REPL ACEMENT SHEET Cont i nuous process for the production of nethi orﬁ@%’ @ac’
met"hl oni ne derivatives Specification The present invention rel ates LY %MP
pr-ocess, which may preferably be performed continuously, suitable for the
~large-scal e industrial production of aqueous al kali tralg Qur et Iﬂ'@‘ @% arth
“petal nethioninate solutions which may be used directly, fOﬁ Peéeﬁ ys
feed additives, or for the isolation of am no acid or [rl‘r

suitabl e forTheeTatleecef Bbeli ipvertiomhel g ocess is suitable in particular
for the production of methioninate solution. Methionine and aqueous
solutions of nethionine salts, inp rtlcul(ﬁ_gc of so%un t hi.oni nate (DE 31
05 009 O, tgeé’éhéldouﬁtﬁrg‘ﬁ%§‘f’|¥?ﬂf SERAP |“W§[g5n7 #r8%y &nal ogue
(MHA) are uspdtwebhinwi derssattessadditives for rearing poultry, pigs and
ot her agro-econom c animals and are mainly useful for
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the production of animal proteins. It is particularly in view of the

i ncreasi ng worl d popul ati on and i ncreasing problems of food supply that
net hi oni ne, B&i A§70AY df Alhe essential amno acids in t hguenSHBET GRQVBHEN
process, and its various forns are of special inportance and R hEED
consequently, is the nore economc prodﬁcﬁién t her eof . '

requi rements, the products are prefeyabl sed.in solid.,or liquid form
CownerciaIIyC39§FP§8P§ ?58F&ﬁfngfﬁighﬁn§¥8&%%§%ﬁ?cﬁ#ﬁﬁé&%ﬁ%ﬂﬁé&nﬁ%euion of
40 wt. % of nelelthdonieeaderivaltiikest he substitute, MHA, it has equival ent

bi ol ogi cal value to solid nethionine, nmeasured on an equi nol ar basis. There
are three mai n net hods available for the production of such sodium

met hi oni nat e S®gicdfilea&ion. Sinpl e di ssol ution of isol ated nethionine.

Al t hough tshis nmet hod produces the purest formof the product, it is nore

expensi ve than production of e sol
p Theppresent gnven%?on reigtes to a process, which may

preferably be performed continuously, suitable for the
large-scale industrial production of aqueous alkali metal
or alkaline earth metal methioninate solutions which may be

10 used directly, for example as feed additives, or for the
isolation of amino acid or salts thereof suitable for use
as feed additives. The process is suitable in particular
for the production of methioninate solution. Methionine and
aqueous solutions of methionine salts, in particular of

15 sodium methioninate (DE 31 05 009 C), together with
substitutes such as methionine hydroxy analogue (MHA) are
used world-wide as feed additives for rearing poultry, pigs
and other agro-economic animals and are mainly useful for
the production of animal proteins. It is particularly in

20 view of the increasing world population and increasing
problems of food supply that methionine, being one of the
essential amino acids in the animal growth process, and its
various forms are of special importance and so too,
consequently, is the more economic production thereof.

25 Depending upon requirements, the products are preferably

used in solid or liquid form.

Commercially available sodium methioninate solution has a
concentration of 40 wt.% of methionine and, unlike the

30 substitute, MHA, it has equivalent biclogical value to
solid methionine, measured on an equimolar basis. There are
three main methods available for the production of such

sodium methioninate solutions:
35 1. Simple dissolution of isclated methionine.

Although this method produces the purest form of the
product, it is more expensive than production of the solid
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-2-, formdue to the additional processing stage and is thus | ess econom cal
than the production of nmethionine itself. 2. Al kal i ne _hydrolysi s of
5-([err]-met 93 mS7caMt dePhyl )- hydantoin with NaCH or QHISCSHER) RASIBEENT]es
for which it is necessary to use approximately 2-3 hydroxy eq*gpy_gtgpts td
avoi d the production of unwanted by-produ@t S. Wen Ca( OMdM-ef—is—tsed;

whi |l e the excess poni ficati .agent .may bhe renmoved in the for cal ci um
carbonate (DEST %eoé'ré’ E)cne #gﬁganﬁaimB%@?eﬁgl%s%%as%% ko) falsé)véﬂr@%al ly
unusabl e wastlessalecomomietdr tddnt chehprhddebxodeof oneghionisg citdelfhmy be

reused but which requires expensive steps such as cal ci ning and quenchi ng.
On the

2. Alkaline hydrolysis of 5- (R-methylmercaptoethyl) -
5 hydantoin with NaOH or NaOH/Ca (OH), mixtures for which
it is necessary to use approximately 2-3 hydroxy
equivalents to avoid the production of unwanted

by-products.

10 When Ca(OH), is used, while the excess saponification agent
may be removed in the form of calcium carbonate
(DE 31 05 006 C), it must however be disposed of as
virtually unusable waste salt or returned to the hydroxide
form, in which it may be reused but which requires

15 expensive steps such as calcining and quenching. On the
other hand, when sodium hydroxide solution is used alone,
the excess must either be removed in the form of the sodium
carbonate produced (DE 31 04 997 A) or it must be removed
as sodium sulphate which is formed after neutralisation of

20 the sodium carbonate with sulphuric acid (EP 253 740). Salt
formation and the expensive salt removal process as well as
the risk of undesirable residues being left behind in the
product solution constitute the disadvantages of this
method. |

25
3. Alkaline hydrolysis of methionine amide

As is known, for example from EP 0 228 938, this may be

performed with approximately stoichiometric quantities of
30 hydroxide without giving rise to excessive by-product

formation. This constitutes an important advantage in

comparison with method 2.¢

Methionine amide may be prepared in a known manner by
35 hydrolysing methionine nitrile, which may in turn be
obtained by direct synthesis from the customary starting
materials, methylmercaptopropionaldehyde (MMP), hydrocyanic
acid or ammonium cyanidéﬂ and ammonia. e e —
. This Sheet Has Been Replaced
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ot'her hand, when sodi um hydroxide solution is used alone, the excess must
ei ther be renoved in the formof the sodium carbonate produced (DE 31 04
997 A) or |t9@uéﬁ7bémkeh@¢ed as sodi um sul phate which is o i SEEN
neutralisation of the sodium carbonate with sul phuric acid'yggigggﬁégi).
S?It ;ornation and the expensive salt rendval process as pell sk
of undesirabl e residues heing left behind in the product sol utio
const | tut e ¢ BTERRRon Clgaelg SohdYRERNBAEr Sl FAFROINGAF ISRITTS &% o
met PI oni ge anisdel Az it Kmewdtabdy @éxadpl eof then Ebrfaidéh I3B nddtiralray be
performed wt pprOXi I I chi ri L L de wit hout
giving rise ts%lé%Xcggl)éil\%ggglc}é&ri%%u%?E%(%?%atl§%%a?{%%liés Jg% t?%%[aﬂs)f%n

i mport ant adwemtaymeich wishp &hies eddikiannethedt2lyhvieal bni gt Hff de may be

'tOL regaL gd i) UMMy 1Mo hY §hobY et Rgu Bl hk@hbiEs N{ddidén-wdich may in

Methoden der Organischen Chemie, enlarged supplementary
volumes to the 4th edition, volume E5, pages 535 et seq..,

and the literature cited therein).

10 As considerable expense and losses are entailed in
isolating methionine cleanly and subsequently hydrolysing
it to NaMet with NaOH as described, for example, in patent
EP 228 938, such a process is uneconomic.

15 In the other example stated in the same patent,
MMP-cyanohydrin is first prepared in the customary manner
from MMP and HCN in a 500 ml pressure vessel, and the
MMP—cyanohydfin is then converted into methionine nitrile
by the introduction of condensed NH,;. After release of

20 pressure and cooling from 60°C to 10°C, this product (see
Houben-Weyl) is reacted with an aqueous solution of acetone
and NaOH, and any remaining ammonia and acetone are then
removed by the application of a vacuum before the resultant
methionine amide is hydrolysed to sodium methioninate after

25 the addition of sodium hydroxide solution at 180°C.
Subsequent release of pressure and removal of residual
ammonia under vacuum results in a solution of sodium
methioninate which, in addition to methionine, still
contains at least 10 other by-products in varying but not

30 negligible concentrations. This laboratory method is
unsuitable for customary large-scale industrial production
of several tens of thousaHds of tonnes per year of
methionine per plant. Moreover, no statement is made
concerning the residues of acetone and the possibility of

35 recycling it, nor about the possibilities of recycling the
large excess of NH; introduced into the process. Apart from
the optimum arrangement of the desired synthetic pathway
with regard to yield aﬁa'selectivity, the completest
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obtained by direct synthesis fromthe customary starting materials,

nmet hyl nmer capt opr opi onal dehyde (MW), hydrocyanic acid orr n-uT ey ani-de;
and amoni a. 92 187 Ahe/ ¥ hod of aci d-catal ysed nitriléiﬁﬁgE%T_ #@gc@ﬁﬁbk
be used as it inevitably leads to the fornmation of neutral salkPLAGRD| e

al kaline nitrile hydrolysis is preferably ﬁe?forned wi th the addition of"
catalytically_actjve carbonyl co unds, in rticul ar_ketones

(Houben- eyl  PRETHEHE i 17V St Soforr Eitieb Jss drg 8ACSaprBeREarye
vol unes to theedé¢edsady thketone otael = ipagereaimlebleedorm and t he

. ! . : .
i 'nt ie;glt ol fn;' %@%’%&%ﬁé& ’%ué“é &Prﬁdﬁgj 3 ég BRI %@%cbﬂﬁi%ioﬁgefgw gh! ed

ronirne cleanly an y Hydrolysing
economic process which should, moreover, be capable of

5 being performed continuously on the desired scale.

No continuous process for a homogeneous ketone-catalysed
alkaline aminonitrile hydrolysis has hitherto been
described. The reason for this is apparently that no

10 effective industrial method which may be performed
continuously for purifying the resulting mixture of ketone,
ammonia, water and optionally by-products has hitherto been

available.

15 The importance of this problem is evident from the fact
that catalytically active polymer resins containing
carbonyl groups have been developed as ketone substitutes
(EP 84 470, DD 208 349), which may readily be removed from
the reaction medium by filtration or which may be arranged

20 as a fixed bed through which the substrate solution may be

passed continucusly.

This at first sight very attractive concept has, however,
the disadvantage that such catalysts have not hitherto been
25 commercially available and would presumably be very
expensive to produce in the quantities required for
large-~scale industrial production, in contrast to ketones,
which are inexpensive. Moreover, the polymer resins
described are rapidly poisoned by secondary reactions on
30 the carbonyl groups and must be regenerated by expensive
processes. .
N
In a variation of this process (EP 168 282, US 4,677,224),
an increase in catalyst life is achieved at the expense of
35 substantial re-dilution of the aminonitrile solution used
for hydrolysis from approximately 1 M to 0.1 M by the
product solution produced in the subsequent saponification

ERN

stage. —
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it 40 NaMet with NaOH as described, for exanple, in patent EP 228 938, such
a process i s uneconomc, In the other exanpl e stated in the sane pat ent

MVP- cyanohydrdi?n %8S A gt Adt epared in the custonary nanner ﬁ Blgm
ter ;

in a 500 m pressure vessel, and the MWP-cyanohydrin is th nto
met hionine nitrile by the i ntroduction of Scondensed NHB. £

pressur e and 500l 100 L AmALALLEEL A0l L] futll soplodel dosey

Houben- Weyl') i's r EAct dous®sor
any renai ni n@r&ﬁml@nan@‘léc(?@tlwmelér éthenesehme@ISd:)yOE r@mﬁpmmﬂ}of a

vacuum bef or g J-Re » @hbdRt £18Y BRORE PR aalgﬁefscéwﬁ seft 11 50didym

met hi oni nate after. the addition of sodi um hydroxi de solution at. _180[err]C.
Subsequent r QLo b b 33 CeSEGNATEAd VRABOAN b? }esneRpihedmfshist iddddetvacuum
results irms apmlsuman c@fnpa@deu_m get HLQﬁéﬂﬁé&wﬂ\ﬂhC&btaIyﬁﬂCﬂég‘eQﬂaﬁaﬁtlon.

et hi oni ne, geconcflcmt %.b%sfo%.magait ;8 Petgh yppoguc'f{?tsolu 1V0611‘1r,y|wr}%.cl%1m not

is at a temperature of approximately 80°C, must be cooled

Q

to 30°C, which is the temperature required for the
preliminary stage, and this solution must then be reheated

10 to the original saponification temperature once it has
passed through this stage.

Optimum process control and avoiding or minimising waste
streams are also essential in such a process both for
15 economic reasons and for today'’s ecological requirements.

The object of the invention is thus to provide a process
for the prodiuction of methionine or salts or precursors
thereof, such as methionine nitrile or amide, wherein the

20 process is based directly on the basic chemicals already
mentioned and should also be capable of being performed on
a large industrial scale without isolation of the
intermediate stages. The process should be economic and, in
particular, should be capable of being performed

25 continuously, wherein it should be possible to recover the
excess ammonia and ketone introduced into the process with
as little loss as possible and to reuse them.

This objec;'is achieved by the present process claimed in
30 the claims wherein the claims may, in particular, be
combined while retaining their individual advantages.
« _
The process, which is preferably performed continuously or
semi-continuously but may also be performed batchwise,
35 comprises a total of 5 or 6 main process stages:
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negligi ble concentrations. This |aboratory nmethod is unsuitable for
customary | arge-scale industrial production of several tens of thousands of
t.onnes per ye@2 »87ndMhi/ohlne per plant. Mreover, no sta n ¢9-Hg@%cﬂq
concerning the residues of acetone and the possibility of ?ﬁ@& ) I,Lnor
about the possibilities of recycling the-l@rge excess of NH3_j $ﬂ89 ad
into the process. Apart fromthe optimum arrangenent of the desired
synthetic pathwiy RPFR2FEGRArQL t Sryde I MMRrRY s i « (CH)t f&omo MfPe8Bs:

-4- possi bl e recovecy ¢préhembmapnistaged i n excess and of the necessary
ket one catalyst in a recyclable formand subsequent reuse of both are,
however, preconditions for an ecoqgnic process whi ch shoul d, noreover, be
capabl e of ¢

R-CHO + HCN -» R-C-CN
CH
10 2.) Formation of crude MMP-aminonitrile from crude MMP-CH
and NH; or NH,/water mixtures or in a single stage from
MMP, HCN and NH, or NH;/water mixtures (preliminary
stage)
15 H H

R-C-CN + NH,; - R-C-CN + H,0 or

OH NH,
20
H
R-CHO + HCN + NH; » R-C-CN + H,0
25 NH,
3.) Alkaline ketone-catalysed hydrolysis of crude
MMP-aminonitrile (AN) to crude MMP amide
30 H HO
OH", ketone | |
R-C-CN + H,0 > R-cl:-c-NH2
NH, ' NH,
35
4.,) Alkaline saponification of the crude product mixture
from 3.) containing methionine amide (Met-AM)
optionally with simultaneous partial or complete
removal of ketone, NH; and optionally other volatile
40 components M
IiI H
R-C-CONH, + OH" - R-C-COO™ + NH; =
45 | - NH, |
NH, - ketone NH,
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bei ng performed continuously on the desired scale. No continuous process
for a honbgeneous ketone-catal ysed al kaline amnonitrile hydrol ysis has
hitherto been92es87iX¢d/ Ahe reason for this is apparently that no
effective industrial nmethod which may be perfornmed conti nutHis! SHEEDrHAS BEEN
purifying the resulting mxture of ketone,7ammoni a, water| and ppixoral |y
by- products has hitherto been avail able. The inportance of~4-his—propremts
evident from?ht fERELIPPRAL RRFEISHGAGNE &f ithe savgRemet8iPRdNaEAL ai ni ng
carbonyl groups hayelbebin dsivied opell Asnket.Qne fonbekdampllesblEP 84 470, DD
208 349), which may readily be remved fram the reaction.ned'unhg
filtration or whi O%%yr%% %&?Qﬂuﬁﬁf R e Ib?HaPﬁFSEéﬁnthc %he
substrate sol uti ondesirdd Hozzkedwurdntmahising. This at first sight very
attractivegconcept has, however, the disadvantage that such catalysts have

not hitherto been ) L. _
6.) Ammonia/ketone purification and recycling

10 Re 1.) and 2.):
The formation of aminonitriles as «-amino acid precursors
from aldehydes with hydrocyanic acid and ammonia (Strecker
synthesis) or from initially formed cyanohydrins and
ammonia (Tiemann variation) is well known and has been

15 investigated on numerous examples (Houben-Weyl, Methoden
der Organischen Chemie, 4th edition, 1952, volume 8, pages
274 et seq. and pages 279 et seqg. and enlarged
supplementar§ edition to the 4th edition, E5, pages 1425 et
seq.). If suitable reaction conditions are selected, both

20 reactions proceed with > 90% yield.

In the present case, the Tiemann variation has the
advantage that the relatively high heat of reaction of
cyanohydrin formation may be collected. This enables the
25 reaction temperature of the subsequent aminonitrile
formation, which is also exothermic, to be more accurately

adjusted, in particular in a continuous process.

MMP-cyanohydrin formation:

30 .
MMP-cyanohydrin is formed spontaneously from MMP and liquid
or gaseous hydrocyanic aézd at pH 5 to 9 and temperatures
of up to 50°C, but is preferably formed at pH 5.5 to 7.5
and temperatures of 20 to 30°C.

35

PH is optionally maintained within the required'nominal
range by the addition of small quantities of base. Both
organic bases such as amine compounds, for example
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commercially available and woul d presunably be very expensive to produce in
Ehekqgantltlgglrgquireq for large-scale industrial production, in contrast
to ketones, | ch7 age ynexpensi ve. Moreover, the pol yner
are rapidly poisoned by secondary reactions on thg cgrborTﬁﬁ;re}'ﬂEE]'efﬂsé\Sdﬁ:ﬁﬂ
be regenerated by expensive processes. tn8a-variation of thl§ @ﬂﬁi& (ER
168 282, US 4,677,224), an increase in catalyst life is achi eved at the
expense of stbbethylahipe-of |RYTHHing, 13nd dRrEANiq D8ses §iicdn afsed f or

hydrol ysis féPH&ﬁPpﬁQKéﬂBéﬁlHlﬂaﬁ&ﬁé)éhﬁtﬂﬂﬂétéﬂﬁhyaﬁa&u@bssahut|on produced

in the subsequent _saponificatio
gyanldesP for example Naéﬁior Na }@EEN%MEt%@E

f—t-

particularly in the form of the aqueous solutions thereof.

The reactants should be introduced into the process in

approximately equimolar quantities. An aldehyde excess

should as far as possible be avoided as it results in

by-products and degradation products in the subsequent
10 reaction stages or in the end product.

A large excess of HCN should alsc be avoided as the
hydrocyanic acid must either be driven off at a suitable
stage or destroyed, which would require additional energy

15 and complication of the process. A slight excess of HCN, in
particular of up to 5%, has, however, been found to be
advantageous as it enables quantitative conversion of MMP
to be achieved with a selectivity of virtually = 99.9%.

20 MMP-CH may be produced from MMP and gaseous or liquid
hydrocyanic acid batchwise, for example in a stirred
vessel, or particularly advantageously continuously in a
tubular or loop reactor or in a combination of the two, as
described above. Thorough mixing of the reactants with

25 simultaneous pH and temperature monitoring are

preconditions for optimum performance of this process

stage.

Yields, determined by customary analytical methods such as
30 HPLC or TLC, were 99.9%.

Aminonitrile formation:

The resultant crude MMP-cyanohydrin may be converted into
35 crude MMP-aminonitrile by reaction with ammonia or
ammonia/water mixtures in the same way as approximately
equimolar mixtures of MMP and HCN or any mixture of crude
MMP - cyanohydrln and MMP/HCN such as may be obtained, for
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1-3 MAR 1997 -5- This is al so di sadvantageous for |arge-scale industrial
production. Firstly, it requires the use of correspondingly |arger colums
filled with B3 yifst Aat/alAfst, at |east two of which are IS mr@E'N
it is nonetheless still not possible conpletely to dispens “ﬂdﬁ%,ﬁﬁ | yst
regeneration. Secondly, approxinately 90%df~ t he product |sol ut ik gﬁlrh

at a tenperature af ap I mat el err nust e cool e 0

which is the § ﬁﬁé &ﬂ%§§hﬁ %ESSSIV a%?CSWBSEEe L?ﬁél

sol ution nuskﬁfmmw&ﬁHreheated to the original saponification tenperature
once it has passed through this stage. Optinmum process control and avoi di ng
or mnimsing waste streans are also essential in such a process both for
econoni ¢ readBrslamrian nad@RF PubdScafiions PEAOLLEARAYsIeFRELBBj ect of the

invention §s tduis ichPrawWHe ijulldONSSand MMP/HCN or MMP-CH, the

advantageous use of aqueous ammonia for aminonitrile

formation has more recently received greater emphasis.

DE-0OS 16 43 535 describes the use of NH, excesses of 4.6 to

10 55 equivalents relative to MMP and NH, concentrations of
above 50 wt.% under pressures above atmospheric at
temperatures of up to a maximum of 60°C and preferably of
15 to 40°C. The residence times of 4.5 to 5.5 hours are,
however, excessively long, particularly for a continuous

15 process. Moreover, the described process is accompanied by
excessive by-product formation (DN and DNMA), which is also
unacceptable for continuous large-scale production.
Methionine yields, after acid hydrolysis of the
aminonitrile, are stated to be between 97 and 99% relative

20 to the MMP. DE-0S 20 06 979 teaches a process which
proceeds under substantially identical conditions but is
performed in continuously operated stirred vessels, wherein
the main feature of this invention is the partial return
into the reaction vessel of an aqueous phase obtained after

25 phase separation of the crude aminonitrile, which aqueous
phase is rich in NH; and still contains AN. This is stated
to reduce salt formation during the subsequent acid
saponification. However, the partial return of already
formed product restricts the economic value of this

30 process, in particular with regard to the acid
saponification which is desired there.

N

DE 26 45 544 describes'the use of aqueous ammonia as
advantageous at NH, concentrations of 24 to 48.6 wt.%, in

35 particular of 32 to 42 wt.%, and NH; excesses of 4 to 7
equivalents, relative to the already formed cyanchydrin
introduced into the process, at temperatures of 50 to 100°C
and pressures of 1 to 10" bar. While aminonitrile may indeed
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for. the production of nethionine or salts or precursors thereof, such as
methionine nitrile or am de, wherein the process is based g —
basi ¢ chemi ca9% 187 aMly/ Adnt i oned and shoul d al so be capabj 8llgfS iTHQf\S BEEN
performed on a large industrial scale without isolation offthe iREPEAGEBdI at e
stages. The process should be economnic and0 rn particul ar, should be
capabl e of being_perforned continuoysly rein it shoul d ossible to

e
recover the SR %ﬁﬁnﬁﬁﬁF%ﬂﬂP Yort& PnF H&@édrFﬁFBOFhénﬁr5E§ss with as
little | oss agedosthb|telmensl dxe rlemae thae3 oThiauebsecthesamthonvediby t he

present process ai e | wh he ¢ ;
particul ar, %%#rb*%eagbvﬁ'u %e e algﬁﬁg ft:ér;%%’ltrlvE |°V|l_'§ rTanladvgf—i%1 drlrf‘he
process, whlcin¢£0¢uqﬁiw¥nﬂq/qhﬁﬂanﬂ§$SooﬁbMﬁN@uslﬁoﬁras@ﬁitééﬁﬁgﬁuously
but may alg epﬁo@é?éé orgmd; DAl Gl S&e GBI 3¢S 3skohat19fve16k LooRi Ds

process stages

insufficient, from both an economic and ecolog1ca1
viewpoint, since 1t must be assumed that unreacted educt or
by-products produced therefrom must be separated and
disposed of in costly manner. This is unacceptable, in

10 particular for the large scales customary for methionine

production.

While yields of above 90% are indeed mentioned in all the
above-stated prior patent publications, no statements are
15 made relating to the resulting gap in the balance.

It has now been discovered according to the invention that
the principal organic byéproducts in crude aminonitrile
congist of the correspondingly substituted iminodinitrile
20 (DN) (DN = 2,2’-bis-(2-methylmercaptoethy1)imino—
diacetonitrile), the dinitrile monocamide derived therefrom
(DNMA) (DNMA = 2,2’-bis- (2-methylmercaptoethyl) imino-
diacetonitrile monoamide), together with methionine amide

(AM) already formed at this stage.

25
CN fN _ fozﬂ CO3H
R//[\\N /\\R ON R /\\N /!\\R DS 1
) A
30
CN -fONHz <
R//l\\N//A\\ DNMA
}
35

R has the above-stated meaning.

EY
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-6-.1.) Formation of crude MW-cyanohydrin (CH) from MW and HCN
(prelimnary stage) [err] 2.) Formation of crude MWP-am nonitrile from

cr.ude MVP- CH92nd-8NHAMor/ M3/ wat er mi xtures or in a single §
HCN and NH3 or NH3/water m xtures (prelimnary stage) [err]ﬁgﬂféhFEPthEﬁE
ket one- cat al ysed hydroly5|s of crude MvP-dkimonitrile (AN) {to critif

=2

amde [err] 4. kal j.ne sa oni ficati f th d t f
3) “contai hi AESrd MGG S0 CPVECURRE Bt FE aﬁwaw%ﬁ\?%ﬁé%ri o

partial or cdnplhetreo been described in the literature, are partly or

completely hydrolysed in the subsequent stages to yield the
corresponding iminodiacid (DS1 = 2,2’-bis-{(2-methyl-

5 mercaptoethyl)iminodiacetic acid), the content of which
impurity should be as low as possible in the product.
Optimum performance of the aminonitrile stage, particularly
with regard to those aspects important to an economic
process, thus principally depéﬁds upon keeping by-product

10 formation as low as possible while achieving a virtually

quantitative yield of aminonitrile.

It has now been found that the proportion of DN + DNMA
assumes an acceptably low value of s 2 mol.% of the

15 cyanohydrin introduced into the process, with AN yields of
= 98 mol.%, in each case relative to the reacted aldehyde,
if a molar ratio of NH,/CH or NH;/aldehyde of at least 4:1,
in particulaf of 5:1 to 15:1 is used and NH; concentrations
of > 50 wt.%, advantageously of 55 to 85 wt.%, and in

20 particular a molar ratio of NH,;/H,0 of greater than 1.5 are
used at temperatures of greater than 40°C but not greater
than 80°C and reaction times of at least 5 minutes, but not
greater than 60 minutes. Dinitrile content is, in
particular, raised by high temperatures or falling NH,

25 concentrations or excesses and also by long residence
times, while a low water content extends the necessary
reaction time. The reaction is preferably terminated at the
latest once 2% of the theoretical quantity (mol.% relative
to MMP + CH) of DN+DNMA has been formed, because the

30 proportion of DS in the finished product is otherwise too
high. The reaction is generally performed within the stated
limits in such a manner tﬁat the proportion of DN+DNMA is
kept as low a possible. A preferred embodiment of this
process stage is to use 5 to 8 equivalents of NH; with a

35 concentration of 55 to 85 wt.%, in particular of 60 to
80 wt.%, in the temperature range of 50 to 70°C at reaction
times of 10 to 50 minutes and under the pressure which is
established within theu§§stem under these conditions.
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renoval of ketone, NH3 and optionally other volatile conponents [err]

-7- 5.) Optional post-treatnent of the crude nethioninate solution
obt ai ned frotR 4187 A%/ Sanpl e by post-reaction, puri fi catton o= -
evaporation to the desired final concentration. 6.) qi E’)‘ke\i{}"ﬁ@ HAS BEEN
purification and recycling R= (CHerr[)férr]SCHerr] Re |1.) aRdPRACED The
formati on of 1 nonitriles as [err]-amno.acid_precursors from al dehydes
with hydrocygﬁﬁ QJEQf§uﬁ?3ﬁﬁnnﬁi§ PeEikePRs Pht RNEPIYA pay  6¥ER PRI al | y

formed cyanoisdieded tamck 1 mol.%.

For the first time, the conditions selected here allow the

5 process to be performed continuously at yields of above
96%, which is essential for large-scale production. A
purely tubular reactor or a combination of a loop and
tubular rector may be used for the process, wherein the
tubular reactor should have a mulﬁiple of the residence

10 time of the loop reactor as dinitrile formation may
consequently be kept lower. The process described here is
also distinguished by the fact that the ammonia or
ammonia/water mixtures recovered from the subsequent
recycling stages may be used instead of fresh

15 ammonia/water.

The mixtures of crude aminonitrile/water/ammonia obtained
in this manner may be used for the subsequent hydrolysis
either directly or after releasing the pressure to standard

20 pressure or to a pressure between the pressure prevailing
in the system during the aminonitrile stage and standard
pressure. Part of the excess NH, may be recovered at this
point from the aminonitrile stage during this release of
pressure.

25
Aminonitrile hydrolysis = methionine amide formation:

The aliphatic and cycloaliphatic ketones proposed in
patents DE 26 37 204 and DE 27 53 828 for the production of

30 amino acid amides by ketone-catalysed hydrolysis of a
corresponding aminonitrile exhibit marked differences in
their suitability for the‘hydrolysis of aminonitrile.

The greatest rate of reaction is achieved with acetone,
35 which is the least expensive ketone and least harmful to
health and thus preferred for industrial purposes.
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ammoni a (Tiemann variation) is well known and has been investigated on
numer ous exanpl es (Houben-\Weyl, Methoden der O gani schen Chemie, 4th

edition, 19522 ¥8VuR¥ &, Abages 274 et seq. and pages 279 et qﬁg SRF HAS mIN

enlarged suppl ementary edition to the 4th edition, E5, page$ Q‘ Aéﬁﬂ

|f suitable reaction conditions are sel®eci®ed, both reacti ons

90% vyi el d.

In th t th T h
that the 1l ABFDRFLAPBRERELE BFEPSHET | b SASCy RS ot RREF ST b
col l ected. Thishedabhes sbélumahydrmxidﬁwnmruuman(ﬁntﬁh@ suteseqeento £
am noni trilef gr gt ,op, e&m{}é‘léﬁ%é" SP 5&%’{&% 'th ﬁﬁt\t}%é}%ﬂ&re% YUl Y

adj ust ed,

in-partrcular con

nuous

MVP- cyanohydBDﬁCbsafDrnédc§pmhxbhé©u8$yobtiﬂnﬂﬂmmhmﬂhIqqmﬁkfiﬁ'Wﬁ%@édhs

hydrocyanisc gei ﬁle@hleﬂlﬁetngdéndséQﬂPrﬁrrﬁééﬁﬁﬁ'xﬂ{aﬂ@ S0l err] C, but is
preferably forned at  pH 5 7.5

10

15

20

25

30

35

1m1dazolld1none compounds IM1 and IM2, together with MMP

and other components occurring in lower concentrations.

OT“N/H 0 /M

\ | N CH
A IM1 3 IM2
R T R RN ’A\CHa

H H
R has the above-stated meaning.

While the imidazolidinones are indeed also converted into
methionine by the subsequent saponification at elevated
temperatures, the IM1 and MMP contents in particular lead
to losses in the final yield and may cause purity problems.
According to the invention, re-formation of aldehyde and
the formation of IM1 may be reduced considerably by keeping
the temperature and alkali content low, so increasing the
selectivity of the overall reaction sequence. A process for
the production of o-amino acids as described in patent

DE 27 53 829, in which the total quantity of alkali
required for aminonitrile saponification, i.e.
substantially 1 equivalent of hydroxide, is already added
to the crude aminonitrile mixture and saponification is
performed in a single stage, yields somewhat poorer results
in the present case. Moreover, an increase in aldehyde
content to values of up to 7 mol.% may be observed when the
temperature is raised above 40°C. Aldehyde content may,
however, be reduced to below 2% at temperatures of below
30°C. Since, as is known, the rate of aminonitrile
hydrolysis increases sharply with ketone concentration
(Commeyras et al., Tetrahedron 1978, 34, 2275 et seq.,
using the example of acetone and oa-alanine nitrile), this
characteristic may also be exploited for purposeful control
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and. tenperatures of 20 to 30[err]C. pHis optionally maintained within the
required nomnal range by the addition of small quantities of base. Both
or.gani ¢ basesszurdr &M afmiate conpounds, for exanple - 8- tTH!Se IH” ..p w“
pyridi ne, and inorganic bases such as alkali nmetal or alkaline ggﬁ

hydr oxi des or cyani des, for exanple NaOH @ NaCN, are suit e, PLACED
particularly in the fornlof the aqueous sol utions thereof. The reactants
shoul d be i nt?%oﬁk%dfﬁ?%ﬁ"b’-qfheme(ﬁ?wsilﬁ%ﬁprl@)‘cgﬁaﬁ;wséq(afrﬁSFE@ner

quantities. Afuath dedydesnsess shrld thaard dxcasspossi AbReberavoi ded as. it

results in byrﬁ oduct.s. an degcradatlon %rodu ts in the subsequent reﬁtctlon
st ages or by é} onomic and product purity reas ns

now been found that elevated reaction rates and hence very

5 good selectivities at the AN hydrolysis stage may be
achieved within a range of H,0 excess with a moderate input
of acetone and preferably small quantities of hydroxide. In
brief, the optimum range may be placed within the following
limits (relative to nitrile):

10
15 to 50 equivalents, preferably 20 to 30 equivalents of
H,0; 0.2 to 2.0 equivalents, preferably 0.3 to 1.0
equivalents of ketone; 0.1 to 1.1 equivalents, preferably
0.15 to 0.4 equivalents and in particular 0.15 to 0.3

15 equivalents of OH™ and 1 to 7 equivalents, preferably 2 to
5 equivalents of NH, at temperatures of between 10 and
30°C, preferably of 15 to 28°C and reaction times between
10 and 90 minutes, preferably of 20 to 60 minutes. The
process described here is in particular distinguished by

20 the fact that, instead of using ketone and water, an
aqueous ketone solution obtained from a subsequent
recycling stage, in particular an acetone solution,
including the by-products contained therein, may be used.

25 As in the preceding process stages, hydrolysis of crude
aminonitrile may also be performed batchwise or,
preferably, continuously, the batchwise process being
performed, for example, in a stirred reaction vessel. A
simple reaction tube, but preferably a loop reactor, in

30 particular a combination of loop reactor and reaction tube
may be used for the continuous process. The pressure at
this stage is not criticaI and may be selected at will in
accordance with the method used, although the pressure
which is established within the system in a given method is

35 preferably used.
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A large excess of HCN shoul d al so be avoided as the hydrocyanic acid nust
either be driven off at a suitable stage or destroyed, which would require

addi tional efér ¢f7aftf éoftplication of the process. A sli ?Qgﬁgﬁﬁisggééﬁgg’
3 34

in particular of up to 5% has, however, been found to Db
It enables quantitative conversion of MV o be achi eved|wi t h BEPSBGERt vi tly

of virtually 99 - nmay, oduced from NVP and gaseous or
liquid hydroé&gﬁﬁlaggﬁdﬂ%gyggxnse,"f%é%ﬁééﬁﬁﬁ%F?r#%f%ﬁﬁﬁ%ﬂéd vessel, or

particul arly advant ageously continuously in a tubular or |oop reactor or in

a conbi nati orhaf sbhati WA cBBafdRSEN i ReCh ADONEnn N UAHHL M1 iR

reactants w th sigylta eous pH and tenperature nmoni‘toring are _preconditions
for optimum POFf GPRaRERSBAUERE sSPPOREELCRE InR Wiile|adkalde Met@lned by
cust onarysanallkbiléak geibhdfie 84T hhpdrditlde OrTd LGkl , 92 n@%hydroxyl

content which was already adjusted in the previous stage of
hydrolysis is increased by the addition of further
equivalents of hydroxide such that the resultant hydroxide
content corresponds to a ratio of 0.95 to 1.1 equivalents,
10 preferably 1.0 to 1.05 equivalents, relative to the MMP
introduced into the process. The saponification temperature
should be at least 85°C, preferably at least 90°C but as a
rule above 100°C, in particular 110 to 140°C. A temperature
of 200°C is not generally exceeded. The amide concentration
15 is advantageously from 10 to 35 wt.%, preferably s 30 wt.%,
and in particular s 25 wt.%, wherein a concentration of
= 25 wt.% is preferred when the saponification temperature
is = 160°C. The pressure is adjusted to the system pressure
of 1 to several bar which corresponds to the selected

20 temperature, optionally with simultaneous evaporative
concentration of the reaction solution. The reaction time
is at least 10 but at most 90 minutes, preferably 20 to 40
minutes in the case of alkali metal hydroxide and up to 180
minutes in the case of alkaline earth metal hydroxide.

25
The process according to the invention is distinguished by
the fact that during and/or after saponification of the
amide, the ammonia, ketone and water are drawn off together
at a temperature of = 85°C and/or with application of a

30 vacuum. The ketone is advantageously substantially removed
from the ammonia and the ammonia transferred to the nitrile
synthesis (see above). Thé process according to the
invention may be used for all methionine syntheses in which
methionine nitrile is first saponified to the amide in the

35 presence of a ketone, in particular at a temperature of

below 60°C. [
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Am nonitrile formation: The resultant crude MWP-cyanohydrin may be
converted into crude MVWP-am nonitrile by reaction with aammonia . or._.___
ammoni a/ wat &2 sk ey B the sane way as approxi mat el y: Bejdi $iAzar 48 xk g S

of MW and HCN or any m xture of crude MVP-cyanohydrin Wﬁs
may be obtained, for -9- exanple, at the-cyanohydrin' : —
compLete OB 4 M O e ProsBeLent, pUbbLoaLLons, princ pall Y
use of aqueas meaMENirEdeasaayl Hdmistr tbe skparateooubashavketvre epitdyent
recei ved 9f a3t YRR trecMrciEntOatia@3mi AEREE] PE8: ! fadiPe s N
achieved according to EP B 228 938 by applying a vacuum to
5 the resultant methionine amide solution and as proposed in
DE 26 37 204 C2 ({(due to the low pH). Since, as has been
found according to the invention, part of the ketone (2 to
10% of the quantity introduced into the process) is in any
case bound as imidazolidinone (IM2 in the case of acetone)
10 and is only liberated at the saponification stage,
recirculation is also necessary here for economic and
environmental reasons and the recirculation of both free
and liberated ketone together during or after amide
saponification is the method of choice. Preferably, no
15 ketone is drawn off before the amide saponification stage
and a second partial stream of vapours containing ketone
and the consegquent requirement for additional apparatus is
thus avoided. Saponification may be performed batchwise in
a stirred pressure reactor but is preferably performed
20 continuously, for example in a saponification column. When
the continuous method is used, it is particularly
advantageous simultaneously to remove the remaining NH,,
including that formed in the reaction, together with any
ketone still present and the steam produced in situ at the
25 saponification temperature or the optionally additionally
injected heating steam. This mixture, which escapes from
the top of the column, is collected and used for recycling
ammonia and ketone. The discharge from the column then
contains a pale yellow amino acid salt solution containing
30 neither ammonia nor ketone, which varies in concentration
depending upon the degree of evaporation, and which has an

amino acid content of 10 to 45 wt.%.

Since the crude amino acid salt solutions may still contain

35 residues of cyanide in concentrations of several hundred
ppm, these may have to destroyed. According to the
invention, this is achieved by heat treatment, preferably
of the directly obtained amino acid salt solutions, at
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55.equivalents relative to MW and NH3 concentrations of above 50 w. %

under pressures above atnospheric at tenperatures of up to
60[err] C and 9% €%k & y &L 15 to 40[err] C. The residence t

ﬁ%’?‘%ﬁt’fi yi)# BEEN

a CO

5.5 hours are, however, excessively |ong, garticularly for
process. Moreover, the described process i acconpani ed by

EXCESSIVE

b duct f t I table f

oot nubus | FEes AR B bR terannt r o Frate PEr HEGSSEE s SE R ol ysi s
of the am norid 40 eyinartesst a.tne@atralbalbet vEeat OYeasd PO%imbiteds velrio t he
MWP.  DE- O5 2%5: & r 249 tt%%crl%%a%n%iﬁcﬂgﬁxem@bcgt F’i&&&@dfs updgie syt antial Iy

| denti cal tions but is performe

I'n continuously operated stirred

vessel s, whereil$%e @& AePsSit (r @ispteR| ati Hvb&@?@nalil@ athelgrstidl return

i nto the rpaglinitaeestels Qfopair agueous phase obtained after
separation of the crude amnonitrile, which aqueous phase

and still contains AN. This is stated

phase
s rich in NH3

Although it is known from DE-0OS 33 34 328 that residual
cyanide concentrations may be destroyed by raising the

temperature in an alkaline solution, DE-OS 33 34 328

10 relates to the destruction of bound hydrocyanic

acid and

acrylonitrile in crude acetonitrile, for which temperatures

and pH values must be considered which are quite different

from those prevailing in the amino acid reaction.

15 The resultant solutions have a cyanide content of only

< 10 ppm, relative to a 40 wt.% amino acid content. This is

distinctly below the permissible limit. Thermal
post-treatment may be performed successfully at

any of the

amino acid concentrations obtained of 10 to 45 wt.%, but
20 preferably at 15 to 30 wt.%. It may be performed in a
subsequent stage, for example in an additional reaction

tube, or during the saponification itself, for example by
suitably raising the temperature in the lower part of the
saponification column. Cyanide saponification yields a

25 small proportion of alkali metal or alkaline earth metal

formate in the product solution, but this causes no

problems since formate, in particular calcium formate, is

itself used as a feedstuff additive.

30 Further evaporative concentration is necessary,

especially

if the discharge contains < 40 wt.% of amino acid. This

evaporation is advantagedﬁsly performed at standard

pressure or reduced pressure and optionally at boiling

point under the mildest possible conditions, for example
35 using a falling-film evaporator. The vapours obtained at

this stage may be returned to the process at some other

point.
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to:reduce salt formation during the subsequent acid saponification.

However, the partial return of already formed product restricts the

econoni ¢ val §& éﬁ7tﬁNs/pﬁécess in particular with regard to the acid

saponi fication which is desired there. DE 26 45 544 describes the use of

agueous anmmoni a as advantageous at NH3 cohRentrations of 24 to 48.6 wt. %

I n particular err excesses of U|valents
i oty

relative to Fﬁe 35? %8FHE§%8§§n8ﬂy Flﬁ VAR 3ITRRY ?%t%ﬁ ess,
tenperaturespabdﬁ@ttsolﬂ@ﬁenn]ﬁraﬁdrpbéysuhesugh actrwéibdmnarhwnleThls

am noni tril e Imy H@Qﬁ%ﬁgeouslg e pFrESrkgénfg 80861@WQ“5é é@&QidﬁbP%ar
reactor and t reaction tines areles 0 e amn itrile
the process is continuous. In addltlon to the removal of

5 admittedly only slight turbidity together with small
quantities of by-products, a further lightening of colour
occurs at this stage. This stage may be performed both
before and after the possibly necessary evaporative
concentration. The total yield of methionine is at least

10 95% in the process described here, relative to the aldehyde
introduced into the process. The total quantity of
detectable non-toxic iminodiacetic acid components DS1 and
DS2 (N- (1-carboxy-l-methylethyl)methionine) in the solution
when saponification is performed continuously is less than

15 1 wt.%, relative to methionine. The quality of the product

solutions is in line with that used in the feedstuffs

sector.

COzH CO,H

/‘\ /J<CH3
20 ~
R T \CH3 Ds2

R has the above-stated meaning.

25
Ammonia-ketone purification and recycling:

If this process is to be economic, it is essential to reuse
the excess ammonia, in particular to return it to the

30 aminonitrile formation stage. Since one equivalent of NH,
is reformed in the course of aminonitrile saponification,
it is even possible, if récycling is successful, to perform
the entire process withoﬁt consuming any NH,. In the final
analysis, the nitrogen in the amino acid molecule is thus

35 derived from the hydrocyanic acid.

It is also necessary to recycle the ketone used as
completely as possible for economic reasons.
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yield is at best only 96% relative to the MW-cyanohydrin introduced into
the process. However, for a nultistage process, an internediate yield of

di stinctly b&RoWBT08Y VsALnsufficient, from both an econo msagglgcoquLgﬁ{
vi ewpoi nt, since it nust be assuned that unr eact ed educt

produced therefrom must be separated and ¥ sposed of in ¢
I S unaccepta e large scales customary for

& artlculgr for é

met hi oni ne p SdBEFl EenvﬁPPB yREFAS b?gaB%v%h%O@B%ﬁﬁﬁ%9&k§kﬁ§nﬁﬁq<3ned in
all the abovemsbatedupetofopatmphoniibtitat fontat ivn Sﬁ@étﬁrmfﬁtsalg{e made g
relating to (L e nce | t now he |scov re
accordlgg togpﬁgegﬁg%%?ﬂgng? %Q?%g p$|n ?p%ye%r%%. %ﬁ ude
am noni tri | eiBoAsrsdueedt Amigontespbadyigly andxaldlﬂaﬂiyrmeunhrahle le (DN
(DN = 2, 25 DpsopdrfRORYLECLEaBhGE Nyh) L Nrudld AGRHRH LR add bl LT e

rmonoani de derlv erefrom
?osses fn yield and reduced quality of the end product.

The recycled ammonia should preferably contain less than
25 meq and in particular less than 10 meq of ketone,
relative to the cyanohydrin and/or the aldehyde. This means
10 that the stripped NH,/ketone/water mixture cannot be
recycled directly, wherein it is immaterial whether
stripping is performed before, during or after amide
saponification, but, as explained, the latter two methods
are preferred. Indeed, NH; containing substantially no
15 ketone must first be obtained in a yield which is as far as
possible quantitative by a suitable separation method,
while the ketone to be recycled may contain both water and
NH, . '

20 This separation could be performed by distillation. The
vapours from saponification are first collected in water in
an absorption stage and the resultant solution is then fed
into a distillation column at some point between the top
and bottom of the column, preferably in the central to

25 lower region of the column. If, for example, the ketone is
acetone, separation to yield anhydrous ammonia containing
virtually no ketone and an aqueous solution containing 5 to
30 wt.% of acetone and 0 to 5 wt.% of NH; proceeds in the
column and, if the reflux ratio is suitable, this ammonia

30 is partially or completely condensed at the top of the
column and continuously'discharged, while the aqueous
solution containing 5 to 30 wt.% of acetone and 0 to 5 wt.%
of NH; is obtained at the bottom of the column and
continuously discharged from there. The column is operated

35 at a bottom temperature of 100 to 200°C and a pressure of 1
to 20 bar above atmospheric. The column top temperature may
be from -20 to +55°C.
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(DNMA) (DNVA = 2, 2' - bi s-(2-net hyl mer capt oet hyl )i mi no- diacetonitrile
nonoam de), together with nethionine amde (AM already forned.at _this.._ .

stage. [err]9R h&as AMe/ akibve- st at ed neani ng. REPLACEMENT: I SHEET ;- #,: 45l 464 |

The imnodinitrile conpounds DN and DNVA, which have not hithemp fgen R
described in the literature, are partly 80 eonpletely hydrotysetdt+a—the—
subsequent stages to yield the corresponding imnodiacid (DS1 =
2, 2" - bi s- ( 2-Hef pFessitFe abt JuighArAvh &diteca8i baacplipyet abmesrhesricef which
i mpurity shouh doder Bsul OV A PASSiHAre abdvieh@tRbagueti c OPEhaUBLRELHOr NaNnce
of the amnopitrile o1adsy LALIHUAY Y40 to 190°C or 150 to 180°C.
After dilution with water to establish the nominal
5 concentration of > 50 wt.% of NH,, the top product may be
directly returned to the aminonitrile formation stage. When
this method is used, more than 95% of the acetone
introduced into the process could be recovered from the
bottom discharge. This solution may be used for
10 aminonitrile hydrolysis either directly or, if desired,
after filtration, optionally through an adsorbent such as
for example activated carbon, instead of using fresh
acetone. In this case, it is convenient first to dilute the
solution with water if necessary and to make up small
15 losses of acetone until those concentrations are obtained
which, together with the crude aminonitrile mixture, result
in the desired nominal concentrations of acetone and water
at the aminonitrile hydrolysis stage. The required
hydroxide equivalents may be infroduced into the hydrolysis
20 stage either directly by adding them to the aqueous ketone
solution produced there, or by separate introduction of a
suitable alkali metal hydroxide solution or alkaline earth
metal hydroxide suspension. The proportions of by-product,
which increase when recycling is prolonged and which
25 principally comprise various pyridine compounds, have
virtually no negative effect upon the aminonitrile
hydrolysis yield in the process according to the invention.
The level of by-products may, however, be kept constant at
a desired level by continuocusly discharging small
30 quantities, for example 1 to 10 wt.%, of the bottom
solution obtained from pressure distillation and replacing
them with corresponding_éZantities of fresh solution. The
discharged amounts may either be disposed of or worked up
again, in particular by-products may be eliminated and the

35 purified substance then reused.
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wrt.h regard to those aspects inportant to an economic process, thus
principally depends upon keeping by-product formation as | ow as possible

whi | e achi evioeg187viaMt JaRlLy quantitative yield of aminonitri i‘ﬂ}?lﬁ“ms“@\gg‘“

been found that the proportion of DN + DNVA assunes an accepf
of [err] 2 mol.%of the cyanohydrin introtficed into the prockss. ﬁﬂ"“d@

yields of [err] 98 mol.% _in each ca ﬁ relative to the reacted al dehyde, if
a nol ar rat|3q§FrNH§F€H 8f NH?/&VGEﬁ? ePBPC8BSfeast 4:1, in particular of
5:1 to 15:1 is used and NH3 concentrations of > 50 w.% advantageously of

0 i H .
oreater than 1o BEPS 0800 ot BporaRtacuhar opl LGl il R hen |,
great er thana$@iver g &rdhnégelilynbei sebdivided| bate SlenenutERgut Fot
greater than §Q.n Nyt e%e PiBULEL! @nEQ0T 8PLGES atd PALEdLADBY pddSREDY
O D A ot invously bus may opticnnily aise be performed batthwise® P

g residen

or semi-continuously. In the cyanohydrin reactor 1, a

reaction between MMP and HCN is base-catalysed (KAT.) to

yield MMP-cyanohydrin, which is then reacted in the

10 aminonitrile reactor 2 with aqueous ammonia at a
concentration of > 50 wt.% from the absorption and mixing
stage 11. The cyanohydrin reactor 1 and the aminonitrile
reactor 2 may be combined into a single stage. The pressure
of the resultant crude methionine nitrile/water/ammonia

15 mixture is either reduced in a pressure reduction stage 3
and the consequently liberated NH; is removed separately

(a) or b)), or the crude mixture is directly introduced

into the subsequent hydrolysis stage 4 without release of

pressure. In this stage 4, aminonitrile hydrolysis is

20 performed with the assistance of a simultaneously
introduced aqueous alkali metal Hydroxide solution or
alkaline earth hydroxide suspension (MOH) and an aqueous
ketone solution, preferably in the form of the bottom
product mixture obtained from the distillation 10 and

25 optionally with the addition of fresh ketone (A >C=0) or
water (A). The resultant solution of ketone, optionally

NH,, and the above-mentioned reaction products in water is

introduced into the sapohification reactor 5 together with

a suitable alkali metal hydroxide solution or alkaline

30 earth metal hydroxide suspension (MOH) and reacted there.

The alkali metal or alkaline earth metal methioninate

solution produced there is passed through a filter 7 after

having passed through a heat treatment zone 6, which may

also be integrated with the saponification reactor 5, and
35 the said solution may subsequently be further concentrated

in an evaporation stage 8. Alternatively or additionally,

an evaporation stage 8a may be arranged downstream from the

post-treatment zone 6,xlh which case the filter 7 has a
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tinmes, while a |l ow water content extends the necessary reaction tinme. The
reaction is preferably termnated at the | atest once 2% of ’E%?heGLELlQQQ
quantity (noP2938@| Al feAko MW + CH) of DN+DNMA has been f d$Hﬁ§bﬂM§%ﬁ§F7
the proportion of DS in the finished product is otherw se tiQo_hi @EPLA:BE . !
reaction is generally performed withintR& stated linmts in suc }

that the proportion, of, MA is kept as | ow a possible. A preferred
enbodi mantp o£°‘f’ﬁ¥sfb?l‘dtgs\g RuIPPY: W dlsonhend Gy acEAvetss NH3 with a

concentr at i onapbobbahd/8b fitleer i auxidridrmsy)l &rnd)'foxfi&plt(iolggi\gﬁz- % Si)n t het
tenperature 0 . of rd C . at_reacfion tinmes t.0 m nut es
amrjrp under thgﬁgggggﬁ?é %\%%:JF:P%% ejs a%plps éaéit Wit ﬁithﬁmﬁﬁéggﬁs?&ﬂ\ UAG8r these

conditi ons. adsoybent removed (C waste).
5

The vapours removed from the saponification reactor 5,
which contain ammonia, ketone, water and by-products, are
taken up in a quantity of water in an absorbtion stage 9,
if desired together with the NH; (a)) from the pressure

10 release stage 3 and the vapours from the evaporation stage
8 or 8a, such that the resultant NH, concentration is at
least 20 wt.%. This solution is subsequently transferred to
the distillation stage 10. The solution containing ketone
obtained there as the distillation bottom product is then

15 transferred to hydrolysis stage 4, if desired after
filtration (7a) through an adsorption and/or filter
auxiliary or optionally after discharge of small quantities
of waste. The NH, obtained as top product is transferred to
the absorption and mixing stage 11, optionally together

20 with the NH, partial stream (b)) obtained from the pressure
release stage 3. In this absorption and mixing stage 11,
the NH; is adjusted to the desired concentration by the
addition of water and, if necessary, small losses of NH,
(A NH,) are replaced.

25
The methioninate solution produced by this process may be
used directly as liquid methionine formulation for
feedstuffs according to DE-0S 31 05 009 or, if desired, it
may be used for the isolation of methionine or methionine

30 derivatives using methods known from the literature.

The following examples iliustrate the described process in

greater detail.
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W thin this range, the proportion of DN*DNMA may even be reduced to < 1
nmol . % For the first time, the conditions selected here allow the process

to be perfor A8d188nAMndod&l y at yields of above 96% whi ch jps—essenttal T
| arge-scal e production. A purely tubular reactor or a conb|n5ﬁﬁoﬁﬁﬁﬂ'€%$£@EN

and tubul ar rector may be used for the praxess, wherein thejtubulREPLAGE:t or
shoul d have multiple of the residence tinme of the loop re or-as
dinitrile foff8fPoR fay consequently be kept |ower. The process descri bed
here is al so distinguished by the fact that the ammoni a or amoni a/ wat er

m Xt ures recqv fromthe, subsequent. recycljng stages may be used_ i nstead
of fresh an’ma)ﬁlﬁgﬁ\%af%F@—tﬁlﬁghﬁgﬁﬁgﬁgt%uﬁf%&%i%ilr‘?on' il ﬁﬂz?thé(!dfr&ﬁﬁ)mni a
obtained in this manner may be used for the subsequent hydrolysis either

directly er aftemn ieiRash89rif&rof €S54 & res S(tza,rll%r qnol) of freshly
distilled 3- (methylmercapto)propionaldehyde (MMP) and

110 ml of triethylamine were introduced at 20°C and pH 7.0
into a 400 litre tank equipped with an anchor impeller, pH
electrode, thermometer, reflux condenser, metering device
10 and connected hydrocyanic acid evaporator. 66.0 kg
(2,442 mol) of freshly evaporated, gaseous hydrocyanic acid
were introduced within 7 hours with stirring at a rate such
that the temperature in the tank did not exceed 30°C. The
pH was maintained at 5.5 to 7.5 by the simultaneous
15 addition of 130 ml of triethylamine. According to HPLC
analysis, MMP conversion was 100%. The MMP-cyanohydrin
yield was 316 kg with a cyanohydrin content of 99.6 wt.%.

This cyanohyérin was used in subsequent examples.
20 Example 2

(Item 1). 133.9 kg (1,285 mol) of MMP and
400 ml (= 0.29 kg) of triethylamine were reacted under
similar conditions to those in example 1 with 35.8 kg

25 (1,324 mol) of liquid hydrocyanic acid within 4 hours in a
250 litre tank equipped with an anchor impeller, pH
electrode, thermometer, reflux condenser, metering device
.and connected storage vessel containing liquid HCN. The
MMP-cyanohydrin yield was 170.0 kg with a cyanohydrin

30 content of 99.2 wt.%.

% e il

Example 3
This Sheet Has Been Replaced

QLT

2-amino-4-methylmercaptobutyric acid nitrile l""”
35 (D,L-methionine nitrile)

(Item 2). 51.0 g (2.40 mol) of 80% agueous ammonia were
introduced at 44°C into a 250 ml steel autoclave equipped



pressure or to a pressure between the pressure prevailing in the system

AJLIDQ

during the amnonitrile stage and standard pressure. Part{qgﬁigﬁas?ﬁﬁgﬁﬁgﬁj

may be recoveredsat avi/saaoint fromthe amnonitrile stage AT

rel ease of pressure. Aminonitrile hydrolysis = nethioni neLam__d__'_‘{QﬁErﬁi ion: |
The aliphatic and cycloaliphatic ketones ptoposed in patents DE 26 37 204~
and DE 27 53 828 for the production of am no acid am des by )

ket one- cat al ysi&dt By @téinysirs IRNENeSerespoharngl arheonerete® Sefditinfn ked

di fferences igundieidtciidideaRidsiskey ban hBgtMyMgr shygi ssofs am (@nid1 ins) The
gr eat est rat%ég reaction is .achieved with ace | s the | east

ope, c
expensi ve ketndMErGYRRRLY AP iere: 5RRBaPEAPSA IR HEsE R e rP e b e

i ndustrial pwimdsetirring. The temperature rose to 57°C, the pressure

5 was 13 bar above atmospheric. Stirring of the reaction
mixture continued for 20 minutes at the same temperature
and the mixture was then cooled in an ice bath and the
pressure reduced to standard pressure. HPLC analysis of the
reaction mixture indicated 99.1% of theoretical of

10 methionine nitrile, 0.0% of theoretical of methionine amide
(AM), 0.8% of theoretical of dinitrile (DN) and 0.0% of
dinitrile monoamide (DNMA).

Example 4
15
(Item 2). Apparatus as example 3.
68.0 g (2.40 mol) of 60% aqueous ammonia were introduced
into the autoclave at 50°C. 53.6 g (0.407 mol) of
MMP-cyanohydrin were then pumped in within 2 minutes with
20 stirring. The temperature rose to 58°C, the pressure was
7 bar above atmospheric. Stirring of the reaction mixture
was continued for 10 minutes at the same temperature and
the mixture was then cooled in an ice bath and
depressurised to standard pressure. HPLC analysis of the
25 reaction mixture indicated 99.0% of theoretical of
methionine nitrile, 0.0% of theoretical of AM, 0.9% of
theoretical of dinitrile (DN) and 0.0% of theoretical of
DNMA.

30 Example 5 (comparisocn)

102.0 g (2.40 mol) of 40%‘aqueous ammonia were reacted with
55.2 g (0.419 mol) of MMP-cyanohydrin in a similar manner
to example 3. HPLC analysis indicated 98.0% of theoretical
35 of methionine nitrile, 0.3% of theoretical of methionine
amide, 1.4% of theoretical of DN and 0.3% of theoretical of

dinitrile monoamide (DNMA) .
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-"13 - Wen aninonitrile prepared as described above is hydrol ysed with

dilute sodiug&hédroxide solution in the presence of 0.2 to Q.equival ents
t

of acetone a ﬁﬁe@gt r&& of 10 to 30[err] C, a product m KTHISESHEETORARIgREN
whi ch consi sts mainly of methionine am de,_sodi um net hi oni pat e, FfElpEACED

I m dazol i di none conpounds I ML and | M2, fo%j%ther wi th MWP ake—et-her

conponents ogeUrthRggi : entrations. [err] R has the above-stated
meani ng. WhiFe the iﬁiggégpggfggﬂgs are indeed al so converted into

net hi oni ne by the subsequent saponification at elevated tenperatures, the
ML and MVP gont engs (LNgpambl fUbAT 25 gaglfoh SHfifor i Wk irdalerdehd egnd

may cause purit r ﬁ; . Ai Oégin to the inventjon, re-formation of

al dehyde and49hi go? g?@nt S:I %@5"%%a?%ﬂﬂ%ﬁﬁldﬁh§ﬁd@ﬂ&ﬂ@% BRIEESDHi ng

t he tenpebat upeeaadpakkal i HEDOt 8141016 HOdidHRINBY F theoretical
of methionine nitrile, 1.6% of theoretical of methionine
amide, 1.6% of theoretical of DN and 1.0% of theoretical of
DNMA.

10 Example 7 (comparison)

(Item 2 without item 1). In the apparatus described in
example 3, 122.4 g (1.80 mol) of 25% aqueous ammonia were
introduced into the autoclave at 42°C. A solution of 8.5 g

15 (0.314 mol) of HCN in 31.7 g (0.304 mol) of MMP was then
pumped in within 4 minutes with stirring. The temperature
rose to 53°C, the pressure was 1 bar above atmospheric.
Stirring of the reaction mixture was continued for a
further 10 minutes at the same temperature and the mixture

20 was then cooled in an ice bath and depressurised to
standard pressure. HPLC analysis of the reaction mixture
indicated 91.8% of theoretical of methionine nitrile, 1.8%
of theoretical of methionine amide, 1.7% of theoretical of
DN, 1.2% of theoretical of DNMA.

25 '
Example 8

(Item 2 without item 1). 51.0 g (1.80 mol) of 60% aqueous
ammonia were introduced into the autoclave at 32°C in a
30 similar manner to example 7. A solution of 8.5 g
(0.314 mol) of HCN in 32.2 g (0.309 mol) of MMP was then
pumped in within 0.7 min with stirring. The temperature
rose to 54°C, the pressure was 5 bar above atmospheric.
Stirring of the reaction mixture was continued at the same
35 temperature for 10 minutes and the mixture was then cooled
in an ice bath and depressurised to standard pressure. HPLC
analysis of the reaction mixture indicated 97.6% of
theoretical of methionine nitrile, 0% of theoretical of

This Sheet Has Been Replaced

IEHAHAR




selectivity of the overall reaction sequence. A process for the production

of a-am no acids as described in patent DE 27 53 829, in fﬁﬁ?%ﬁﬁ?ﬁfﬁiﬂffﬁj
quantity of &RkaB7 P¥qui P&d for anminonitrile saponificatiagn, ©.¥5=l HAS BEEN |
substantially 1 equival ent of hydroxide, is already added LQQLQEE@#Wﬂé |

e

aminonitrile mixture and saponification“i%®performed in a single stage
yi el ds somewhat ,poorer results_ip,th esent . case. eover,, L.acr ease
i n al dehyde @S%PéﬁFlPS 9EF§8$ 5fgﬂpofoggeﬂﬁ?F§€ yo%ggibé%T%EdD he

t enper at ur e i0s 2&kaicfed heboets i¢8LepE] IMP Ahdadh§ d2% coht Eimtometyi calovesl/ e . be
reduced to below 2% at tenperatures of below 30[err]C. Since, as is known,
the rate of amnonitrile hydrolysis increases sharply with ketone

concentrati of*XeMBAReyras et al ., Tetrahedron 1978, 34, 2275 et seq., using
t he exanplse of acetone and a-alanine nitrile), this characteristic may al so

be eXpIOited(EggmpgspO%giglgC?BF£8|m01) of 60% aqueous ammonia were
introduced at 31°C into a 250 ml steel autoclave equipped
with a stirrer, manometer, internal thermometer, feed line,
sampling device, pump, storage vessel and heating bath.

10 52.9 g (0.402 mol) of MMP-cyanohydrin were then pumped in
within 2 minutes with stirring. The temperature rose to
39°C. Stirring of the reaction mixture was continued at
40°C for 60 minutes and samples were taken for HPLC
analysis after 10 and 60 minutes. The following yields were

15 obtained:

Methionine MMP MMP-CH DN

. nitrile
after 10 min: 63.5 2.4 34.0 0.1% of theoretical
after 60 min: 97.4 0.6 0.4 1.6% of theoretical

20
Example 10 (comparison)

(Item 2). 116.3 g (2.60 mol) of 38% aqueous ammonia were
25 introduced into the autoclave at 68°C in a similar manner
to example 3. 54.3 g (0.412 mol) of MMP-cyanohydrin were
then pumped in with stirring within 1.6 minutes. The
temperature rose to 80°C, the pressure was 5 bar above
atmospheric. Stirring of the reaction mixture was continued
30 at the same temperature for 10 minutes and the mixture was
then cooled in an ice bath and depressurised to standard
pressure. HPLC analysis of the reaction mixture indicated
93.0% of theoretical of methionine nitrile, 0.45% of
theoretical of methionine amide, 1.35% of theoretical of
35 MMP, 4.60% of theoretical of DN and 0.55% of DNMA.
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- 14 - of the reaction. An excessively large excess of ketone, such as a
several tines nDIar excess, i s however undesirable for econom c and product
purity reasons. 187 Ms/ W been found that el evat ed r eacti.on+ates—ead
hence very good selectivities at the AN hydrol ysis stage |yS ISHEEL WASVRREN
within a range of Herr]O excess with a rfodeér at e i nput ofl acet RPRLASED
preferably s roxide. In brief, the tomTTange  nay
be pl aced mn?%éép?%afi F+§%?§4l$$ Its (relative to nitrile): 15 to 50
equi val ents, preferably 20 to 30 equivalents of Herr]Q 0.2 to 2.0

equi val ent s, (Pférfteiﬁbl &'s O %?_)t & LHQ n%ﬁlH' GH Qs sYue %%tso'éﬁtmoglé Fﬂdl 1

equi val ents, eferabI% artlcu 0.15 to

equi val ents "an
0.3 equi val eﬁt% (gL arﬂjgfq‘?fopeed‘{ﬁ%llé‘ﬁtréﬁuﬁleéf engpl $he to

5 autoclave at 44°C in a similar manner to example 3. 53.7 g

(0.408 mol) of MMP-cyanohydrin were then pumped in within 2
minutes with stirring. The temperature rose to 56°C, the
pressure was 6 bar above atmospheric. Stirring of the
reaction mixture continued at the same temperature for 10
10 minutes and the mixture was then cooled in an ice bath and
depressurised to standard pressure. HPLC analysis of the
reaction mixture indicated 91.6% of theoretical of
methionine nitrile and 8.4 of theoretical of MMP.

15 Example 12

(Item 2). For the continuous process, 2.55 kg (89.8 mol)
per hour of aqueous 60% ammonia preheated to 40°C and
1.923 kg (14.60 mol) per hour of MMP-cyanohydrin were both

20 simultaneocusly introduced into a heatable reaction tube
preceded by a mixing section and equipped with an internal
temperature measuring device, sampling device and connected
MMP-CH feed line with storage vessel and NH; feed line with
storage vessel and intefposed heat exchanger. The reaction

25 temperature was adjusted to 55°C at the reaction tube inlet
and 56°C at the tube outlet and pressure was 7.8 bar above
atmospheric and the residence time 17.3 minutes. HPLC
analysis of samples taken at the tube outlet indicated
97.2% of theoretical of methionine nitrile, 0.3% of

30 theoretical of methionine amide, 0.5% of theoretical of MMP
and 1.8% of theoretical of DN.

~

Example 13

35 (Item 2). 2.45 kg (86.3 mol) per hour of 60% aqueous
ammonia were reacted with 2.371 kg (18.0 mol) per hour of
MMP-cyanchydrin in a similar manner to example 12 at a
residence time of 21.8 minutes. HPLC analysis indicated
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5 ‘equi val ents of NH3 at tenperatures of between 10 and 30[err]C, preferably
of 15 to 28[err]C and reaction times between 10 and 90 rdnutes, preferably
of- 20 to 60 nPAul®%. AMhé Bkocess described here is in parfHiS@HAET HAS BEER |
di stingui shed by the fact that, instead of using ketonejand wat@ncrgn |
aqueous ketone sol ution obtained from a s#$sequent recy Hhg—stage—-A-——)
particul ar anjacgfonge solution, jncluding the by-praqducts cgntalneq

t herei n, may %g'gée . %@e?¥9?+ﬁ9*n?éxﬂﬁ PrAGe e LiaGes O - AFdPEI ysi s of
crude ami noni thébrenihgahl o et pbod rerednishs,chwi7se ofr thpoekeiakllyof DN,
conti nuously, gthe bat ' e | 1 rf orned, f exanple, in a
stirred react?bﬂ v£§s€$&6€§2$%%Fé§¢g§@%R%%QgﬁggfqguffpgéFSFSggﬁa& Pgop
reactor, in pd¥®icular a conbination of |oop reactor and reaction tube may
be used fog the continuous process. The pressure at this stage is not
critical and pay be selected at will in accordance with the nethod used,

al t hough the %’f%@%ﬁ‘? et

(Item 2). 2.07 kg (97.2 mol) per hour of aqueous 80%
ammonia preheated to 53°C and 1.917 kg (14.56 mol) per hour

10 of MMP-cyanohydrin were simultaneously introduced in a
similar manner to example 12. The reaction temperature was
adjusted to 57°C at the tube inlet and 56°C at the tube
outlet, the pressure was 14.4 bar above atmospheric and the
residence time was 24.5 minutes. HPLC analysis of samples

15 taken at the tube outlet indicated 98.2% of theoretical of
methionine nitrile, 0.0% of theoretical of methionine
amide, 1.3% pf theoretical of DN and 0.4% of theoretical of
MMP.

20 Example 15
D,L-methionine amide solution

(Items 2, 3 and 4). 50.0 g (1.76 mol) of 60% aqueous

25 ammonia were introduced at 45°C into a 250 ml steel
autoclave equipped with a stirrer, manometer, internal
thermometer, feed line, pump, storage vessel and heating
bath. 37.25 g (0.283 mol) of MMP-cyanohydrin were then
pumped in within 1.5 minutes with stirring. The temperature

30 rose to 54°C, the pressure was 7 bar above atmospheric.
Stirring of the reaction mixture was continued for 10
minutes at the same tempé%ature and the pressure was then
released to standard pressure with simultaneous cooling.

35 A solution of 2.5 g (0.063 mol) of NaOH and 8.8 g
(0.152 mol) of acetone in 110 g (6.11 mol) of water was
then pumped into the mixture, which was at a temperature of
15°C, while the mixture ‘was cooled with water, and the
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which is established within the systemin a given nethod is preferably

used. Am no acid hydrolysis = nethioninate formation: The—selti+6h
obtained in t#2sl8Ber/ ly be used directly for the subseqUé'ﬁtSHEET HAS BEEN
saponification with alkali netal or alkaline earth netal hydroxiREBLACED t hi s

end, the hydroxyl content V\:hl ch was al réeady adjusted in th& previous Stage

of hydronS|s I S ncreased he itjion aof furt ui val ents of
hydr oxi de” suct® Tgﬁﬁaﬁqﬁg %3 zi%ﬁi(55%ﬁ?%ﬁ@h?@anéoFgégﬁéﬁﬂsmﬂﬁtﬁrﬁat|o
of 0.95 to l.damguomalemEd, fqm' e‘oema:biw:e‘s @t as]ecoanaquhuainent&rer ehative to

the MVP int Th f houl d
R e e R T
100[err]C, in %)%ﬂctl ) aras| 1k ttdlqﬂqlé:qvq:@g Aon@mgeltapure

5
19.93 wt.% of methionine amide 95.60% of theoretical
0.38 wt.% of methionine 1.80% of theoretical
0.06 wt.% of IM1 0.35% of theoretical
0.46 wt.% of IM2 1.70% of theoretical
10 0.05 wt.% of MMP 0.35% of theoretical

Example 16

(Items 2, 3 and 4). 51.0 g (1.80 mol) of 60% agueous

15 ammonia were introduced into the autoclave at 45°C in a
similar manner to example 15. 42.0 g (0.319 mol) of MMP-
cyanohydrin were then pumped in within 1.5 minutes with
stirring. The temperature rose to 54°C, the pressure was
7 bar above atmospheric. Stirring of the reaction mixture

20 was continued at the same temperature for 10 minutes and
the pressure was then released to standard pressure with

simultaneous cooling.

A solution of 12.2 g (0.31 mol) of NaOH and 8.8 g

25 (0.152 mol) of acetone in 113 g (6.27 mol) of water was
pumped with simultaneous cooling into the mixture, which
was at a temperature of 15°C, and the temperature rose to
27°C. Stirring of the reaction mixture was continued at
25°C for 30 minutes and the mixture was then immediately

30 analysed. The cloudy, pale yellow solution (208.3 g) was of
the following composition:

N
18.8 wt.% of methionine amide 82.8% of theoretical
2.8 wt.% of methionine 12.2% of theoretical
35 0.0 wt.% of IM1 0% of theoretical
0.77 wt.% of IM2 2.7% of theoretical
0

.17 wt.% of MMP 1.1% of theoretical
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of- 200[err]Cis not generally exceeded. The am de concentration is

advant ageously from 10 to 35 wt.% preferably [err] 30 wt.[
particular [ess]12p k. Yoawherein a concentration of [err]

preferred when the saponification tenperature is [err] 160]
pressure is adjusted to the system pressuBe of 1 to several
corresponds to the selected tenperature, optionally with si

err], and in

- .
‘ant . Q/C ! S

L THISCSHERTEHAS BEEN
bar VREPCACED

't alneous

evaporative cBxegepteat?on of the reaction solution. The reaction tine is at
| east 10 but at nost 90 minutes, preferably 20 to 40 minutes in the case of

al kali metal hydroxide and_up to 180 mnutes in the g¢ase of

al kaline earth

| , 0 i G
metal hydr oxi . M¥ReCHrfred e oty ¥ ameecheentiish RsSHPERPRgui shed by
the fact thatydyséN0add0dRramidera Shgnilfimaindehofist kenastded whehaamoni a,

ket one and _water are,drawn_off together L.at erature, of rr]C
and/or with apBFPEREION %ﬁdgpkﬁﬁﬂﬁiﬁtaﬁﬁ%%béfﬁhggﬁsV&SVSnP§SEE§%%§a§SEE !
subst anti al | yarenosenedtedn tie amioning awtttilon domenhgatebhef Elpwdtubet he

nitrile

equipped with an internal temperature measuring device

(item 2). The flow tube is connected via an automatic

pressure maintaining valve to a stirred depressurising

10 vessel (item 3), the gas space of which is connected with

an absorption stage (item 9) via a line, while

the bottom

discharge of the depressurising vessel leads to the

hydrolysis stage (item 4) via a pump. The hydrolysis stage
may be thermostatically controlled and consists of a loop

15 reactor with circulating pump and a flow tube downstream

therefrom. The loop reactor is connected at its input end

to the storage vessel for aqueous acetone/NaOH solution via

a feed line and pump and the flow tube is connected to a

receiver via a pressure control device. The absorption

20 stage (item 9) is an NH, absorption system consisting of a

bottom container with circulating pump and quencher and a

bubble-cap column mounted thereon.

The top of the column is supplied from a fresh water tank
25 via a supply line and pump. The bottom discharge opens into

a receiver.

The average hourly amounts introduced into the

flow tube

(item 2) were 1.925 kg (14.61 mol) of MMP-cyanohydrin and

30 2.55 kg (89.8 mol) of 60% ammonia from item 11 preheated to
40°C, both amounts being flow controlled. The reaction
temperature was adjustedfzo 55°C at the tube inlet and 56°C
at the tube outlet, the pressure was 7.8 bar above

atmospheric and the residence time was 23 minutes. The

35 pressure in the depressurising vessel (item 3) was 1.2 bar

above atmospheric, the temperature was 35°C. The level of

crude amino nitrile in the depressurising vessel was held
o
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synt hesis (see above). The process according to the invention may be used

for all nethionine syntheses in which nethionine nitrile is first
saponi fi ed t 092ht8amMe/ i ALt he presence of a ketone, in par Wamlgﬁﬂﬁfﬁa:~:fjj
t enperature of bel ow 60[err]C. - 16 - According to the i ventuQ%-ﬁfffH%éNj
been found that it is by no neans necessary first to separa%emeﬁﬂi ;éﬁb i
ket one present in_the .crude nethionine amde mxture, for exanple as
achi eveg accof AL P B WIF R b'i}‘?ﬁ’gﬁl Fihghe hwerehvedst BEagesul t ant
met hi oni ne anmiifleemsoduti on and as proposed in DE 26 37 204 C2 (due to the
| ow pH). Since, as has been found according to the invention, part of the

ketone (2 to 10% of the quantity introduced into the process) is in any
In the loop reactor of the hydrolysis stage (item 4),

Baiiat U P

5 6.40 kg per hour of an aqueous solution containing
7.25 wt.% (0.464 kg, 7.99 mol) of recycled acetone,
2.0 wt.% (0.128 kg, 3.2 mol) of NaOH and 3.3 wt.%
(0.211 kg, 12.4 mol) of NH, were pumped in from a storage
vessel in addition to the crude aminonitrile mixture from
10 the pressure release stage (itém 3). The temperature in the
loop reactor was 27°C and 26°C in the reaction tube and the

total residence time was 50 minutes.

The temperature in the NH; absorption stage (item 9) was

15 maintained at 22°C and the pressure at 1.2 bar above
atmospheric. An average of 10.58 kg per hour of a pale
yellow, aqueous solution of the following composition was
obtained in the discharge of the hydrolysis stage (item 4):

20 19.19 wt.% of methionine amide 93.8% of theoretical
0.31 wt.% of methionine 1.5% of theoretical
0.38 wt.% of IM2 1.5% of theoretical

o\@

of theoretical

N4

0.26 wt.% of MMP 1.8

25 Example 18
D,L-sodium methioninate solution

(Items 2, 3, 4, 5 and 6). A feed line with pump and storage
30 vessel are connected to a 250 ml steel autoclave equipped
with a stirrer, manometer, internal thermometer and heating
e
bath.

38.3 g (1.80 mol) of 80% aqueous ammonia were introduced

35 into the autoclave at 42°C and 37.80 g (0.287 mol) of
MMP-cyanohydrin were then pumped in within 1.5 minutes with
stirring. Stirring of the reaction mixture was continued
for 20 minutes at 56°C and the mixture was then
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case bound as i mdazolidinone (IM in the case of acetone) and is only
| i berated at the saponification stage, recirculation is also'szessaﬁymheLe__~
for economi ¢ 8Ad18AvAMorrdhtal reasons and the recircul ation]dfihSHEET HAS BEEN
and |iberated ketone together during or after ami de saponifi¢ati orREPSACHE

met hod of choice. Preferably, no ketone 1S34rawn off before the amde
saponi fication stage and econd_partial stream of vapours containi ng
g grg dér%hus

ket one and t h8SRHRSEHHEAE EHATr SheRRT f HPORI R TR S5 &Ca e

avoi ded. Sapopirtseatreoandnyihel penéousby dsdldih S6t . @ (St.iger edlpr e€sur e
reactor but i g.,pr r 4 nuouysly, for, e | e i n
saponificati0§H66§%ﬁ%ép%%%ﬂg{%§'ggg??ﬁﬁ%ﬁglﬁéfﬁdé ﬁ%‘&géggpw l?SO% NaOH
particul arly addaBt8ggods-tPAunehhedtisiseteng a2 Iee (Gerifdi modd N err],

i ncl udi ng thayateEnRdsi puhbear #8€h i Slmul Ui MdhRNYdeet emg still
present and the steam produced in situ at the saponification t%rrperature or
t he 0pti0na||91§HHF?ioﬁéFF9 was at a temperature of 20°C, and the

reaction temperature rose to 25°C. Stirring was continued
for a further 35 minutes at the same temperature. 18.6 g
(0.233 mol) of 50% sodium hydroxide solution were then

10 pumped in and the reaction mixture stirred for 30 minutes
at standard pressure and 100 to 105°C. Stirring was then
continued for 30 minutes at 160°C and 15 bar above
atmospheric. The resultant pale yellow solution was
filtered and concentrated by evaporation at standard

15 pressure. 102.3 g of a yellow solution of the following

composition were obtained:

40.15 wt.% of methionine 95.9% of theoretical
Trace DS1
20 0.42 wt.% of DS2 0.64% of theoretical

< 10 ppm of cyanide.
Example 19

25 51.0 g (1.80 mol) of 60% aqueous ammonia were introduced
into the autoclave at 44°C in a similar manner to example
18 and 38.5 g (0.292 mol) of MMP-cyanohydrin were then
pumped in within 1.5 minutes with stirring. The reaction
mixture was stirred for a further 11 minutes at 55°C and

30 depressurised from 6 bar above atmospheric to standard
pressure with simultaneous cooling. 12.3 g.of NH; were
recovered. A solution cfwb.s g (0.063 mol) of NaOH and
8.8 g (0.152 mol) of acetone in 115 g (6.38 mol) of water
was pumped with simultaneous cooling into the mixture,

35 which was at a temperature of 20°C, and the reaction
temperature rose to 25°C. Stirring was continued at the
same temperature for a further 32 minutes. 18.6 g
(0.233 mol) of 50% sodium hydroxide solution were then
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I nj.ected heating steam This m xture, which escapes fromthe top of the

colum, is collected and used for recycling amoni a and Keten
di.scharge from ti8sy e ymali hen contains a pal e yell ow amjno aa’: {g% BEEN

sol ution containing neither ammoni a nor ketone, which varies-.i
concentration dependi ng upon the degree-oB3evaporation, and which has an
amno acid content of 10 to 45 wt.% Since the crude am.no acid salt

sol uti ons mayPwWmed igomngd SHigH NG ¥a§i COpsAPHEdi AOEoRCEWFFRRY of of
jsever?! hUﬂ?LnﬁduﬁﬁB_ alht_f'lel%!)dq(ﬁ)é.rﬁﬁ\ﬂﬂ bardasbieyadmodpher e ngThe t he

I nventi on, I s I.s achi eve eat treatnent referabl f the directly
obt ai ned am|ﬁ$§ﬂﬁ R %ﬂ%ﬁ%%ﬁﬂasé%#%lonaﬁg§e 12%?5??]%?@0 preferably
200[ err] C anc-oresimerseed ineswipanationd@tnsbandsydi preasureul After at
least 10 rgrugégiiﬂd1to room temperature, 100.8 g of a yellow solution

of the following composition were obtained:

41.7 wt.% of methionine 96.5% of theoretical
< 0.04 wt.% of DS1 < 0.01% of theoretical
10 0.42 wt.% of DS2 0.6% of theoretical

< 10 ppm of cyanide.
Example 20

15 A sodium methionate solution was prepared in a similar
manner to example 19 from 50.0 g (1.76 mol) of 60% ammonia,
39.3 g (0.298 mol) of MMP-cyanochydrin, a solution of 2.5 g
(0.063 mol) of NaOH and 3.6 g (0.062 mol) of acetone in
79.6 g (4.42 mol) of water and 18.8 g (0.235 mol) of a 50%

20 sodium hydroxide solution. 101.8 g of a light brown
solution of the following composition were obtained:

41.2 wt.% of methionine 94 .3% of theoretical
0.20 wt.% of DS1 0.5% of theoretical
25 0.66 wt.% of DS2 1.0% of theoretical

Example 21 ({comparison)

122.2 g (1.80 mol) of 25% aqueous ammonia were introduced
30 into the autoclave at 50°C in a similar manner to example
18 and 39.4 g (0.299 mol) of MMP-cyanohydrin were then
pumped in within 1.5 minutes with stirring. Stirring of the
reaction mixture was continued for a further 10 minutes at
55°C and 2 bar above atmospheric and the mixture was then
35 cooled. 6.2 g (0.062 mol) of 40% sodium hydroxide solution
and 3.6 g (0.062 mol) of acetone were then pumped into
unpressurised mixture which was at a temperature of 20°C,
wherein the reaction téﬁberature rose to 36°C. The mixture
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general, the treatnent tine is at least 15 minutes at [err] 160[err]C at
|l east 7 mnutes at [err] 180[err]C and at |least 4 mnutes at_[err]

190[err]C. Alshamh AN fsaknown from DE-OS 33 34 328 that r¢gH
concentrations may be destroyed by raising the tenperature in ﬁ%H ‘T’iﬂSS@EEN
solution, DE-OS 33 34 328 relates to the @dstruction of boukd-hy G

acid and acrylonitrile in crude acetonitrile, faor which tenperaturesland pH

val ues nust beagore@ieretritt chPard nthex ot sHantefr 8 eHSSe prevalling
in the anino agish¢ersl) obE dJiwe sEBllld aidrelide @I ultdve &egpanhda content

of only < 10 ppm re|lative to, a 40 w_. % am ' .. This_i

distinctly beﬁ%ﬂ?? et SSF BT et 19 Mas éﬁﬁﬁﬁ%ﬁz%bggﬁ?gﬁgﬁﬁﬁgﬁfgi%§sbe

perfornmed sucresst udhdy 2t oy afotdetamispheadicd dheceesudtirotssobubinad of

10 10 45 f %o DUk PLETSIAY @ndehdihellh Wy o, IR obi° aReGEARBEa! N &
np onal r on

subsequent st age, or exa e In an additl acti
pressure. After cooling to room temperature, 104.2 g of a

reddish-brown solution of the following composition were

obtained:
10 39.65 wt.% of methionine 92.6% of theoretical
0.59 wt.% DS1 1.5% of theoretical
0.56 wt.% of DS2 0.8% of theoretical.
Example 22

15
An MMP-CH feed line which is connected to a storage vessel

and an ammonia feed line which is connected to an
absorption and mixing stage (item 11) via a heat exchanger
are connected via an upstream mixing section to a heatable
20 flow tube equipped with an internal temperature measuring
device (item 2). The flow tube (item 2) is directly
connected with a thermostatically controllable hydrolysis
stage (item 4) and consists of a loop reactor with
circulating pump followed by a flow tube. The loop reactor
25 is connected at its input end to a storage vessel for
aqueous acetone/NaOH solution via a feed line and pump and
at its output end to a saponification reactor (item 5) via
the flow tube and pressure regulating device. The
saponification reactor consists of a bubble-cap column, the
30 uppermost tray of which is connected with a storage
container for sodium hydroxide solution via a feed line and
pump, while the top of tﬂz column is connected to an
absorption stage (item 9) via a pressure maintaining
device. The column bottom comprises a circulation
35 evaporator. The level-controlled bottom discharge of the
saponification reactor is linked to a post-treatment zone
(item 6) via an intermediate container and pump. The
post-treatment zone consists of a preheater and a residence
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tube, or during the saponification itself, for exanple by suitably raising
the tenperature in the | ower part of the saponification colum._ Cyanide

saponi ficati o yigl dM &/ Afal | proportion of alkali metal or|aHisabHRE GAS tBEEN

nmetal formate in the product solution, but this causes no probl en@@wgﬁ
formate, in particular calciumformate, -i $5i tself used as alfeedstufd

addi tive. Further evaporatjve concentration i's necessary, especially if the
di schar ge corﬁldﬂ?\ssicwr?/w@@%‘tﬁtr&rﬁ“h&h&ﬁe&m?‘hF‘élde&épgfLéFFBi j gonnected
advant ageous| go perf proed attest andarid pr edstheseatiedltgdcpnessiii ebaad

ootional Ly, 2, 69 400 BTN et STt Rl PR TR 1AL
may be ret ur ngilter tyiel g ctissshatgesoimtot lkestpgientin which evaporative
5 concentration takes place (item 8). This evaporative
concentration stage is an evaporation system consisting of
a falling-film evaporator, a condenser downstream therefrom
and a product collecting vessel. The absorption stage
(item 9) serves to absorb NH, and comprises a bottom
10 container with circulating pump and quencher and a
bubble-cap column mounted thereon. The top of the column is
supplied from a fresh water container via a feed line and
pump while the line carrying the vapours from the top of
the saponification column (item 5) and the condensate line
15 of the evaporation stage (item 8) open into the quencher.
The bottom discharge of the absorption stage (item 9) is
connected via a pump to a distillation unit (item 10)" which
acts as a pressure distillation system for the continuous
separation of NH,; from the input mixture and is designed as
20 a bubble-cap column. Input from the absorption stage
(item 9) proceeds in the centre of the column.

The bottom part consists of a circulation evaporator
provided with a level-controlled, coolable discharge and

25 connected via this discharge with a receiving vessel which
in turn is connected to the storage container for the

agqueous acetone/NaOH solution.

The top part consists of a condenser with attached receiver
30 connected by a flow control to the absorption and mixing

stage (item 11), which consists of a constant-pressure

stirred tank, which is adﬁitionally equipped with means for

supplying liquid ammonia and fresh water.

35 An average of 1.774 kg (13.47 mol) per hour of
MMP-cyanochydrin and 2.55 kg (89.8 mol) per hour of ammonia
preheated to 40°C from item 11 were introduced into the
flqy_tube under flow control. The reaction temperature was
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-'18 - It has also been found to be advantageous to filter the product
soI]chtlona prefeégfly t hrough activated carbon. This may advantageously be
performed in gp umRM ¥recially if the process is conti e dptd
to the removal of admittedly only slight turbidity togethgyﬂafﬁgg?kﬁglaemp
gquantities of by-products, a further |ighBé&ni-rng of col our
stage. This stage may be perforned both before and after the possibly
necessary evapijustad torcelt ratt e thhe tiodsgc pndl §06F Abt AhBntrRES| s at

| east 95%in the o 0Gesssdleserifed henfr 18Rk wembaphbeial dalydae
I ntroduced into the process. The total guan%l%ykpf detgctabl an-toxic

i m nodi acet i cFRRI LRGP DS IHE g per four o
(N—(1-?arbogyaéuﬁaﬁﬁyéﬁﬁdud6ﬂﬁﬁdﬂﬂuﬂfﬁﬁgi7n25h®tseluULBD whéh sdpeneftbnation
I's perfor co nuousl g ss_qf,ha % .relatli 3 LOR| . Th
boal T1 oS RS A Y 2. 08" Uk et VerPHhEYA §R:BPERLOTLBE: The
reactor (item 4) from a storage vessel. The temperature was

29°C in the loop reactor and 25°C in the reaction tube and

-

the total residence time was 50 minutes. 0.86 kg
(10.75 mol) per hour of 50% aqueous sodium hydroxide
10 solution were pumped into the saponification reactor
(item 5). The temperature was 132°C at the bottom and 118°C
at the top of the column, the preséure was 1.7 bar above

atmospheric and the total residence time was 26 minutes.

15 The temperature in the vapour absorption stage (item 9) was
maintained at 19 to 22°C and the pressure at 0.3 to 1.0 bar
above atmospheric by cooling and pumping in an average of
1 litre of water per hour. 5.5 to 6.5 litres of solution
per hour were fed from the vapour absorption stage into the

20 pressure distillation column. The temperature was 161 to
163°C at the bottom and 28 to 29°C at the top, the pressure
was 10 bar above atmospheric and the reflux ratio was
adjusted to 0.5 to 0.6. An average of 4.0 kg per hour of an
aqueous solution containing 11 to 12 wt.% of acetone and

25 2.0 to 2.7 wt.% of NH; were collected in the bottom
discharge receiver. Water, acetone and sodium hydroxide
solution were added to this solution until the total
concentration was equal to the above-mentioned nominal
concentration and the resultant solution was then

30 introduced into the storage vessel for the hydrolysis stage
(item 4). 2.5 litres of condensed ammonia per hour were
introduced into item 11_E}om the column top receiver,
together with 1 litre of fresh water per hour. Slight
losses were made good from time to time by introducing

35 fresh NH, and fresh water. The temperature in the
post-reactor (item 6) was 180°C, the pressure was 12 bar
above atmospheric and the residence time was 20 minutes.
After release of pressﬁée to standard pressure and cooling
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solutions is inline with that used in the feedstuffs sector. [err] R has
the above-stated meani ng. Ammoni a- ketone purification andfrecyclingi—+t—-
this process P8 187bBMefombric, it is essential to reuse fHRelSexdedsiAS BEEN
anmonia, in particular to return it to the amnonitrile férnatﬁﬁﬁLA&E@e.
Since one equivalent of NH3 is refornmed i Bthe course of am nonitrite
saponi fication, it is even possible, if recycling is successful, to perform
the entire prb58e88 Pt ABOE: cBRIUFPHAL 30F ¥ § efirltenad tlHeem JiI aadatysns,
the nitrogen céntBataatea ol thaofLTl gyl sithusrdRidaed f(Hednt B at 135
hydr ocyani c agid bg ig glgo ne essar% tor Qyﬁge}ghe ke&Pne u%ed as
conpl et el y -as “Bokd bFE0t Br PRE orfoi &V Aot 469 kg per hour of’a

yellow agueous sodium methioninate solution of the

5 following composition were obtained in the discharge from

the evaporation stage (item 8):

40.7 wt.% of methionine 95.0% of theoretical
0.15 wt.% of DS1 0.4% of theoretical
10 0.18 wt.% of DS2 0.3% of theoretical

6.74 wt.% of sodium

o\@

< 5 ppm of cyanide.

Example 23

15
The same method is used as in example 22, with a
depressurising stage (item 3) interposed between the flow
tube (item 2) and the hydrolysis stage (item 4).

20 The depressurising stage (item 3) is a stirred
depressurising vessel, the gas space of which is connected
to the absorption stage (item 9), while the bottom
discharge is connected to the hydrolysis stage (item 4) via

a pump.
25
The filter (item 7) consists of two activated carbon filter
columns arranged in series through which the liquid flows
from the bottom upwards such that the discharge from the
second column enters the evaporation stage (item 8).
30

An average of 1.931 kg (14.66 mol) of MMP;cyanohydrin and
2.61 kg (92.0 mol) of 60§&ammonia preheated to 40°C (from
item 11) were introduced into the flow tube (item 2), each
under flow control. The reaction temperature was adjusted
35 to 55°C at the'tube inlet and 56°C at the tube outlet, the
pressure was 7.8 bar above atmospheric and the residence
time 23 minutes. The reaction mixture was depressurised to

0.9 to 1.2 bar above aEﬁospheric at 30°C in the
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- 19 - It has been found according to the invention that the ammnia used
for amnonitrile formation nmust contain substantially no ketaone  since even
smal | quantit92sl82ANMt/ AL a reduced aminonitrile yield an THSC&ﬁﬁﬂ19ﬁSfﬁ[M

measur abl e proportion of al dehyde in the crude am nonitril dgre pin
| osses |nhy|eld and reduced quality of thé®end product Th

ammoni a shoul d preferaply contain | ess tha 25 e articular |ess
than 10 neq dﬁemﬁﬁﬁﬁﬁﬁlﬁgﬁ%ﬁq\ﬁ§§QFt ofPGr P mgﬁ /6Ptg ggﬁl 2R¥de.

g_hi S {r:aans WL hﬁéaéth@rSt:tfteﬁmeﬂ) I\Hﬁicke\tmmi watcekgnioft aneagaenos belnetyul ed
irectly, erein it. rlaj r [ ek f dob f
af t &7 t:,ﬁﬂ_rajen% Jlng? %’)M‘Seqﬁel) %tfr a%%tgg.e %na E gr Jedgberore,

during or aponlflcéil as explalne é latfer two
met hods are pftef@ermel) ¢hdéxeH Wﬁiﬁ(Rﬂmnﬁdnayyuéﬁb@ﬁéﬁﬁﬂﬁlﬁyoﬁoakéﬁgﬁégﬁust

first be obtajogde] N Bnyi @bt Glyd wad d?ic 8% the loop and 25°C in

the reaction tube and the overall residence time was 50

minutes.

0.92 kg (11.50 mol) per hour of 50% sodium hydroxide

10 solution were pumped into the saponification reactor
(item 5) . The temperature was 135°C at the bottom and 122°C
at the top of the column, the pressure was 1.7 bar above

atmospheric and the total residence time 26 minutes.

15 The temperature in the vapour absorption stage (item 9) was
maintained at 21 to 27°C and the pressure at 0.9 to 1.2 bar
above atmospheric by cooling and pumping in an average of
1.8 1 of water. 5.5 to 6.5 litres of solution per hour were
introduced from item 9 into the pressure distillation

20 column. The temperature was 160 to 161°C at the bottom and
28 to 29°C at the top, the pressure was 10 bar above
atmospheric and the reflux ratio was adjusted to 0.5 to
0.6. An average of 4.0 kg of an aqueous solution containing
10 to 12 wt.% of acetone and 2.0 to 3.0 wt.% of NH; were

25 collected in the receiver of the bottom discharge per hour.
Water, acetone and sodium hydroxide solution were added to
this solution until the total concentration was equal to
the above-mentioned nominal concentration and the resultant
solution was then introduced into the hydrolysis stage

30 storage vessel (item 4). 2.5 litres per hour of condensed
ammonia from the receiver for the top part of the
distillation column were‘introduced into item 11 together
with 1 litre of fresh water per hour. Slight losses were
made good from time to time by the appropriate addition of

35 fresh NH; and fresh water. The temperature in the
post-reactor (item 6) was 180°C, the pressure was 12 bar
above atmospheric and the residence time was 20 minutes.
After release of pressure to standard pressure and cooling
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possi bl e quantitative by a suitable separation method, whil e
be recycled may contain both water and NH3. This separation
perforned by 82st8718MibHnALThe vapours from saponification
collected in water in an absorption stage and the resultant
then fed into a distillation colum at so@ point between the top and
bottom of the_co , preferably in the central tq |lower region of the
colum. If, fof %Qg%pl@,’etﬁ%ﬂk%i/ 3% %ﬁﬁﬁ%@,t stg“di'r SEMBRTAS U RePYSTY 2
anhydr ous amootal coft BB nkggo® i acuiard ed acdedicane( iarech a) agdeatansol uti on
containing 5 % 9f . ac, ). % qQf. NH[,er.r ogcee in
t he col umm an%l,gmlg’%nt %!gr&e)fjfﬁx@%%?%)ﬁir&gn%uélggglee, ptoﬁggogmg%ie]g ?2 %gr g?’gl |y
or conpl et el yE@okHRNSER- 2tbahe ApREATadR afolunPéSake et housustya

di schar geds \Aini};ﬁtt{%mu,eoa@é&wtgm&mﬁ@aﬂdmnét@S%Quw&o%{o 8k apmgtone

and 0 to 5 wt % of I S obtained at the baottom,of the ¢olum and
foif5w1ng composf%ign were é%tained in t%e dgscharge from

ke[gpe to

item 8:
42.16 wt.%¥ of methionine 95.3% of theoretical
10 0.18 wt.% of DS1 0.4% of theoretical
0.20 wt.% of DS2 ' 0.3% of theoretical
6.74 wt.% of sodium

< 2 ppm of cyanide.
15 Example 24

Apparatus as described in example 23. An average of
1.978 kg (15.02 mol) per hour of MMP-cyanohydrin and
2.01 kg (94.4 mol) per hour of 80% ammonia preheated to
20 40°C (from item 11) were introduced under flow control into
the flow tube (item 2). The reaction temperature was
adjusted to 58°C at the tube inlet and 56°C at the tube
outlet, the pressure was 14.2 bar above atmospheric and the
residence time was 24.6 minutes. The reaction mixture was
25 depressurised to 0.9 to 1.0 bar above atmospheric at 30°C
in the depressurising stage (item 3) and pumped into the
loop reactor (item 4), into which 6.7 kg per hour of an
agueous solution containing 6.55 wt.% (7.56 mol) of acetone
and 1.8 wt.% (3.02 mol) of NaOH were pumped simultaneously
30 from a storage vessel. The temperature in the loop was 26°C
and 25°C in the reaction tube and the total residence time

A N
was 50 minutes.

0.96 kg (11.98 mol) per hour of 50% sodium hydroxide

35 solution were pumped into the saponification reactor
(item 5). The temperature was 133°C at the bottom and 118°C
at the top of the column, the pressure was 1.7 bar above
atmospheric and the total residence time was 26 minutes.
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conti nuously di scharged fromthere. The colum is operated at a bottom
tenperature of 100 to 200[err]C and a pressure of 1 to 20 bar above
atmospheric. 3beigulmvm/tap tenperature nmay be from -20 t g t55[erti-€-
20 - The pressure is preferably 5 to 18 bar above atnospheri'el Sfia-! nAS BEb
particular 9 to 25 bar above atnospheric: 4the bottom tenpeérat ur ReHLECED
accordingly 140 to 190[err]C or 150 to 180[err]C. After dilution w th Water
to establish BHeCRSKiREl 2RBNRERP+RAT | ¥R JfesadH off . 2tofl iMesr of, walkent op

PL oduct t hma)éI bgedi ng@fl Ynt@t ﬁnaegaé%/@u% hﬁ\@é&ﬁl@{&ﬁ rddsyef q&%&d ) ,stta;tgﬁ. When
is method is _used,. nore n 0 e acetone intr ed i e
process couldgﬁ@p?ﬁéﬁﬁﬁ?eﬁtfggﬁFtﬁ%a%%tY%ﬁnTﬁ%% .a%hﬁ§ g& %é?&naﬁgy be

used for the pressure at 0.9 to 1.0 bar above atmospheric. 5.5 to

5 6.5 litres per hour of solution were introduced from item 9
into the pressure distillation column. The temperature was
159 to 161°C at the bottom and 28 to 29°C at the top, the
pressure was 10 bar above atmospheric and the reflux ratio
was adjusted to 0.4 to 0.5. An average of 4.0 kg per hour

10 of an aqueous solution containing 10 to 12 wt.% of acetone
and 2.0 to 3.0 wt.% of NH; was collected in the bottom
discharge receiver. Water, acetone and sodium hydroxide
solution were added to this aqueous solution until the
total concentration obtained was equal to the

15 above-mentioned nominal concentration and the resultant
solution was then introduced into the storage container for
the hydrolysis stage (item 4). 2.5 litres per hour of
condensed ammonia were introduced into item 11 from the
receiver for the top of the distillation column, together

20 with 0.4 litres per hour of fresh water. Slight losses were
made good from time to time by the appropriate addition of
fresh NH; and fresh water. The temperature in the
post-reactor (item 6) was 180°C, the pressure was 12 bar
above atmospheric and the residence time was 20 minutes.

25 After releasing the pressure to standard pressure and
cooling to 80°C, the solution was passed at this
temperature over a total of 13 kg of activated carbon
(item 7) and then concentrated in the falling-film
evaporator (item 8) at 135 to 140°C/0.5 bar. An average of

30 4.87 kg per hour of a pale yellow, agqueous sodium
methioninate solution of the following composition were
obtained in the dischargg‘from item 8:

44.25 wt.% of methionine 96.2% of theoretical
35 0.14 wt.% of DS1 0.3% of theoretical
0.18 wt.% of DS2 0.2% of theoretical

7.08 wt.% of sodium

ey -
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< 5 ppm of cyanide.




aminonitrile hydrolysis either directly or, if desired, after filtration,
optionally through an adsorbent such as for exanple activated carbon,
i nstead of usihgt§7eh Addtone. In this case, it is convenient first to

acetone until those concentrations are ob#a ned which, td
crude amnonitrile mxture, result in the desired nom nalf conc ﬁ

dilute the solution with water if necessary and to nmake U SRe S
TR @E‘ﬁ@
0

ns_o

f

acet one and VEfEPLE 3The aminonitrile hydrol ysis stage. The required
hydr oxi de equi val ents nay be introduced into the hydrolysis stage either

directly by i t.0. t.he .aque .ket one sol ution produced there, or
by separate ianagﬁégﬁgﬁt%ﬁnﬁ?%ﬁﬁtﬁﬁyﬁiﬁﬁnkali net al hydr oxi de sol ution or

al kal i ne earth nmetal hydroxide suspension. The proportions of by-product,
whi ch i ncreasgrubhensyr eGyLli Rg (6 1P 8NYRd canemyhi ¢4 9y is?‘?fepaallcﬁdeﬁ hse
various pyridine conpounds, "have virtually no ne@gative_effect upon the
aminonitril e Stirring to a solution of 50.0 g (0.330 mol) of methionine
amide (97.8%) in 223.2 g of water in a 350 ml steel
autoclave equipped with a stirrer, manometer, internal
thermometer and heating bath and, once the reaction mixture
10 had been heated to 130°C, it was stirred at this
temperature and 2 bar above atmospheric for 120 minutes.
The reaction mixture was depressurised to standard pressure
and simultaneously cooled. 286.2 g of yellowish filtrate
containing 17.06 wt.% of methionine, 99.2% of theoretical,
15 and 0.08 wt.% of methionine amide, 0.5% of theoretical,

were obtained.
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ol ysis yiel i the process sccording to UIMIIIHIITE, =

d 3ml| quantities, for &xahpl'e I td 10 mt. % of. the

by- products may,

conti nuously @rséBdr §Mn

bott om sol uti on obtained frompressure distillation and repl aeingrEileminitthi |

correspondi ng quantities of fresh sol utiorft? The di scharged anountsepraYED
ed o% aor._worked up again, in particular by- may
}Fﬁpgd substance then reused. - 21 - Description of

ei ther be disggg
elimnated an

RE%p

the overall process: The process to be perfornmed under the conditions

descri bed aboye may Lechai ¢gl! Mh@?%?%@gﬁ’i&‘?doé Qﬁé’c}?ﬂcﬁ%’i"r{é A Sa13S Shown

in the figure. These stages are p

5

10
2.

15
20 3.
4.

25
5.

30

35
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‘ performne
thereof by hydrolysis of methionine nitrile to

methionine amide in the presence of a ketone, followed
by saponification with a base, characterised in that
ammonia, ketone and water are together drawn off at a
temperature of = 85°C and/oxr by application of a
vacuum during and/or after saponification of the

amide.

Process according to claim 1, characterised in that
the methionine nitrile is obtained by the reaction of
methylmercaptopropionaldehyde (MMP) with hydrocyanic
acid and ammonia or by reaction of the corresponding
cyanohydrin (CH) with ammonia or by the reaction of
any mixture of MMP/hydrocyanic acid and the
correspénding cyanohydrin with ammonia.

Process according to claim 1 or 2, characterised in
that the ketone is separated from the ammonia.

Process according to claim 3, characterised in that
the ammonia, which contains substantially no ketone,
is transferred to the nitrile synthesis according to

claim 2.

Process for the production of methionine amide,
methionine or a salt thereof by the reaction of
methylmercaptopropionaldehyde (MMP) with hydrocyanic
acid and ammonia or of the corresponding cyanohydrin
(CH) with ammonia Q? a mixture of MMP, CH, hydrocyanic
acid and ammonia to form methionine nitrile, followed
by hydrolysis of the nitrile in the presence of a
ketone to the amide, optionally followed by
saponification of the amide, separation of the ammonia
and at least partial return of the latter to the
nitrile synthesis stage, characterised in that the

I
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continuously but may optionally al so be pil“ﬂlmﬂﬂlmﬁﬂ&tmlﬂe or

sem -continuously. In the cyanohydrin rea | on hetween MVP_and.—

HEN i s base- c8Ral$3edM(KARL) to yiel d MWP-cyafohydrin, whi chTHIS GHEET HAS BEEN

reacted in the amnonitrile reactor 2 with aqueous amonia 4t a REPLACED

concentration of > 50 wt.%fromthe absot ft3 on and ni xi ng stage—t+—The

cyanohydrin reacto and,t he Lhopitrile reactor_2 may be conmhined into a

singl e stage. The %Féggﬁrésoﬁuggkanéﬁii%ﬂ?eTﬁYﬁé;#ﬁﬂqﬂ Fgmonia

nitril e/ water/amohefomextbeelastert herreeuosad. i n a pressure reduction

stage 3 and the consequently liberated NHerr] is renoved separately (a) or

b)), or the crude mxture is directly introduced into the subsequent

hydrol ysis st 8ge 4PRPERBEt 2aFEPEESsBIoEO pebature. dhenanterisgge ip that

am noni trilse hydrokysi sebgcpesl arABHLN {h fH8 &SP Sl thPhidrile

si mul t aneousl y i ntrodugced, aqueous, al kali netal hydroxi de solution_or_ |

al kal i ne earth hdeXEFgés%ﬁsﬁgﬂg?bﬂs(fkfﬁ %%ﬁpéﬁyéﬁﬁbéﬁ%t e cyanohydrin
and/or aldehyde.

7. Process for the production of methionine or
10 methioninates by the hydrolysis of methionine nitrile
or methionine amide in the presence of a base,
characterised in that the initial concentration of the
amide is maintained at s 25 wt.%, provided that the

saponification temperature is 160°C or higher.

15
8. Process according to claim 7, characterised in that
the saponification temperature does not exceed 200°C.
9. Process for the separation of ammonia from an
20 ammonia/ketone/water mixture, in particular a mixture

which has been separated after or during
saponification of an amino acid amide or an amino acid
nitrile,_characterised in that the mixture is fed into
a column between the top and the bottom, that the

25 column is maintained at a pressure of 1 to 20 bar
above atmospheric, that the bottom temperature is
maintained at 100 to 200°C and that the ketone, water
and optionally small quantities of ammonia are drawn
off from the sump.

30
10. Process according to claim 9, characterised in that a
pressure of 5 to 18‘%ar above atmospheric, in
particular of 9 to 15 bar above atmospheric, and a
temperature of 140 to 190°C, in particular of 150 to
35 180°C, are used. '

[T
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ketone ([err] 92Cz@y &M Va®&r ([err]). The resultant sol
optional Iy NH3, and the above-nentioned reaction producls in RERLAGED s
i ntroduced into the saponification reactor4% together wih a suitable
al kali metal hydroxide solution _or al kaline earth netal hydroxide _ .
suspensi on ( - aRgOFESSt BFCPRELBY FReCHRkAI P PRtH] . wharachsmieashrith
rr;at al Het hi oni nat EtﬁaEUthenmﬁ!kﬁdhéeﬁstB@dieilh§o p@séwb%yﬂuhg&e@dnl ldIeL 7
after having passe Lo a_heat treatnment zone 6, ich may al so be
Integrated with thgoggﬁoﬁgtigg'ghergai?%?'S, and the said solution may
subsequently be further concentrated in an evaporation stage 8.
Al ternativel y.or addilLapa , L.on N
domstream%fr&%'t hg&igggtg-gt_ rkégt t&gﬁtﬁggﬁgég%&?h \fl\%ialg{rt?écse t (taé%flﬁlter
production, of methionine nitrile, methionine amide,

ket ene sol uti on, pref'erabl y in l H wll H“MHmottom product m xture
obtained fromthe distillation 0Py y wth tTT"gdggggun” sh
T HSnSTRE T A% BEEN

has a

methionine or a salt thereof by the reaction of
methylmercaptopropionaldehyde (MMP) with hydrocyanic
acid and ammonia and/or the reaction of

10 MMP-cyanohydrin with ammonia to form methionine
nitrile and optionally hydrolysis of the nitrile,
characterised in that ammonia and cyanohydrin or
ammonia and MMP are introduced into the process in a
molar ratio of at least 4:1, that the ammonia is used

15 at a concentration of above 50 wt.%, that the reaction
temperatures are from 40°C to 80°C and that the

reaction time is from 5 to 60 minutes.

13. Process according to claim 12, characterised in that
20 the reaction is terminated at the latest when 2% of
theoretical of 2,2’-bis-(2-methylmercaptoethyl) -
‘iminodiacetonitrile and/or 2,2’-bis-(2-methylmercapto-
ethyl) iminodiacetonitrile monoamide have been formed.

25 14. Process for the production of methionine amide,
methionine or a salt thereof by the hydrolysis of
methionine nitrile to methionine amide in the presence
of a ketone, optionally followed by saponification
with a base, characterised in that hydrolysis of the

30 nitrile is performed in the presence of 15 to 50 eq of
H,0, 0.2 to 2 eq of ketone, 0.1 to 1.1 eq of hydroxide
and 1 to 7 eq of NH:: in each case relative to the
nitrile, and at a temperature of 10 to 30°C and a
reaction time of 10 to 90 minutes.

35 |

15. Process for the production of an amino acid or a salt
thereof by the reaction of an appropriate aldehyde
with hydrocyanic acid and ammonia or by the reaction

This Sheet Has Been Replaced
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-22. - lower liquid throughput. EHI’F“ l ljm tivated carbon and/ or
filter auxiliary) and/or optlonally lary r$, Uppjled-te thq
filter and us2?d B8EAMentArenoved (C waste). The vapour s re thel
saponi fi cation reactor 5, which contain ammonia, ketone, at er P&Hdﬁ\CCD i
by-products, are taken up in a quantity 0145vvater I n an absorbtion stage 97
if desired together_with the NH3.(a)) .f essure rel ease stage 3 and
he vapours 1 rom tHe. ByERTSIROI Stk e 1 B BRI RaYSpRe Pedfl fant

NH err] concentratfohlowedtby eastelfrinn %itFhissmealiat tonthe subséfeeafly
transferred to the.gl sihlhation st bottg,s@% Uidl 9B 598! BENLAG kit ADC

obt ai ned there as t stilTation uct 1S t rans erre
hydrol ysis stage 42cid Hesihermwiderof the amino acid and subsequent
5 saponification with a base, characterised in that the

saponification solution is heated to a temperature of
above 150°C for up to 40 minutes until the cyanide
content of the solution has been reduced to below
10 ppm, relative to a 40 wt.% amino acid solution.

10

16. Process according to claim 15, characterised in that

heating is performed at = 160°C for at least 15
minutes.

heet Has Been Replaced
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filtration (7 t$rou h an adsorption and/or filter auxiliary or optionally
af ter dischar ikl |1 quantities of waste. The NH3 obtai ned as top
product is transferred to the absorption and m xi ng stageltI—optionatiy:
together with the NH3 partial stream (b)) obtained fromt hﬁhﬁrg‘gﬁsﬁﬁ ‘Lé"“mt’ BEEN
rel ease stage 3. In this absorption and n#®ing stage 11, the NHEPLACED
adjusted to #gg desired concentration by the addition of water and, If
necessary, smerT-¥dsses of NH3 ([err] NHerr]) are repl aced. The

met hi oni nate sol uti on produced by this process:my be used directly as

l'i qui d net hi oni ne t ;0 dst cordin - 31,.05 009
or, if desi rce)g', itg% %V{I}gltrab 19[((3519; ﬁee%e%ﬁo}(m%%n%ggt%gyéﬁggng&t]:hg

met hi oni ne derivat@NQﬁLQEﬁQE)QﬁHMﬁﬁhiQQimﬂﬁoﬁr@#ﬁhﬁ@nﬁhﬁedQFQVéti?hé-

foll ow ng exanples illustrate the described process in greater detail.

2.1 Direct saponification of the methionine nitrile
obtainable from methylmercaptopropionaldehyde,
hydrocyanic acid and ammonia led to low yields, to
catalyst and educt losses and to undesirable
by-products. The object is thus to provide a process
which may be performed with low losses, without
isolation of the intermediate stages, and in

particular continuously.

2.2 The ketone used is recovered with higher yields after
amide saponification as this reaction liberates ketone
from by-products. For recirculation of the ammonia,
ketone must be substantially removed from it, wherein
a resultant ammonia/ketone/water mixture is separated
in a column under a pressure above atmospheric. If the
amide is saponified at = 160°C, amide concentrations
of = 25 wt.% are advantageous. The methionine nitrile
is formed with at least 4 eq of = 50 wt.% ammonia at
40 to 80°C and for 5 to 60 minutes. Residues of
cyanide are destroyed at temperatures of above 150°C.

2.3 Methionine, in particular for feedstuffs, in
particular in agqueous solution.

This Sheet Has Been Replaced
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(I'tem1 in the

figure).

¢

i ntroduced at 20[err]C and pH 7

S |

< f (

250. 0 kg (2,400 1ol ) of fresMy m
3- (nethylnercapto)proplonaldehyde (MWPysand 11.0 m of trije
.0 into a 400 litre tank ed

Exanpl e 1 2-Hydr oxy- 4- neihyLnercaptdQutyrongtrlVe (NNP‘gyahohydrln)

anchor inpeller, pH el egtrodg, thernDneter refl ux condenser gering
devi ce and connected hyd yani c acid eyapoerator. 66.0 kg (2 4422ﬂp|) of
freshly evapqrategl, gaseo hydrocyanlcuaC|dnwmﬂfTrﬁroauced\N n
with stirrindg ai a rate,sach,that the tgnperhture in the tangkp ot
exceed 30[err]]C. The pH s nmaintained at &.5 to 7.5 by the |si pulst aneous
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yfeld was 316 kg with a cyanohydrin content of 99.6 w.% Th [
was used in subsequent exanples. Exanple 2 (Item1). 133.9 kgﬁﬁ§¥3§§ME@T)§hEET

of MW and 400 ml (= 0.29 kg) of triethylam ne were reacted J:rer simlar

conditions to those in exanple 1 with 35.8 kg (1,324 nol) of|I{qdid MAR 1997
hydrocyanic acid within 4 hours in a 250_Il{tre tank equi pped|with an anchor
i npeller, pH electrode, thernoneter, reflux condenser, neter}ng device and

was 170.0 kg W th ydrin content of 99.2 wt.% Exanple 3
2- am no- 4- metHEHet W VESi d nitrile (D L-nethionine nitrile) (Item
2). 51.0 g (2.40 nol) of 80% aqueous amoni a were introduced at 44[err]C

into a 250 msgetceie icaaxut}i%%xl ave equi pped

connect ed St%&tﬁﬁﬁéf‘og%'%%e% Fo3 thied pird ikl ohhe £ MyBrRYaABRYdeL il d
Han SRR

The present invention relates to a process, which may
preferably be performed continuously, suitable for the
large-scale industrial production of aqueous alkali metal
or alkaline earth metal methioninate solutions which may be
used directly, for example as feed additives, or for the
isolation of amino acid or salts thereof suitable for use
as feed additives. The process is suitable in particular
for the production of methioninate solution. Methionine and
agqueous solutions of methionine salts, in particular of
sodium methioninate (DE 31 05 009 C), together with
substitﬁtes such as methionine hydroxy analogue (MHA) are
used world-wide as feed additives for rearing poultry, pigs
and other agro-economic animals and are mainly useful for
the production of animal proteins. It is particularly in
view of the increasing world population and increasing

" problems of food supply that methionine, being one of the
essential amino acids in the animal growth process, and its
various forms are of special importance and so too,
consequently, is the more economic production thereof.
Depending upon requirements, the products are preferably

used in solid or ligquid form.

Commercially available sodium methioninate solution has a
concentration of 40 wt.% of methionine and, unlike the
substitute, MHA, it has equivalent biological wvalue to
solid methionine, measureg on an equimolar basis. There are
three main methods available for the production of such

sodium methioninate solutions:
1. Simple dissolution of isolated methionine.

Although this method produces the purest form of the
product, it is more expensive than producﬁion of the solid



- 24 - with a stirrer, manoneter, internal thernoneter, feeq REPEACEMEND, SHEET
st.orage vessel and heating bath. 51.5 g (0.391 nol) of MWP-Qys |
t hen punped in within 2 mnutes with stirring. The tenperat}yr¢g roieqhﬁ

57[err] C, the pressure was 13 bar above atnospheric. Stirring of1 thpe--" 1337

reaction m xture continued for 20 m nutes sat- the sane tenperat
m xture was then cooled in an ice bath and the pressure red&ced to standard

pLessure. FﬁﬁﬁbﬁmKﬂqéﬂgb}ﬁhdl&adﬁﬁﬂaﬂaagp&b&ébé&ngnétagéedn& Yrivtrs _
el cel o dPUEe Il e BB LIeR S SaLoBlntRs ol ge o de
(DNMA) . Exanpl e 4
2. Alkaline hydrolysis of 5- (R-methylmercaptoethyl) -
hydantoin with NaOH or NaOH/Ca(OH), mixtures for which
it is necessary to use approximately 2-3 hydroxy
equivalents to avoid the production of unwanted

by-products.

When Ca(OH), is used, while the excess saponification agent
may be removed in the form of calcium carbonate

(DE 31 05 006 C), it must however be disposed of as
virtually unusable waste salt or returned to the hydroxide
form, in which it may be reused but which requires
expensive steps such as calcining and quenching. On the
other hand, when sodium hydroxide solution is used alone,
the excess must either be removed in the form of the sodium
carbonate produced (DE 31 04 997 A) or it must be removed
as sodium sulphate which is formed after neutralisation of
the sodium carbonate with sulphuric acid (EP 253 740). Salt
formation and the expensive salt removal process as well as
the risk of undesirable residues being left behind in the
product solution constitute the disadvantages of this
method.

3. Alkaline hydrolysis of methionine amide

As is known, for example from EP 0 228 938, this may be
performed with approximately stoichiometric quantities of
hydroxide without giving rise to excessive by-product
formation. This constitutes an important advantage in

comparison with method 2.

Methionine amide may be prepared in a known manner by
hydrolysing methionine nitrile, which may in turn be
obtained by direct synthesis from the customary starting
materials, methylmercappppropionaldehyde (MMP) , hydrocyanic
acid or ammonium cyanide, and ammonia.



(Iten12) Apparatus as exanple 3. 68.0 g (2.40 nol) of 60% aqUeguUs IO

were introduced into the autocl ave at 50[err]C 53.6 g (0.407 H§P§AQEMENT SHEET
MMVP- cyanohydrin were then punped in within 2 mnutes with stiyring.—The
tenperature rose to 58[err]C, the pressure was 7 bar above at{mospher MAR 1357
Stirring of the reaction m xture was contignyed for 10 m nutes t he sane
tenperature and the m xture was then cooled in an ice bath and
depr essuri sedheometandand peedsvacalyPed ﬁﬂairi/]sé shydrdéhesieafinmot bet ur e

i ndi cated 99 of, .t heotet] IO [ 0 oretica

of AM O. 9%)0%4Fhégrg?iéngg?La?kiggégg ? he %é%&%%}éh ?% oréggkal of
DNVA.  Exanpl €33t(cuhpaei sdhpline. olgrikewm}y@xs mmmfeemb nia were
react ed wthBE_&»f%raeaOWﬂE Hﬁé)aaalé%ncaﬁr@mywﬁéﬁ@ Sididw manner to
exanple 3. H LC analysis indicated 98. 0% of theoretlcal

carbonyl” compounds, in particular ketones (Houben-Weyl,

Methoden der Organischen Chemie, enlarged supplementary

volumes to the 4th edition, volume E5, pages 535 et seq..,

and the literature cited therein).

As considerable expense and losses are entailed in
isolating methionine cleanly and subsequently hydrolysing
it to NaMet with NaOH as described, ‘for example, in patent
EP 228 938, such a process is uneconomic.

In the other example stated in the same patent,
MMP-cyanochydrin is first prepared in the customary manner
from MMP and HCN in a 500 ml pressure vessel, and the
MMP-cyanohydrin is then converted into methionine nitrile
by the introduction of condensed NH,. After release of
pressure and cooling from 60°C to 10°C, this product (see
Houben-Weyl) is reacted with an aqueous solution of acetone
and NaOH, and any remaining ammonia and acetone are then
removed by the application of a vacuum before the resultant
methionine amide is hydrolysed to sodium methioninate after
the addition of sodium hydroxide solution at 180°C.
Sﬁbsequent release of pressure and removal of residual
ammonia under vacuum results in a solution of sodium
methioninate which, in addition to methionine, still
contains at least 10 other by-products in varying but not
negligible concentrations. This laboratory method is
unsuitable for customary large-scale industrial production
of several tens of thousands of tonnes per year of
methionine per plant. Moreover, no statement is made
concerning the residues of acetone and the possibility of
recycling it, nor about the possibilities of recycling the
large excess of NH, introduced into the process. Apart from
the optimum arrangemenp‘9f the desired sYnthetic pathway
with regard to yield and selectivity, the ‘completest



of nethionine nitrile, 0.3%of theoretical of methionine anmad
theoretical of DN and 0.3% of theoretical of dinitrile npbnoan
REPLACEMENT SHEET - 25 - Exanple 6 (conparison) 122.4 g (1. 8(

aqueous ammoni a were reacted with 41.1 g (0.312 nol) of MW-¢

o RERLACEMENT SHEET
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a simlar manner to exanple 3. HPLC anal-ygi s indicated 95. 8%
of methionine nitrile, 1.6% of theoretical of nethionine am

yanohydrin 1n
of theoretritcat
1. 6% of

theoretical @bsBibardrécOV%eel, bhcehet amabnbd EROH. irExerrad & bd&:wﬂ)ameson)

(1tem 2 wthoul LLeM Heecblle! B8 3PPEE AL Y2 Y82 PEd orm and

subsequent reuse of both are, however, preconditions for an
economic process which should, moreover, be capable of
being performed continuously on the desired scale.

No continuous process for a homogeneous ketone-catalysed
alkaline aminonitrile hydrolysis has hitherto been
described. The reason for this is apparently that no
effective industrial method which may be performed
continuously for purifying the resulting mixture of ketone,
ammonia, water and optionally by-products has hitherto been

available.

The importance of this problem is evident from the fact
that catalytically active polymer resins containing
carbonyl groups have been developed as ketone substitutes
(EP 84 470, DD 208 349), which may readily be removed from
the reaction medium by filtration or which may be arranged
as a fixed bed through which the substrate solution may be

passed continuously.

This at first sight very attractive concept has, howevér,
the disadvantage that such catalysts have not hitherto been
commercially available and would presumably be very
expensive to produce in the quantities required for
large-scale industrial production, in contrast to ketones,
which are inexpensive. Moreover, the polymer resins
described are rapidly poisoned by secondary reactions on
the carbonyl groups and must be regenerated by expensive

processes.

In a variation of this process (EP 168 282, US 4,677,224),
an increase in catalyst life,is achieved at the expense of
substantial re-dilution of the aminonitrile solution used
for hydrolysis from approximately 1 M to 0.1 M by the

product solution produqeg in the subsequént.saponification

[}

stage.



exanple 3, 122.4 g (1.80 nol) of 25% aqueous ammoni a were infr '

them;ut oclave at 42[err]C. A solution of 8.5 g (0.314 nol) of *F ﬁﬁ@n&@?%gn
(0.304 nol) of MWP was then punped in within 4 mnutes with ;tlrrln%ﬂ e
tenperature rose to 53[err]C, the pressure was 1 bar above afmpsph®rif&R 1397
Stirring.of the reaction m xture was contifiued for a further|l@udnutes at
the sanme tenperature and the m xture was then cooled in an i e bath and

depr essuri sedThis stmralsal Presbard.agdeie doal sirgeoschlie ieduskedalixture
ndi cat ed 9L B sfcdheer a1 eal ol MELNQRAR W Lo oF BOLbORGLALI 6!

of nethi oni ne am de, 1. 7%0 goretica eoreti ca
DNMA.  Exanpl el @F94% R LU rfdlqucl arth podymergcetadystel Rtolesst bwaeous

anmoni a wer e éntworkic ag-d rﬁé%dlﬂ%diumx%\i% i'itt 33 ﬁbhk@hémeéssé&%ﬁgggﬁmnler
En? mn\?\;g t7 A S%luélcoo%pqetely 9:0 dl%%)déns {Iltg'l catalyst reggneratloner )
Secondly, approximately 90% of the product solution, which
is at a temperature of approximately 80°C, must be cooled
to 30°C, which is the temperature required for the
preliminary stage, and this solution must then be reheated
to the original saponification temperature once it has

passed through this stage.

Optimum process control and avoiding or minimising waste
streams are also essential in such a process both for
economic reasons and for today’s ecological requirements.

The object of the invention is thus to provide a process
for the production of methionine or salts or precursors
thereof, such as methionine nitrile or amide, wherein the
process is based directly on the basic chemicals already
mentioned and should also be capable of being performed on
a large industrial scale without isolation of the
intermediate stages. The process should be economic and, in
particular, should be capable of being performed
continuously, wherein it should be possible to recover the
excess ammonia and ketone introduced into the process with
as little loss as possible and to reuse them.

This object is achieved by the present process claimed in
the claims wherein the claims may, in particular, be
combined while retaining Eheir individual advantages.

The process, which is preferably performed continuously or
semi-continuously but may also be performed batchwise,
comprises a total of 5 or 6 main process stages:




purrped in within 0.7 mn with stirring. The tenperature rose tBEﬁm
the pressure was 5 bar above atnospheric. Stirring of the reactden npgbﬁ;§ﬁEET

was continued at the same tenperature for 10 m nutes and the n1x3u e was 7“]

then cooled in an ice bath and depressurised to .standard pre$sqreé.d HiAR199
anal ysis of the reaction m xture indicateds97.6% of theoretifat—ef

nmethionine nitrile, 0% of theoretical of - 26 - nmethioning amde, 1.5%
of theoretical.Dbf Emtmﬁtfahcﬁftmﬂﬂae(MMP%ayandhymnmw dai) offr 9

t heoreti.cal of CH. ggagyafiéthéé¥qégﬁﬁeis g (2.40 nol) of 60% aqueous

ammoni a were introduce a 250 m steel autoclave equipped
with a stirrer, manoneter, |nternal thernoneter, feed |ine,

R-CHO + HCN - R-C-CN

OH

_ 2.) Formation of crude MMP-aminonitrile from crude MMP-CH
and NH, or NH,/water mixtures or in a single stage from
MMP, HCN and NH; or NH,/water mixtures (preliminary
stage)
H H
R-Cli-CN + NH; » R-C-CN + H,0 or
OH NH,
H
R-CHO + HCN + NH; - R-C-CN + H,0
NH,
3.) Alkaline ketone-catalysed hydrolysis of crude
MMP-aminonitrile (AN) to crude MMP amide

H HO
OH", ketone | |

R—C]T-CN + H,0 - R-CIJ-C—NHz
NH, NH,

4.} Alkaline saponification of the crude product mixture
from 3.) containing methionine amide (Met-AM)
optionally with simultaneous partial or complete
removal of ketone, N§3 and optionally other volatile

components
| ' ‘
R-C-CONH, + OH - R-C-COO™ + NH, »

- NH, |
NH, - ketone  NH,

oy



sérrpl i ng device, punp, storage vessel and heating bath. 52.9 |gRERLACERIENT! SHEET

Thao

of MWP-cyanohydrin were then punped in within 2 mnutes w th jstpr++reg:

rrre

tenperature rose to 39[err]C. Stirring of the reaction m xtune wa;EaWAgzﬁq7

continued at 40[err]C for 60 m nutes and sanples were taken fior

anal ysis after 10 and 60 m nutes. The falloow ng yields were gbt'armrec:
Met hionine MP  MW-CH DN nitrile after 10 mn: 63.5 2.4 34.

0

0. 1% of theorset)i ca@ptdone]l @Oski-nre@¥mént of thé. érudd.wethioniita®sof
t heoretical Exanpl .(co L ) em 2). 6 :
é%l%gl ) g%gg&ﬁgg SQ#h Hl? £d7 egaﬁp%%

aqueous ammonia were T ntro I nt e autoclavé a

]%? mol ) of 38%

rlCin a simlar

manner to exanplep@SCSIEQCgiPOJ4E2rﬁ§iFaéiONMFrc9ﬁﬂmmmﬁﬁ£¢nvﬁqeﬁhmen punped

in with stirring Welshivagl £6 ngh NWbgsentPeri8APErature rose to 80[err]C
pressure was 5 bar above

6.) Ammonia/ketone purification and recycling

Re 1.) and 2.):

The formation of aminonitriles as «-amino acid precursors
from aldehydes with hydrocyanic acid and ammonia (Strecker
synthesis) or from initially formed cyanochydrins and
ammonia (Tiemann variation) is well known and has been
investigated on numerous examples (Houben-Weyl, Methoden
der Organischen Chemie, 4th edition, 1952, volume 8, pages
274 et seqg. and pages 279 et seq. and enlarged
supplementary edition to the 4th edition, E5, pages 1425 et
seqg.). If suitable reaction conditions are selected, both

reactions proceed with > 90% yield.

In the present case, the Tiemann variation has the
advantage that the relatively high heat of reaction of
cyanchydrin formation may be collected. This enables the
reaction temperature of the subsequent aminonitrile
formation, which is also exothermic, to be more accurately

adjusted, in particular in a continuous process.
MMP-cyanohydrin formation:

MMP-cyanohydrin is formed‘spontaneously from MMP and liquid
or gaseous hydrocyanic acid at pH 5 to 9 and temperatures
of up to 50°C, but is preferably formed at pH 5.5 to 7.5
and temperatures of 20 to 30°C.

pH is optionally maintained within the required nominal
range by the addition of small quantities of base. Both
organic bases such as amine compounds, for example

t he




at.m)spheri c. Stirring of the reaction m xture was conti nued EtRFngMT SHEET
tenperature for 10 mnutes and the m xture was then cooled in gn | ce bath
and depressurised to standard pressure. HPLC anal ysis of the readtBQﬂAR‘ﬁg7

m xture indicated 93. 0% of theoretical of nethionine nitrilej Q.45% of
t heoretical of nmethionine am de, 1.35% of gt heoretical of MW} 4.60% of
theoretical of DN and 0.55% of DNVA. - 27 - Exanple 11 (c arison)

(Item 2). 68t&igthzlatinel propyhldingyecand mmglamamlasleg sglc(tﬂ &8 nol) of

acetone were h &3d%%?glzggoaﬁpﬁl§#gN%égyﬁano gf[ }éiié§%:5¥ln | ar manner

to exanple 3. Were then punped in
within 2 m n@b@@l\@eﬁh o AP ¢h§a@Hn9§rH@GNe ab@esmd:aw{earr] C, the

particularly in the form of the aqueous solutions thereof.

The reactants should be introduced into the process in
approximately equimolar quantities. An aldehyde excess
should as far as possible be avoided as it results in

by-products and degradation products in the subsequent
reaction stages or in the end product.

A large excess of HCN should also be avoided as the
hydrocyanic acid must either be driven off at a suitable
stage or destroyed, which would require additional energy
and complication of the process. A slight excess of HCN, in
particular of up to 5%, has, however, been found to be
advantageous as it enables quantitative conversion of MMP
to be achieved with a selectivity of virtually = 99.9%.

MMP-CH may be produced from MMP and gaseous or liquid
hydrocyanic acid batchwise, for example in a stirred
vessel, or particularly advantageously continuously in a
tubular or loop reactor or in a combination of the two, as
described above. Thorough mixing of the reactants with
simultaneous pH and temperature monitoring are
preconditions for optimum performance of this process

stage.

Yields, determined by customary analytical methods such as
HPLC or TLC, were 99.9%.

Aminonitrile formation:

The resultant crude MMP-cyanohydrin may be converted into
crude MMP-aminonitrile by reaction with ammonia or
ammonia/water mixtures in the same way as approximately
equimolar mixtures of MMP and HCN or any ‘mixture of crude
MMP-cyanohydrin and MMP/HCN such as may be obtained, for




pressure was 6 bar above atnospheric. Stirring of the reacti dnREPMGRMENT SHEET
continued at the sane tenperature for 10 m nutes and the m xtjurgwas—ttren
cooled in an ice bath and depressurised to standard pressure. FPL{qapgpy@h;
of the reaction mxture indicated 91.6% of theoretical of netthijonin

nitrile and 8.4 of theoretical of MWP. Examle 12 (Item 2). Hor tne

conti nuous process, 2.55 kg (89.8 nol) per hour of aqueous 6Q% amoni a

preheat ed toé@h@&@] Cagndnd. nganlﬁﬁyﬁiﬂnGQtHﬁé)wﬂeh DsbmeTt e PAVHE SHREROTOWIT 1 N
were both si mé i\&%e st i ntroduced into a heatable reaction tube preceded
c

by a mixing & nd equi pped with an internal tenperature measuring
devi ce, sanpling device and connected MW-CH feed |ine mﬁth storage vessel

and NH3 feed}i. s er. The
reaction terrpwg]r g?uﬁ&tﬁ&r g%ust égﬁ?ﬂ:gg%?% n%ﬁ{?g%ﬁ QZ i on uge i nl et
and 56[err] Crsﬁcﬁ'-h@ntsubetbuﬂheuldnHHprmLMP&P o1 Pﬁﬁ’r—%mﬁéle

advantageous use of aqueous ammonia for aminonitrile

formation has more recently received greater emphasis.

DE-OS 16 43 535 describes the use of NH, excesses of 4.6 to
55 equivalents relative to MMP and NH, concentrations of
above 50 wt.% under pressures above atmospheric at
temperatures of up to a maximum of 60°C and preferably of
15 to 40°C. The residence times of 4.5 to 5.5 hours are,
however, excessively long, particularly for a continuous
process. Moreover, the described proceés is accompanied by
excessive by-product formation (DN and DNMA), which is also
unacceptable for continuous large-scale production.
Methionine yields, after acid hydrolysis of the
aminonitrile, are stated to be between 97 and 99% relative
to the MMP. DE-0S 20 06 979 teaches a process which
proceeds under substantially identical conditions but is
performed in continuously operated stirred vessels, wherein
the main feature of this invention is the partial return
into the reaction vessel of an aqueous phase obtained after
phase separation of the crude aminonitrile, which aqueous
phase is rich in NH; and still contains AN. This is stated
to reduce salt formation during the subsequent acid
saponification. However, the partial return of already
formed product restricts the economic value of this
process, in particular with regard to the acid

saponification which is desired there.

DE 26 45 544 describes the use of agueous ammonia as
advantageous at NH, concentrations of 24 to 48.6 wt.%, in
particular of 32 to 42 wt.%, and NH; excesses of 4 to 7
equivalents, relative to the already formed cyanohydrin
introduced into the process, at temperatureé of 50 to 100°C
and pressures of 1 to 10 bar. While aminonitrile may indeed



at nospheric and the residence tinme 17.3 mnutes. HPLC anal ysi $ %EPMQEMEW SHEET
taken at the tube outlet indicated 97.2% of theoretical of nefhiommre————,
nirtrile, 0.3%aof theoretical of nmethionine amde, 0.5% of thgofe g §3M%§ 97
MW and 1.8% of theoretical of DN. Exanple 13 (Item2). 2.45 kg (86 %
per hour of 60% aqueous anmmoni a were reacigd-wth 2.371 kg (18. 0 ot )y—pet
hour of MVP-cyanohydrin in a simlar manner to exanple 12 at jJa residence
time of 21.8be iforeed HBhElﬁﬂ&hﬁi&Slhndicabeﬂar re2Btor ¥m@%ld THeoretTea

of nethionin i b %%) r Rméﬁﬁﬁﬁ 0 QE 7W of

t heoreti cal %FQBE ore ?cgbé 5 gﬁﬂqgag(naéﬁﬁléﬁe i cal of
yield is at best only 96% relatlve to the MMP-cyanohydrin
introduced into the process. However, for a multistage
process, an intermediate yield of distinctly below 100% is

insufficient, from both an economic and ecological

viewpoint, since it must be assumed that unreacted educt or
by-products produced therefrom must be separated and
disposed of in costly manner. This is unacceptable, in
particular for the large scales customary for methionine

production.

While yields of above 90% are indeed mentioned in all the
above-stated prior patent publications, no statements are
made relating to the resulting gap in the balance.

It has now been discovered according to the invention that
the principal organic by-products in crude aminonitrile
consist of the correspondingly substituted iminodinitrile
(DN) (DN = 2,2'-bis-{(2-methylmercaptoethyl)imino-
diacetonitrile), the dinitrile monocamide derived therefrom
(DNMA) (DNMA = 2,2’'-bis-{2-methylmercaptoethyl) imino-
diacetonitrile monoamide), together with methionine amide
(AM) already formed at this stage.

/ij fN fOzH fOzH
R \N//A\\R DN R//A\\N//*\\R DS1
|
L A
CN CONH,

l
,fi\\ﬂ,/*\\ﬂ DNMA

R has the above-stated meaning.




NNP Example 14 (Item 2). 2.07 kg (97.2 nol) per hour of aqu
amoni a preheated to 53[err]C and 1.917 kg (14.56 nol) per 8$§ﬂ$®%%ENT SHEET

MVP- cyanohydrin were sinultaneously introduced in a sinilar nn
exanpl e 12. The reaction tenperature was adjusted to 57[err] ¢ gt 1t3é‘mﬂjl§&97
inlet and 56[err]C at the tube outlet, theipressure was 14.4}bdr_above

at nospheric and the residence tine was 24.5 mnutes. HPLC anal ysis of
sanpl es t akeThet imfigodilmd tavitlleeicompdiindseBNISNA%ORIAL hebieh i eafot

met hi oni ne nll.;lrtlﬂe%too b%%hOfd %E‘%QBEH' Al ¢ ﬁfe ?’fwf%gg a{%g‘f% %t%/&{hu oni ne

t heoretical of DN a 4% o theoretlca
am de soILnltﬁ?WHHQQ%QYZ virgdysef insghg §u?§eqeeﬂ6|§t%se%o@93nu%b%sthe
anmoni a wer e dottrie@gdeed nat lﬂﬂhaarl]aelant(gsa 259, gt -Bige(2-methyl-

mercaptoethyl) iminodiacetic acid), the content of which
impurity should be as low as possible in the product.
Optimum performance of the aminonitrile stage, particularly
with regard to those aspects important to an economic
process, thus principally depends upon keeping by-product
formation as low as possible while achieving a virtually
quantitative yiéld of aminonitrile.

It has now been found that the proportion of DN + DNMA
assumes an acceptably low value of < 2 mol.% of the
cyanohydrin introduced into the process, with AN yields of
2 98 mol.%, in each case relative to the reacted aldehyde,
if a molar ratio of NH;/CH or NH,/aldehyde of at least 4:1,
in particular of 5:1 to 15:1 is used and NH, concentrations
of > 50 wt.%, advantageously of 55 to 85 wt.%, and in
particular a molar ratio of NH,;/H,0 of greater than 1.5 are
used at temperatures of greater than 40°C but not greater
than 80°C and reaction times of at least 5 minutes, but not
greater than 60 minutes. Dinitrile content is, in
particular, raised by high temperatures or falling NH,
concentrations or excesses and also by long residence
times, while a low water content extends the necessary
reaction time. The reaction is preferably terminated at the
latest once 2% of the theoretical quantity (mol.% relative
to MMP + CH) of DN+DNMA has been formed, because the
proportion of DS in the finished product is otherwise too
high. The reaction is gengrally performed within the stated
limits in such a manner that the proportion of DN+DNMA is
kept as low a possible. A preferred embodiment of this
process stage is to use 5 to 8 equivalents of NH; with a
concentration of 55 to 85 wt.%, in particular of 60 to

80 wt.%, in the temperature range of 50 to 70°C at reaction
times of 10 to 50 minu;e§ and under the preésure which is

established within the system under these !conditions.



autocl ave equi pped with a stirrer, manometer, internal thern)nBERUACEMENT SHEET
|l ine, punp, storage vessel and heating bath. 37.25 g (0.283 npolpg—of
MWP- cyanohydrin were then punped in within 1.5 mnutes with stirqingiﬁh§97
tenperature rose to 54[err]C, the pressure was 7 bar above af sph"ri'é.
Stirring of the reaction m xture was conthgued for 10 m nute$ arttre—sane
tenperature and the pressure was then rel eased to standard pyessure with

si mul t aneous wWohimghik sdnge orthef prdpoyrti®n063 DukPNMA MapHe@en B8~y
(0.152 nol) in 110 .g.6.11 nmol) of water was then punped into
t he nixture,c%$§§§?éig?61 A Q%ﬁ&érature of 15[err]C, while the m xture was

cooled with water, and the -29 - tenperature rose to 27[err]C. Stirring
of the reactigfl yHX!#iSt time, the conditions selected here allow the

process to be performed continuously at yields of above
96%, which is essential for large-scale production. A
purely tubular reactor or a combination of a loop and
tubular rector may be used for the process, wherein the
tubular reactor should have a multiple of the residence
time of the loop reactor as dinitrile formation may
consequently be kept lower. The process described here is
also distinguished by the fact that the ammonia or
ammonia/water mixtures recovered from the subsequent
recycling stages may be used instead of fresh

ammonia/water.

The mixtures of crude aminonitrile/water/ammonia obtained
in this manner may be used for the subsequent hydrolysis
either directly or after releasing the pressure to standard
pressure or to a pressure between the pressuré prevailing
in the system during the aminonitrile stage and standard
pressure. Part of the excess NH, may be recovered at this
point from the aminonitrile stage during this release of

pressure.
Aminonitrile hydrolysis = methionine amide formation:

The aliphatic and cycloaliphatic ketones proposed in
patents DE 26 37 204 and DE 27 53 828 for the production of
amino acid amides by ketone-catalysed hydrolysis of a
corresponding aminonitrile exhibit marked differences in
their suitability for the hydrolysis of aminonitrile.

The greatest rate of reaction is achieved with acetone,
which is the least expensive ketone and least harmful to
health and thus preferred for industrial purposes.



was continued-for 30 minutes at 25[err]C and the mixture was | HEFLACEMENT SHEET

I mredi ately anal ysed. The clear, pale yellow solution (201.1 p) [was ofTtte
fell ow ng conposition: 19.93 w. % of nethionine am de 9%. aO%g)TM gx 1927
t heoretical 0.38 wt.% of nethionine 1.80% of theprgtical
w. % of | M 0.35% of ;heoretical 0.46 \MSEOOT Ilvz

1. 70% of theoretical 0.05 wt.% of MW 0. 35% of

t heoreti cal E%E%H”éhﬂﬁé#lﬂﬁﬁﬁ% é¥8§‘@s 35E4%§%e@1r%gvgohé R%F@%?@%gﬁﬁggs
anmoni a were intr ed in ocl ave err in a si

to exanpl e 15915 ‘%‘Lﬁd‘ % ‘ﬁ?o sﬁﬁﬁ&#dllﬂ"n ther ereseRcfuRbed in
within 1.5 moug e vn tth eaqualnagutsThff tagrenat wre tl’e@@erhﬁuiébeblf] Co tbe
pressure was St|rr|n L Qn m.xtyre was
continued at g%e 'sa ogdrrhgéera t%lr%{ feorl (?btaﬁ‘tﬂ]t €s gtrjl'%?’t ssur reétitag then
rel eased to Rfamedhiqnigss amwide t sodium methioninate, the

imidazolidinone compounds IM1 and IM2, together with MMP
and other components occurring in lower concentrations.

N/H 0% H
\ N CH3
A A IM1 v
R A A IM2
YyoR R™ N7 “cH,
H H

R has the above-stated meaning.

While the imidazolidinones are indeed also converted into
methionine by the subsequent saponification at elevated
temperatures, the IM1 and MMP contents in particular lead
to losses in the final yield and may cause purity problems.
According to the invention, re-formation of aldehyde and

" the formation of IM1 may be reduced considerably by keeping
the temperature and alkali content low, so increasing the
selectivity of the overall reaction sequence. A process for
the production of o-amino acids as described in patent
DE 27 53 829, in which the total quantity of alkali
required for aminonitrile saponification, i.e.
substantially 1 equivalent of hydroxide, is already added
to the crude aminonitrile mixture and saponification is
performed in a single stage, yields somewhat poorer results
in the present case. Moreover, an increase in aldehyde
content to values of up to 7 mol.% may be observed when the
temperature is raised above 40°C. Aldehyde content may,
however, be reduced to below 2% at temperatures of below
30°C. Since, as is known, the rate of aminonitrile
hydrolysis increases sharply with ketone concentration
(Commeyras et al., Tetrahedron 1978, 34, 2275 et seq.,
using the example of acetone and ao-alanine nitrile), this
characteristic may also be exploited for burposeful control



si mul t aneous cooling. A solution of 12.2 g (0.31 rml) of NaOh HBPU&}EW]EWT SHEET
(0.152 nol) of acetone in 113 g (6. 27 nDI) of water was punpgd

si.rmul t aneous cooling into the m xture, which was at a tenperdtL g

15[err]C, and the tenperature rose to 27[err]C. Stirring of tthg r'e PR AI97
m xture was continued at 25[err]C for 30 minutes and the m xfure—-was-—t-hen... |
I mredi atel y anal ysed. The cl oudy, pale yeFﬁom/sqution (208.3 g) was of the

Q0L of

[oL1ow 19 SOOI Gio ool TRANY 2.0, Bug of ETRF O 0 o

w.%of IM such as a several tinme¥ oblbalreexecessal 18. Hdwewedo of | M2 .

tzhz,\oo/(; gI | C;Peq{ﬁésﬁazlab(iel%o‘ﬁl Oé’q%fon'llwpand product purity ré‘aé‘cg/ﬁgf It has
now been found that elevated reaction rates and hence very
good selectivities at the AN hydrolysis stage may be
achieved within a range of H,0 excess with a moderate input
of acetone and preferably small quantities of hydroxide. In
brief, the optimum range may be placed within the following
limits (relative to nitrile):

15 to 50 equivalents, preferably 20 to 30 equivalents of
H,0; 0.2 to 2.0 equivalents, preferably 0.3 to 1.0
equivalents of ketone; 0.1 to 1.1 equivalents, preferably
0.15 to 0.4 equivalents and in particular 0.15 to 0.3
equivalents of OH™ and 1 to 7 equivalents, preferably 2 to
5 equivalents of NH, at temperatures of between 10 and
30°C, preferably of 15 to 28°C and reaction times between
10 and 90 minutes, preferably of 20 to 60 minutes. The
process described here is in particular distinguished by
the fact that, instead of using ketone and water, an
aqueous ketone solution obtained from a subsequent
recycling stage, in particular an acetone solution,
including the by-products contained therein, may be used.

As in the preceding process stages, hydrolysis of crude
aminonitrile may also be performed batchwise or,
preferably, continuously, the batchwise process being
performed, for example, in a stirred reaction vessel. A
simple reaction tube, but preferably a loop reactor, in
particular a combination of loop reactor and reaction tube
may be used for the contiguous process. The pressure at
this stage is not critical and may be selected at will in
accordance with the method used, although the pressure
which is established within the system in a given method is

preferably used.




- 30 - Exanple 17 An MWP-CH feed |Iine which is connected with
vessel and an ammonia feed line which is connected with an absor tQNFﬁﬂgﬁE SHEET

mxing stage (item 11) via a heat exchanger are connected viajalm xin
section to a heatable flow tube equi pped with an internal tenpefatiu?diaR 1397
measuring device (item2). The flow tube h§ connected via an putanmfic
pressure maintaining valve to a stirred depressurising vessel{(item3), the

gas space of AMIr) dcdid MYEREN9SiW LhnakhabBaohRtORoshatEoh !t eM-9)via a

line, while the bottom discharge of the depressurising vessel leads to the

hydrol ysis stage (item4) via a punp. The hydrolysis stage nmay be _
t her nost at i cdlhe/ sodmtn‘@lnl ebtaidedodsi shisofaankpopaychet osedd directyl ating

punp and a fl to "tHRE ABMEARTLEBRRE L AL 1 00wl LRPTRERL el &y rRpRECt B &

Its input en e ves teoustacefone UWion via
kaline earth metal hydrox1de To this end, the hydroxyl

content which was already adjusted in the previous stage of
hydrolysis is increased by the addition of further
equivalents of hydroxide such that the resultant hydroxide
content corresponds to a ratio of 0.95 to 1.1 equivalents,
preferably 1.0 to 1.05 equivalents, relative to the MMP
introduced into the process. The saponification temperature
should be at least 85°C, preferably at least 90°C but as a
rule above 100°C, in particular 110 to 140°C. A temperature
of 200°C is not generally exceeded. The amide concentration
is advantageously from 10 to 35 wt.%, preferably = 30 wt.%,
and in particular s 25 wt.%, wherein a concentration of"

s 25 wt.% is preferred when the saponification temperature
is = 160°C. The pressure is adjusted to the system pressure
of 1 to several bar which corresponds to the selected
temperature, optionally with simultaneous evaporative
concentration of the reaction solution. The reaction time
is at least 10 but at most 90 minutes, preferably 20 to 40
minutes in the case of alkali metal hydroxide and up to 180
minutes in the case of alkaline earth metal hydroxide.

The process according to the invention is distinguished by
the fact that during and/or after saponification of the
amide, the ammonia, ketone and water are drawn off together
at a temperature of = 85°C and/or with application of a
vacuum. The ketone is advantageously substantially removed
from the ammonia and the gmmonia transferred to the nitrile
synthesis (see above). The process according to the
invention may be used for all methionine syntheses in which
methionine nitrile is first saponified to the amide in the
presence of a ketone, in particular at a temperature of
below 60°C. )



a feed line and punp and the flow tube is connected to a recgql &EFL%E&/’@IT SHEET
pressure control device. The absorption stage (item9) is an {NH3 absorption
system consi sting of a bottom container with circulating pung gndl GuEARHB97
and a bubbl e-cap col um nounted thereon. The top of the colufn {Ls_supplied
froma fresh water tank via a supply Ii[\elémd punp. The bottgm di scharge

opens into a receiver. The average hourly anounts introducediintg the flow

Q

tube (item Z)Ad@%:&%l#%%% k9e( 14vBheTBL) 9F P/A/E sa!@:@ofw&m ”tt?eﬂéj e o kg,

(89.8 nol) of 60% a ni a omltem 11 preheated to 40[err]C, both anmounts
bei ng flow c&® MEANE] neFﬁ§S|a€é(cffF6ﬁtt ERpEPRRLRES VR bl ¢St BIRATY C at
the tube inlan and 2ehaer hetatiohhget HRedeURLREurd et pF %:satﬁ;ewms 7.8 bar
2D0ve 2 oSD oA AU IS LR RICEE 20,6 M Bpend T LSRR |
t enperature whse IesmlthGt Teehlienéheokmide solutlon and as proposed in
DE 26 37 204 C2 (due to the low pH). Since, as has been
found according to the invention, part of the ketone (2 to
10% of the quantity introduced into the process) is in any
case bound as imidazolidinone (IM2 in the case of acetone)
and is only liberated at the saponification stage,
recirculation is also necessary here for economic and
environmental reasons and the recirculation of both free
and liberated ketone togéther during or after amide
saponification is the method of choice. Preferably, no
ketone is drawn off before the amide saponification stage
and a second partial stream of vapours containing ketone
and the consequent requirement for additional apparatus is
thus avoided. Saponification may be performed batchwise in
a stirred pressure reactor but is preferably performed
continuously, for example in a saponification column. When
the continuous method is used, it is particularly
advantageous simultaneously to remove the remaining NH,,
including that formed in the reaction, together with any
ketone still present and the steam produced in situ at the
saponification temperature or the optionally additionally
injected heating steam. This mixture, which escapes from
the top of the column, is collected and used for recycling
ammonia and ketone. The discharge from the column then
contains a pale yellow amino acid salt solution containing
' neither ammonia nor ketone, which varies in concentration
depending upon the degree‘of evaporation, and which has an

amino acid content of 10 to 45 wt.%

Since the crude amino acid salt- solutions may still contain
residues of cyanide in concentrations of several hundred
ppm, these may have to destroyed. According'to the
invention, this is achleved by heat treatment, preferably

of the directly obtalned amino acid salt solutlons, at



crude amino nitrile in the depressurising vessel was held

ngpltf:m EMENT SHEET

constant by a constant supply to the hydrolysis stage (item4).J In the Toop

reactor of the hydrolysis stage (item4), 6.40 kg per hour of &n {a®uétii4397

solution containing 7.25 wt.% (0.464 kg, 7.99 nol) of recycl ediacetone, 2.0

wt.% (0.128 kg, 3.2 nol) of NaCH and 3.3 - % (0.211 kg, 12. 4 nmol) of NH3
were punped in froma storage vessel in addition to the crude.amponitrile

m xture fromikevdreseus ed f@&%am%g%o(dofce'shé) reEHeeheep‘ém&grsﬁ t he
| oop reactor was ZZ%E“HJC and 26[err t he reaction tube and ota
resi dence ti ne® vied éFuPé Fﬁaﬁﬁelmkﬂlﬁﬁ§6ﬁpt16n st age

(item 9) was general, the treatment time is at least 15 minutes at
2z 160°C, at least 7 minutes at = 180°C and at least 4

minutes at = 190°C.

Although it is known from DE-OS 33 34 328 that residual
c?anide concentrations may be destroyed by raising the
temperature in an alkaline solution, DE-0S 33 34 328
relates to the destruction of bound hydrocyanic acid and
racrylonitrile in crude acetonitrile, for which temperatures
and pH values must be considered which are quite different
from those prevailing in the amino acid reaction.

The resultant solutions have a cyanide content of only
< 10 ppm, relative to a 40 wt.% amino acid content. This is
distinctly below the permissible limit. Thermal
post-treatment may be performed successfully at any of the
amino acid concentrations obtained of 10 to 45 wt.%, but
preferably at 15 to 30 wt.%. It may be performed in a
subsequent stage, for example in an additional reaction
tube, or during the saponification itself, for example by
suitably raising the temperature in the lower part of the
saponification ¢column. Cyanide saponification yields a
small proportion of alkali metal or alkaline earth metal
formate in the product solution, but this causes no
problems since formate, in particular calcium formate, is
itself used as a feedstuff additive.

Further evaporative concentration is necessary, especially
if the discharge contains < 40 wt.% of amino acid. This
evaporation is advantageously performed at standard
pressure or reduced pressure and optionally at boiling
point under the mildest possible conditions, for example
using a falling-film evaporator. The vapours obtained at
this stage may be returned to the process at some other

point.



nalntalned at 22[err]C and the pressure at 1.2 bar above atn1§ﬂHﬁACEMEﬁDSHEEr
average of 10.58 kg per hour of a pale yellow aqueous solut T u. t-he
foll ow ng conposition was obtained in the discharge of the h/d ﬁgﬁ“@?e
(item4): 19.19 wt. % of met hi oni ne am de 93. 8% of theorkt cal 8

w . % of et hi oni ne 1. 5% of theoretlcal 0.38 W . % of 1B

1.5% of theoretical 0.26 wt.%of Mw - 18 1. 8030f theoreti ca

Bxaple 18, Dak 30 TP kIRS 2Ol be! 23, LLURoR 8 AR
aut ocl ave eqprpdedtwisbludishi r peefemabdyetbrought acnavatddremiedes Pk
e ort el SRsheiSyTal) o8l pROR SRt FUBMN G LA ARt
t hen punped ith ewpgﬁpﬁs§ gsncRpptaBu@nsky In addltlon to the removal of
admittedly only slight turbidity together with small
quantities of by-products, a further lightening of colour
occurs at this stage. This stage may be performed both
before and after the possibly necessary evaporative
concentration. The total yield of methionine is at least
95% in the process described here, relative to the aldehyde
introduced into the process. The total quantity of
detectable non-toxic iminodiacetic acid components DS1 and
DS2 (N-(l1-carboxy-l-methylethyl)methionine) in the solution
when saponification is performed continuously is less than
1 wt.%, relative to methionine. The quality of the product
solutions is in line with that used in the feedstuffs

sector.
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R has the above-stated meaning.
Ammonia-ketone purification and recycling:

If this process is to be economic, it is essential to reuse
the excess ammonia, in particular to return it to the
aminonitrile formation stage. Since one equivalent of NH,
is reformed in the course‘of aminonitrile saponification,
it is even possible, if recycling is successful, to perform
the entire process without consuming any NH,;. In the final
analysis, the nitrogen in the amino acid molecule is thus
derived from the hydrocyanic acid.

It is also necessary to recycle the ketone used as
completely as possible for economic reasons.




56[err] C and the m xture was then -32- depressurised from 1fL bar above
at nospheric to standard pressure and sinultaneously cool ed. {14 41 @ MﬁRSﬂg]
nol) of NH3 were recovered. A solution of 2.5 g (0.063 nol) jof{f NaOH and 8

g (0.152 nol) of acetone in 122 g (6.77 Ryl ) of water was pynped with

si mul taneous cooling into the m xture, which was at a tenperature of

stirring. Stirring of the reaction mxture was continued forn+’ SEPHAGRMENT SHEET

20[err] C, anct tHgs neaat | ure HRIAHUMY rt@ﬁ@.h'ia°1215[eﬁf:ﬁ.b§ tﬁ&trtheg was
continued faor_a further m nut es |, g ane tenperature. 6 g (0.233
iSritey £oF

mol ) of 50%XBMHHR MAFDE e 2GR H‘@ﬁlﬁﬂnﬂﬁﬁtlﬁo’%ﬁl{‘he reaction
m xture sti raubtfaort i1 Iy mut éetanest aideed epeassnadlagdatdties 10&seit | C

Stirring Wa%Jf@F@educed aminonitrile yield and a clearly measurable
proportion of aldehyde in the crude aminonitrile and hence
in losses in yield and reduced quality of the end product.
The recycled ammonia should preferably contain less than
25 meq and in particular less than 10 meq of ketone,
relative to the cyanohydrin and/or the aldehyde. This means
that the stripped NH;/ketone/water mixture cannot be
recycled directly, wherein it is immaterial whether
stripping is performed before, during or after amide
saponification, but, as explained, the latter two methods
are preferred. Indeed, NH, containing substantially no
ketone must first be obtained in a yield which is as far as
possible quantitative by a suitable separation method,
while the ketone to be recycled may contain both water and
NH, .

This separation could be performed by distillation. The
“vapours from saponification are first collected in water in
an absorption stage and the resultant solution is then fed

into a distillation column at some point between the top
and bottom of the column, preferably in the central to
lower region of the column. If, for example, the ketone is
acetone, separation to yield anhydrous ammonia containing
virtually no ketone and an aqueous solution containing 5 to
30 wt.% of acetone and 0 to 5 wt.% of NH; proceeds in the
column and, if the reflux ratio is suitable, this ammonia
is partially or completely condensed at the top of the
column and continuously déscharged, while the aqueous
solution containing 5 to 30 wt.% of acetone and 0 to 5 wt.%
of NH; is obtained at the bottom of the column and
continuously discharged from.there. The column is operated
at a bottom temperature of 100 to 200°C and a pressure of 1
to 20 bar above atmospheric. The column top temperature may
be from -20 to +55°C. -



contlnued for 30 mnutes at 160[err]C and 15 bar above atnnsﬁmnggh &@ JHET
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resul tant pale yellow solution was filtered and concentrated evapo

at standard pressure. 102.3 g of a yellow solution of the foII(
conpositi on were obtained: 40.15 wt. % of met hi oni ne QS?dﬁ&%ﬂgg?
t heoretical Trace DS1 0.42 wt. % of DS2 0] 64%.of

t heoretical < 10 ppm of cyanide. Exanple2M -51.0 g (1.80 nol] of 60%

fe—a—siqg.lar

aqueous ammonj a were |ntroduced into the autoclave at 44[err

manner to exanpl Bre8Suke 38 Brefevrbly dig & RAWP 2P0 RFICERDRELE  t hen
punped in wi LAi ﬁaict5cﬁ1élblt st 2% 15ddt ra(}:bcnga aldid SHRRGAICGN theX b€ owas

ti df furt 11, t t C ' f 6 b
Sbove at moSphERPEETEUEE ahat BT ACTRD T 11 N Caodelobdl LG C12.3 g of

NH3 were After dilution with watexr to establish the nominal
concentration of > 50 wt.% of NH,;, the top product

may be

directly returned to the aminonitrile formation stage. When

this method is used, more than 95% of the acetone

introduced into the process could be recovered from the

bottom discharge. This solution may be used for

aminonitrile hydrolysis either directly or, if desired,
after filtration, optionally through an adsorbent such as
for example activated carbon, instead of using fresh
acetone. In this case, it is convenient first to dilute the
solution with water if necessary and to make up small
losses of acetone until those concentrations are obtained
which, together with the crude aminonitrile mixture, result
in the desired nominal concentrations of acetone and water

at the aminonitrile hydrolysis stage. The required

hydroxide equivalents may be introduced into the hydrolysis
stage either directly by adding them to the agqueous ketone
solution produced there, or by separate introduction of a
suitable alkali metal hydroxide solution or alkaline earth
metal hydroxide suspension. The proportiomns of by-product,
which increase when recycling is prolonged and which
principally comprise various pyridine compounds, have

virtually no negative effect upon the aminonitrile

hydrolysis yield in the process according to the invention.
The level of by-products may, however, be kept constant at

a desired level by continuously dischargiﬁg small

quantities, for example 1 to 10 wt.%, of the bottom
solution obtained from pressure distillation and replacing
them with corresponding quantities of fresh solution. The
discharged amounts may either be disposed of or worked up

again, in particular by-products may be eliminated

purified substance then reused.

and the




recovered. A solution of 2.5 g (0.063 nol) of NaOH and 8.8 g

into the m xture, which was at a tenperature of 20[err]C, ang
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tenperature rose to 25[err]C. Stirring was continued at the
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tenperature for a further 32 mnutes. 38.24 g (0.233 nol) of pO%-sodium

hydr oxi de sol uti on were then - 33 - punped in and stirring was conti nued

habul.C
L

The

for a furthePedériphivesofit tié0peerdl]) pub@isszar above at nos

(LAY |

resultant pale yellow solution was filtered and concentrated by evaporation
8 g of a

at standard gressure. After cooling to roomtenperature, 100.
yel | ow sol ut

bR BYOERRS {6 | oA PRI MRS iundnT Wdiee comdditdeas described

above may technically be subdivided into eleven stages, as
shown in the figure. These stages are preferably performed
continuously but may optionally also be performed batchwise
or semi-continuously. In the cyanochydrin reactor 1, a
reaction between MMP and HCN is base-catalysed (KAT.) to
yield MMP-cyanohydrin, which is then reacted in the
aminonitrile reactor 2 with aqueous ammonia at a
concentration of > 50 wt.% from the absorption and mixing
stage 11. The cyanohydrin reactor 1 and the aminonitrile
reactor 2 may be combined into a single stage. The pressure
of the resultant crude methionine nitrile/water/ammonia
mixture is either reduced in a pressure reduction stage 3
and the consequently liberated NH; is removed separately
(a) or b)), or the crude mixture is directly introduced
into the subsequent hydrolysis stage 4 without release of
pressure. In this stage 4, aminonitrile hydrolysis is
performed with the assistance of a simultaneously
introduced agueous alkali metal hydroxide solution or
alkaline earth hydroxide suspension (MOH) and an agqueous
ketone solution, preferably in the form of the bottom
product mixture obtained from the distillation 10 and
optionally with the addition of fresh ketone (A >C=0) or
water (A). The resultant solution of ketone, opticnally
NH,, and the above-mentioned reaction products in water is
introduced into the saponification reactor 5 together with
a suitable alkali metal hydroxide solution or alkaline
earth metal hydroxide suspension (MOH) and reacted there.
The alkali metal or alkaline earth metal methioninate
solution produced there is passed through a filter 7 after
having passed through a heat treatment zone 6, which may
also be integrated with the saponification reactor 5, and
the said solution may subsequently be further concentrated
in an evaporation stage 8. Alternatively or additionally,
an evaporation stage 8a may be arranged downstream from the
post-treatment zone 6, in which case the filter 7 has a
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DS1 < 0.01% of theoretical 0.42 w.% of DS2
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2.5 g (0.063 nol) of NaOH and 3.6 ¢g (0.0 nol ) of acetone in _79.6 g (4.42

o) of vet on A 19c8:8 (A:23nENL) Rl pE03Lao0L ufE Ny e ST IO

101.8 g of a i rovvn SO OW ng on were
obt ai ned: 41C2n n%‘—‘@ii @it Iﬁlléﬁieﬁeaumllar}') andmriiﬁiﬂ@fonaidof etical 0.20

. % of DS1 flltratlon aux:Ll:Lar 15W%uﬁﬁli@§%§tﬁﬁé‘|fﬂ@ Vindofe PS2
1 0% of t heor | e son) 122.2 g (1.80 nol) of 25%
AacsDrat; AERGNGGedC waBEe) -

agueous anmoffi

The vapours removed from the saponification reactor 5,
which contain ammonia, ketone, water and by-products, are
taken up in a quantity of water in an absorbtion stage 9,
if desired together with the NH; (a)) from the pressure
release stage 3 and the vapours from the evaporation stage
8 or 8a, such that the resultant NH, concentration is at
least 20 wt.%. This solution is subsequently transferred to
the distillation stage 10. The solution containing ketone
obtained there as the distillation bottom product is then
transferred to hydrolysis stage 4, if desired after
filtration (7a) through an adsorption and/or filter
auxiliary or optionally after discharge of small quantities
of waste. The NH; obtained as top product is transferred to
the absorption and mixing stage 11, optionally together
with the NH,; partial stream (b)) obtained from the pressure
release stage 3. In this absorption and mixing stage 11,
the NH, is adjusted to the desired concentration by the
addition of water and, if necessary,_small losses of NH,

(A NH;) are replaced.

The methioninate solution produced by this process may be
used directly as liquid methionine formulation for
feedstuffs according to DE-0S 31 05 009 or, if desired, it
may be used for the isolation of methionine or methionine
derivatives using methods known from the literature.

The following examples illustrate the described process in

greater detail.



iﬁto the autoclave at 50[err]Cin a simlar manner to exanpl ¢ C1S P
(0.299 nol) of MWP-cyanohydrin were then punped in within 1.5 ﬁ?ﬂ@@géﬁﬁﬂithEf

stirring. Stirring of the reaction m xture was continued for fa ffurther 10

mnutes at 55[err]C and 2 bar above atnospheric and the m xturd wa8 MARM397
cooled. 6.2 g (0.062 nol) of 40% sodi um hydroxi de solution and 3.6 g (0.062
mol ) of acetone were then punped into unpf®ssurised m xture yhich was at a

t enper ature of ZOgerr]C, wherein the reaction tenperature rose-tn 36[err]C.
The mixture EXamp3g 1 was then stirred for a further 60 minutes at
33[err]C. 19.1 g (0.239 nol) of 50% sodi um hydroxi de sol ution were then

PuTped L1 20 B dares oSt OLEd L S e B WS falg 21 b
(Item 1 in the figure). 250.0 kg (2,400 mol) of freshly
distilled 3- (methylmercapto)propionaldehyde (MMP) and
110 ml of triethylamine were introduced at 20°C and pH 7.0
into a 400 litre tank equipped with an anchor impeller, pH
electrode, thermometer, reflux condenser, metering device
and connected hydrocyanic acid evaporator. 66.0 kg
(2,442 mol) of freshly evaporated, gaseous hydrocyanic acid
were introduced within 7 hours with stirring at a rate such
that the temperature in the tank did not exceed 30°C. The
pH was maintained at 5.5 to 7.5 by the simultaneous
addition of 130 ml of triethylamine. According to HPLC
analysis, MMP conversion was 100%. The MMP-cyanohydrin
yield was 316 kg with a cyanohydrin content of 99.6 wt.%.

This cyanohydrin was used in subsequent examples.

Example 2

(Item 1). 133.9 kg (1,285 mol} of MMP and

400 ml (= 0.29 kg) of triethylamine were reacted under
similar conditions to those in example 1 with 35.8 kg
(1,324 mol) of liquid hydrocyanic acid within 4 hours in a
250 litre tank equipped with an anchor impeller, pH
electrode, thermometer, reflux condenser, metering device
and connected storage vessel containing liquid HCN. The
MMP-cyanohydrin yield was 170.0 kg with a cyanohydrin
content of 99.2 wt.%.

Example 3

2-amino-4-methylmercaptobutyric acid nitrile
(D, L-methionine nitrile)

(Item 2). 51.0 g (2.40 mol) of 80% aqueous ammonia were
introduced at 44°C into a 250 ml steel autoclave equipped



was filtered and concentrated by evaporation at standard pressﬁF@!.‘AC&MEé\‘rT SHEET
cooling to roomtenperature, 104.2 g of a reddi sh-brown sol utfi gn of the
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reagtor was 13 bar abovg gtgggpheric. Stfééang 8¥ the reaction P

mixture continued for 20 minutes at the same temperature
and the mixture was then cooled in an ice bath and the
pressure reduced to standard pressure. HPLC analysis of the
reaction mixture indicated 99.1% of theoretical of
methionine nitrile, 0.0% of theoretical of methionine amide
(AM), 0.8% of theoretical of dinitrile (DN) and 0.0% of

dinitrile monoamide (DNMA).

Example 4

(Item 2). Apparatus as example 3.

68.0 g (2.40 mol) of 60% aqueous ammonia were introduced
into the autoclave at 50°C. 53.6 g (0.407 mol) of
MMP-cyanohydrin were then pumped in within 2 minutes with
stirring. The temperature rose to 58°C, the pressure was
7 bar above atmospheric. Stirring of the reaction mixture
was continued for 10 minutes at the same temperature and
the mixture was then cooled in an ice bath and
depressurised to standard pressure. HPLC analysis of the
reaction mixture indicated 99.0% of theoretical of
methionine nitrile, 0.0% of theoretical of AM, 0.9% of *
theoretical of dinitrile (DN) and 0.0% of theoretical of
DNMA.

Example 5 (comparison)

102.0 g (2.40 mol) of 40% agqueous ammonia were reacted with
55.2 g (0.419 mol) of MMP-cyanohydrin in a similar manner
to example 3. HPLC analysis indicated 98.0% of theoretical
of methionine nitrile, 0.3% of theoretical of methionine
amide, 1.4% of theoretical of DN . and 0.3% of theoretical of

dinitrile monocamide (DNMA).



is connected at its input end to a storage vessel for aqueouy BERELADEMBNICEHEET
solution via a feed line and punp and at its output end to a |sgpontf+eat+en
reactor (itemb5) via the flow tube and pressure regul ati ng dgv cep Tﬁg91 o
saponi fication reactor consists of a bubble-cap colum, the up ern%s “tr&i
of which is connected with a storage contakBer for sodi um hydr oxirde
solution via a feed |line and punp, while the top of the colu I s connected

to an absorpt iBfarRlgyeé ((aampag)ispnd a pressure maintai ni ng device.—The
col um bottom conprises a circul ati on evaporator. The | evel-controlled

bottom di scharge of the saponification reactor is |lipked to a )
post - t r eat nentIZorfe g Pe'rﬁ(g)mq}i)aoén 254t aANEAPE BMECRL A WY ARATRD. Wit
post -treat nent4zoney NI 1 ) dfpvePeaanocRpdrinr £8i defdrilar manner

to example 3. HPLC analysis indicated 95.8% of theoretical
of methionine nitrile, 1.6% of theoretical of methionine
amide, 1.6% of theoretical of DN and 1.0% of theoretical of
DNMA.

Example 7 (comparison)

(Item 2 without item 1). In the apparatus described in
example 3, 122.4 g (1.80 mol) of 25% aqueous ammonia were
introduced into the autoclave at 42°C. A solution of 8.5 g
(0.314 mol) of HCN in 31.7 g (0.304 mol) of MMP was then
pumped in within 4 minutes with stirring. The temperature
rose to 53°C, the pressure was 1 bar above atmospheric.
Stirring of the reaction mixture was continued for a
further 10 minutes at the same temperature and the mixture
was then cooled in an ice bath and depressurised to '
standard pressure. HPLC analysis of the reaction mixture
indicated 91.8% of theoretical of methionine nitrile, 1.8%
of theoretical of methionine amide, 1.7% of theoretical of
DN, 1.2% of theoretical of DNMA.

Example 8 .

(Item 2 without item 1). 51.0 g (1.80 mol) of 60% aqueous
ammonia were introduced into the autoclave at 32°C in a
similar manner to example 7. A solution of 8.5 g

(0.314 mol) of HCN in 32.2 g (0.309 mol) of MMP was then
pumped in within 0.7 min with stirring. The temperature
rose to 54°C, the pressure was 5 bar above atmospheric.
Stirring of the reaction mixture was continued at the same
temperatﬁre for 10 minutes and the mixture was then cooled
in an ice bath and depressurised to standard pressure. HPLC
analysis of the reaction mixture indicated 97.6% of
theoretical of methionine nitrile, 0% of .theoretical of



- 35 - time section downstreamtherefromand is directly conn dﬂ%ﬁAGQMQNFSHEET
filter (item7) via a thernostatically controllable Iine and pr SSUTe
nei ntai ning device. The filter is a fine filter which dischargep it ¢4s% 1697
stage in which evaporative concentration takes place (item 8)] (This
evaporative concentration stage is an egaggrgtion system congli st ng or &
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fresh water .container via a feed line and punp while the line carrying the
vapours fromthe top of the saponification colum (item5) and the
condensat e | iEeMH1g %o evaporation stage (item 8) open into the quencher.
The bottom di scharge of the absorption stage (item?9) is

(Item 2). 68.0 g (2.40 mol) of 60% agueous ammonia were
introduced at 31°C into a 250 ml steel autoclave equipped
with a stirrer, manometer, internal thermometer, feed line,
sampling device, pump, storage vessel and heating bath.
52.9 g (0.402 mol) of MMP-cyanohydrin were then pumped in
within 2 minutes with stirring. The temperature rose to
39°C. Stirring of the reaction mixture was continued at
40°C for 60 minutes and samples were taken for HPLC
analysis after 10 and 60 minutes. The following yields were

obtained:

Methionine MMP MMP-CH DN

nitrile
after 10 min: 63.5 2.4 34.0 0.1% of theoretical
after 60 min: 97.4 0.6 0.4 1.6% of theoretical

Example 10 (comparison)

(Item 2). 116.3 g (2.60 mol) of 38% aqueous ammonia were
introduced into the autoclave at 68°C in a similar manner
to example 3. 54.3 g (0.412 mol) of MMP-cyanohydrin were
then pumped in with stirring within 1.6 minutes. The
temperature rose to 80°C, the pressure was 5 bar above
atmospheric. Stirring of the reaction mixture was continued
at the same temperature for 10 minutes and the mixture was
then cooled in an ice bath and depressurised to standard
pressure. HPLC analysis of the reaction mixture indicated
93.0% of theoretical of methionine nitrile, 0.45% of
theoretical of methionine amide, 1.35% of theoretical of
MMP, 4.60% of theoretical of DN and 0.55% of DNMA.



connected via a punp to a distillation unit (|ten110) whi ch a tﬁfﬂhéCﬁwENT SHEET
pressure distillation systemfor the continuous separation of| NHS—fromit-he—
i rput m xture and is designed as a bubble-cap colum. Input ffojm Lhe n
absorption stage (item9) proceeds in the centre of the colu T g%%tgﬁ?
part consists of a circulation evaporator ovided with a | evel -Tomntrorteds
cool abl e di scharge and connected via this“discharge with a rdceiving vessel

which in turnE*%ﬂ§9anftﬁg°%é?£{EB }orage cont ai ner for the aqueous

acet one/ NaOH s©O consists of a condenser with attached
receiver connected by a fIOM/controI to the absorption and m Xing stage
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2.55 kg (89. Baubdglpes dpuwr4af aMDMEimilar manner to example 3. 53.7 g
(0.408 mol) of MMP-cyanohydrin were then pumped in within 2

minutes with stirring. The temperature rose to 56°C, the
pressure was 6 bar above atmospheric. Stirring of the
reaction mixture continued at the same temperature for 10
minutes and the mixture was then cooled in an ice bath and
depressurised to standard pressure. HPLC analysis of the
reaction mixture indicated 91.6% of theoretical of
methionine nitrile and 8.4 of theoretical of MMP.

Example 12

(Item 2). For the continuous process, 2.55 kg (89.8 mol)
per hour of aqueous 60% ammonia preheated to 40°C and

1.923 kg (14.60 mol) per hour of MMP-cyanohydrin were both
simultaneously introduced into a heatable reaction tube
preceded by a mixing section and equipped with an internal
temperature measuring device, sampling device and connected
MMP-CH feed line with storage vessel and NH, feed line with
storage vessel and interposed heat exchanger. The reaction
temperature was adjusted to 55°C at the reaction tube inlet
and 56°C at the tube outlet and pressure was 7.8 bar above
atmospheric and the residence time 17.3 minutes. HPLC
analysis of samples taken at the tube outlet indicated
97.2% of theoretical of methionine nitrile, 0.3% of
theoretical of methionine amide, 0.5% of theoretical of MMP
and 1.8% of theoretical of DN.

Example 13

(Item 2). 2.45 kg (86.3 mol) per hour of 60% aqueous
ammonia were reacted with 2.371 kg (18.0 mol) per hour of
MMP-cyanohydrin in a 51m11ar manner to example 12 at a
residence time of 21.8 mlnutes HPLC ana1y51s indicated



preheat ed to 40[err]C fromitem 11 were introduced into the fl o%WﬁMEN%@#EH
flow control. The reaction tenperature was - 36 - adjusted %e 55[err|C

at the tube inlet and 50[err]C at the tube outlet, pressure 1. B MR 1997

above at nospheric and the residence tine was 23 mnutes. 6.0fjkdg _per hour of

an aqueous sol ution containing 7.25 wt.%/{7.50 nol) of acetope and 2.0 wt.%
(3.00 nol) of NaCH mere punped into the |“Oop reactor (item 4l—froma

st orage vessghe 3& g{_g%Uéglﬁ %ﬁér}ﬁé% 1eooq) rgagdpor and
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132[err] C at the ottomand 118[err]C

Example 14

(Item 2). 2.07 kg (97.2 mol) per hour of aqueous 80%
ammonia preheated to 53°C and 1.917 kg (14.56 mol) per hour
of MMP-cyanohydrin were simultaneously introduced in a
similar manner to example 12. The reaction temperature was
adjusted to 57°C at the tube inlet and 56°C at the tube
outlet, the pressure was 14.4 bar above atmospheric and the
residence time was 24.5 minutes. HPLC analysis of samples
taken at the tube outlet indicated 98.2% of theoretical of
methionine nitrile, 0.0% of theoretical of methionine
amide, 1.3% pf theoretical of DN and 0.4% of theoretical of

MMP.
Example 15
D,L-methionine amide solution

(Items 2, 3 and 4). 50.0 g (1.76 mol) of 60% aqueous
ammonia were introduced at 45°C into a 250 ml steel
autoclave equipped with a stirrer, manometer, internal
thermometer, feed line, pump, storage vessel and heating
bath. 37.25 g (0.283 mol) of MMP-cyanochydrin were then
pumped in within 1.5 minutes with stirring. The temperature
rose to 54°C, the pressure was 7 bar above atmospheric.
Stirring of the reaction Qixture was continued for 10
minutes at the same temperature and the pressure was then
released to standard pressure with simultaneous cooling.

A solution of 2.5 g (0.063 mol) of NaOH and 8.8 g
(0.152 mol) of acetone in 110 g (6.11 mol) of water was
then pumped into the mlxture, which was at a temperature of

15°C, while the mixture was cooled with water, and the



at the top of the colum, the pressure was 1.7 bar above at merit c’1

the total residence tine was 26 m nutes. .The tenperature in thé N&N SHEET
absorption stage (item9) was maintained at 19 to 22[err]C ard {The pressure
at 0.3 to 1.0 bar above atnospheric by cooling and punping irn an fgeMAREIS8E
1 litre of water per hour. 5.5 to 6.5 I|tres of solution per jhgur were fed

from the vapour absorption stage into the2fressure distillatijon—col urm. The
t enperature mas 161 to 163 err]C_at the hottom a olarr] C at _the
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were col | ect et rge recelver. et one and sodi um
hydr oxi de sol (2G1ori veBr evaeﬁjd:éd tthe tfeild owdngt compaaikionhe t ot al
concentration was equal to the above-nentioned nom nal concentration and

t he resultant solutlon was t hen ]
19.93 wt.% of methionine amide 95.60% of theoretical

0.38 wt.% of methionine 1.80% of theoretical

0.06 wt.% of IM1 0.35% of theoretical

0.46 wt.% of IM2 1.70% of theoretical

0.05 wt.% of MMP 0.35% of theoretical
Example 16

" (Items 2, 3 and 4). 51.0 g (1.80 mol) of 60% aqueous
ammonia were introduced into the autoclave at 45°C in a
similar manner to example 15. 42.0 g (0.319 mol) of MMP-
cyanohydrin were then pumped in within 175'minutes with
stirring. The temperature rose to 54°C, the pressure was
7 bar above atmospheric. Stirring of the reaction mixture
was continued at the same temperature for 10 minutes and
the pressure was then released to standard pressure with

simultaneous cooling.

A solution of 12.2 g (0.31 mol) of NaOH and 8.8 g

(0.152 mol) of acetone in 113 g (6.27 mol) of water was
pumped with simultaneous cooling into the mixture, which
was at a temperature of 15°C, and the temperature rose to
27°C. Stirring of the reaction mixture was continued at
25°C for 30 minutes and the mixture was then immediately
analysed. The cloudy, pale yellow solution (208.3 g) was of

the following composition:

18.8 wt.% of methionine amide 82.8% of theoretical
.8 wt.% of methionine : 12.2% of theoretical

2

0.0 wt.% of IM1 0% of theoretical
0.77 wt.% of IM2 2.7%Iof.theoretica1
0

.17 wt.% of MMP 1.1% of theoretical
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nto the storage vessel for the hydrolysis stage (
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colum top receiver, together with 1 litre of fresh water pen Hour. Sliggg7

| osses were
fresh water.

made good fromtime to time by introducing fresh|N [érﬁ]MA&
The tenperature in the post-reactor (item 6) was Qlerr] C

the pressure was 12 bar above atnospheri-c3&d the residence fine was 20
m nutes. After release of pressure to standard pressure and &eeling - 37
- to 90 to 95F%3PR¥e the solution was filtered (item7) and then
concentrated in the falling-filmevaporator (item8) at 135 to

140[err] 0.
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vessel and an ammonia feed line which is connected with an
absorption and mixing stage {item 11) via a heat exchanger
are connected via a mixing section to a heatable flow tube
equipped with an internal temperature measuring device
(item 2). The flow tube is connected via an automatic
pressure maintaining valve to a stirred depressurising
vessel (item 3), the gas space of which is connected with
an absorption stage (item 9) via a line, while the bottom
discharge of the depressurising vessel leads to the
hydrolysis stage (item 4) via a pump. The hydrolysis stage
may be thermostatically controlled and consists of a loop
reactor with circulating pump and a flow tube downstream
therefrom. The loop reactor is connected at its input end
to the storage vessel for aqueous acetone/NaOH solution via
a feed line and pump and the flow tube is connected to a
receiver via a pressure control device. The absorption
stage (item 9) is an NH, absorption system consisting of a
bottom container with circulating pump and quencher and a
bubble-cap column mounted thereon.

The top of the column is supplied from a fresh water tank
via a supply line and pump. The bottom discharge opens into

a receiver.

The average hourly amounts introduced into the flow tube
(item 2) were 1.925 kg (14.61 mol) of MMP-cyanohydrin and
2.55 kg (89.8 mol) of 60% ammonia from item 11 preheated to
40°C, both amounts being Elow controlled. The reaction
temperature was adjusted to 55°C at the tube inlet and 56°C
at the tube outlet, the pressure was 7.8 bar above
atmospheric and the residence time was 23 minutes. The
pressure in the depressurising vessel (item 3) was 1.2 bar
above atmospheric, the temperature was 35°é. The level of
crude amino nitrile in_tpe depressurising vessel was held




fol | ow ng conposition were obtained in the discharge fromthe MMGEME%T\ SHEET
stage (item8): 40.7 w. % of nethionine 95. 0% of aE;Ofetlba

0-15 wt. % of DS1 0.4% of theoretical 0.18 4 q;f S@;‘»Z-q 7
0.3% of theoretical 6.74 wt.% of sodium < 5 ppm of cyani de. Hx hg
same nethod is used as in exanple 22, mnth a depressurising dtage (1tenrs)

I nt erposed between the fl ow tube (|ten12) 34nd the hydrol ysi s [stage (item

4). The depressur|5|n sta e (item3 a stirre epressurisin vessel
the gas SpacE ISR IPY & CHANTE] SHBRLNG CRbEBF LY OROLT AL TEEEm 0) . whi | o
t he bottom dl(aa-traﬁge) J s connected to the hydrolysis stage (item 4) VI aa
punp. The filter (item7) consists of two activated carbon filter

In the loop reactof of the hydrolysis stage (item 4),

6.40 kg per hour of an agqueous solution containing

7.25 wt.% (0.464 kg, 7.99 mol) of recycled acetone,

2.0 wt.% (0.128 kg, 3.2 mol) of NaOH and 3.3 wt.%

(0.211 kg, 12.4 mol) of NH, were pumped in from a storage
vessel in addition to the crude aminonitrile mixture from
the pressure release stage (item 3). The temperature in the
loop reactor was 27°C and 26°C in the reaction tube and ‘the

total residence time was 50 minutes.

The temperature in the NH, absorption stage (item 9) was
maintained at 22°C and the pressure at 1.2 bar above
atmospheric. An average of 10.58 kg per hour of a pale
yvellow, aqueous solution of the following composition was
obtained in the discharge of the hydrolysis stage (item 4):

19.19 wt.% of methionine amide 93.8% of theoretical
" 0.31 wt.% of methionine 1.5% of theoretical
0.38 wt.% of IM2 1.5% of theoretical
0.26 wt.% of MMP 1.8% of theoretical
Example 18

D,L-sodium methioninate solution

(Items 2, 3, 4, 5 and 6). A feed line with pump and storage
vessel are connected to a 250 ml steel autoclave equipped
with a stirrer, manometer, internal thermometer and heating
bath.

38.3 g (1.80 mol) of 80% agueous ammonia were introduced
into the autoclave at 42°C and 37.80 g (0.287 mol) of
MMP-cyanchydrin were then pumped in within i 5 minutes with
stirring. Stirring of the reaction mlxture was continued

for 20 minutes at 56°C and the mixture was then




colums arranged in series through which the liquid flows fro %ﬂﬁﬁQEWEHEqSHEET*
upwar ds such that the discharge fromthe second colum entersjthe
evaporation stage (item8). An average of 1.931 kg (14.66 nol} of 1 3 MAR 1897
MWP- cyanohydrin and 2.61 kg (92.0 nmol) of 60% ammoni a preheatgdjto 40[err]C
(fromitem 11) were introduced into the flow tube (item2), epch under TTOW
cortrol dThe reaction t enperature was adj tbd to 55[err] C atlfhe tube
inlet and 56 C at .th ube he pr ngve

at nospheri ¢ ﬁ@uFé§?§e E@mtﬁxeg ﬁ%ﬂ ?%%%f%%ntﬁﬁi ure was
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i nto which 6. ueous _solution contalnlqg %.(7.5 nol) of
acet one and 2n@ @ts%g (0. 152 mol) of acetone in 122 g (6.77 ‘mol) of

water was pumped with simultaneous cooling into the

mixture, which was at a temperature of 20°C, and the
reaction temperature rose to 25°C. Stirring was contlnued
for a further 35 minutes at the same temperature. 18.6 g
(0.233 mol) of 50% sodium hydroxide solution were then
pumped in and the reaction mixture stirred for 30 minutes
at standard pressure and 100 to 105°C. Stirring was then
continued for 30 minutes at 160°C and 15 bar above
atmospheric. The resultant pale yellow solution was
filtered and concentrated by evaporation at standard
pressure. 102.3 g of a yellow solution of the following

composition were obtained:

40.15 wt.% of methionine © 95,9% of theoretical
Trace DS1
0.42 wt.% of DS2 0.64% of theoretical

< 10 ppm of cyanide.
Example 19

51.0 g (1.80 mol) of 60% aqueous ammonia were introduced
into the autoclave at 44°C in a similar manner to example
18 and 38.5 g (0.292 mol) of MMP-cyanohydrin were then
pumped in within 1.5 minutes with stirring. The reaction
mixture was stirred for a further 11 minutes at 55°C and
depressurised from 6 bar above atmospheric to standard
pressure with simultaneous cooling. 12.3 g of NH; were
recovered. A solution of 2.5 g (0.063 mol) of NaOH and
8.8'g (0.152 mol) of acetone in 115 g (6.38 mol) of water
was pumped with simultaneous cooling into the mixture,
which was at a temperature of 20°C, and the reaction
temperature rose to 25°C. Stirring was ceniinued at the
same temperature for a further 32 minutes. 18.6 g

(0.233 mol) of 50% sodium hydroxide solution were then
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(3 0 mol) of NaOH were punped sinultaneously froma storage vesgelh- T SHEET

tenperature was 26[err]Cin the |oop and 25[err]Cin the readtifo 83 a@g5
the overall residence tine was 50 mnutes. 0.92 kg (11.50 nolf) per hAR

50% sodi um hydr oxi de sol ution were punped into the saponificgti‘er+eactor. |
(item5). The tenperature was 135[err]C agsthe bottomand 122[err]C at the
top of the colum, the pressure was 1.7 bar above at nospheri

residence ti BumglediiRlie smefxiﬁgp%at BbAt i AubBer Y APQUELADSOF Pid ON Stage
(item9) was rralntalned at err C and the pressure at 0.9 to 1.

bar above at FIIWES @thy6058 BRg gﬁd ﬁﬁnﬁpﬁﬁelﬁt‘aﬂs%@%?hﬁe ™e1.8 1 of
water. 5.5 to:e@xﬂt]alritj @ﬁlref yseallww @Blneﬁ.ohowésV\BiBtéﬁédQﬁh&ed fromitem?9
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of the following composition were cbtained:

41.7 wt.% of methionine 96.5% of theoretical
< 0.04 wt.% of DS1 < 0.01% of theoretical
0.42 wt.% of DS2 0.6% of theoretical

< 10 ppm of cyanide.
Example 20

A sodium methionate solution was prepared in a similar
manner to example 19 from 50.0 g (1.76 mol) of 60% ammonia,
39.3 g (0.298 mol) of MMP-cyanohydrin, a solution of 2.5 g
(0.063 mol) of NaCH and 3.6 g (0.062 mol) of acetone in
79.6 g (4.42 mol) of water and 18.8 g (0.235 mol) of a 50%
sodium hydroxide solution. 101.8 g of a light brown
solution of the following composition were obtained:

41.2 wt.% of methionine 94.3% of theoretical
0.20 wt.% of Ds1 0.5% of theoretical
0.66 wt.% of DS2 1.0% of theoretical

Example 21 (comparison)

122.2 g (1.80 mol) of 25% agqueous ammonia were introduced
into the autoclave at 50°C in a similar manner to example
18 and 39.4 g (0.299 mol) of MMP-cyanohydrin were then
pumped in within 1.5 minutes with stirring. Stirring of the
reaction mixture was continued for a further 10 minutes at
55°C and 2 bar above atmosphéric and the mixture was then
cooled.'s.z-g (0.062 mol) of 40% sodium hydroxide solution
and 3.6 g (0.062 mol) of acetone were then pumped into
unpressurised mixture which was at a temperature of 20°C,
wherein the reaction temperature rose to 36°C. The mixture




0.6. An average of 4.0 kg of an aqueous sol ution contai ning JOREBLAI(LEMMT"/GHEET
of acetone and 2.0 to 3.0 wt.%of NH err] were collected in tjhgTecet+ve+r—eof
t he bottom di scharge per hour Water, acetone and sodlun1hydrox SQ%#H
were added to this solution until the total concentration wag uar’ ﬁgﬁ
above-nmenti oned nom nal concentration and the resultant sol uf n was—tiren
introduced into the hydrolysis stage stordfe vessel (item4)] 2.5 litres

di stillation "8 Fetwstd naad @Fcéd Tontaert 8h 147 1bG8t Akr t9e of
fresh water p@ar.23eumoldl |dfnt5olsom.iuwehgdm‘adémgoadlﬁtbuntmmetbhemrre by the
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the post-reaépﬂpe t&m ressure” was above
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pressure to §fANGaNG JHRS IHE Rdere2htBE by evaporation at standard

pressure. After cooling to room temperature, 104.2 g of a

per hour of condensed anmoni a fromthe ecelﬁsr.foggthe tggfearﬁgoi The

reddish-brown solution of the following composition were

obtained:

39.65 wt.% of methionine 92.6% of theoretical
0.59 wt.% DS1 1.5% of theoretical
0.56 wt.% of DS2 0.8% of theoretical.

Example 22

An MMP-CH feed line which is connected to a storage vessel
and an ammonia feed line which is connected to an
absorption and mixing stage (item 11) via a heat exchanger
are connected via an upstream mixing section to a heatable
flow tube equipped with an internal temperature measuring
device (item 2). The flow tube (item 2) is directly
connected with a thermostatically controllable hydrolysis
stage (item 4) and consists of a loop reactor with
circulating pump followed by a flow tube. The loop reactor
is connected at its input end to a storage vessel for
aqueous acetone/NaOH solution via a feed line and pump and
at its output end to a saponification reactor (item 5) via
the flow tube and pressure regulating device. The
saponification reactor consists of a bubble-cap column, the
uppermost tray of which is connected with a storage
container for sodium hydroxide solution via a feed line and
pump, while the top of the column is connected to an
absorption stage (item 9) via a pressure maintaining
device. The column bottom comprises a circulation
evaporator. The level-controlled bottom discharge of the
saponification reactor is linked to a post-ﬁreatment zone
(item 6) via an intermediate container and pump. The
post-treatment zone consists of a preheater and a residence
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total of 13 kg of activated carbon (item.7) and then concentr gt gt—+fa—t+he
falling-filmevaporator (item@8) at 135 to 140[err]C/ 0.5 bar.} A I gﬁ“@§
4.945 kg per hour of a light yell ow, aqueous sodi um nethi oni nat g Zéem‘oﬁ“'
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descri bed in exanpfiElt2y @tenvehage.aofa thermostatically controllable
line and pressure maintaining device. The filter is a fine
filter which dischérges into a stage in which evaporative
concentration takes place (item 8). This evaporative
concentration stage is an evaporation system consisting of
a falling-film evaporator, a condenser downstream therefrom
and a product collecting vessel. The absorption stage
(item 9) serves to absorb NH; and comprises a bottom
container with circulating pump and quencher and a
bubble-cap column mounted thereon. The top of the column is
supplied from a fresh water container via a feed line and
pump while the line carrying the vapours from the top of
the saponification column (item 5) and the condensate line
of the evaporation stage (item 8) open into the quencher.
The bottom discharge of the absorption stage (item 9) is
connected via a pump to a distillation unit (item 10) which
acts as a pressure distillation system for the continuous
separation of NH; from the input mixture and is designed as
a bubble-cap column. Input from the absorption stage
(item 9) proceeds in the centre of the column.

The bottom part consists of a circulation evaporator
provided with a level-controlled, coolable discharge and
connected via this discharge with a receiving vessel which
in turn is connected to the storage container for the

aqueous acetone/NaOH solution.

The top part consists of a condenser with attached receiver
connected by a flow control to the absorption and mixing
stage (item 11), which consists of a constant-pressure
stirred tank, which is additionally equipped with means for

supplying liquid ammonia and fresh water.

An average of 1.774 kg (13.47 mol) per hour of
MMP-cyanohydrin and 2.55 kg (89.8 mol) per—hour of ammonia
preheated to 40°C from item 11 were introduced into the
flow tube under flow control. The reaction temperature was



1.978 kg (15.02 nol) per hour of MWP-cyanohydrin and 2.01 kg (9 E}AﬁngNBé#EEFW

hour of 80% amoni a preheated to 40[err]C (fromitem 11) wereji ptroduced
under flow control into the flow tube (item 2). The reaction |eppératifeits;
was adjusted to 58[err]C at the tube inlet and.56[err]C at t .-UbiiMl%t_é_J
the pressure was 14.2 bar above atnospheric and the residencq tinme was 24.
m nutes. The reaction nixture was depress8fised to 0.9 to 1. ahove

at mospheric at, 30[err] C in the depressurisi stage_(fem 3). and .punped
into the | oo TIdEHST A emApr otﬁéfecﬁngg‘? <6 p@&%oﬁ? %IFea‘hu ueous
sol ution contaitliely @rassitre’osaé. 56 snbhy eboaeetbtmespheric 8and . ©hg 3. 02 nol )
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hydroxi de soldfd 9N g"ge sPUERR® L9 bEenasRORkibCcahhBadr £3€6 Ofhe loop
reactor (item 4) from a storage vessel. The temperature was
29°C in the loop reactor and 25°C in the reaction tube and
the total residence time was 50 minutes. 0.86 kg
(10.75 mol) per hour of 50% aqueous sodium hydroxide
solution were pumped into the saponification reactor
(item 5). The temperature was 132°C at the bottom and 118°C
at the top of the column, the pressure was 1.7 bar above

atmospheric and the total residence time was 26 minutes.

The temperature in the vapour absorption stage (item 9) was
maintained at 19 to 22°C and the pressure at 0.3 to 1.0 bar
above atmospheric by cooling and pumping in an average of

1 litre of water per hour. 5.5 to 6.5 litres of solution
per hour were fed from the vapour absorption stage into the
pressure distillation column. The temperature was 161 to
163°C at the bottom and 28 to 29°C at the top, the pressure
was 10 bar above atmospheric and the reflux ratio was
adjusted to 0.5 to 0.6. An average of 4.0 kg per hour of an
aqueous solution containing 11 to 12 wt.% of acetone and
2.0 to 2.7 wt.% of NH; were collected in the bottom
discharge receiver. Water, acetone and sodium hydroxide
solution were added to this solution until the total
concentration was equal to the above-mentioned nominal
concentration and the resultant solution was then
introduced into the storage vessel for the hydrolysis stage
(item 4). 2.5 litres of condensed ammonia per hour were
introduced into item 11 from the column top receiver,
together with 1 litre of fresh water per hour. Slight
losses were made good from time to time by introducing
fresh NH, and fresh water. The temperature in the
post-reactor (item 6) was 180°C, the pressﬁre was 12 bar
above atmospheric and the residence time.yas 20 minutes.

After release of pressure to standard pressure and cooling



(i'tem 5). The tenperature was 133[err]C at the bottom and 118] ¢ 23
top of the colum, the pressure was 1.7 bar above atnospheri c pr]"%@EW§HEET

resi dence time was 26 ninutes. - 40 - By cooling and punpijng an averag
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solution contalnin
yellow agueous sodlum methioninate solution of the

following composition were obtained in the discharge from

the evaporation stage (item 8):

40.7 wt.% of methionine 95.0% of theoretical
0.15 wt.% of DS1 0.4% of theoretical
0.18 wt.% of D82 0.3% of theoretical

6.74 wt.% of sodium
< 5 ppm of cyanide.

Example 23

The same method is used as in example 22, with a
depressurising stage (item 3) interposed between the flow
tube (item 2) and the hydrolysis stage (item 4).

The depressurising stage (item 3) is a stirred
depressurising vessel, the gas space of which is connected
to the absorption stage (item 9), while the bottom
discharge is connected to the hydrolysis stage (item 4) via

a pump.

The filter (item 7) consists of two activated carbon filter
columns arranged in series through which the liquid flows
from the bottom upwards such that the discharge from the
second column enters the evaporation stage (item 8).

An average of 1.931 kg (14.66 mol) of MMP-cyanohydrin and
2.61 kg (92.0 mol) of 60% ammonia preheated to 40°C (from
item 11) were introduced into the flow tube (item 2), each
under flow control. The reaction temperature was adjusted
to 55°C at the tube inlet and 56°C at the tube outlet, the
pressure was 7.8 bar above atmospheric and-the residence
time 23 minutes. The reaction mixture wasidepressurised to
0.9 to 1.2 bar above atmospheric at 30°C in the
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the reaction tube and the overall residence time was 50

minutes.

0.92 kg (11.50 mol) per hour of 50% sodium hydroxide
solution were pumped into the saponification reactor

(item 5). The temperature was 135°C at the bottom and 122°C
at thg top of the column, the pressure was 1.7 baf above
atmospheric and the total residence time 26 minutes.

The temperature in the vapour absorption stage (item 9) was
maintained at 21 to 27°C and the pressure at 0.9 to 1.2 bar
above atmospheric by cooling and pumping in an average of
1.8 1 of water. 5.5 to 6.5 litres of solution per hour were
introduced from item 9 into the pressure distillation
column. The temperature was 160 to 161°C at the bottom and
28 to 29°C at the top, the pressure was 10 bar above
atmospheric and the reflux ratio was adjusted to 0.5 to
0.6. An average of 4.0 kg of an aqueous solution containing
10 to 12 wt.% of acetone and 2.0 to 3.0 wt.% of NH, were
collected in the receiver of the bottom discharge per hour.
Water, acetone and sodium hydroxide solution were added to
"this solution until the total concentration was equal to
the above-mentioned nominal concentration and the resultant
solution was then introduced into the hydrolysis stage
storage vessel (item 4). 2.5 litres per hour of condensed
ammonia from the receiver for the top part of the |
distillation column were introduced into item 11 together
with 1 litre of fresh water per hour. Slight losses were
made good from time to time by the appropriate addition of
fresh NH, and fresh water. The temperature in the
post-reactor (item 6) was 180°C, the pressure was 12 bar
above atmospheric and the residence time was 20 minutes.
After release of pressure to standard pressure and cooling
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added with total of 13 kg of activated carbon (item 7) and then

concentrated in the falling-film evaporator (item 8) at 135

to 140°C/0.5 bar. An average of 4.945 kg per hour of a

light yellow, aqueous sodium methioninate solution of the

following composition were obtained in the discharge from

item 8:

42.16 wt.% of methionine 95.3% of theoretical
0.18 wt.% of DS1 0.4% of theoretical
0.20 wt.% of DS2 0.3% of theoretical
6.74 wt.% of sodium

< 2 ppm of cyanide.
Example 24

Apparatus as described in example 23. An average of

1.978 kg (15.02 mol) per hour of MMP-cyanohydrin and

2.01 kg (94.4 mol) per hour of 80% ammonia preheated to
40°C (from item 11) were introduced under flow control into
the flow tube (item 2). The reaction temperature was
adjusted to 58°C at the tube inlet and 56°C at the tube
outlet, the pressure was 14.2 bar above atmospheric and the
residence time was 24.6 minutes. The reaction mixture was
depressurised to 0.9 to 1.0 bar above atmospheric at 30°C
in the depressurising stage (item 3) and pumped into the
loop reactor (item 4), into which 6.7 kg per hour of an
aqueous solution containing 6.55 wt.% (7.56 mol) of acetone
and 1.8 wt.% (3.02 mol) of NaOH were pumped simultaneously
from a storage vessel. The temperature in the loop was 26°C
and 25°C in the reaction tube and the total residence time

was 50 minutes.

0.96 kg (11.98 mol) per hour: of 50% sodium hydroxide
solution were pumped into the saponification reactor

(item 5). The temperature was 133°C at the bottom and 118°C
at the top of the column, the pressure wés 1.7 bar above
atmospheric and the total residence time &as 26 minutes.
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of its temperature at that stage was maintained at 19 to 22°C and

the pressure at 0.9 to 1.0 bar above atmospheric. 5.5 to
6.5 litres per hour of solution were introduced from item 9
into the pressure distillation column. The temperature was
159 to 161°C at the bottom and 28 to 29°C at the top, the
pressure was 10 bar above atmospheric and the reflux ratio
was adjusted to 0.4 to 0.5. An average of 4.0 kg per hour
of an agueous solution containing 10 to 12 wt.% of acetone
and 2.0 to 3.0 wt.% of NH, was collected in the bottom
discharge receiver. Water, acetone and sodium hydroxide
solution were added to this aqueous solution until the
total concentration obtained was equal to the
above-mentioned nominal concentration and the resultant
solution was then introduced into the storage container for
the hydrolysis stage (item 4). 2.5 litres per hour of
condensed ammonia were introduced into item 11 from the
receiver for the top of the distillation column, together
with 0.4 litres per hour of fresh water. Slight losses were
made good from time to time by the appropriate addition of
fresh NH; and fresh water. The temperature in the
post-reactor (item 6) was 180°C, the pressure was 12 bar
above atmospheric and the residence time was 20 minutes.
After releasing the pressure to standard pressure and
cooling to 80°C, the solution was passed at this
temperature over a total of 13 kg of activated carbon

(item 7) and then concentrated in the falling-film
evaporator (item 8) at 135 to 140°C/0.5 bar. An average of
4.87 kg per hour of a pale yellow, aqueous sodium
methioninate solution of the following composition were
obtained in the discharge from item 8:

44 .25 wt.% of methionine ; 96.2% of theoretical
0.14 wt.% of DS1 0.3% of theoretical
0.18 wt.% of DS2 ' 0.2% of theoretical

7.08 wt.% of sodium

< 5 ppm of cyanide.
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characterised in that during and/or after the saponification}off~the—antde;
ammoni a, ketone and water are jointly renoved at a tenperatufe >18904aR 1907
and/or by applying a vacuum 2. Process ?ccording to claim1l -

characterised in that the methionine nitrile is obtained by [eatttng

net hyl mer captggpr &é? nad dehyde (MWP) with hydrocyanic acid ang_amonia or by
reacting the correspondi ng cyanohydrin (CH with amonia or by reacting any
sui table m xture of MW/ hydrocyanic acid and the correspondi ng cyanohydrin
W th amoni a. c31 ciufM ReEsSot digi dtd gl aim 1 or 2, characterised in that

the ketone is separated fromthe amoni a.
(Item 5). 13.1 g (0.170 g) of Ca(OH), (96%) were added with
stirring to a solution of 50.0 g (0.330 mol) of methionine
amide (97.8%) in 223.2 g of water in a 350 ml steel
autoclave equipped with a stirrer, manometer, internal
thermometer and heating bath and, once the reaction mixture
had been heated to 130°C, it was stirred at this
temperature and 2 bar above atmospheric for 120 minutes.
The reaction mixture was depressurised to standard pressure
and simultaneously cooled. 286.2 g of yellowish filtrate
containing 17.06 wt.% of methionine, 99.2% of theoretical,
and 0.08 wt.% of methionine amide, 0.5% of theoretical,

were obtained.
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MWP, CF, hydrocyanic acid and ammonia to formnethionine nitrjile, followed

by hydrol ysi ssgfedthe1digd | € in the presence of a ketone to t am_de
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1. Process for the production of methionine or a salt-
thereof by hydrolysis of methionine nitrile to
methionine amide in the presence of a ketone, followed
by saponification with a base, characterised in that
ammonia, ketone and water are together drawn off at a
temperature of = 85°C and/or by application of a
vacuum dufing and/or after saponification of the

amide.

2. Process according to claim 1, characterised in that
the methionine nitrile is obtained by the reaction of
methylmercaptopropionaldehyde (MMP) with hydrocyanic
acid and ammonia or by reaction of the corresponding
cyanohydrin (CH) with ammonia or by the reaction of
any mixture of MMP/hydrocyanic acid and the
corresponding cyanohydrin with ammonia.

3. Process according to claim 1 or 2, characterised in
that the ketone is separated from the ammonia.

4. Process according to claim 3, characterised in that
the ammonia, which contains substantially no ketone,
is transferred to the nitrile synthesis according to

claim 2.

5. Process for the production of methionine amide,
methionine or a salt thereof by the reaction of
methylmercaptopropionaldehyde (MMP) with hydrocyanic
acid and ammonia or ef the corresponding cyanohydrin
(CH) with ammonia or a mixture of MMP, CH, hydrocyanic
acid and ammonia to form methionine nitrile, followed
by hydrolysis of the nitrile in the presence of a
ketone to the amide, optionally followed by
saponification of the amide, separation of the ammonia
and at least partial return of the latter to the
nitrile synthesis-ééage, characterised in that the

T
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anmoni a and recyghi t part IhgsesHert HAOSEMN I
e HUMMIATBRE = 25 ™% o 7 e

before being re

that the recycled ammoni a added to the niykile synthesis contatrfs—ess—than]

25 meq relative to the cyanohydrin and/or “al dehyde. 7. Prqcess for

preparing net hi onig e NEL @M%@%ﬂg Q)Céﬁg%&%eamggﬁl@i QSR L tFH-e—au

met hi oni nam de in _the presence of a basé,

racteri s n that the initial

concentration of tHRFONR dd'§ Sakdish dien&@tyErnedss w. % as |ong as the
saponi fication tenperature is 160[err] C or higher.

6.

10.

Process according to claim 5, characterised in that
the recycled ammonia introduced into the nitrile
synthesis contains less than 25 meq of the cyanohydrin

and/or aldehyde.

Process for the production of methionine or
methioninates by the hydrolysis of methionine nitrile
or methionine amide in the presence of a base,
characterised in that the initial concentration of the
amide is maintained at s 25 wt.%, provided that the

saponification temperature is 160°C or higher.

Process according to claim 7, characterised in that
the saponification temperature does not exceed 200°C.

Process for the separation of ammonia from an .
ammonia/ketone/water mixture, in particular a mixture
which has been separated after or during
saponification of an amino acid amide or an amino acid
nitrile, characterised in that the mixture is fed into
a column between the top and the bottom, that the
column is maintained at a pressure of 1 to 20 bar
above atmospheric, that the bottom temperature is
maintained at 100 to 200°C and that the ketone, water
and optionally small quantities of ammonia are drawn

off from the sump.

Process according to claim 9, characterised in that a
pressure of 5 to 18 bar above atmospheric, in
particular of 9 to 15 bar above atmospheric, and a
temperature of 140 to 190°C, in particular of 150 to
180°C, are used. .

This Sheet Has Been Replaced

ERAM TR




8." Process according to claim7, characterised in that the | ﬁg&}é@gﬂn%qwﬂ

tenperature is n’Bt!oShF @rBe acy O[err]C g rjdi n '
1: characterised E Tﬂ'lir to separ at THIS gﬁﬁﬁeega%ﬁ@ jointly
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renoved anmmoni a/k ture, the “md is fadlinptd MA@ @8
bet ween the top an ottomthereof the colum is maintained patLa _pressure
between 1 - 20 bar excess, the tenperatur%4at the bottomof the colum is

mai nt ai ned bet ween 100 and 200[.err]C, and,the ketopne, .water ai ssibly
slight anmounts -of P§ﬁ’ﬁﬁﬁ?aaSF8rﬁ/iLPﬂdF8v\ﬁ£lﬂ‘Bn?t‘?\’é B taragser n’%r%agé%

according to clai ghQtr ¢har agketurseflsi fedhihtdtthes oantrad magiat o pressure

bet ween 5 lower half of the column.

12. Process for the production, in particular continuous
production, of methionine nitrile, methionine amide,
methionine or a salt thereof by the reaction of
methylmercaptopropionaldehyde (MMP) with hydrocyanic
acid and ammonia and/or the reaction of
MMP-cyanchydrin with ammonia to form methionine
nitrile and optionally hydrolysis of the nitrile,
characterised in that ammonia and cyanohydrin or
ammonia and MMP are introduced into the process in a
molar ratio of at least 4:1, that the ammonia is used
at a concentration of above 50 wt.%, that the reaction
temperatures are from 40°C to 80°C and that the
reaction time is from 5 to 60 minutes.

13. Process according to claim 12, characterised in that
the reaction is terminated at the latest when 2% of
theoretical of 2,2’-bis-(2-methylmercaptoethyl) -
iminodiacetonitrile and/or 2,2’-bis- (2-methylmercapto-
ethyl) iminodiacetonitrile moncamide have been formed.

14. Process for the production of methionine amide,
methionine or a salt thereof by the hydrolysis of
methionine nitrile to methionine amide in the presence
of a ketone, optionally followed by saponification
with a base, characterised in that hydrolysis of the
nitrile is performed in the presence of 15 to 50 eq of
H,0, 0.2 to 2 eq of ketone, 0.1 to 1.1 eqg of hydroxide
and 1 to 7 eq of NH;, in each case relative to the
nitrile, and at a temperature of 10 to 30°C and a
reaction time of 10 to 90 minutes.

15. Process for the production of an amind.acid or a salt
thereof by the reaction of an appropriate aldehyde

with hydrocyanic acid and ammonia or by the reactlon

||IIIII| I AR



44 and 18 bar excess, in particular 9 to X5 _b excess, and at a at-tt
of 140 to 190[err]C, in particular 150 to |10 af T —PL0C R e Ry SHEET
to claim9 or 10, characterised in that the n1xh§_ HAS Biegy € middte~
region or into the lower half of the colu EPLACER ess flor | pplgt'p;ggl;gg@;

t he continuous preparation of methionine nitrile, nethAT oM dd, B

met hi oni ne or one of its salts by reacti-ng5net hyl mer capt opr opif onal denyte —
(MW) with hydrocyanic acid and ammoni_a and/ or ,by reacting MVB-cyanohydrin J
with ammonia to fdmaedHasanding ialléleéﬁ(&eob’tlFénEVfiyoﬁyﬂFbeé?h@ the v
nitrile, characterfiskrbwed thiata argaptiianand tby anabytlai Boot ha bk 81 andf MVP

are used_ln a nnleghézgﬁfﬁéﬁaé¥d, hydrolysis of the nitrile of the amino

acid to the amide of the amino acid and subsequent
saponification with a base, characterised in that the
saponification solution is heated to a temperature of
above 150°C for up to 40 minutes until the cyanide
content of the solution has been reduced to below
10 ppm, relative to a 40 wt.% amino acid solution.

16. Process according to claim 15, characterised in that

heating is performed at = 160°C for at least 15
minutes.
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least 4 : 1, the ammnia is used in a concentration of nore 1
the reaction tenperature is between 40[err]C and 80[err]C, a
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referred to the nitrile, 15 - 50 equival ents of 45 wat er , | REPLACBMENT SHEET
equi val ents of ketone, 0.1 - 1.1 equivalents of hydroxi de angd =
equi val ents of ammonia, as well as at a tenperature of between 1P<@ﬂ?9
30[err]C and at a reaction time of between 10 and 90 minutes{ {5. " Prgc B8t
for preparing nethionine or one of its galts by reacting a gorresponting
al dehyde with hydrocyanlc aci'd and amoni a_or reacting a corresponding

al dehyde wi t h CONTINUOHS, PROCESS 1 BOR (THE| BR B METHI ONENE=ORy 11
the amino acid nitrile, hydroﬁggggoﬁiuﬁfnggmvgnxvﬁy d nltrlle to formthe
am no acid am de, and

1. Process which may be performed continuously for the
production of methionine or methionine derivatives.

2.1 Direct saponification of the methionine nitrile
obtainable from methylmercaptopropionaldehyde,
hydrocyanic acid and ammonia led to low yields, to
catalyst and educt losses and to undesirable
by-products. The object is thus to provide a process
which may be performed with low losses, without
isoclation of the intermediate stages, and in
particular continucusly.

2.2 The ketone used is recovered with higher yields after
amide saponification as this reaction liberates ketone
from by-products. For recirculation of the ammonia,
ketone must be substantially removed from it, wherein
a resultant ammonia/ketone/water mixture is separated
in a column under a pressure above atmospheric. If the
amide is saponified at = 160°C, amide concentrations
of = 25 wt.% are advantageous. The methionine nitrile
is formed with at least 4 eq of = 50 wt.% ammonia at
40 to BO°C and for 5 to 60 minutes. Residues of .
cyanide are destroyed at temperatures of above 150°C.

2.3 Methionine, in particular for feedstuffs, in
particular in aqueous solution.

FIGURE 1
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subsequent saponification with a base, characterised in that the
saponi fication solution is heated for up to 40 mnutes at a tenperature
above’ 150[err] C until the cyanide content of the solution is reduced to
bel ow 10 ppmreferred to 40 wt. % am no acid solution.gtef Pr-ocess
according to claim 15, characterised in that the solu |ﬁﬁﬂA§EMEMT@!HEEBr at
| east 15 minutes at > 160[err]C. 17. Pfocess accordi hgrto—ctaim-9; or
11, characterised in that the bottom product obtained]f gqh Qﬁng(ﬁ
the colum is recycled after at |east partial separat 01 6f t i &,
optional |y RRERRERELAEEFti on of fresh ketone and/or what
hydrol ysis of the nethionine nitrile.

cl, U [IIU

1. Process for preparing methionine or one of its
salts by hydrolysing methionine nitrile to
methioninamide in the presence of a ketone
followed by saponification of the amide with a
base, characterised in that during and/or after
the saponification of the amide, ammonia, ketone
and water are jointly removed at a temperature
> 85°C and/or by applying a vacuum.

2. Process according to claim 1, characterised in
that the methionine nitrile is obtained by
reacting methylmercaptopropionaldehyde (MMP) with
hydrocyanic acid and ammonia or by reacting the
corresponding cyanohydrin (CH) with ammonia or by
reacting any suitable mixture of MMP/hydrocyanic
acid and the corresponding cyanchydrin with

ammonia.

3. Process according to claim 1 or 2, characterised
in that the ketone is separated from the ammonia.

4. Process according to claim 3, characterised in
that the substantially ketone-free ammonia is
.added to the nitrile synthesis according to
Claim 2.

5. Process for preparing methioninamide, methionine
or one of its salts by reacting
methylmercaptopropionaldehyde (MMP) with
hydrocyanic acid and ammonia or the corresponding
cyanohydrin (CH) with ammonia or a mixture of
MMP, CE, hydrocyanic acid and ammonia to form
methionine nitrile, followed by hydrolysis of the
nitrile in the presence of a katone to the amide,

HIIIIII IIIIH IIIII IIIII lI IIII
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optionally followed by saponification of the

amide, separation of the ammonia and recycling of
at least part thereof to the nitrile synthesis,
characterised in that the ammonia is
substantially freed from the ketone before being

recycled.

Process according to claim 5, characterised in
that the recycled ammonia added to the nitrile
synthesis contains less than 25 meq relative to
the cyanohydrin and/or aldehyde.

érocess for preparing methionine or methioninates
by hydrolysing methionine nitrile or
methioninamide in the presence of a base,
characterised in that the initial concentration
of the amide is maintained at < 25 wt.% as long
as the saponification temperature is 160°C or

higher.

Process according to claim 7, characterised in
that the saponification temperature is not higher
than 200°C.

Process according to claim 1, characterised in
that in order to separate ammonia. from a jointly
removad ammonia/ketone/water mixture, the said
mixture is fed into a column between the top and
bottom thereof, the column is maintained at a
pressure betwsen 1 - 20 bar excess, the
temperature at the bottom of the column is
maintained between 100 and 200°C, and the ketone,
wataer and possibly slight amounts of ammonia are

withérawn from the bottom.

Procaess according to claim 9, characterised in
that it is carrisd cut at a pressurs between S

o c L M S *
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and 18 bar excess, in particular 9 to 15 bir;

excess, and at a temperature of 140 to 1%0°C, in
particular 150 to 180°C.

Process according to claim 9 or 10, characterised
in that the mixture is fed into the middle region
or into the lower half of the column.

Process for in particular the continuocus
preparation of methionine nitrile,
methioninamide, methionine or one of its salts by
reacting methylmercaptopropionaldehyde (MMP) with
hydrocyanic acid and ammonia .and/or by reacting
MMP-cyanohydrin with ammonia to form methionine
nitrile and optionally hydrolysing the nitrile,
characterised in that ammonia and cyanohydrin or
ammonia and MMP are used in a molar ratio of at
least 4 : 1, the ammonia is used in a
concentration of more than S0 wt.%, the reaction
temperature is between 40°C and 80°C, and the
reaction time is between 5 minutes and 60
minutes.

Process according to claim 12, characterised in
that the reaction is terminated at the latest -
when 2 % of theory of 2,2’-bis-(2- '
methylmercaptoethyl) -iminodiacetonitrile and/or
2,2’ -bis-(2-methylmercaptoethyl) -
iminodiacetonitrile monocamide are formed.

Process for preparing methioninamide, methionine
or one of its salts by hydrolysing methionine
nitrile to methioninamide in the presence of a
ketone, optionally followed by saponification
with a base, characterised in that the hydrolysis
of the nitrile is carried out in the presence of,

‘refarred to the nitrile, 15 - 50 equivalents of
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water, 0.2 - 2 equivalents of ketone, 0.1 - 1.1

equivalents of hydroxide and 1 - 7 equivalents of
ammonia, as well as at a temperature of between
10 and 30°C and at a reaction time of between 10
and 90 minutes.

‘Process for preparing methionine or one of its

salts by reacting a corresponding aldehyde with
hydrocyanic acid and ammonia or by reacting a
corresponding aldehyde with hydrocyanic acid
followed by reaction with ammonia to form the
amino acid nitrile, hydrolysis of the amino acid
nitrile to form the amino acid amide, and
subsequent saponification with a base,
characterised in that the saponification solution
is heated for up to 40 minutes at a temperature
above 150°C until the cyanide content of the
solution is reduced to below 10 ppm referred to

40 wt.% amino acid solution.

Process according to claim 15, characterised in
that the solution is heated for at least 15
minutes at > 160°C.

Process according to claim. 9, 10 or 11,
characterised in .that the bottom product obtained
from the bottom of the column is recycled after
at least partial separation of the ammonia,
optionally with the addition of fresh ketone
and/or water, to the hydrolysis of the methionine

nitrile.
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