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(54) Title:- PROCESS' FOR THE PRODUCTION OF METHIONINE

P 57 Abstract. A process for the production of methmmne winch comprises (3) hydrolysmg the methlomne amide in the presence

of a catalyst comprising titanium to produce ammonium methioninate, said catalyst having a porosity of from 5 to 1000 nm, a total
pore volume of from 0.2 to 0.55 cm®/g and a surface area of from 30 to 150 m%/g, and (b) a second step of recuperating methionine -
from the ammonium methioninate salt by removing ammonia. Also clalmed is an industrial process for the production of methionine

incorporating the aforementioned hydrolysis.
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and to use of the process for the industrial production of nethionine
conpri,sing |ow anmounts of and in sonme cases, substantiag%é no salt

by- products- The hydrol ysis of the nethionine anide to pr st g04
methionine is a known process. In particular, European Patent Application,
No228938 diwebuege a 10 process for the production of met hipppigpgé¥et he
hydrol ysi s of t he methioni ne ani de usingla strong base- A problemwth this
process is that the acidification step uses a strong acid which results |n
the co-production of mneral salts- such as carbonates, chlorides or

sul phates. An additional purification step is generally required to renove
the salt. 15 - French Patent Application No. 9814000 attenpts to- overcone '

hyar ol ysi o - reacti o CIRERERbAtE PRODEROAON BeME RGN ¢ s, "

“disclosed in Japanese patent’ applications 03093753 03093754 03093755,

03093756. . W have ?%f&%m"w%%{' |t§>glpggceg |ng O&)‘fﬁ'fg’?l%flgg%ﬂl? h yiel ds_

using .20 a_Spec ani um cat ccor ffivention
provi dds a priBeowush t erbydr@lwsmfmbm@n apfiderusing @wahbmmmmﬂngrptams (a)

hydrol.ysi ng ratihb @8é BE theApFosis ifr &Jaqndmsﬁ%.&?f@dueﬁo@o? &Bgﬁézﬁé ng
titaniumto roduce a% um net hi oni_nat e, Sal cat aVI

porosity of ?‘B’r?P?“PH Hhiorae ¢ases, substangally, o lefOFiP% 0.2 to 0.55
cnB/ g and a surfacﬁeak)&holgiilsfdfaht kthiohige aihﬁﬂ&ﬂolprodaéﬁjﬂ@méﬂﬁom@e gegond

eroving ambdh'BedIE N SHifarl ERRRCe GBI ORI R RE St ae
advantge ovdrodese fwnmrpdmmonamﬁ meﬂmm by shé duydtolyesispod duc hiedtionife -
e oni ne wridelaihgs SHBhEbal. '8 ABHER GRS pRRIR &' Eloine SERNRRSY f he

nmet hi oni ne wi t hout the nee n an as
present. mveﬁfquﬁesfﬁ%?@#%dﬂfhéﬁhlﬁ tsgn g %%B@dﬂQﬂOﬂthempF@bmitSlsmha

met hi oni ne V\ﬁthﬁhn@t@ﬂm&ﬁﬁs 03 BufbhAit8USAn 38@fiohad pudkichydl Qky %{ég S
met hi-oni ne am de i.n ce of a-catalyst conprising  titani S
produce anmmont ﬂé‘?Fﬁﬂb‘?ﬁr’&E?ﬁ said catalyst having a porosity of from 5to

1000:-Hm "a tot aI Foerehy Bhtene Application NG 198141)055aae18151§ tbwrdrle age area - .
of from 30 tqg ( thlonlne .
fromthe anmoni %%el}ret(ﬁ y n&f] tmo“gPﬁﬁeﬁ re%gﬁﬁgu%ﬁﬁﬁﬁg a#] r@ﬂ&‘fm aspect
of the pr eseﬁ?acpﬁ’i'feml‘wwOﬁmiéﬁﬂél%b@%wtdbahaabpmmed o Japhgese patedtict i on - -
of met hi oni nappisatienPIFO3S, %99337'5& @3‘093@53%309%6&pp' I cation,. which

conprises (a) con ng 2- 0 | 0 butanenitrile vvlth amoni a
or a.sol ution bﬁ%b‘?‘u‘f %ﬂ@&%ﬂ%ﬁ&ﬁlﬁ&éﬂéﬁﬁ@ﬁ%ﬂ%m%@mgﬂ ng
2- ami#b- 4- rrealspd:dlﬁc ntanhmi aa:tﬁrjrsﬁ rAdcerdmng llheI:( pﬁaéﬁt Eﬂi@nﬁ&tﬁprojwlglef a process )
2amno4rrey ae ali  .neta
hydroxi de t o%} {hgtpggd'%ﬂégc%on ét[pnroo tic rﬁ?ﬂpglf?‘?g @Eﬁ‘%’ﬁﬁ% fthippune c)
renovi ng any a@#ﬁ%abﬂ@wrmwef azgatadyst &ompdsmgtmmamhrto rprodiece samrnmtium -
methioninate, said catalyst having a porosity of from 5 to 1000nm, a total pore
| volume of from 0.2 to 0.55 cm’/g and a surface area of from 30 to. 150m’/g, and
-25 . (b) a second step of recuperahng methionine from the ammomum methjonmate
salt by removing ammonia. a '

Disclosed herein is a process which provides the advantage over the known prior art

processes for the production of methionine in that the methionine amide can be completely

30
: converted to methionine without the need for additional treatment.
In an aspect of the present invention, there is provided a process for the production of
methionine which comprises:
35



product stream (d) hydrolysing the nmethionine amde in the presence of a
catal yst conprising titaniumto produce a third product streamconprising
ammoni um net hi oni nate, said catalyst having a porosity dtA¥9u#?894 0 1000
nm a total pore volune of fromO0.2 to 0.55 cnB/g and a surface area of
from30 to 150 n2/g, and (e) liberati qg met hi oni ne from t.he amoni um

nmet hi oni nate salt. The process may be directed to the hydrol ysis of

met hi oni ne am de. Suitably, the am de may be present in an agueous
solution in an gnou . 1 .10 2..mol kg - prefera from.0.5 to |
nol / kg. The pr ggess'ﬂ dr&’%éé g@crg?t% %/lﬁs%ﬁmgﬁ&{ehgg)kﬁgﬁﬁﬁffﬁ cf"él‘?i NOIREEBAt ai ni ng
cat al yst . tiFmaun tapradugs tmmeyiuimamethianipate.omidt gatadyfst haviny Hpdrosity0FGronns tél August

hes f
nvont | on, CRoac P TR Hor 87100 33 B PULPREBe el o RLORETSR 1 i e

‘crystalli 184, addi ch constitute the aggl onerates- Preferably, the catalyst
has a nacroporgus di [ I . . r %ng .grom 0 .t o 1000
nm It is pref g‘#r edIat%h%%l&)t&%ﬁegﬂfeg‘gpﬁ%gﬁl}ng#@?%%l%r%tgg . em%éf)% é;%t has a
por e vol ufat sreneting ammenda. by nercury porosinetry of from0.2 to 0.55

cnB/g, prefera 45, ¢ . alhe:c I ) | so_have a
surface area, 2&8351&%%%;9%9 er?ﬁgf Elii/’e gregitrm%% o regen%s3€}°§8¥€écfﬁ9eés, ﬁ%rtg? erably
from 40 t profipdie bfmetioning stid pyesess rappblo of mdystrisd gplication, verichpomgidseed f orm or
used in the prSass e S5y BRI A%, sl oif ML GUERLD, YS! ¢
shape nay corsaining dammpwip . toexEedyce a efitst uptaduss , cagphieing ¢ 2tampard-incthgthio and
tabl et s. aSR%Eeal so found that the catalyst is effective when used in
the formof extrudates having the particular shape of either a three |eaf
or a four | eaf (W ovegactingiihe Zbinino-4-inethythicabuytartenigrde wiith lade:tdnavad an dkairet er of
15 frpm Orrgéil Lﬁmk&ﬁ' Bto P{}dﬁlﬁ(:%'ﬁ@@o}{d Hb?lmt onﬁgfsﬁ rr%thﬁgmne-gﬂﬁie?at al yst may L.
conprise ti tam(l;m as e sole nmetal or y gonprl se one’ or nore additional
met al s. Where {@t anrampving anlyeuwercipd estank,, aminenie and | ketone rfiegym blee s¢cobdani um
oxide (Ti uﬁtg}p&fne the catal yst conprises additional nmetals, suitable
catalysts include Ti-W Ti-M, Ti-Si-W Ti-No-M, Ti-Zr, Ti-A, Ti-Cr,
Ti-Zn 20 and - V. hydhelysdng the yeethiordne draidp inetha peedenoy ofiaatalyitt calmpesimget hod,

for example. i xi . . v o L
t enper at u#le _andb? g)r_d ﬁ%?%%ro%@%%%%ﬁ%ﬁg%ﬁé - %@gﬁg‘fﬂﬁféﬁfﬁg‘lﬁ?’ Q?St m xi ng
and/ or cahwiing ppresiis ofifromSrig @A ram tagotal goreyoluranel] foom @A t@@.58 ey ansien added t o
the ti tangmp&w&fﬁ&r&gtgﬁ%ﬁy@aﬂﬁae. After 25 kneading, the paste may be
extruded and the resulting product calcined. The anount of catalyst used in
the process wi (9 depeasaiing methipningtony the arimpiiem methdenésste salbd on t he physi cal
nature of the # -l ' e r forma
sui tabl e amun?ﬂéngﬁ%%@wg%ﬁaé%ﬁfgﬁ%ﬂ%‘%%%%ggﬂgtgl?na#gg?ﬁ%érﬁﬂgrdéﬁegf am de,
pr ef er abl §mide gYObSpregent] il5an ayysevsesalifioncintanl grequnt of fromd0.Ph t¢ Remdllke,

parti cul ah@rlh kN5 3S 1 fopEp. and on a continuous basis, the contact tine
may be

The process may be a catalysed process using a titanium-containing catalyst. The

catalyst may have a porosity of from 5 to 1000 nm.



fromO0.5 to 60 mnutes, preferably from5 to 30 m nutes. The catal yst may
deactivate after a long period of use in the process. eneration nmay be
carrired out in-situ or ex-situ. Wiere the regeneration |s4gﬂglﬁt8904out
in-situ, the catalyst may be contacted with water or acidified water i.e.
water 35'. . . containing 0.01 to 5% mneral acid, at a tenperature from
anbi ent tewgqﬁm-%e to 4 August 2004 WO 01/60790 PCT/ EPO1/ 9‘%%%{!55‘561
operating tenperature of the process, fgr exanple from anbien enperature
up to 130C. Wiere the regeneration is carried out ex-situ, -this . ‘
regenerdtion may  be carried out by heating in an oxygen-containing gas
such as air or pure oxygen at a tenperature of from 200 to 500C,

f bly f t |
g[ﬂe t ggf‘y {)e Eg{%h?ggﬁpggﬁs o‘%‘%& apr%%e-ﬁpﬁver 006@8 gfq Eé‘&ﬁ?leggs?ﬁ% digﬂ@’ho'a;’ogf erably
- from 80 toﬂlrami:saﬁ&mﬂmmalhﬁcs shinfroonstitutertberagglomera®sh Arefepblyf theabl y
froml to 5 @ﬁﬂgst'ﬂ&stahﬁac? eaﬂcﬁéuqeutm‘n dfﬁ&lﬁSrt8Q%'xﬂ§‘andTﬁBﬁ'ﬁ‘ﬂonﬁ)Obs

| i berated from um mai lLoni nat.e salt by renoving ammni a. This

may be acconP™ h'é@’e%ﬁ‘@edo? the dstibution i Bcddld, for exanpl e stripping.. The
process rrgy be calhé eftxgstihagial firé voluni BaletdimicdiBsmercafy ﬁ&oﬁnﬁa&?l tdf][‘:JOUS
process. Pre proce r continuous plug flow
process and fﬁggﬁa@%}&o‘?‘ig gvge%Fabhb)Fr re%'f{joﬁ%g%ﬁ%ect ed in series. This
configuration, i sThq)aatahymm alscphafecs serfacsi ares astdetermardi byeB.E.&s of

cat al yst, an&ﬁﬁﬂ‘@%%@ﬁm’@#@fe&aﬁl}ﬁdﬁ%ﬁ&‘i%ﬁl’/ y favourable in an industrial-

process. The process e carrie y suitable reactor, for
exampl e a fixed ofbg F%‘@'éﬁ*s@éYB@cPlWe%ﬁ?ﬂdﬂ thenepdessd| fprmidsen the dows fi s

carrijgd out paauaeé bX @éntied of BRALKeY wﬁé}etﬁérbﬂsl yoE Red 8PtheipR6dsS otet he

known prior oces es in ich ther flrs ste |ch conpri ses .
reacting 2-h i Ewm‘ge%ﬁ?%ﬁgﬁ? S ?‘%pe Nﬁﬁl} o - E¥ABRIfnoni a or

an anmoni um eadi'udmes;rsphmqal patticles, 2nd tabims, 4 Weetiavy laIsblf@MartBﬂ t:itaiylstens( AMTBN) .

The 2-am no- éﬁé&ﬁb@%&@h& kiﬂttﬁen ni to@eﬁ?dﬁwésq?%wﬁlrgotg?éa&h 3% gc#gd wth a

ketone in the presence o an a K hi oni ne
ani de. The p# Bresseafutr aifper lpafiener. Sm@ifu,lthmcatai‘ﬂatpbmdqsdmmdmloﬁt o the

knOV\ﬁlsprOCGSﬁ-Sﬁ(jC@@r% Rrdb Bbmi 063 fdn@tl . 25 process for the
Cﬁe hgj); Iéllccordl ng.to further aspect of the

production of net %wg

present invention Yt 03y, OpPIiSE TRRIYR av ke sokegRetalRr Y RARATISS Pn6

met hi oni ne( ﬁamdremddﬁibﬁsl maﬁablwmfe ultzﬂﬁhiﬁtlf t}ﬁlonlsgaﬁtal for:t baml yst iy &8. _
conpri ses nt act yl t hi.o nenitril.e with ammonia
or a 30 . aﬁ %fnoé;;l1 K?‘e&’% n'angs cﬁfn@&ﬁ%sea%(?%fmﬁl%mﬁgt ream
conpri sing anéaivmmclmht TiyW, HirMbuTaBieW, (FiiNeMd, ii-Zrodi-#ds ThQrt TieZsai d '
fi rstzoproducéndsf rgam w th a ketone and an alkali nmetal hydroxide to
produce a secon oduct stream conpri sing nethionine amde, unreacted

ket one, -anmoni a ahkf alETt may beRieRAreb AN YR blegutbod Horrvrpply odea ( c)
renmoving t hetha e agdredleiS! @Enind MRNuRaBB deiBérafurd bAINfSifing @eOMired

shape. - Alternatively, after mixing and/or calcining the dry ingredients, water
and/or an acid may be added to the titanium powder to form a paste. After -
25 kneading, the paéte_may, be extruded and the resulting product calcined. o
' The amount of catalyst used in the process will depend on the nature of the
process and on the physicél nature of the catalyst. Where the catalyst is used in
V‘thc powdered form a suitable amount may be from 0.1 to 2 grams of catalyst per
gram of amide, preferably from 0.5 to 1.5g. Where the catalyst is used in the
30 particulate or granular form and on a continuous basis, the contact time may be
ﬁ'om 0 5.to 60 minutes, preferably from 5 to 30 minutes.

The catalyst may deactivate after a long period of use in the process. Re-
generatlon may be carried out in-situ or ex-situ. Where the regeneration is carried
out in-sitw, the catalyst may be contacted with water or acidified water i.e. water

35. . . containing 0.01 to 5% mineral acid, at a temperature from ambient temperature to



product stream (d) hydrolysing the nmethionine amde in the presence of a

catalyst conprising titaniumto produce a third product %ream (ﬁngprl si ng
ammoni um 5 met hi oni nate, said catal yst having a porosi t)ﬁs #ayst ¢ to 1000

nm a total pore volunme of fromO0.2 to 0.55 cnB/g and a surface area of
from30 t g, and (e) liberating nethionine fromthe '

nmet hi oni @Fégggﬁ% Thi's process capablg of being operatedqgﬂ%gﬁaﬁhggetria
scal e i nvolves the conversion of 2 roxy-4-nethylthio butanenitrile.
This starting material. may 10 be obtalned by. any suitable nmethod, for
exanpl e by the reaction between hydrocyanide (HCN) and rnet hyl

4- met hyl t hi o- propanal al dehyde I scl osed in rope n Pat ent lication-
No. 739870, th%%ﬁfﬁ“%’é&?ﬁ@?&? 8& PIPE‘PSé’r ééamPlﬁEfiL‘] "é’ct tSIE‘E?Ia@‘%) this '

"Ib nflust ri ?I b6 638°@f WHee: méefgﬁﬂeranav;srﬁanm odth:iﬁ-sﬂ:f.l, ﬂhmffegeeerwﬁwm Iyl thi oa

u anenl rilbe i s.con cted. W . anmoni a . SO 1,0 0 anmoni-um an
Pt ar "t o e st By efind KRR Softinfhen s DR, 8t or RRETREL 1 AN
The nol ar armb e empratareraf fiom 26 @t5008C, prefembhy flom)3P040 A t hi 0
butangnitrile is-gui x@@ési’offrtﬁ?‘ eskf Er?rent?&x?fnﬁgaﬁn)ibl& &fn°t|on " dut Apre it is

desired to use an ueous so |on sul tably at

a concent r aft¢aperagre af drom #8102 by Prrfeighly, figme B tapi30° Grangt Brderitan 60% by
wei ght. Prefreéailelsf frod01 {078 tar Prefefibyy fomiEt @yd Edill 0 butanenitri I eis =

contacted-with pyre, amo Th| first.ste thls roce tably

carried out at a%e%eﬁsﬁ?’lilfﬁt%fo e FrgEon: o'%§ ‘ifls to 75C

and under aap:nm:amnenﬂhmﬁmamshﬂ liycreﬂﬂvmgammnqme.f é’hﬂ;hhyy be tamoliplishecBS bar. -

The actio Lin ed or tubular reactor with, in
i¢ %g%yspﬁabﬁfﬁ 88, 184 b1 stibbin

particul ar, rific _exchange 25 system.or
usi ng a conbi nat |Th¢pmcesmwhmcaraaépetresthera&abqi@mnqeseprﬁswecwu@p%n of the

first step idrodeSs. hbi@%dbyy,ttﬁ@;sméé%ﬂsecaﬁaedsa@ a?&&ﬁﬁ:&ouéﬁlﬁ@ﬁ@&reﬁ SRR a. - The
unreacted ampnia Is preferably - renoved - gmt e eactor,. This nay be

i npl enent ed YSYREF PRES AT %ﬁr"és@ﬁ'iel eaftpencweﬂg éﬂtsteﬁ?sh § copfigwratop.ihert gas
such as nit pagksmlar hprdfafmemw e reqititel Nigss amlyse par atlvama@t eyhidhs iSO

suitably belo r ef abl essur be
at m)gher ic Pﬁ&bé‘%&yefg‘é‘%“"’s 8%‘?1:&5&%?522@}” gces P'I%ﬁ gbél\ggy
at nospher i ¢ anpseiahle mac@r,ébec:@bip}e a fixed ot tiniglissfl bbd@mcearl Rrefetably, the)5 Pa i's

used. The agj‘i%’é&élscﬁﬁféﬁ\bﬁ{ﬁd‘ﬁ{eﬁfﬂeﬁ?&cﬁam'0” may then be condensed or
sent to a récovery section f further ﬁ&?lt ment,. 4 August 200

01160790 PCT/ EPO1Vhszogde may heeobsaingd Hpm ﬂWtPﬁPBaBlW%%ﬁStmuw ch produced
in the fi rStth@:EQ@aﬂfsth wh&h%ﬁfpﬁseslr&adnhgll W@t%mlmngbm@@m of a

ket 02(2 and-. W taI dr oxl de l? Ol.f IT$ %1 ne, ani. doe The
ketofié.is s P é’c%@ﬁ}?ﬂ% orPIgfon {Q progsics " ggmin “Breferably
0.2 to0.5 enpﬂmylﬂhenbutmfenkn]rco(mMTBié) al'Rel i2- amna-l4-lﬁethyhﬁmoxbutanemimﬂe is
U1 X Bl RS EAR i, ShlhBT OBl e oRasA By (rom
acet one. Suﬂtygcmﬁ}det eprafucel metianine Wox%?t@e%d?fa@§|H§Pﬁeﬁ§/§¥‘/§m1@e or
sodi um hyd&ﬁd&l ¥e. m@&B&%ﬁeﬁl inYo R kHEWR YH6RSsd 0 prov1de a novel industrial
25 process for the production of methionine. :
h | ' Thus, according to further aspect of the present invention there is provided
a process for the producuon of methionine, said process capable of industrial
apphcatlon, which compnses ' : '
_ | _ (a) contacting 2-hydroxy-4-methylthio butanemmle with ammonia or a
30 ' _-solutlon containing ammonia to produce a first product stream compnsmg 2-
' ' amino-4-methylthio butanenitrile,
(b) contacting the said first product stream with ‘a ketone and an alkah-
| metal hydromde to produce a second product stream compnsmg methionine
‘amide, unreacted ketone, ammonia and water.



The hydration step is suitably carried out at a tenperature of from10 to
.10 . 40C, preferably from15 to 30C. Suitably the reaction is carrled out
under atnospheric pressure. The reaction may be carried lgﬁggq 200 stirred.
or in-a tubular reactor or in a colum packed with suitable packi ng
material with a calorific exchange system By-products to this particular
reaction include the alkali netal salt of 15 nethionine, residue .

2- ami no- 4- W&t H{PIAI o but anenitrile, imdazolidinone (2,2 - PCT/EPIH02261

di met hyl -5(nethyl - thi o ethyl)-4-iim dazol4 di none), water, ammoni a, .
unreacted ketone and the alkali netal hydroxide. The unreacted ketone,
amonia and at |east part of the water in the product streamare then
separated-fromthe other components. To-facilitate this separation step,
‘the product strearenmnobingtths tinkdaettd Adtane, amfiopfaeghdowatay fiviy tied Sebnd Ui t abl e
separation t%&m V\here the product streamis distilled or stripped,
the stripped conprising the separated ketone, water and ammoni a stream may
be partially condéﬁhéﬂg@bﬁlrlghélmmﬂ@nwﬂ phideein thst lpmsent:et oftm&aamsnoam de
Synthesi s 1 eaGhfphising umiBEPR plolidée 3!t PRIGR skkth | Brhpriltile MiiBhium

at rmsg,gerl Cc or eI evat ed pressu ITB.I n| ng uncon ens

al so cbnpri siThigRingisctaid) %Yéh’é:a“%ﬁ @Pf(&ﬁﬂ of $oah P 4o )0 men, e tR?rQi

recovery seciluie ¢fdforh 0RUB OS5 dTE’ ﬁf&f‘dsurfébéaﬁ&bhﬁ@iWﬂﬁtoqwﬂﬁ!gdﬁkpl d of
i s .then hydro ence of. the

ket one, and anmoni |
titani um contai ni d% Iibstesipg Dyethionin ﬁ)é/’flh EPB’F%O"HI‘:\"E%H%%B’EFMW&& toroduce the
ammoni um net hi oni Thisepreadss caphble ofStxing opxerﬁthaknnianenﬂmﬂmdi @caﬂemmaresime anmoni a

as her ei nbef present
i nvention na%g‘ee?r%(?lfgiém&%ver SM%%% NS casg%rgﬁg oﬁ’t&; ecel’ving the
unr eakd ed an&ﬁo?b%%\béfr auy Suitehie anetbedofr axampletter the reaetianybstweere of the

process. Sui g Mowmﬁmndmp&@&eﬂ@na%ahfo@mﬁﬁtﬁdeﬂ aefabemcfo%@@ﬁ?r y

Cort o8 o “EaRB et o e R wEREsHEE oo o

ée"e%ﬂ’d’ﬁ‘&ée $I6RCS- The anunoni a
4 August 2004 WO Mmﬂﬂwmﬁiﬂ&@&ﬁlpr@eﬁbﬁﬁmhaqﬂesaﬁﬁ fmeﬁmhmereat rent

hen b whi |
Y oot Rl S AELBRR e BB VAR Sl SAT LT Wil of "
i ndi ¢kt ed, abemonm apdomjer, te tpreduse ob mixtnedcdntgmnghzapioehdoethyfthid 5 t he

af or ementi onegi.AeiRNL | Thi m&%&e@b#&:&mm&e%g%@%o duc;hgri

including the alkali.nmetal salt_of nethio ,
removed fromPEiRenIE g Hé“ﬂ?@ﬂtﬁﬂmétt?dgnpfﬁfﬁ rlﬂiﬁ@'ﬁ’ﬁb‘?éﬂ 7 ngVheredt ltSH’éSW‘%cess a

fur thher I E I eatomasetansdq@pous seliitioh df@f@ﬁdxﬁ@&h@ﬁlﬁtﬁﬁﬂs@&tﬁﬁ)ﬁ abh E&?déhﬁéﬁﬂhlr IkS: ng
such salts wi xchan roces al kal i -
nmetal ion w egfeﬁéhq? 23%1% Wﬁlg}?’pﬁ‘rg feééb‘j% gl?ﬁ? %F/I"’rg’ ﬂgﬁtt hé‘egq"ésl '
i ndu2®i al | yﬂmﬁehyctam-é-mthndﬁs@bummmmdnqaﬂedimﬂ: pusd gramoniaesi n, Whl chis
devoi d of ketone, &@r&@l g%ﬁg&gg escgﬁgbwﬁgnéd@?{ + EE Ié{ after

step (c) but before step tern e resin may

be pl aced -at TORAGRPOE, Rfﬁ@f%bhéﬁ'am CBHOJCSe@@n d ypdery arpressufe; Qfeﬂ'OI@}Qfalﬁ(Qt stream
conpri si ng ﬂbﬁﬁpﬂdﬁrﬂlﬂy‘ﬂ‘lﬂn@'ﬁ t6 25 bee Phe ﬁ:ﬁmmhﬁay b& carried out in a stirred or

, tubular reactor with, in particular, a piston-type flow with a calonﬁc exchange
25 system or using a combination of the two reactors.. ,
Atthe end of the reaction of the first step it is likely that there exists excess -
unreacted ammonia. The unreacted ammonia is preferably removed from the |

reactor. This may be implemented by flash depressunsahon or by entrainment
. with an inert gas such as nitrogen. The temperature durmg this separation step is
30 " suitably below 60°C, preferably between 10 and 40°C. The pressure may be
A - atmospheric pressure or sub atmosphenc pressure or slightly above atmospheric
pressure, Preferably a pressure of from 0.1 to 0.5 x1 0°Pais used The ammonia
recovered from the reaction may then be condensed or sent to a recovery section

for further treatment.



15 contacted with the resin. Were the product streamis contacted with a
resin, the alkali netal of the alkali nmetal nethioninate, salt %$4etai ned
on thke. i-on-exchange resin, thereby - providing a solutio U5t 29 ng

met hi onine, free of alkali netal ions. Suitable resins are acidic resins,
particul.ar onic resins. Commercially avail abl e 20. | d under
the trade ‘{r/%ﬁéks’u'lgt;hm & Haas | MAC Cl 6P and Fl uka Anber|i st 5?@&2@%{&8@ used.
Al so suitable, are carboxylic acid resins wherein the pK, of the acid is

| ess than 6.2. Suitable resins are resins such as those sold under the
trade nanme Fluka Duolite C464 or Rohm & Haas IRC50. It is preferred to use
a carboxylic acigd resin. 25 .1, ab t he.,stream conmpri sing. the. al kal i
metal salt is ' paﬂ?eg'mné’% T"Fﬁ%déﬂ‘?lbﬁ%?m'm% WB@'?CFI& “Elr\ﬁlé%%fsﬁ epedi e 5 .
_saturat ed wiprhcdshds tieklydranetialthd prasence bfa kasimarndsansalkdlninktal hpdrexide at ed by
di spl acing t IRl ' !?‘ﬁd neﬁ,Fl | 0R% ' 'f‘.S tment in
aci di ¢ nedi u@ﬁ"or g)knéarrmg e “a’s rkgkogl@??norggl i cegzl'it('s:ilgl , glggﬁil%itsoﬁgogl phuric
aci d or hydrizeml ®tite heprgferally 412 derdlihtequiyplent of katone. 3dhedlialic mretalspondi ng

to 2 50 14 nBldroRdelaRid MitabB presdht P4 cotlcefdtidnREHroki0.05 16 63 gléefé?EMy be used.

The. carboxylic acid resin, al.terpatively be regenerate treating
the resin wi ALY A2 corieos At alkalin %@aﬁi}-n?’{éfa@sfyp&s I8t
typical |l y 1lCcewn25 Suitably Ehe alkatj ananlbhydioxids ispothshiny hgdioxidedoostdimht h a
nol ar anou .acid coprespondi .0 2 to 14, preferably from3. to 6 nol
acid per kgr%’f"P‘I’% -’ngr“%@%?g‘ﬁ“%mg?ﬁ%oOfL WD 01/ 60790 PCT/ EPO1/ 02261 7 The
final resulting pFhsdhysratiomr stepriscautpbly siarreds oud ait peemperature of fronhd0 i qui d
formpay be MPed paferlydoPls Wabto. |Suitily e dkatilollSs dabRa B btk cCOver

solid methionine. This na e achi.eved by Separating the 1 ni ne using
any sui t abl ¥MesRhsHE Presiltpretlfe dcaction may e srEied ol i stirred 9% g tubylati on
after 5 conqesdtérabt & aQollaiin Habkeds aith Gitahle Gackip@ rhatedialC@RE &N taletifion,
crystallisati on and rinding, or by granulation after concentration. The
present i nveRFTBES T ¥ ™ now be illustrated with the reference to the

fol I'owi ng exanpl eBy-poduéix aopthes partibulep asaatioronnabideTileaulkaliniatbbbals f Ten
Ui tansum conphahfinld, Sa5AlY 5L Rnin@ASREIM RS Uuifinhlce S8 MapbBYERL] PRl and o
catalysts nol_ accorting to the present Invention were prepare follows:
(1) Catal ystd@sfthslsé(n@qtﬁ Yote rathyipdtimidazolidineacdx wnernammoniac gmieactad ;
Br abender TM#toR and/thé Qlikalil @BtaP hydrokideC Bl GhréfteclOReténd MWah&kia Ad 2899) was
15 slow y agded to thtﬁ powder tgnd the resulting mxture_ stirred for 30
mnutes at d°Sh&AY Yrtheavaies, H<thp Progych sream #fothyn separgied TR e othefided at a

speed of 4cmopponents.NTié acilithteghia sepdiraionatiph theprothetratcam mhy be @imtilled pr ovi de

a exppudate . a t . . T |.n rudat s pl aced
in a%boven adrggg.&ﬁ%g ?fe Zﬁrﬁgt.ﬁtpgpgy%%n%@g%g@gf%%el%@%O&%%@%& arate
of 3C per ‘nis¥gam is Fistillecoparippeds thestrippedwpmpribing theascpatated Ketansl whtsr f our
hours bef or eniesfiont §tadmnt SHBPR! pirBally? BAMINSEY and the condensed phase

returned to the aminoamide synthesis reactor. This separation step may be carried

out under atmospheric or.elevated pressure. The remaining uncondensed portion, -
25 also comprising unreacted ketone, water and ammonia may be sent to a recovery
section for further treatment. ' '

The methionine amide devoid of ketdne, and ammonia, is then hydrolysed
in the presence of the titanium-containing catalyst as hereinbefore described to
produce the ammonium -methjoninate salt. The ‘salt is then treated to remove
30 ammonia as hereinbefore discussed, to obtain methionine.

 The process of the present invention may comprise a recover section which

is cap_able of receiving the unreacted and/or recovered ammonia, ketone and water

from any stage of the process. Suitably, the three components are separated in the

recovery section by absorption and distillation. The absorptioh step may be

35 carried out using water or by an acid/base exchange reaction. The ammohia



tenperature at a rate of 5C per minute. The weight |oss of the paste was
38.5% (2) Catalyst 2: 59.2g of powdered wet titanium oxitﬂg Q\A{%‘? 66 ced in a
25 Brabender TM mi xer. A solution of nitric acid (5.65g) ahdY é ‘%15. 16Q)
was slowy added to the powder and the resulting mxture stirred for 30

m nutes at a speed of 50 turns per mnute. The paste was then extruded at
a speed of _4cmper mnute using an die having a dianeter of 1.6nmto

provi de a WROVEH0 e havi ng a dianmeter of 1.6mm 30 The redGIERY0224L r udate
was placed in an oven and the tenperature increased from 120C to 480C at a
rate of 3C per minute. The tenperature was nmmintained at this |level for
four hours. before being decreased to anbient tenperature at a rate of 5C -
per minute. The weight |oss of the paste was 40% 4 August 2004 WO 01/60790.
PCT/ EP01/ 0226htaingd elfyr qush greptsmeng maytthen baredygled © ghe amaromitrits shithesisvai | abl e
catal yst, obfeab®edhilbrROKEbRC HMPWHELmal $RHhéyclhodte BREDamidd ég%n@fsa' yst 4:
This catalyst is a comercially avail abl e catal yst, obtained r om Degussa,
identified a¥2%9H8. 5. (5) Catalyst 5 228g of powdered wet titanium oxide,
9.12g of nethyl Aslikditaiabatave, the pogiuof stpeiny shrabdedrfrele thesonll XR9 dM a.

Br aberder TM fi . I ; f t .added to f

= paste.  Thets s retBiotd il BT apolb e Biotie WA es BRZrbAIER Boliing oy

The past e wathetaliali matal sadfeef methioainep dingh dty-produgte mayileuemoved froovide a
t rudat e hay ' f 4 | £i

extrudat e hahisd odlich gL 1Y ecktl@gmmgarg thi Hacprbel 4 it Hbigat SRpter e

then placed ipn an oven -and th ature’ ’i.ncrease rom 140C at
arate of 1 Eﬂ‘ﬁ

rCOMBIiSES COURGHnG thGoSHEaRr COTpRAISIRg suchalis sither Jesindovas t hen
i ncreased t ofaéifififte ak edchadieprodess 6F (e alkalithiés! iON Hithothe PR O Dfrefbra@urs. The
wei gP}P | oss of, the ﬁtas%@ was 4?% nd. 1he Bﬁr%?nta e of methyl- cel.lul ose and.’
15 palysacchEPPHEmeRt of, the presen \’%@5‘5’910?&19 (PPl proresy dhe seqondyrrpdect The
procedur e ussteainresinewhick imdexbidosf kefone atmainysia abdy@contmepd atithdthe xasapt t hat
t he wei ght I%&[’ 429 j.aneter of the extrudate was

1.6mm (7) Catalggé%@%gﬁP%g%ﬁ%ﬂggﬁﬁogﬁgpr eparation of catalyst 6
was 20 repeat ed dlterapiively, ghe resin way Jist plaeslsatothe tand gfatbe @varadl @ooesst he -

per cent age " Oduch gt vkl Froductbtisth dbnSprisiotethldhenthRIR iof tigudate -
was i 6mm _(%} C?t al slﬁ' 8:c. The procedure carried out fo?é)(;é‘ata ?llgté’ !?L'vvas
Ped exCOAe

repe &i ght- | oss of the paste was 40% Conparative
Catal ysts 1, not aWheredherprotiuct sheanpisapatittedwitni tesi, tHeullknicmemPshal |y 25

Compar at i ve Pat e hBlRGd 3 EUR680 o B ork Bpes) et dherepy
commer ci al | yproviding asolation comtgigingoibethioniet, firesnofalali nwetal iongle Suitdbled as
Ti -0720. (9)reGint ate/atidR’ reSifis, SpeficuPRWI SHIBELriE rdfth MVhilérclts Rafisifid 0 2
20 resins sold under the trade names Rohm & Haas IMAC C16P and Fluka Amberlist
| 15 may be used. Also suitable, are carboxylic acid resins wherein the pK, of the
acid is less than 6.2. Suitable resins are resins such as-those sold under the trade
name Fluka Duolite C464 or Rohm & Haas IRCS50. It is preferred to use a
- carboxylic acid resin. By o -
25 " Suitably, the  stream comprising the alkali metal salt is ‘passed
continuously over the resin. - When the resin is saturated with the alkali metal ion,
the resin is suitably regenerated by displacing the metal ions. The metal ions may
be displaced by treatment in acidic medium for example with a strong inorganic
o acid, such as sulphuric acid or hydrochloric acid. Molar amounts of inorganic
30 acid corresponding to 2 to 14 mol, preferably 3 to 6 mol of acid per kg of resin
" may be used. The ‘carboxylic acid resin may alternatively be regenerated by
treating the resin with carbon dioxide in an aqueous medium under pressure of
typically 10 to 25 ‘bar. The regeneration is suitably carried out with a molar
amount of acid corresponding to 2 to 14, preferably from 3 to 6 mol acid per kg of
35 . resin. ' ‘



Brabender TM m xer. A solution of nitric acid (concentrated at 68% (6,26 Q)
and .30 water (20,57 g) was -slowy added to the powder fnd the resulting
mxthe stirred for 30 minutes at a speed of 50 turns per he paste
was then extruded at 'a speed of 4cm per mnute using a three Ieaf cl over
die. The resulting extrudate was placed in an oven and the tenperature

i ncreased WP@HFWQ‘?)C to 480C at a rate of 3C per ninute. ThBCTERPERGlure was
35 . maintained at this level, for four?hours before reduci ng -t he
tenperature to anmbient 4 August 2004 WO 01/60790 9 PCT/ EPO1/ 02261 ‘
tenperature at a rate of 5C per mnute. The calcinated extrudates had an
external dianeter of 0.8mm The weight | oss of the paste was 35% ".(10).
Cat al yst 10: The pFhec8ualrwswting ipratlustistréaon commisingt fré: waethiopine sinetlie except
‘that the extﬁg@ 'fm‘?d A5 5 used al KeoCabidnafty %@rﬁytﬂe%ﬁh& tP@Fed tcCflibver

Conparati ve sts 1, _not according to the present Invention, is a
comerci al | y$ ecélfhéﬁ may bSli‘F]éiFYﬁéH ¥ FenAratingube methiorine using@n¥s 7709.

Conpar ati ve ﬁaﬁ@by_e& ion" QhetB6& OTfeH Ngkatripld NBy PEEGAOT cry SUBREAS, aftes. 2
st_obt ai ned fr.om En elhard ent.ified as

comegci al ly_avail at a

050, 10 REEHARY 05Ot AR, i oAl Hscp a&%f@%ﬂeam&n
descri bed abgrigings orlgyganulaﬁmﬂﬁéwlcendenﬁaﬂnd:m 1: CHARACTERI STI CS OF THE
CATALYST ' CATALY

DI AVETERAREAVOL u@ﬁ%ﬁ%‘ﬁﬁ&%ﬁ?@% %A%gc(}g@”g?c to the .
lext r udat el. BHgwingeramplesext r udat el. 4790. 3012100 3extrudat e4. 01150. 2910100
4ext rudat e3. 2450. 3930 5extrudat e0. 8-0. 449 ' 150- 160

6ext rydatel. ! . 3-0, 449150- 160

8extr1ﬁdate1 SEEES Y55 000. 361450 cl over 10 .three
| eaf 1. 61000. 34, lﬂéﬂumhmﬁasontﬁmﬁpaa@ysmemdotdldgt@&e%:rakaeﬁveﬁﬂicﬁi wad |.

Conpar ati vetgh c%[a:’l)’ys%]goz %%@gmé B 9 p?e%&rﬁl fdntion Were prepared as follows:
(1) Catalyst 1: 55g of powdered wet titanium oxide was placed in a
Brabender™ mixer. A solution of nitric acid (6.26g ) and water (27.39g) was
15° . slowly added to the powder and the resulting mixture stirred for 30 minutes at a
B Speed of 50 turns per minute. The paste was then extruded at a speed of 4cm per

minute usmg an die having a diameter of 1 6mm to provide a extrudate havmg a
diameter of 1.6mm. 7 '
The resulting extrudate was placed in an oven and. the temperature
20 - increased from 120°C to 480°C at a rate of 3°C per minute. The temperature was
maintained at this level for four hours before reducing the ternperature to ambient
temperature at a rate of 5°C per minute:
~ The weight loss of the paste was 38.5%. :
(2) Catalyst 2: 59.2g of powdered wet titanium oxide was placed in a
25 Brabender“! mixer. A solution of nitric actd (5.65g ) and water (15.16g) was
~ slowly added to the powder and the resulting mixture stirred for 30 minutes at a
.speed of 50 turns per minute. The paste was then extruded at a speed of 4cm per
minute using an die having a diameter of 1.6mm to provide a extrudate havmg a
~ diameter of 1.6mm. - ' '
30 " The resulting extrudate was placed in an oven and the temperature
' increased from 120°C to0 480°C at a rate of 3°C per minute. The temperature was
maintained at this level for four hours before bemg decreased to ambient
temperature at a rate of 5°C per minute.
The weight loss of the paste was 40%.



4 August 2004 WO 01/60790 10 PCT/EPOL102261 Exanple 2: Hydrol ysis of

Met hi oni ne Am de Using Powdered Catal yst Catal ysts 1, 2, Ag 4 9 8repared as
det ait ed above and Conparative Catalysts 1 and 2 were gr {iHerst 8 %4povvder_ed
form and used to hydrol yse nethi onine am de. An aqueous sol ution of the
met hi oni ne am de was placed in a batch reactor with 51 Oy of the powdered.
catal yst suspended in water to give an initial ratio of catalyst to am de
of 1g of cHCAUPEWPOper gram of nethioni ne ani de. The initi alPCHERIEOLA6L at i on
of amde in the reactor was 0.5 nol e/ kg8 The reaction was carried out-at a
tenperature of between 95 and 100C and under atnospheric pressure. 10 The
product obtai ned was anal ysed 'using HPLC and the yield and conversion.
determ ned. The results are given in Figure | Exanple 3: Hydrolysis of

Met hi oni ne Anmi de . (Bi Gajalgstt3aThix catalyst ifa xevnBeciallyl svailahict aatalydt t dbtained

‘Recircul at i ogyGapRlyshse Menfficfadffsiivere used - in the .extrudate formto. -
hydr ol yse nethi oni_ne arh?dfa1 |ﬁﬁ the anounts as given in Table.2. The

catal yst was pl acét Gatalyt 4 Dhisccatdpst i a commersiallyayilablgtcatalyshobtaiorst t o t he
reactor. The fiogDegakdl idknified ad TIOReased to 95C. 122.9g (21. 7%/ p) of
met hi-qni ne am de Sl en ad t 2 rovide an initial concentration of
ani deq'gf_ 0. 5mo|/k%@“@?‘o@hgfg%ﬁfawgﬁ‘%&a‘gﬂam%8’_“8%4 %\dgﬁﬂf@l t he
yield and coehdosiand dbganfipotysdcchiitide mesuini>xdan e Biabanlei™ mixgtifa ® 25
Tabl e 2 VE F I STCATALYST RATE
(m’r)TENPERA‘Iql%EQf:S') 555)/3 ﬁ%ﬁ'fl&‘?%@%%%%%%ﬁ%@ '6%%’?&‘8.‘%‘.’54 . 400
72210-151. 348@8@6&@&&9 nyigutes ol tendefy fu 11hourCTheposie ows sierioxsmgeday
Hydrol ysi s of splidnéfomin BerARinte: 4dSpro0ideal ediidhe HaviheH di8ReRESf 1.00mm.

10 N ; k

The resulting extrudates were then placed in an oven and the temperature
- increased from 20°C to 140°C at a rate of 1°C per minute over a two hours period. |
The temperature was then increased to 480°C at a rate of 3°C per minute over a
period of 4 hours, . - )
, - The weight loss of the paste was 45% and the percentage of methyl celluiose an
15 polysaccharide in the paste was 2% in each case. | '
~ (6) Catalyst 6: The procedure used in the prcpar'aﬁon of catalyst 5 was
repeated except that the weight loss of the paste was 45% and the diameter of the
extrudate was 1.6mm. o -
_ (7) Catalyst 7: The procedure used in the preparation of catalyst 6 was
20 repeated except that the weight loss of the paste was 45%, the percentage of
methyl cellulose was 4% and the diameter of the extrudate was 1.6mm. .
(8) Catalyst 8: The procedure carried out for Catalyst 1 was répeated
except that the weight loss of the paste was 40%. '
Cdmparative Catalysts 1, not according to the present invéntion, isa cbmmercially :
25 available catalyst obtained from Degussa, identified as 7709. ‘
' Compatative:Catalys'ts 2, not according to the present invention, is a commercially
 available catalyst obtained from Engelhard, identified as Ti-0720.
. (9) Catalyst 9: 55 g of powdered titanium oxide was placed ina
Brabender™ mixer. A solution of nitric acid (concentfated at 68%) (6,26 g) and
30 water (20,57 g) was- slowly added to the powder and the resulting mixture stirred
' for 30 minutes at a épeed of 50 turns per minute. The paste was then extruded at a
speed of 4cm per minute using a three leaf clover die. | '
The resulting extrudate was placed in an oven and the- temperature
increased from 120°C to 480°C at a rate of 3°C per minute. Tile temperature was
'35 . maintained at this level for four hours before reducing the temperature to ambient



Reactor with Plug Fl ow (a)under atnospheric pressure Catalysts 4, 6 and 8
were used in the extrudate formto hydrolyse nethionine amde. A-solution
of nethionine am de having an initial concentration of EhAv@sh280%7 and

0.85 mol'. kg was placed in the reactor. The reactor -tenperature was set at
95C. A wej catalyst, as given in Table 3, was pl ace | eact or
and the%@é@g%gperat ed under the congitions given in Tagilcéilj%qtl@gz.drabl e 3
VEI GHT OF CONC. OF. FEED FLOW TI ME ON CATALYST ' CATALYST AM DE RATE -- ..

STREAMF (g) (nol es) (gl hour) (i nut es) 4300.37168.8, 153.84.8, 5.3
4300. 37210. 83. 8 650. 372230. 6 650. 371620. 8 6300. 37145, 188.9, . 5.5, 4.2,

3.7 . 212.8 630 .0.83178, 2503.2.3.7,4,. 5 00, 84120, 160 .8, 6.7,.
50+ Time SRR IS oo C AL ML A R pabarendl .

‘ gat al y;st I( g)S%iidfamf;rmﬂtOraiahm. (b keighit ose of hefpaste wasdbYht of | i qui d)/ V\fhleght of
ry cata i i (i T2 45 :

prgse_nt, iynvent i (SE(B‘I%%LIP’LétSWt ?’% gg&?‘\l/rgr?éﬁ’rfh%mtuf?ic sﬁ%dlgpeéél evat ed

pressure 20 eX¢rpt tiabthe-exisrud ditanetend er“@b%f&lt@cﬁ"l%h‘dﬁef"?a)‘i 8 usi ng,

catalysts of  di {doaiankivei @iEEE ANEbtoaBoRlige tol ik GRRMEN Eivetict, isadri de is
reported in Table 4 below 4 %tjvsg .Zoci)é 01/ 607; O.ﬁl P7C,’5bEP-01/.02261.
Tabl e 4 TEMSOMRErGRHy @yailpple gaip)ye)gotaned from Degussa, ldentined as /747

- Comparative Catalysts 2, not according to the present invention, is.a
commercially available catalyst obtained from Engethard, identified as Ti-0720.

10 A summary of the propeﬁies of the catalysts prepai‘ed as described above is given
B in Tabie ! | ' ' |

Table 1: CHARACTERISTICS OF THE CATALYST

CATALYST |SHAPE |EXTERNAL |SURFACE |PORE  |MESOPORE |MACROPORE
" DIAMETER |AREA . |VOLUM |POROSITY |POROSITY
@m) |@¥ | |E - jem  |em)
' (cm’/g)
1 extrudate | 1.6 63 0.38 17 200
2 extrudate |1.4 |79 0.30 12 100
3 extrudate | 4.0 115 {029 10 100
14 extrudate |3.2 45 0.39 30 -
5 extrudate | 0.8 - 0.4 9 150-160
16 extrudate | 1.4 - 0.43 8 | 150-160
7 extrudate | 1.3 ; | 0.44 9 150-160
8 extrudate |1.5 63 0.45 17 200
9 threcleaf (08 . |100 036 4|50
clover o ' '
10 three leaf | 1.6 w00 |o34 14 150
clover — ‘
Comparative |extrudate (3.2 ’ !-'/12 : - s . -
catalyst | o | " "’
|Comparative {mblet 33 {177} lo36  [6w020 -
catalyst 2 ' '

- 15



CONVERSI ON CATALYST(C)! . CATALYST RATE (% o0) - “(g)(g/h) 81004012097.5
8..1004030087 81004030095.5 91002012097.5 9. 1002030093. 3 9-1202030095. 8
1010020120, .95.6 101002030082. 6 . 101202030090. 5 1010040106985240h 0040

. 30097 10120 .4030098 The tinme on stream was. cal cul ated as in the previous-
exanple. 5 Exanple 5: Industrial Process for the Preparation of Methionine
Cat al yst W&r‘g prepared according to Exanple 1, was us 1.t '
i ndustri al prgézé’;saﬂs The overal | reactlolrh schene is represeﬁh’&ﬂ?ﬁtﬁqlgure 5.
In order-to.obtain nethionne, free fromalkali netal salt, a resin was -
used in the. process. The resin was placed in two p05|t|ons herei nafter
referred-to as 10 enbodi ment 2 and. enbodiment 3 as shown if Figures.6 and -
.7 respectively: e3ach stage of the

three procesExample S AN et 5t Enbodi nent (1)
- Synthessis of I\Ehibl}@m lr,le 3mpﬂpm&mdgtmkdrﬁmhyhnmCompmnmémalyml e is-.

reacted wt h nia el(rédéi 'i-ﬁa%(?ﬁ%&jﬁa lg,f?a@%eh% unreac g ISI ng

2-am no- 4- rre e5e grt?t‘ﬂlanen corrp05| arrm)nl a
i s separat edAhrameusesobmoguﬁtthfsmﬁﬁmmnmmV@s‘éﬁ placy inrfdbasels rwaetor withr ecovery ,

sectign (C) T@of%@?f)%er%aﬁﬁﬁ% | d%@?fg@d'iﬂﬁrﬂtc?io gﬁe eﬂ%ﬁﬁai tho beaakgE (D) -

Acetone, water an diumh og reactor_. (D)... .The

resul ting picoduude fy é&n?%&ﬂﬁﬁ}ysblﬂ?é $aMh % nfte %ﬂ%?%leir%‘gﬁnpagﬁet mhtial3) s .
treated by 2gnekhthdioawiasiddia theweacsi etk asemcnafe ammoni a and at |east part -
of the water in 4 2004 VWO 1 2 1 (E). The
stripped gases argﬁ‘bg f‘%ﬁ Wsc‘fmg g&z &8“‘86 84‘% \?’é% angetqbngn (0. .

Wat er i s addad wmiet amnasplsarictpresguanm de sol uti on (corrp05|t|on 4) and the :
20) Ulipon (COMPOS! ihOMhraduck SUEARER Sl ld | ibind 'mumdcazea Y34 dnfl T eactor

(F). "“The product stream conprising- amoni um met hi oni nate rrp05|t|on 6)
is 5 treat edcqweﬁlmf@medammm a and formthe free nethionine by

stripping in an FRIRRLRS &b iveR® Figufd! The |iberated ammonia is candensed
andsenttothe : ‘ _ _ S
| Example 3: Hydrolysis of Methionine Amide Using Catalyst in a Fixed Bed
15 -+ Reactor with Recirculation
Catalysts 3, 5, 6 and 7 were ‘used. in the extrudatc form to hydrolyse
methionine amide in the amounts as given in Table 2. The catalyst was placed in
‘a fixed bed reactor. 216g of water was added to the reactor. The temperature was '
increased to 95°C. 122.9g (21 7%p/15) of methionine amide was then added to
20 prov1de an initial concentration of amide of 0. Smol/kg
The product obtamed was analysed usmg HPLC and the yield and

conversion detenmned

The results él_'e given in Figure 2
25 - )  Table2

CATALYST |WEIGHT OF |FEED FLOW |DIAMETER |{CALCINATION
CATALYST |RATE (mm) - TEMPERATURE
(8 (kg/hour) . |- 0

3 40 10-15 4 480

5 20 {5 0.8 480

6 20 10-15 14 . |400

7 22 |10-15 1.3 480
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(b) under elevated pressure _ .
_Theﬂbove~~procedure~was4epeated~ in a fixed bed using catalysts of

different diameter and amounts. The conversion of amide is reported in Table 4
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"embodiment 2 and embodiment 3 as shown if Figures.6 and 7 respectively"

The tirze on stream was calculated as in the previous example. -

Examnle 5: Industrial Process for the Preuaratlon of Methlomne

Catalyst Number 9, prepared according to Example 1, was used in the
industnal process. The overall reaction scheme is represented by Figure 5. In
‘order to obtain methionne, free from alkali metal salt, 2 resin was used in the

process. '_The resin was placed in two positions hereinafter referred to as

The

composmon of the streams at each stage of the three processes is given in Tables -

5,6and 7 respectlvely

Embodiment (- Synthessis of Metluonme 'Ihe 2-hydroxy—4-methy1th10.

butanenitrile is' reacted with ammonia in reactor (A) to provide a mixture
co'mprisixig 2-

amino-4-methylthio, butanenitrile (composition '1). - The unreacted

‘ammonia is separated from the product stream in Vessel (B) and passed to

20

recovery section (C) The treated stream (composmon 2) is passed to reactor (D).

Acetone, water and sodium hydroxxde are fed into the reactor (D). The resultmg |

product stream comprising methionine amide (composmon 3} is treated by
withdrawing the unreacted acetone, ammonia and at least part of the water in
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column (E). The stripped gascs are partially condensed and sent to recoverjr

section (C). Water is added to the resulting amide solution (composition 4) and

the solution (composition 5) is contacted with the titanium catalyst in reactor (F}.

‘The product stream comprising ammonium methioninate (composition 6) is
treated to liberate gmmonia and form the free methionine by stripping in an

ammonia stdpﬁér"(G). The liberated ammonia is condensed and sent to the
recovery section (C). The liquid free methionine (composition 7) can then be

 acidified and treated further to obtain solid methionine.

- The recovery section (C) comprises a first absorber, a heating column, a

second absorber and a distillation coluran (not shown). .The stripped gases from

column (E) and the stripped gases from the ammonium stripper (G) are passed to

the first absorber which is fed with a solution of mono-ammonium phosphate (55

wi/w % ammonia, 24.5w/w% H,PO, and 70w/w% water). -The gas stream entering

the column has a composition of (40. 6 wiw % ammonia, 8w/w % acetone and

51.4 w/w% water). The absorber is fitted with a heat exchanger to withdraw the

 dissolution heat of ammonia. Liquid exiting the bottom of the absorber column at
111.8°C comprises"l 8 w/w % ammonia, 23.9 w/w% H3P04 and 68.3 w/w% water

and traces of acetone. The gas exiting the top of the absorber column at 111.9°C
comprises 13.1% acetone, 0.9w/w% ammonia and 86w/w% water. This gaseous
mixture is condensed and recycled to the aminoamide synthes1s reactor. The

' hqmd mixture obtained from the bottom of the absorber column is fed to a heating
_column to liberate ammonia. The mixture is heated and stripped by water vapour
at 130°C to recover the ammonia. A gas mixture obtained from the top of the

heatmg column compnses 18w/w % ammonia and 82w/w% water. This gas is
condensed and mixed with the unreacted ammonia stnpped from Vessel (B) ina
water absorber (the second absorber) to give an aqueous solution comprising
comprises 25w/w % ammonia, 74.9w/w% water and 0.1% acetone. - This mixture
is' distilled to recover pure ammonia wh1ch is then recycled back to -the
aminonitrile synthesm reactor. The liquid mixture exiting the bottom of the
heating column is recycled back to the absorbing column after withdrawal of heat.

mbodiment (2) - Synthesis of Methionine Using a-Resin Prior fo
Hydrolysis: The 2-hydroxy-4-methylthio butanenitrile is reacted with ammonia in

reactor (A) to provide a mixture comprising 2-amino~4-methylthio butanenitrile
{composition 1). The unreacted ammonia is separated from the product stream in

r 1
4
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Vcsscl (B) and passed to recovery section (C) The treated stream (composition 2)
is pass'ed' to rcactor' (D). Acetone, water and sodium hydroxide are fed into the
reactor (D). The resuiting product streamn comprisihg methionine -amide
(composition 3) is treated by withdrawing the unreacted acetone, ammonia and at
least part of the*water in column (E). The stripped gases are partially condensed
and sent to recovery section (C). Water is added to the resulting amide solution
(composition 4) and the solution (composition 5) is then continuously contacted
with the resin. The resulting stream (composition 6), which does not contain

~ sodium salts, is contacted with-the titanium catalyst in reactor (F). The product
stream'complising ammonium methjoninate (composition 7) is treated to liberate”

ammonia and isolate the free methionine by stripping in an ammonium stripper
(G).  The liquid free methionine (composition 8) may be treated further to obtain
solid methionine. The recovery section is as detailed in cmbcdimcnt 1

- Embodiment (3) .- Synthesis of Methlomne Using a Resin’ After
Hydrolyszs The 2-hydroxy-4-methylthio butancmmle is reacted with ammonia in

reactor_ (A) to provide a mixture comprising 2-aminomethylthiobutyronotrile

- (composition 1). The unreacted ammonia is separated from the product stream in

Vessel (B) and passed to rccovcry section (C) The treated stream (composition 2)

is passed to reactor (D). Acetone, water and sodium hydroxide are fed into the

reactor (D). The resulting product stream comprising methionine amide

* (composition 3) is treated by withdrawing the unreacted acetone, ammonia and at

PCT/EPD1/02261

least part of the water in column (E). The stripped gases are partially condensed -

and sent to recovery section (C). Water is added to the resulting amide solutlon
(composmon 4) and the resulting stream (composition 5) is then contacted with
the titanium catalyst int reactor (F). The product stream comprising ammonium
methioninate and sodium methioninate (composition 6) is treated to lxbcraie

-ammonia and to obtain the. free methionine by stripping in an ammonium stripper
(G). The resulting stream (composition 7) is then continuously contacted with the
_ ‘tesin, The resulting strcam (composition 8) which does not contain sodium saits
'jmay be treated further to obtam sohd methionine. The rccovcry section- is as

detailed i in embodlment 1

x ¢cQ C-..Z3 4 August 2004 WO
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LINCJ .h -. Cca y' aCCz z xz z~ ~~~~~ z~= 4 August 2004 WO 01/60790 18
PCT/ EPO1/ 02261 Clainms 1. A process for the production of t hi ggécge whi ch
conptises: (a) hydrolysing the nethionine amide in the p

catal yst conprising titaniumto produce ammoni um nethioninate, said
catal yst having a porosity of from5 to 1000nm a total pore volune of

fromO0. 2 twobrecnB/ g and a surface area of from30 to 159&%{,@,0 p#g1d (b) a
second step of recuperating nethionine ifgromthe anmoni um nethi'oninate salt

by renoving ammonia. 2..A process as clainmed in claim1 in which the

catal yst. has a mcro-porous 10 distribution of from5 to 100 and from 20
to 1000 rim 3. A process as claimed in claiml1l or claim2:in which the
total pore vpldge is fromO0.25 to 0.45 cnBlg. 4. A process as clained in
any one of the preceding clains in which the surface area is from40 to
"120n2/g. 15 5. A process as claimed in any one of the preceding clains in

whi ch the di anet groceds fbh&leqﬁbcﬁicﬁsﬁ of mettiioning® which eordrikes:qa) AydibRsiAgS as
2 whi ch.t he cata yst corrprlses

clained in a of the edln

TiO2, Ti- {Pé%&ﬁlﬂmglaﬂw R%‘ce ?? yﬁ CORilanﬁg_tEfmnuﬂ C%it-V or
a m x15ur e t hanemtummmeﬁuarﬂuqie,cmet@tdﬁtdﬂamgwpomsmyl off fiorf 5 o Wmmin ahe ‘
catal yst co e Voldtne 8 £6mP02GG s A % 'sﬁrfgé&yar?:{]?f%fon%aq greceding

clainms -in whic he cat al yst pr esent an anmount o o 2g of
cat al yst per 13imyg.cndadh) c#esecqmd sﬁcme%@é%e@@ Aethionipe,framythe ammsminm e

pr ecedi ng clme@omt@@[gﬁykh@vﬂ@ﬁﬁnmﬁa present in an anount of from 0.01-
to 2 m)I/kg A progess., as .clained in,a one of the receding clains
chy e?‘?bag

i n which the ﬁyB&"S? s¥5sclpimed i glaimy 1ot W, Ysétllf'ﬁsé‘ CRPEIAYS0 to
150C1011. ' disprbotes sf fiemd tailf@dnd from30 ori®00hnt. he precedingclains in

1Tl e MOATnkas SRS o0 2 PARRLE ok ATt P
ammoni a is from0.25t0 0.45 cmg. A
| " 4. A process as claimed in any one of the precedmg claJ.ms in whlch the surface
. area is from 40 to 120m?g.
15 5A process as claimed in any one of the preccdmg clalms in which the diameter
' of the catalyst is from 0.05 to 2mm. ‘
6. -A process as claimed in any one of the precedmg claims in which the catalyst
comprises T102, Ti-W, TLMo TI-SI-W Ti-Nb-Mo, TI-ZI Ti-Al, Ti-Cr, Tx—Zn,
_ Tz-V or a mixture thereof. :
‘ 20 - 7. A process as claimed in claim 6 in which the catalyst comprises TiO,
' 8. A _process a claimed in any one of the preceding claims in which the catalyst is
. present in an amount of from 0.1 to 2g of catalyst per gram of amide.
9. A process a claimed in any orie of the preceding claims in which the amide is
. 'present in an amount of from 0.01 to 2 mol/kg A ' |
25 A 10. A process. as cla1mcd in-any one of the preceding clalms in which the
hydrolysm is carried out at a temperature of from 50 to 150°C. - |
1L A process as claimed in any one of the preceding clauns in WhICh the
) “hydrolysis i is carried out under a pressure of from 1 to 10 bar. _ '
. 12. A process as claimed in any one of the precedmg cialms n wmch ammonia is
30 'd ... removed by stripping. ' '
RS 13°A process for the productlon of metlnomne said prccess capable of industrial
-application, which comprises
(a) contacung 2-hydroxy-4-methylthio butanemtnle w1th ammonia or a
solution containing ammonia to produce a first product comprising 2-amino-4-
35-.  methylthio butanemtrﬁe



30 renoved by stripping. 13 A process for the production of nethionine,
sai d process capable of industrial application, which co r| s 2 &g)
‘cortacting 2-hydroxy-4-nethylthio butanenitrile with- a P

sol uti on containing ammonia to produce a first product corrprl si ng

2-amino-4- 35 nethylthio butanenitrile, 4 August 2004 WO 7
PCT/ EPOL/ W89 9 (b) reacting the 2-gam no-4-nethylthio 8’%2‘%&?(8%’?1 | e

with. a ketone and an alkali netal hydfoxide to produce a second prbduct
conpri sing nethionine anide, (c) renoving any unreacted ketone, anmmoni a and
ketone fromthe second product stream (d) hydrolysing the nethionine am de -

in the presence of a catal yst titaniy duce a third
product -stream cdpprergingthg %pmﬁéyﬁﬂ@n'?"fﬁ‘le@l nL"aWBﬁ)ég‘f dh%R/l ng a
_porosity of afil{aﬂirﬁl&althardﬂcﬁ@&tﬂ oduct akaionﬂ(pmiucvcrlmmismg‘méﬁim& anide, 0. 55.

(r:ren?g?oﬁingeaf ?g:nf 3@36%%’@?%%%?%?%}%&% %@nga a%gq(fgf)%g {Jf)df‘gg%gse as cl ai ned

in claim13 pmmceaatreauhe ‘et hi onone anmide is contacted wth an acidic resin

priorsto the hydig) yShiy sﬁa?ﬂf%&ﬁ§ﬁmésaﬂd@' {1 thd | BrékleTol S whEnain the

net hi oni ne obt ai ned I's contacted with an acjdic resj'n. 16 A
process’ as cqommglma@nga progpce: p fhisd preduch STeAmy FOMPNSINGANMARKE t ed 15

ang/o[1 recowmnalmvgmcath fen A8 pordsay dffr(ﬁﬁﬁttotl@OOm}Q@meil)poﬁeCtlon
and the i a ate r 2t one _a cess as -«
claimed i n c“i gng%ﬁaaﬂr?ﬁeﬁ?a EE‘P L‘Ibdt&’ultsloﬂ'k/A orption '
and distillation. (e)]]ﬂaeﬁaﬂngamﬁh:smfmkr&theedummmhamthﬁﬁlnate saltai m 17 wherein -
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separ at ed mfbmdmmmor@ élertéfésﬁﬂ}'?éﬁ to the ami noami de synthesis
reactor. 2515 A process as claimed in claim 13 wherein the methionine obtained in step (€)

is contacted with an acidic resin. :
.16 A process as claimed in any one of claims 13 to 15 wherein the unreacted

15 - ,'and/or recovered ammonia, ketone and water is sent to a recovery section and the
ammonia is separated from the ketone and water,
17. A process as claimed in ciaim 16 wherem the separatlon is carried out by
absorphon and distillation. '
18 A process as claimed in claim 16 or claim 17 wherem the separated ammonia
20 is recycled to the ammomtnle synthesis reactor:
19 A process as claimed in any one of claims 16 to 18 wherein the separated
ketone and water are recycled to the aminoamide synthesis reactor.

25



