bed bel ow. [Secondary crystallization step (3)]
The secondarily concentrated |liquid of the
above-nentioned first crystal nother liquid (12.3
parts/hr) was mixed with 3.3 parts/hr of isopropano

and3 i pdrodlieedf B @ccheidaaiyst abhczatiratedppagai ds (secondary
Then, the crystallization was carried out at 12 to

é@ﬁb@ﬂﬂ@ét@oﬁ&%&_&weloﬁ Oie P uUnlALES vePFBESHI®) the primary
carbon di oxi de gas. The resultlng slurry was filtered

aﬂdobéebﬁdzr§ Q@ﬁééﬁhkagioﬁs“\eb gakemak) theFﬁeeae@ 20.3
crystal as a [tration resid Al so, as a fil trate

Badt s PRE ffﬁheofeﬁ\gfnﬁﬁ§m E%ﬁtﬂ)r %%rldt' %ggv@%et cake

F ecovere wet cake™of the secon crysta

Bﬁrﬁﬁéhééc%§§”§ % }é' 88§F§§§ g1dj,ssolved in the

remai nder ove ment i oned

e PEharYy T SERb T Qtl &2?. ntroduced 1 nto a

ot mospHEs | ESprate it ?%oﬁ%%a%%gféﬁtii‘%ﬁﬂs?t ohigi ned.
Bethorerconra L bayScahurarhits 1ok T LoeaR /) was
crystal sol ution revealed that the nethjonine

BEReRTIHE %o RATTE/B% ahdi R pRABRL AN introduced into the

concentration was 18.2% The second crystal sol ution
trEsBal 15zphi 8/ appanasusecyEhes, t bhenherwgipdilygasion was

reaction as descri bed above.
carried out at 12 to 16°C under a pressure of 0.3 MPa (gauge

pressure) of carbon dioxide gas. The resulting slurry was
filtered to obtain 7.8 parts/hr of a wet cake of the second
crystal as a filtration residue. Also, as a filtrate, 9.1
parts/hr of the second crystal mother liquid was recovered.
The wet cake of the second crystal (7.8 parts/hr) from
the previous gtep was dissolved in the remainder (20.3 parts/hr)
of the above-mentioned primarily concentrated ligquid of the
first crystal mother liquid, and the solution was introduced
into a concentration apparatus and concentrated at 80°C under
atmospheric pressure to remove isopropanol contained in the
second crystal to obtain 25.8 parts/ hour of a second crystal
solution. The analysis of the second crystal sclution revealed
that the methionine concentration was 7.6% and the potassium

concentration was 18.2%. The second crystal solution (25.8
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[Tertiary crystallization step (4)] The second crystal
mother liquid (9.1 parts/hr) fromthe previous step
was i ntroduced into a concentration apparatus and
concentrated at 80 to 110C under atnospheric pressure
to distill isopropanol off to obtain 6.0 parts of a
primarily concentrated |iquid (primary concentration
ratio: 1.5 tinmes). The analysis of the primarily
pantcehr htwak [degquicl edeveat ke Hhdtol tdies metdutdnimes described
concentration was 3.14% the concentrations of two
dbagéer eoners of nethionine di peptides (hereinafter,
referred to as MDP-1 and MDP-2, respectively) were

ITébtihoy cMPrilandatib8%tep VBDP32, and the
pot assi um concentration was 7.25% A portion of the

pri marthy LGeMdtdl hBehdrof 14hea s€COMAHYHB! from the
not her |iquid was taken and introduced into a

L . i a atus an
ﬁp@@faugage%;waepﬁﬁ@f#&%ﬁg% e&%csrﬁax?é&%laéfug%@ W#@%'%Egt d

reduced essure o ute pressure o

a
%5@%?#%%?& be §§998d§z‘i¥°Eoﬂfi?EH]g‘cirr)lglgﬁé%ﬁ/:&gng%t@%g%‘}e to

cunul ative "ratio o

Lop: 3 BpLLn T Lysis_of __.
FRECLEE YaSPPPERhEn LRE wP Bobral § - PelaxPaaok: Raptenarily
lLyci trati 0.69% t | ani .
ONCRAFAL PO WAL, oG CORCEAI Ly Tk GRCAR s Ar Bt imes) -
iquid._of th d. I th liqud
P ARIGRH 3 RE o B B SP I, GPT O BPAF B LU b TavgaLed that
crystalljzed at 10C under a pressure of 0.3 MPa (g%g e

bhe ekt onine GG G RN ¢85S o Lifectprt GPRCEN ions of

met hi_oni ne and
two diastereomers of methionine dipeptides (hereinafter,

referred to as MDP-1 and MDP-2, respectively) were 1.55% for
MDP-1 and 1.68% for MDP-2, and the potassium concentration was
7.25%.

A portion of the primarily concentrated liguid of the
gecond crystal mother liquid was taken and introduced into a
concentration apparatus and concentrated at 60°C under a
reduced pressure of absolute pressure of 60 mmHg (8 kPa) until
the secondary concentration ratio reached 2.3 times (cumulative
ratio of the primary and the secondary concentration: 3.5 times) .
The analysis of the secondarily concentrated liquid revealed
that the glycine concentration was 0.6%% and the alanine
concentration was 1.07%.

The secondarily concentrated ligquid of the second crystal

mother liquid was introduced into a crystallization apparatus
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pot assi um hydrogen carbonate. The resulting slurry was
filtered, and the filtration residue was recovered as

a wet cake of the third crystal. The respective
concentrations of nethionine, MOP-1, MPD-2, and

pot assi um which are val uabl e conponents, in the wet

cake were anal yzed, and the recovery rates of the
respecti ve val uabl e conponents were neasured
andocdyagalbitbd &ol LowCcngndakcal pressut-er piil @ .8oMPandgauge
that the recovery rate of nmethionine was 82.5% that

piedblrd) ves &lxida didigildeigdddRo?presiBltd¥%: asthibatine and
of potassiumwas 49.4% Recovery rate of a val uable

sorRo8eRh hirogdA0cyrbhagexer yTREDWBELOE iWBt stakey was
(part)xconcentration of a valuable conponent in wet

£8keetd]/ aierTEHBt £ Of £ PLL 1B )b 1 RRNGEB WU R I d fdisth szet cake

second crystal nother liquid (part) xconcentration of

V@ﬂléaE’faErﬁog?g?EQi | Nl %EEE%E/’}%” gﬂ%&ﬁﬁ:@gthbﬂg' de

second cry nmof her Ti qai respective

@8@ﬁ58§£§é'°ﬁﬁ Ohgsioe angd BLanLng.y iGhratee valuable
ApUTI we

res’in cake, e ana zéd an

upt ake r te of was cal ulated acc

FEPRgen %r|banﬁ8 S EoPkEneRE, AP LYERYr T RS RYE PRgovery
upt ake rate of SE 6% and that of al ani
HRL8S 5ok ot BeprarberEiBS Vol oP IS, FrPEopante yEg e, Measured
%recovery amount _of _wet cake (part)xconcentratlon

of
FEARAHRPUIT Frei FOhbPWERR ST AYIF IR &RBTME SoF© Tind that the

secondarily concentrated |iquid of second crystal
FOERERTY iRl of( pakhiRrdnesms £ - iokhak ?%ﬁ{ﬂﬁﬂywrﬂﬁ 51.4%;

secondarily
that of MDP-2 was 91.1%; and that of potassium was 49.4%.

Recovery rate of a valuable component (%) =
100 x [recovery amount of wet cake (part)xconcentration of
a valuable component in wet cake (%)]/[amount of primarily
concentrated ligquid of second crystal mother liquid
(part) xconcentration of a valuable component in primarily

concentrated liquid of second crystal mother liquid (%)]

The respective concentrations of glycine and alanine,
which are impurities in the wet cake, were analyzed and the
uptake rate of each impurity was calculated according to the
following calculation formula to f£ind that the uptake rate of
glycine was 35.6% and that of alanine was 33.6%.

Uptake rate of an impurity (%) =

100 x [recovery amount of wet cake (part)xconcentration of

17



concentrated |liquid of second crystal nother |iquid
(El Exanples 2 to 4 The sane procedures as those of
Exanple 1 were repeated, except that the ratio of the
secondary concentration in the third crystallization
step (4) of Exanple 1 was changed to the ratios shown
in Table 1. The respective recovery rates of the
val uabl e conponents in the obtained wet cake of the
t hiand iopystialy der ereneasikecd %a11¢ [usdeowmduntlall esekcondarily
together wwth the results of Exanple 1. Table 1
Ex atplenteatadany gid o\l Bekdairl ([(Hysthl. rcyMantlriahiion
Rati o Met hi onine MDP-1 MDP-2 Potassium (times) 2 1.0
40.(pa?td xebrlehttatich bOhd ikbukity 8nl&etoriak8y
75.3 13.7 84.7 33.5 1 2.3 82.551.891.1 49.4
Exapplest>at@d’ 1TkRiSAME RRAHIEY A MRRhe 1iquid (%)]
Exanple 1 were repeated except that the tenperature
of the crystallization in the third crystallization
step (4) of Exanple 1 was changed to the tenperatures

] aple,2. The respective recovery rates 18 of
?ﬂgMgg%%aglggc%nponents in the obtained wet cake of
e o nhe g H AL IRAR8E. 0 Sha d N 18Rk r8peaten,

except that the ratio of the secondary concentration in the
third crystallization step (4) of Example 1 was changed to the
ratios shown in Table 1.

The respective recovery rates of the valuable components

in the obtained wet cake of the third crystal were measured and

shown in Table 1 together with the results of Example 1.

Table 1
Example Secondary Recovery Rate (%)
No. Concentration
Ratio Methionine | MDP-1 MDP-2 | Potassium
(times)
2 1.0 40.5 5.2 61.0 4.4
3 1.4 61.5 11.1 75.8 18.4
4 1.8 75.3 13.7 84.7 33.5
i 2.3 82.5 51.8 91.1 49 .4

Examples 5 to 7

The same procedures as those of Example 1 were repeated ,
except that the temperature of the crystallization in the third
crystallization step (4) of Example 1 was changed to the

temperatures shown in Table 2. The respective recovery rates

18



results of Exanple 1. Table 2 Exanple Crystallization
Recovery Rate (% No. Tenperature Methionine NMDP-1

MDP-2 Potassium (C) 1 10 82.5 51.8 91.1 49.4 5 15

82.6 43.7 80.5 50.6 6 20 80.4 46.2 82.3 49.8 7 25

82.5 49.1 88.5 51.2 Exanples 8 to 10 The sane

procedures as those of Exanple 1 were repeated,

except that the gauge pressure of carbon dioxi de gas

of dHeevhblusbleCtympahénzatirotheteit 4 dledwelbxaakeeoflthe third
was changed to the pressures shown in Table 3. The

ELPPesl | Weré eneNSiYedadRs Showhhenveabesdl 2 PReAt®ith the
in the obtained wet cake of the third crystallization

HEEE1 PBASEN Bda@Pleshown in Table 3 together with the
results of Exanple 1. 19 Table 3 Exanpl e Gauge
Recovery Rate (& No. Pressure (MPa) Methionine MDP 1
MDP-2 Potassium 8 0.2 83.5 43.7 80.5 47.3 1 0.3 82.5
PlpB94.-1 49.4 9 0.4 81.3 46.3 86.2 47.2 10 0.5 75.0
41.4°80.4 44.9

Example |Crystallization Recovery Rate (%)
No. . . ;
© Tempﬁi;ture Methionine | MDP-1 | MDP-2 | Potassium
1 10 82.5 51.8 91.1 49.4
5 15 82.6 43.7 80.5 50.6
6 20 80.4 46,2 82.3 49,8
7 25 82.5 49.1 88.5 51.2

Examples 8 to 10

The same procedures as those of Example 1 were repeated,
except that the gauge pressure of carbon dioxide gas in the third
crystallization step (4) of Example 1 was changed to the
pressures shown in Table 3. The respective recovery rates of
the valuable components in the obtained wet cake of the third
crystallization were measured and shown in Table 3 together with

the results of Example 1.
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Exanpl es 11 to 15 The sane procedures as those of
Exanple 1 were repeated, except that the
crystallization was carried out by adding polyvinyl

al cohol in an anmount shown in Table 4 to the secondary
concentrated solution of the second crystal nother
liquid in the third crystallization step (4) of
Exanple 1. The respective recovery rates of the
VablabBe conponents and the uptake rates of the

rgongr\fn\la |rmn|r|f| es |n fha nhf :n narl wet calka aof tha

Fﬁ?ﬁﬂ Er stc':ﬂ Qﬁere measured anﬂegﬂﬁﬁ'\BYJ Pﬁaﬁ'ﬁhl(g)d -

t offet her W?ﬁs“?ﬁe mestdsiQd | Bwple U mARLe 4| potassium
Exanpl e |Pol YMAay| Recovery Rate (&) Uptlake Rafe (&)

No. BAl cahol OM&x hi o NVORP3 15 VDP{2 B8t.ds d ydaEhes Al ani k7.3

(W1l pp) nimes sium 1l 8282.5 51.819%. 1 (49.91 35. 6/ 33.49.4

11 250 83.8¢9l3 4 90.1 86.» 17]1 15.3 12 9. B0. 2 128 2

841 38.19 14 & 15.17 135 1900 [8. 3113 9 (81 g 47 6| 10.8 o

127 814200085314 7956 35- 1T 164 162153000
74.7 15.0 83.3 37.7 16.0 15.0 20 WHAT IS CLAIMED | S:
1. A process for producing nethionine conprising the
Exdhpheaglst epslbl) to (4): (1) hydrol yzing
5-[2-(nmethyl thio)ethyl]-2,4-imdazolinedione in the
pr eserntiee ane pasicedqutess sisuthosapofiBEkgnidactli erret eppeated,
except that the crystallization was carried out by adding
polyvinyl alcohol in an amount shown in Table 4 to the secondary
concentrated solution of the second crystal mother liquid in
the third crystallization step (4) of Example 1. The respective
recovery rates of the valuable components and the uptake rates
of the respective impurities in the obtained wet cake of the

third crystal were measured and shown in Table 4 together with

the results of Example 1.

Table 4
Example|Polyvinyl Recovery Rate (%} Uptake Rate (%)
No. Alcohol |Methio-ly .\, o lynp o POtas- Glycine| Alanine
(wt. ppm)| nine gium
1 - 82.5 51.8|91.1| 49.4 35.6 33.6
11 250 83.8 13.4 | 90.1| 36.0 17.1 15.3
12 500 80.2 12.8 | 84.1| 38.9 14.8 15.2
13 1000 78.8 13.981.6| 42.6 10.9 12.8
14 2000 85.3 14.7195.6| 35.1 16.4 16.2
15 3000 74.7 15.0783.3 | 37.7 16.0 15.0
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(1)); (2) precipitating methionine by introducing
carbon dioxide into the reaction solution obtained in
the step (1) and separating the resulting slurry into
the precipitate and a nother liquid (First
crystallization step (2)); (3) mxing the nother
liquid obtained in the step (2) with a |ower al cohol,
preci pitating nethioni ne and potassi um hydr ogen
WHATODAt eLAYMEDt £8cuci ng carbon di oxide into the

m xture, and separating the resulting slurry into the
preci pitat® phdcéssnbbhReprbiguliflg( feehfinine comprising the
crystallization step (3)); and (4) concentrating the
ol hewihgqutdpebtaned i(pythe step (3), precipitating
met hi oni ne and pot assi um hydrogen carbonate by

(0§ rogash gz /% h@n[ﬂiFﬁé@ﬁ?ifﬁfbfé@h§?ﬁ95n4[fﬁfgazollnedlone
squtlon and “separatin he resulting slurry into

iﬂetﬂéeﬁfgéEQES gpd, a a??&hgét%%gyhﬂ &JH 5na (%eactlon step

crystallization step e proces according t
@%e;n11, wherein the nother |iquid obtained in the
ep'(2) is subjected to the step (3) after the

d Th
LEhdPlrng oy RRSBEPRRL i Bt aeonb SR ayyice ance
d t he st d f .
%%%sxéwg&a?sﬁm%fao% IR (113 G5aRo L) And separating
tert-butanol. 4. The process

so r and
P %‘?‘% ing a?'l:';}'lﬁf)é Jd-ftc&ltg}er@rfctl@l§a 8\f@Pepnmother liquid

nethlonlne and potaSS|un1hydro en carbonate are
b LEFpi EEY8HRL A1 EABIPREe8ERBe (8 ) pol yvi nyl al cohol in

the step
(3) mixing the mother liquid obtained in the step (2) with a

lower alcohol, precipitating methionine and potassium hydrogen
carbonate by introducing carbon dioxide into the mixture, and
separating the resulting slurry into the precipitate and a
mother liquid (Second crystallization step (3)); and

(4) concentrating the mother liquid obtained in the step (3),
precipitating methionine and potassium hydrogen carbonate by
introducing carbon dioxide into the concentrated solution, and
separating the resulting slurry into the precipitate and a

mother liguid (Third crystallization step (4)).
2. The process according to claim 1, wherein the mother

liguid obtained in the step (2) is subjected to the step (3)

after the mother liquid is concentrated.
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(4). 5. The process according to any one of clains 1

to 4, wherein a portion of the nother |iquid obtained
inthe step (2) 1is recycled to the step (1). 6. The

process according to claim5, wherein the nother

liquid obtained in the step (2) is recycled to the

step (1) after the nother liquid is concentrated. 7.

The process according to any one of clainms 1 to 6,

wher ei B. t hEh@reeopetat ecobtdingdtonclaémsiepr(3) wlerein the
recycled to the step (1). 8. The process according to
hoyepnel Obhel ahsed lid ahle stMier@)n ikheepeetied Eabt the group
obtained in the step (4) is recycled to the step (1).
@3nsisting of methanol, ethanol, n-propanol, isopropancl and

tert-butancl.

4. The process according to any one of claims 1 to 3,
wherein methionine and potassium hydrogen carbonate are
precipitated in the presence of polyvinyl alcohol in the step

(4).

5. The process according to any one of claims 1 to 4,
wherein a portion of the mother liquid obtained in the step (2)

is recycled to the step (1).

6. The process according to claim 5, wherein the mother
liquid obtained in the step (2) is recycled to the step (1) after

the mother liquid is concentrated.

7. The process according to any one of claims 1 to 6,
wherein the precipitate obtained in the step (3) is recycled

to the step (1).

8. The process according to any one of claims 1 to 7,
wherein the precipitate obtained in the step (4) is recycled

to the step (1).
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