Title: PROCESS FOR THE PRODUCTI ON OF METHI ONI NE Abstract: A process for

t he pr.oducti on of nethionine which conprises (a) hydroly[{ g the met hi oni ne
am dein the presence of a catalyst conprising titanium 6 44

anmoni um et hi oni nate, said catal yst having a porosity of from 51to 1000 _
nm a totaWopueeseol ume of fromO0.2 to 0.55 cnferr]/g and gcepkbpegear ea
of from30 to 150 nferr]/g, and (b) a setond step of recuperating

met hi onine  from the ammoni um net hi oni nate salt by renovi ng anmoni a. Al so
clainmed is an industrial process .for the production of nethionine ‘

i ncor porating the aforenentioned hydrol ysis. 4 August 2004 WO 01/ 60790
PCT/ EP01/ 02261 | PROCESS FOR THE PRODUCTI ON OF METHI ONI NE ' The present -

the hycrol ysi 5 of motiRGHENS rh gl HEN SR e it g " £ antum and
"to use of the process for the industrial production of methionine o
o undg ! O A Pl inBfHidT Yoo G3RSRss Y BR' B8 Hoor WeciBhibe
g ‘through the hydrolysxs of methionine amide using a catalyst comprising titanium-
and to use of the process for the industrial production of methionine compnsmg
low amounts of and in some cases, substantlally no salt by-products
The hydrolyms of the methionine amide to produce the methioniné€ is a
‘ known process. In particular, European Patent Application No228938 discloses a
10 process for the production of methibnine- by the hydrolysis of the methionine
amide using a strong base. A problem with this process is that the acxdxﬁcanon '
stcp uses a strong acid wluch results in the co—productlon of mmeral salts such as
carbonates, chiorides or sulphates. An additional punﬁcanon step is generally :
required to remove the salt. o -
A5 French Patent Application No. 9814000 attempts to ‘overcome the
g : aforementloned problem through the use of a titanium catalyst in the hydrolysns_ :
reaction. The use of a titanium based catalyst i is also disclosed in J apanese pa.tent"
applications 03093753, 03093754 03093755, 03093756.
' We have now found that methjomne can be produced in hlgh yxelds usmg
'.'_20 _ a specnﬁc titanium catalyst. Accordingly, the present invention provides a process
for the productmn of methionine which comprises. (a) hydrolysing methionine
amide in the presence of a catalyst comprising titanium to produce ammonijum -
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. B :

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



The hydrolysis of the nethionine amde to produce the nethionine is a
known process. In particular, European Patent Application No228938
di scloses a 10 process for the production of nethionine‘%ﬁ”@ﬁ%ZWWHrolysis
of the methionine amde using a strong base- A problemw th this process is
that the acidification step uses a strong acid which results in 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 - Kren . |.i cat | No,, 9814000 .at t ts ta.overcone
the af orement idéned(fl %ro]g%lgﬁl}eﬁg%ﬁl% ?ﬁgﬂﬁs]flemgfp“ge?cﬁogﬁicﬁtreahg%ta‘fogp{/‘%lf’gi n the
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03093756. 1{2@’ ‘%‘g\%ggﬁgﬁ?r?%ﬁﬁé ?%%@%ttﬁﬁ,g%?ﬁgg g%‘fr)na ‘“gg‘be’r% u‘%%&mu A tﬂ?é yi el ds
‘using .20& smgecific titaniumcatalyst. Accordingly, the present invention
provi des a proggss _f Qg” ke . | ony ich ¢ r.ises (a)
hydr ol ysi ng neg ionfﬁ§%“%%§%§f|n %ﬁg&%wgégﬁgéq%ﬁnggca awggfmﬁgﬁ%?éging
titani um sdt prreuadee ammend.um  net hi oni nate, said catal yst having a.
~porosity of fr . Vol f.. from0.2.,1t0,0.55
cnB/ g and a sur gg%tﬁégr%g&g? mfﬂgegﬂ%teg%ﬁ,mv?%{o‘?ﬁg&% %}T,Fm%ﬁﬁf 3 r?cbefs foéqg%cond
step of r ewdpeionof methivainkisaid presess capable hfindwstrizhanplivatiet,whichi compeses sal t by
renovi ng ammonig. 3 ' ) ein J [of = -ﬁﬂ‘&ﬂ rovid t he
advant age ove_r_l(a?he %‘?\ﬁﬂaﬁ%??‘gcgogﬁ Eﬂe@?’%@%ggg{é&@?% e pr g%uocrtai 58511%8?
met hi oni neortaining aamunpida ntet (riredvichea afiistl eprodust beompoisipg e eimno-tCwethytied t o
et hi oni ng,Mid.igit the need for additional treatnent. In an aspect of the
present invention, there is provided a process for the production of
met hi oni ne whi € commetingdbe 2-3Mine-4Ameththi® BBanehigril¢ sith ayidtonk ysd g atkile
met hi oni ng,.an dide : g : ﬁgf@i coprising titaniumto
produce anﬁog#ﬁﬁ?negﬁpgﬁ?%aﬁgﬁﬁggﬁgmﬁgt ys%ﬁﬁgggﬁgag&%brosity of from5 to
1000 nm a tot &) poremoypgany wiredied keng, awmonis Snd Ni@foge dian dhes secbate ar ea
of from 30 Rt e8m "™/ g, and (b) a second step of recuperating methionine
fromthe amoni um net hioninate salt by renoving amonia. |n another aspect
of the present (dnvehvdrepsing the meettiieningr awide gdthe pprserce of a featalysthremppsiagluct i on
of net hi OfiRgim 5 lddudl A6 ARk Qfnphidiih b ISl l€£h
conprises (a) cogt agt iang ‘gﬁfﬁ% oxy-éf— et hyT © hl% u?’gﬁ&e&r‘fﬁ%ei %@(@%Famni a
or a sol ub#viig 2 pasesityiohfrom S0 mn, tadotpl peek rcdure 6f fram 0. toBlGE tmtpaptd si ng
2-am no- 450kt S im ML 38R L Ly e, - (b) reacting the
2-anino-4§nethyltﬂ}qnbu;anenﬁt%fke with a ketone and an alkali nmetal
hydr oxi de t o pkedduc bibesating msihdpninedpocthe arompurigimethioninakkiselti ne ani de, (c)
renoving any uffegoted KehoRGect MM By of e nd,. product
stream (d) hydrolag%ng tﬁe ne?ﬁ?%nine&%nﬁg%$?%8§ﬁgh%§g%%%céﬁggg%qgataIyst
conpri si namide maynbepicset pr anlgausoes sdkitiog ipravdaredunt of &am ¢Ohpr Rselfzammoni um
nethioninﬁkgmmﬁghgngghgiX@pm%having a porosity of from5 to 1000 nm a

I .

total pore volunme of fromO to 0.55 cnB/g and a
The process may be a catalysed process using a titanium-containing catalyst. The

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



surface area of from30 to 150 nR/g, and (e) |iberating nethionine fromthe
anmoni um et hi oni nate salt. The process nay be directed to the hydrolysis
of methionine amide. Suitably, the amnide may be present 4AugystgdBebous
solution in an amunt of fromO0.01 to 2 nol/kg, preferably fromO0.5 to |
mol / kg. The process may be a catal ysed process using a titani umcontaining

catal yst. Woaiseahal yst may have a porosity of from5 to. 1 ugust
2004 WO 01/ 60790 PCT/ EEO1/ 02261 2 For he’ pur poses of theg‘g}&@g},{,ﬁ‘;ﬁ

i nvention, porosity is defined as the distribution of the pores.within the
crystal I'ites whi ch constitute the aggl onerates- Preferably, the catalyst
has a nmacroporous distribution of from5 to 100 run and from 20 to 1000

Dot e vol un. Ser Gt B iior R el Bl Botodiel | RRka ol BBty . 2° |

pore vol une
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surface ar eaca@gstdfk ﬁrrﬁﬁci’@ﬂi!yr@é &n@af’m_lon Sifroth BQH‘I%@ xﬁt?ﬁrkﬁ & er eéﬂper ably

from40 to 120nk/g. The ¢ yst ma any used int orm or
in the form Bf tl%l’ffg?rt‘?%qh F‘lsﬁlhé'ﬁﬁll‘b%b%"dﬁlhe like. Where the catalyst is
used i5n the proceThe i:dtaitlktehasfacﬁdif& QélugfeaasLdeﬁeinﬁkiedﬂ@rmbﬁJuﬁ,sp@BMn&&&tofb' e '

rablots: ve- MUTEIa45s omis WRere R ORI $R T8 foct Pve when used in
the form of extrutbe eatalystvinnst alsvebpeera senfdcararsd) s aletedrmaict Her B. 2Tt fofee | eaf
or a four Ieggmcjg}gqggl?esgeﬁr@%}%l frrgﬁq%a(éqwﬁtlgpartlcl es have a dianeter of -

15 from0.05 to mm_ The catal yst may
conpri se titani untas catalysisway beeany) ussd indhe dowdeied dosneor igrthadem addi t i onal

met aljg. Wer ﬁarhtl&s’;lﬂi gmqmas bhfheQiMey Whérelthe E::i‘tﬁlyfrtai‘é aisy@in {8 Yrét@ss inl thani um
oxi de (Ti Q2) e the catal ﬁt conprj ddi tion rretals swtable
catal ysts i n@'ﬁ‘d%{ S L. Wﬁx‘”ﬁ 29y spyta SV pad 215 Tiforaexample o
;l_l -Zn 20I anektiidates, sﬁhmdahpahylst and yablps. p%ﬂﬂalvedlsb)fommhauhé adthig st hod
or exanpl e r.y 4.n ita
o SESPEwtba el d RS eRlianEYabld) (8 pRc RSO S Bither 1 i ng

t enperature an |
and/ or cal ci athieg lwfe)r@rfplmlngﬁ'cé%feénﬁsltabhaﬁhﬁcatdmi/p@mcim havg cldxm;eten@fadded to

t he tjist ani UNF BT toldinh rggegabgaﬁ,gﬁoﬁotfﬁlm% kneadi ng, the paste may be
extruded and the resulting uct cal cined. The amount of catal yst used in

the process will- %Y%MY@%%P@H&@ phie splegretalordpay comRIiFe oBRysi cal
nature of t her medealdditionaMbenk. tWBeré&'&aaim&ﬁtls ti diﬁﬁﬂleteﬂl, tht bgtalyeieiey ®d form a

suitabl e a na 0 ns_of. ca st r of am de,
et orabl y 1 HARPEr SaE (TiLE ™ Whels IR, el st il Petats, i

particul at e eatalgstaindiade TieWinTadMdo,ohi-3i-Bo lithierdis Taki Ji-AlhEi-ConThZh tine
may bg fro - f-¥o 60 mnutes, preferably from5 to 30 mnutes. The

catal yst may deactjvate after -a |long period of use in the process. Re-
generation may belkesatales mayt cume@ﬁr%da Yoanesuitgble methpd fer exgmplenériagation is

carri ed outth'ernrﬁ' editlts, GaRlinthy St a'Hiable t@xﬁpéxaﬁﬁ@dndwf&rmﬂ@nﬁr d&@iredci di fi ed
water i.e alnln 2% neal acld, at a
t errper ature 8 rpatvel yeﬁgt@ g z?"(g? %E‘d’?]‘é’ 1ngre lents water
- and/or an acid may be added to the titanium powder to form a paste. After
25 kneading, the paste 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



WO 01/ 60790 PCT/ EPO1/ 02261 the operating tenperature of the process, for
exanpl e fromanbient tenperature up to 130C. Wiere the r Renergéé on is
carried out ex-situ, this regeneration may be carried out Ws ‘ﬁng in an
oxygen-cont ai ni ng gas such as air or pure oxygen at a tenperature of from

200 to 50 erably from 300 to 400C. 5 The process, of nt
I nvention ﬁrﬁ’%ﬁpt ably be carried out %t a tenperature offt %r’?a%%%g
150C, preferably - from80 to 130C and“under a pressure of from1l to 10
bar, preferably froml to 5 bar. In the second step of - the reaction,

met hi oni ne is liberated fromthe ammoni um nmethioninate salt by r enovi ng

ammoni a. This may be acconplished 10 by_an t thod, for exanple . -
stripping. theo g Eg}erpr@aesgufor§ ?‘HE’F‘%%‘" FUHCHPIRRES . or as -

‘, aI conH nNuoUSIp t@rigeﬁssmfﬁmerr@g&hmnbmﬁ qahmbaaemlmmhts méerwﬁtxoasn?ﬂnti nuous
plug flow process .an one ar ctor.s connected in
series. Thi &° é:é‘ﬂ'feldgfﬂggylﬁﬁpn%@ anoéﬁygf%u?ré g%agfsgéfés PhEEC ¥YESR equi res
| ess cat al yﬁat@mmﬂmwfﬁgmmwrﬁoD&,wﬁpmﬁM Oﬁlrleiil()Dyo ﬂ&@f(ﬁhrabl e in an
indusirial proce n I _
reactor for exasrrlgﬁ eﬁja&fsvxegﬁéﬁag g@sed l-{)lnﬁsir eact be% eeglrjglgla%;,gt he
process is deippsragiroaf “Fom 20 tox 30° Semf@ala%’r‘romrﬁ% tﬁnﬁ@e Badesit ai ned
fromthe kn%t@@oq;éma“topym %}Eyl t%«bmqgtotSMret [ sI a fi rs;r%?sH'ltv%iEI\DV\hl C[]h
conpri ses re_aC|ﬁ_8m u%?%‘gﬁ(\é'f’ ?r}e .. 0- but aneni tri Wi
-amoni.a or an a F Po B‘iﬂfbemﬁ o 15 1
but anenitri IamrﬁdkhﬂithethiBhQaﬁ:-mlnbycremonmgrayﬂmMm thisamambe med¢omplishediuct may
t hen,be rea nce of an al kali metal hydroxide

auce: ha Shibie mSEhE 6r pRaldie sBp6ing

to produce e am f the present invention nmay be
i ncor por at ed i nt dhetpeodessomay be earsd eut aiheprsovbaieh proprsyer 25 agerinups 25

process. for grh@sDr BEREHIR hdhrobRs N @Ridout as I&Hﬁmo&clﬂﬁé ﬂbﬂ&brb&sé h!ﬁc%] her

aspect of the_ present |nvent|on there is - rocess

product i on G¥igePHs BhHitHe OrJBPE KALES Oy 5 I‘B SGFesf 1P g"fa%?}bﬂfr cati on,
whl ch conprpagiulaly) prféttedC binog 1fzfa¥ﬂ;rc@>d¢ss4cmyisyl :irhladvdnﬁ@nwhx&lf ige with

a or a__30 Iut| n cont |n| Q e a f| roduct
st re conprpagtf Hbaﬂf 4mr’?é’tlﬁ ﬂ%“%@%ﬁ@%’% ﬁ% m%?%)e grrhet fﬂr[l)g t he
said first pnmduxtablstaaetamfw c:tana)l«etfméoaﬂdld@attdéiedatactorrrd’traiferawm| de to

produce a rEEBIHRAREdcRiyNY Met hi oni ne  ami de, unreacted
ket one, nnﬁ?%gsaﬁgg‘q}é%“% 4 August. 3004 WD 01/ 60790 PCT/ EPQI/ 02261 (c)

renovi ng the unr detasidg gy he o fram the KRAWE PrioF arhAreesssss db fuchr oduct
stream (d)  hiete ™ ¥ fitsbgep Q&cﬁ%bﬁipﬂﬁésﬁ@mﬁﬁk@%?dﬂoﬁy@nﬁl@&mwexﬁuﬂ@t al yst

corrp sing produce athird oduc str sing ammoni um
5 | oni nmgml”@h a a4 G ‘t"Bsf’(f ?ﬁ‘g‘ % nm a

t ot aI pore md:thy&ﬂnofbﬁtmmh@leZ(AM’RB% cne/ g- mdo-d—methmhle butegenatkild r om 30
to 150nelg, J h r ldﬁ%aﬂ‘eﬁj ni nat e
salt. This ﬁgcesﬁapag%e%#&%e% %%girogfge'% tgér?pgér%grlmﬁgms)t ria scgﬂﬁp

i nvol ves t hdwdeaxideetosproducst methippipeosmude. nEhe pracpssoofpile amesent inveationrh; s
starting mat,ﬁ;{)] dk - inB&tporated into the known processes to provide a novel industrial

25 . process for the production of methionine.

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.



10 be .obtained by. any suitable nethod, for exanple by the reaction

bet ween hydrocyani de (HCN) and net hyl 4-nethylthio-propanal al dehyde as

di scl:osed in European Patent Application No. 739870, her‘g‘f\HgLi'%g ‘borat ed
by reference. In the first step of this industrial process of the present

i nvention, the 2- hydroxy-4-nmethylthie butanenitrile is contacted with
amonia or a solution of 15 amonium and water, to produce a m xture

cont ai ni ngWRLH6PT98- 4- nethylthio butanenitrile. The nol ar acTErirEizéaMONI a
relative. to 2-hydroxy-4-nethylthio butdnenitrile is suitably from3 to
10, preferably from4 to 7. Were it is desired to use an aqueous sol ution
of ammoni-a, the solution is suitably at a concentration greater that 25%
by weight, preferably greater than 60% by weight. Preferably, 20 the

2- hydr oxy- 4- net hyl(thiemobitigathe ninkeacted Kesorepamamnidand whtep fifosn @ ®ebad  Thi s
first step of écMc?« y.ocess is suitably carried out at a tenperature of
from40 to 8(5’, preferably from70 to 75C and under a pressure of from 10
to 30 bar, prefeddbhydblysingl the metisioniae . amfide ine dut iprasemmwy oba catbyised out
in a stirred : C ] . i r i St on- fl ow
wth cal ori@?E”Eﬁlghﬂé%?e‘g’sﬁ @gﬁe?nnglrﬂﬁg%& gﬁ (&:Hol%oggﬂg 0 %ﬂmb e two

react ot s. . Armgthienisalg, srd epfalysichbainga pevosity ©f fiom § 1811080 inm,jastotaliness y t hat

there exists veke@sef frobi 02a6 035 aiffPiida suffite bidh 68ELABABNGEONY g sdr ef erably
.renoved fromthe ngacLor . hi s. may b&'ﬁi npl ement eeglngiggl agﬁ T :
depressurisation &P ng RE MEMREAE MO 1 AP OHUP (YHONILEeRa%s nitrogen. The
tenper ature. duri Adis prosess egmablt oftheing eperated 30 an indishiay skadé dwobRE the

preferably belLnaen 5 A Yo DGy - ' sure or
sub at nos phe(rélbc pr %%sgﬁr%g{} gf&gﬁ Eﬁﬁyﬁgﬁ%ﬁ% pgg}sla%ﬁggre?@%ﬁ%%

Pref el®ibl y a bgreigined byr amy csmt@ﬁi mgthod 5 for1 gxpapple i by wheedeactinn betwest a
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recovered fr ;?ﬂ:‘f?ﬁrﬁd%aﬁim@ﬁaﬂ@mefﬂ%ﬂ rﬁ&hﬁggg?%ﬂaloﬂd&?% a QisRiosELRY EF Y

section for er, treatnent. 01160790 PCT/ EPO1/ 02261 5
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Ergces_sa i's then fhydreafiststep ofhlﬁsﬁun@s&fmtgr&bssaoﬁﬁéqqmeﬂm_ﬁwa%tli@ilﬂﬁJ'Z- metal
ydroxi de tgq ne i s suita resegnt in a
concentrati oﬁy@[;ogg%(r:rg% @b%%%‘ﬁm&ggfgg%‘eg%ﬂ% gn:ﬁr_xqgnaeaﬁ Iav%ﬁflgﬂo(u %’f '

ket ork® The ammgmiumend|waer jolpsadute a miixtures continiagl 3-apiresénmethylthio
concent  at | OByherA 9105 o B SE8GAN Mt Ayl Loy val en

of alkali netal -hydroxide.- Preferably the ketone is one. 3uitably the
al kal i et al HpBrHEles suablydrom bt Ay pretsrtit fiom 4 &7 urlhorg dt is desieed
especi al 'y suﬂuwmf _m:;démslsdmﬁomg ahl}ﬁﬁb"4 xﬁé,ﬁhktﬂsc?lﬁtﬁihbils%uﬁwf Iy a&ia Eoﬁ&ﬁ%ﬁtﬁﬂiso!ﬂ glt |
a tenperatur r to .. : r ra rom.5 t .. Sui tably
the reacti on%fgsteéélﬁ? Eé%‘p f”efﬁ"cjg’e?refeé%ﬁéggeﬁgef ﬁ@ﬂp@é/’/g by et e&eg%\?%ly’on may
be c&ied othe 2-hydraxwdimeatipdthie bitanaenitrilisicantacted adthquroaminoniz. col uim packed
wi th suitabl e packyaogpLes iodlme b Garp !ﬂ?a EEF}
By- products to this grt‘l&c Ioar \rélI acte?Sog@ilﬁ{ngd%I?ﬁdéga gﬁ&gn%t a -cs%ﬁ t of
15 fret hi oni n&ont Hitodf¥eCopraterahly Fometthip 157 onp updararmressitesof framifbtedidi di none
(2,2"- dinmet by, phferblpont 15 @ 25 b}t ) THe teatiitazinby B BARGY ouVBl £t 3PN 2, .
unr eact ed’ kﬁbgpe and the al kal J. t al .Ql%dr oxi de. The unreacted ketone,
amoni a and N JERFOT IR 1 PATHA i A NSRRI dﬁ'gbf‘ ‘?W&B’n?’%flhé“&ehen
separit ed f r eystérher odifiea 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 depressurisation or by' entrainment
. with an inert gas such as nitrogen. The temperature during this separation step is
30 * suitably below 60°C, preferably between 10 and 40°C. -'I'he pressure may be
oo - atmospheric pressure or sub atmpspheric pressure or slightly above atmospheric
pressure. Preferably a pmme of from 0.1 to 0.5 x10°Pa is used. The ammonia

recovered from the reaction may then be condensed or sent to a fecévery section
for further treatment. | | |



conponents. To facilitate this separation step, the product stream nmay be
distilled 20 or stripped or by any other suitable separaH{Rn tgé&@gque.
Wher e t he product - streamis distilled or stripped, the ¥ npri sing

t he separated ketone, water and anmonia stream may be partlally condensed
and the .cqpdgileRsy Phase returned to the an1noan1de_$ynthe F%mﬁﬁﬁ@ﬁar Thi s
separation step nay be carried out undfr at nospheric_or. eva

pressure. The renaining uncondensed portion, 25 also conprising unreacted
ket one, water and ammonia nay be sent to a recovery section for further
treatnment. The nethi onine am de devoid of ketone, and annnnia I's then
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e recycle mno niAgsis reactor whilst the ketone an
wat er may be re‘%:’?/%g %&1 %ﬁcﬁé synthesis reactor As

i ndi cat ed, above, Ihmhm:mmm:srwnbbmamde@nfammmpgamoﬁdmm dptof 5 the
af or ggent i onﬁfdcngkb%aamgeﬁa aPP'td @a&tb e ﬁlﬁsﬁs&emﬁqa Aidd BGder

including . the a ta met hi oni pe cfr oducts may be -

renoved fr orAHAEP eaﬁmréswoa'befeaﬁ%ww CRAIGY6 hi Siged AE B 2 RbWBF ocess, a
further treaksRat of e R coliih GacksdNPith SsRtalile rYadkibg NBatkd withe&RGAGARPT | i ng
such salts with a resin to aci.litate an exchange process of the alkali -
metal ion witHFIRESYEE . I1n a preferred 10 enbodi nent of the present

i ndustrially applBepivdectsrtocthiss partitias exotioh prajutlecthe alkakk anetaksalt of whi ch i's

d f kep, h y aft
devond of KhafnidRRANE Mibind SEARAED Wbl Sl B impRATEY AT Ler
be pl-aced at lmn@ylsﬁan@lnylt omﬁbyiérﬂfqug@h@gon@umtqrhmww upregetedt stream

conpri si ng rl&idﬂe%ﬂdntﬁe\&ﬂtaﬁhmhﬁi hy@exit. armoRirdactddSketdse, %ﬂﬁ&ﬁ&@ﬂ?\kutlth thte |
al.kall neta

resin. Wer he duct streamis contacted with a resi

CE o e o kst pall it THE T B A0k Grediet SR ST fHen SRR drom Jhe iR ange
resin, ther eiomponmtmv"rdfawnateshnbLqépmmctdpathalpnqdmmamgbeﬁ[saﬁecbf al kal i’
met aknsi ONS e s].ns | [ rl ni c

resi %g Com"PSr Cl @%d or Eg 4“& ?tﬁ&g&a&rbfegsge Sa&?gﬁé{ealﬂ%é %& % !r)f&a{%gs Rohm &
Haas | MAC" Clmwdﬁtlmomquk the strimpedwomptising die semtﬁdskntqmbwgter ar e

car boxyl i ¢ amitdahfihids st Ghdy thRe mfau}pfcoﬁmse@%&i the éo%aéxééeh
Suitable resins are resins such a those SO under_ the tra na FI uka

Duol i t e CAG4ACHERJA thesamingamy hegis reRgiopy F'FR?H‘“PB strpamay be saTHEXy | i C
acid resin. cﬁ:’ﬁuﬁd&rtaﬁhbspheﬁbﬁr Sl'b{rzﬁ@d’fpﬁﬂﬂiﬁé | The'@niahifing bii@ndenget Portcd, t i S
' pas gd COﬂaﬁl nuous,mYn overactteraek When t he Lesing.s saturated with-the
al k a? net al ctone Water '4d amnvoni may besent to a recovery
sectxon for further treatment.

The methionine amide devoid of ketone, and ammonia, is then hydrolysed
in the presence of the titanium-containing catalyst as hereinbefore described to
produce the ammonium methioninate sali. 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 capable of receiving the unreacted and/cr 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 absorption step may be

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



the resin is suitably regenerated by displacing the netal ions. The netal
lons may be displaced by treatnent in acidic mediumfor exanpl 1th a
strong inorganic acid, such as sul phuric acid or hydrocﬁf6V$ tgg Mol ar
amounts of inorganic 30 acid corresponding to 2 to 14 nol, preferably 3 to -
6 mol of acid per kg of resin may be-used. The. carboxylic acid resin may
alternatiw%hé be regenerated by treating the resin with carbon dioxide in
an aqgueous Y under pressure of typically 10 to 25 ba®PCTmER81/02261
regeneration is suitably carried out with a nolar anount of acid
corresponding to 2 to 14, preferably from3 to 6 nol aci.d per kg of 35 .
resin. 4 August 2004 WO 01/60790 PCT/ EP01/02261 7 The final resulting
product stream conprising free nethionine in the liquid formnmay be used
‘as is or optPeaimed pfter swgwea@u%maﬁetheq be sgayaled go rthe eménonitsitd yhthesishi oni ne.
This may be aabifvadsiite kaBAS Ald Wiket Ry PRIrBEREING HE WidthcANde ;&ﬁgﬁ@g' e
separation nethod, for exanple by S|npre crystallisation afte
concentrati off8P by atomi sation after, partial concentration,

crystal li sation aAd indjedtertabuye, the ppydugt sinesandbbainedf fran thoraond s&pigi. The

resert invegti Lt =ngy Akl ustr ith t ref erence .t he
1I‘O ol | O\IIB\A' nlg \éxgl%;oa?%gﬁ% t&n%%&éﬂa#}{ y‘iprhg?)éalfggf(}@g%]s B H‘%ets § Tpﬂ?#'ﬁgstlﬁayé'ﬂ’gTen
titani um conthgialkatignetat salyeftmethisninor diueh byeprofectp mayditreimoved fioontheand  t wo
catal ysts no&n%g;%mg?gu%aﬁ’n bl ity Ry B frleoCk fulicPRhibnRSichO! | OS:

(1) Catal ystw#e 5¢g powder ed t titani umoxide was placed 1n a

Br abender TM Vg8, COMPrisgs Gontagiings the; repm sRIMPFIYIRE S8eh saléF wather Te$iT 189g) was
15 sl oWy adfieflitdtoat bechanyuifbosas of thb Qikafishéihl i06 withdht k& tin'd sdfdhen 30

m nut@s at a sge d ofﬁft‘sglturnstﬁ?ef{ m nut e. Ttiji past e s then - extruded at a. -
speed of 4cnTPEr ARk B RIeseg “ﬁtf"é‘nﬁaax??“‘da. ¢ HTHTES ¢ SPeop %S provide
a extrudat e $ireainmgsia, which issdeypidodf ketoiepamimbaiaraad istcomgcted twithcthe eeswps pl aced
in an oven ahg, eﬂ,g_?%lis@étmge ﬁ}ttﬁ%ﬁre*stéé@gr@m&%ﬁ%g&sg_r-om 120C to 480C at a rate

of 3C. per mnute: e erature arned at this level for four.

hours bef or e r eduditergativedy, tthevirsimmagy det placadotiethe andryfethatayerallaprogessat e - of

5C per’ mi nutsuch tiR Gn¥iredct SRSHm &m gl%éﬂxﬂamwﬁi%h%‘yﬁeé@mgﬂ&@&%t 2:
59. 2q of povvder%g, wert %{et ani um oxi de was placed in a 25 Brabender TM mi xer.
A solfOtion ofoAsd " EILedsS s 654) and water (15.16g) was sl owl y added to

the powder and t heWhemith¢ produatisteéant & cohiarted dvittoa re3fh, tenlkt-2bmatil 6f thepeed of
50 turns per_jq . Dast e X ed a speed. of . 4cm per
o0 i, FORRABSAE 3y LORACH L Y s P e

m nute using an die havin anet e te

having a diRRdig diolutierwentgpinphacthéanine, ifrrg efalkalilmetalviess. pSaitalei n an
oven and t hereligiRs abidiceresind CpRAGRA Eaﬁh&:x%@@esti&.“%%:@g r@lgﬁér\sﬂ%;e 3C per

bei P bei ngeRBRmIG SBUTl Tisirames Robme FaetivAG CLOR ancFigks Besbeaist m nut e
The wei ght | Ismapbe tisal. pABD Suitdide, 400carbo:Alig usld RER¢ 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

_ 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. ' ‘




WO 01/60790 PCT/ EPO1/02261 8 (3) Catalyst 3: This catalyst is a
commercially avail able catal yst, obtained from Procataly identified as
CRS3 . (4) Catalyst 4: This catalyst is a commercially a%éi’ﬁ’%?%o‘bat al yst ,.
obtai ned. from Degussa, identified as 7708. 5. (5) Catalyst 5: 228g of
powdered wet titanium oxide, 9.12g of -nethyl cellulose and 4.56g of

pol ysacchd¥PA¥65%8% e ni xed in a Brabender TM i xer for 30 nPEUEERS22619 39g .
of water was then added to forma paste7 The paste was kneaded for 120

m nutes and then left for 1 hour. The paste was then extruded at a speed
of 4cmper mnute to provide a extrudate having a dianeter of 1. 00nm 10
The resulting extrudates were then placed in an oven -and the tenpérature

i ncreased from 20Cheofindio@sulting: predust sfream Copaprisitignfree metidoniaet mothhour s
period. The O@tﬁé per
‘minute over h&nﬁ%rgﬁhgh{é&%evﬁédhggﬁof o?;%ﬁ i fl:1(aoss r@eacc%stt%el%\ff:va%?%% and
the percent aij’e‘ drethioning) Btﬁm@mg@claﬁaed tnsswr%ﬂg meﬂuemnﬁu@lng ap¥st e was

2%||n eacg Cﬁﬁ@ble(@}paﬁ?aioal Wiéthéd, ;F&e eﬁk[] UBye bﬁﬁﬁﬁlelét?rﬁtbﬂxs&t&paﬁaﬁl 0n4gfy
cat al yst was re eate except that. the t aste s 45%
and tRe di anBYE™ O?H’é ﬁt"t‘ﬁﬁ%{"& qfisL. Wt\é‘?ﬁn‘?o a&f"af’ §ttaﬁ‘fg rocedur e
used in the gz, at‘bpgrauﬁlatatﬁtqrsbm&ntmﬁon 20 repeat ed except that t he

wei ght loss of th , q§n I se was
4% and t he di anetglt t e ex ?ﬁé’{‘@%ﬁgggﬁﬁ@kﬁg&? ﬂ-tg?a\tyérf&g #}e

pr ocedur e cafolpwgcﬂaﬁtlmplfﬁ Catal yst 1 was repeated except that the weight

| oss of the paste was 40% Conparative Catalysts 1, not according to the
presigt invention, - aval | abl e catal yst obtained from-

Degu i dexample l: Breparstion of Titany =88t Cat al ysts 2, not according to the
present inventi ortren ﬁtammmmglohmlysaymdo&hhg t@&teqiryseht piveatiigiednd r om

Engel hard, i g:élaﬁ%s%dnoq%c 19%@0 ﬁ/&]ge)ser%‘%‘aé %tl“% gepg?gf?ﬁ vvdered ‘titani um

oxi de was pl ac m Xer qu c “aci d
(concentrated at @b%atgigstob e aﬁd:owdwdmetemmfﬂm@) waasplacetdoi § added

to the pom%mﬁé}ﬂie}mmi)&?mﬁ IsOtibR F ‘ﬂ'itﬁc Seid f@%é ?%n@%a'@r%b%@gﬁ%ﬂ? speed

of 58 turns rﬂdgéé past e .was en extru 4cm per
m nute usi ng’R Wy F‘eQ’F F@W@?“‘tﬂhé respAténgr UL ﬂﬁ“’é)@?ﬁf é@lﬂ%“%? ®l aced in
an oven and i%:ﬁaibiesmemﬁpﬁmmecmaWeWa@Wh&Qa@uH@déﬁ@ e%ﬂoiﬂ%lﬁ]'g 0; 3C

per minute. e tenperature was L at . thi or four
hours bef or 2FPEFIEHRM Hig b[a&%ear%tt"af"éfggﬂ"' 3%?"%“}&@6’5?“‘%&3{2?% ®1/ 60790

9 PCT/ EPO1/ Gﬁaﬁi’tetﬁm&nature at a rate of 5C per minute. The cal ci nated - _
extrudat es had a ﬁ}ﬂ}'ﬂ 8 T i he paste

ig% (10) Cata r%;t 1%%% g?ocedﬁ%%&gamagdggeu%@%gg&?yspu
repe exiBerpased ﬂwcetﬂt‘igprﬁﬁt grasmet 27C per mﬁ@t%%tﬁmpeaﬁmmdate was

1.6mm 5 Conp@f@ideden tHidleab®t foul hoR@ibefst6 PEdiichy the telpRraiRS6 Ahbiday ent i on,
is a

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%.



comercially available catalyst obtained from Degussa, identified as 7709.
Conparative Catal ysts 2, not according to the present invention

conmerci al Ly availabl e catal yst obtai ned from Engel hard, 4QegHst ?P% as
Ti-0720. 10 A summary of the properties of the catalysts prepared as
descri bed above is. given .in Table 1-Table 1: CHARACTERI STICS OF THE
CATALYST ' CATALYSTSHAPEEXTERNAL SURFACEPOREMESOPOREMACROPORE

DI AVETERAREAVBSUFIPOROS! TYPOROSI TY (nm) (02l g) E . (am) (nn) ( cBTEgpo1/62261

lext rudat el. 6630. 3817200 2ext rudat el. 4780. 3012100 3ext r udat e4 01150. 2910100
4ext rudat e3. 2450. 3930 5extrudat 0. 8-0. 449 ' 150- 160

6ext rudat el. 40. 438150- 160 7extrudat el. 3-0. 449150- 160

8extrudat el. 5630. 4517200 9t hree | eaf 0.8 .1000. 361450 cl over 10 .three

| eaf 1. 61000. 34. 14 (HCathlyster ThiSoempaly sttis aeemmendallbeavﬁlablb&aﬁﬂym,t(ﬂhaiﬁéd . .
Conpar ati vet alyst 2 15 4 August 2004 WO 01/60790
10 PCT/ EPOllE)ﬂZaggPl%(ﬁ&%p{) &gﬁﬁ%@?f@}igglis of Met hi oni ne Am de Usi ng Powdered
Cat al yst Cat al yst §)iCatalystd: m@%%]ﬁ-ﬁd? a gopuneacially availablspatalyshcpbeangshr at i ve

Cat ﬁl ysts 1ﬁ®g:dD8g|W (iﬁeﬂf;ﬁbwﬁk‘lmgfl povmlferteﬂ fortmhand used to hydrol ?/se ;
net hi-qgni ne am de ue ion o e.net hi oni.ne ace
in a gt_ch reactoﬁs)\ﬁﬁ?'ﬁﬂgg %i Pt PRY ffSM‘?tetﬂfamgﬁ‘c gxides gjén%p?grﬂi%‘gy n wat er
to give an i ni:liu'leﬂe andtdi. iﬁgcﬂf_ mobgsatohatide wereamixbd infa Bigbafderm mixes for(B gram
of nethionin §ie 11 Oti}l‘;,étgll wagqg&e &e%t {0 ﬁ{r&f ﬁ%@urzﬂ%fﬁggr‘&%ﬂ‘or was

0.5 nol e/ kg reac was carried out at a tween 95

and 100C - an&n%ﬁa@foralﬁﬂmwgs and Hreadefi fas 1 llcerH&ewﬂs;qwcas thyn extmded afas
anal ysed usi ;%péda@eﬁd rhﬁnwkeed rB0ide a%ﬁ'l%&n%%ﬁ%ﬂeﬁ?% é%ﬁ‘nﬂﬁesults

=

are ven in gtfgﬁ n@ ngrm of I oni he Am de Usi ng
Cat aI i n A0 IR FXTY t??eé{‘@f% Bl iir &IQHER oA the temperafure
mcreased from 20°C 10 140°C at a rate of 1°C per minute over a two hours period.

The temperature was then increased to 430°C ata 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 cellniose and
15 polysaccharide in the paste was 2% in each case,
~ (6) Catalyst 6: The procedure used in the preparatlon of catalyst 5 was
repeated except that the weight loss of the paste was 45% and the d.(ameter of the
extrudate was 1.6mm. '
_ (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 repeated
except that the weight loss of the paste was 40%.
Comparatlve Catalysts 1, not according to the present mventlon, isa commercwlly :
25 available catalyst obtained from Degussa, identified as 7709.
) Comparative Catalysts 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 titanjum oxide was placed ina
. Brabender™ mixer. A solution of nitric acid (concentrated 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 Speed 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



Catalysts 3, 5, 6 and 7 were used - in the .extrudate formto hydrolyse
nmet hi onine am de in the anpbunts as given in Table.2. The catal ){st was
placed in a fixed bed reactor. 216g of water was added tH YIS 2Rt or . The
tenperature was increased to 95C. 122.9g (21. 7%0/ p) of nethionine am de

was then 20 provide an initial concentration of ﬁ:t:g
0. 5rm|/kga7$g°§ggi9§duct obt ai ned was analgysed usi ng HPLC an ﬁﬂﬁ’y 561 and
conversion determ ned. The results are given in Figure 2 25 Table 2 V\EI GHT

OF FEED FLOW DI AVETER CALCl NATI ON CATALYSTCATALYST RATE ( nm) TEMPERATURE
(g) (kg/ hour) (C) 34010- 154480 52050. 8480 62010- 15. 1. 4 . 400 72210- 151 3480 4

A t 2004 WO 01/60790 11 .P /EPOll d ‘
I\/ll;\tg'.J E;SOI’]I ne MMRATSNYS; 3 3 Tets of by PeF punpy T’—'Z@gd:% wedﬁé%ﬂ%wgs {W{%ﬂsl | ow
_(a)un(cjier a]E ﬁt&ﬁ;ﬂtm*df@mmsﬁhes\rei‘gm&dsysfﬁ:e@astév‘aHGS% were used in the
extrudate form ﬁg}y(?z{r%ﬁw t510: 'ri]?é RbiE Oc?ﬁk:qeout'%ﬁlsgh%f;}spg Wis fszgéalié@n' ne -

am de havi ng an conce |on kg was
placed in t kacaptthet the extemal disanataof thesalsén Qﬁ‘m%c A wei ght of

cat al st/sg az gi ;/Ej& E%E',@ata ystdas ﬁﬂta&;@drglm Ntd hﬁbﬁ'p_;ﬁ%éﬁtoﬁw%ﬁlﬁbﬂgﬁ Pr ocess

oper at ed under "the conditions given .n, Ta :

OF. FEED FLEpmeRfal @MEWP?S@F?{E é‘”ﬂrﬁ?ﬁ@sm nggede%

(9) (ol es) (gl houQogipatitive SCatdl3eN . B 7ddd SadBordiiy3 18 4h8 présed #BOAIGIL 280 83. 8
commerciaily available cata]yst obtained from Engelhard, identified as Ti-0720.

10 A summary of the propemes of the catalysts prepared 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



650. 372230. 6 650.371620. 8 6300. 37145, 188.9, . 5.5, 4.2, 3.7 . 212 8 630
.0.83178, 218, 2503.2,3.7,4.5 8400.84120, 160, 2204.8, 6. 7 8.9 * Time on
stream(ts) is calculated as fol | ows: ts= (60xXEm x Wt of é‘é@'@l‘?qu(g)) /-
flowrate (g/h) where 15 Em = (weight of |iquid)/weight of dry catalyst
+wei ght of liquid) Em= 0.45 for the catalysts of the present, invention
The resul ven in Figure 3 (b) under el evated pres

The- above--proce%iure-vvas-repeat ed tn a {4 xed bed usi ng, ?g‘?@ﬁ@nﬁ?l

di fferent- di aneter- and anobunts. The conversion of .am de‘ls reported in -
Tabl e 4 bel ow. 4 August 2004 WD 01/60790..12 PCTI EP-01/ 02261 Table 4 TEMP.
WEI GHT OF FEED FLOW CONVERSI ON CATALYST( C)I . CATALYST RATE (% 0) -
“(g)(g/ h) 8180401129 5 8. .. 0040 r 3L )95 > 91 ..5

9. 1002030093= ety ‘ FFZGFER ' _
©.101202030090. 5 10&!@@4&1129,93429131@1’}&@465dﬁﬁh@@l?abb@&ﬁﬁﬂCéﬂ@ﬁhﬁﬁﬁe(Eﬂalﬁstsrre on

streamwasclc ated as strlal‘
Process for &nge ¥ gTa?PP& o go?%% %&’@g@%ﬁg{ﬂﬁg dﬁﬁ’]ﬁﬁr% pragrggr ‘ed
accor di ng t cABagupius soluting of dksemethioningamidedvias F’lfi%ﬁd ipraeasels reaqtae wither a |
reactison schegot e HBRAERSE BB sOsHdrdEd §1 Watet B give an initial ratio of catalyst

to amide of lg of catalyst per gram of methionine amide. The initial

concentration of amide in the reactor was 0.5 mole/kg.
The reaction was carried out at a temperature of between 95 and 100°C
and under atmospheric pressure. - : '
10 The product obtained was ‘analysed using HPLC and the yield and
- conversion determined. o
The results are given in Figure 1

| 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



order to.obtain nethionne, free fromalkali nmetal salt, a resin was used in
the process. The resin was placed in tw positions herertggfter é§ erred to
as 10 enbodi nent 2 and. enbodi nent 3 as shown if  Figures

respectively The conposition of the streans at each stage of the three
Processesysog %ﬁ,n in Tables 5, 6 and 7 respectively. EmiodifRilodsl) -
Synthessis o thi oni ne: The 2- hydrox¥14 met hyl thio. butanenitrile is-
reacted with ammonia .in reactor (A) to provide a mxture 15 conprising
2-am no-4-methyl thio, butanenitrile (conposition-1). The unreacted anmoni a
is separated fromthe product streamin Vessel (13) and passed to recovery

section (O Bgf;ﬁeadﬁ%é’d ﬁg{a([:)'; orTEIE)

Acet one, wat KTt
_resul ting d@Mﬁlﬂ)ﬁprr Si ng met h| onr ne "ami de (composition 3) is

‘treated by 20 W t f8afd ed acetone, ammoni a and at Ieast part g
of the water ﬁﬂ&g#s#ﬁﬁtﬁg’gn%eoneomo PCT/ EPOl/ 02 61 13 C)g% {m The |
2¥on (C)

stripped gases ar‘éﬂ@aﬁ'él"al 6 yandoR dwasetsean i $hemexiradat

Watersis addﬁéthtoﬂute%na@whdmﬁ& @ﬂﬂx%@ﬁic@duﬁ@héﬁﬁ@ﬁ@&hﬁ&l%né&maﬁdt the -
solution (co osrtroeg) ‘i g ted vvrt trtanrumcaL@Iyset I.n reactor
(F). The pr m2@ ndt:) gamn?ﬁ?ﬁ o AFRSFe S8t on 6)
is 5 treat edemperatibewas set atﬂﬂ"?ﬁ:orﬂ weightiof catatyt)ws givaiﬂm’ﬁabhlbmaﬁ@ldsyd
stripping in ) N8 S condensed
and sent tolflﬁge "g&g}g@éﬁg ?Sg%hel?%)gmﬁl%mf %@‘f’s‘:ﬁv& thrbgnjr ne _
(conposition 7) can then be acidified and treated further to obtain solid
met hijgni ne. The recovery section (C) Tag3ises. a first absorber, a heating
colum, a 10 second absorber and a distillation colum (not shovvn) The
strlpped gases from colum (F) and the stripped gases frqm the.ampni um
stripper (QCATAINSSE WEIGHT OF flcwcab:ﬁbrbe FEED #L.OW fed‘IME(DNa 5ol ution
of nono-ampni um phosy W, W oramoni & 5w/ W ’owwo
wat er) .- The| gas streal %fﬁg tﬁgﬂ um - 1%?%? corrposr%lgf%% (0.6 Ww .
% ammoni a, | 8w w % adéone and 1H(mBdest w Wb weerhouy)  The alﬁE!UtlE@B | 5 fitted
w th a heat{gexchanger w t hdraw| g di ssol u t ofjsagmgmni a. | Liquid
exiting the {;cttcm of E3c —ahsorbes ?2. et tlags.ﬂ{}gg'?unp. i4'oéa' 78— W %
ammoni a, 23|49 W w H3PGA and 68. 3|MBW6 water |2HWB traces dB-facetonel The .
gas exiting|éhe top offsthe absor be@3qol um at 499 1.9C capgygises 1B. 1%
acetone, O. w-ro-armoii—a—and— 86w T water—Thi's aseous 20T Xture | S
condensed affl recycledSto the ani h@ddnide synlH&is react d®8 The 1 quid

m xture obtpg ned fromighe bottom ¢h3yhe absor bess aggom i s s{xd. 2 a.7aj heating
colum to || berate amjonia The m xture is heatﬁﬁvgmd strrpped by wajer - . .
vapour at f130C to redaver the amyponia A gas T the top
of the heajéng col unm3gonprises. 1888w % amoniz8,&b8, 22w Wwhidtkd.5 Thi s gas
is 25 condepsed and miXxed W th the reacted rp i Vessel
(B) ina wa?_eJ_ab.seLtgo_@t-he °ece..§ﬁabscr ber?ﬁﬂ)qt’a"%ba.. Q%gc{?@aal ution
conprising - conprises 25w w % ammoni a, 74.9w W wat er and 0. 1% acet one.

Thi's m xtures anmoni a which is then recycl ed
Titfle O Sfdaba 66) il QRSO G fGMGE:

back to the " esis reactor. The |liquid mxture exiting the

bottom of the 30 h&a(éhdintsi fieatalységh f awratenefd "hee absor bi ng col um
aftensw thdrawal Ofmhegieight of llqmd)/welght of dry catalyst +weight of liquid)

Em = 0.45 for the catalysts of the present invention

~ The results are given in Figure 3
o | (b) under elevated pressure L : : .
| 20 . Theﬂbove~~precedure~was4epeated~ in a fixed bed using catalysts of
different diameter and amounts. The conversion of amide is reported in Table 4 ‘

- below.



Enbodi ment (2)

Synthesis of Methionine Using a -Resin Prior to

Hydrol ysis: The 2-hydroxy-4-nmethylthio butanenitrile is reacted wth
amonia in reactor (A) to provide a mixture conprising 4August2004

2-am no-4-nethylthio butanenitrile 35 (conposition 1). The unreacted
ammonia i s separated fromthe product streamin 4 August 2004 WD 01/ 60790
PCT/ EPO11 4 Vessel' (B) and passed to recovery sect e '
treated stg‘f?%am (conposml on 2) is pasggd to reactor (D). ﬂ:&(é]lgf-‘é?(rf022'5\?\/ater

and sodi um hydroxide are fed into the Teactor (D). The resulting product
stream conpri sing nmethionine amde (conposition 3) is treated by '
W t hdrawi ng the unreacted acetone, ammobnia and at 5 | east part of the water
in colum (E). The stripped gases are %’?r%i all'y condensed and sent to
recovery section.(C). Water is added %he resulting am de sol utjon
“(conposition 4) and the soluti-on (conposition 5) is then conti nuousl y
contacted - 6 The 1¢ (il qg?jp ch does
not contai,nl\tégéliﬁﬁlgel s cow?}ﬁéﬁmﬁtﬁ?. IT alnl UM yst n
reactor (F)| The prodyéiC)-10 streﬁm'fééﬁiﬁ'll’sRAgFammm met hi oni naf e
(conpositionh 7) is trgated to |i Dghat e amr@]’,)a and |sol ate the fre
met hi oni ne py—stri+pptrrRg—ta—anr—anponrimrstripper (G- The—tHrqurd—1

met hi oni ne onmposi ti gA%8) may_be 4Q reat ed f‘m} her ‘to Mthin solid

met hi oni ne. {ghe recovquosectl on|4e as det qgbed in en{bndi nent | Enb
(3) Synt hesfsof—vettr e UsTT qa\ Restm . rer - 15 frofysTsT 1
2- hydr oxy- 4+2et hyl t hi tanenitfile is read®hd with niain._re
(A) to provi|gle a m'xtLrleocorrprl si2@ 2-anm ngbza hyithi atmtfyronotri | e
(conposi ti op—f—Fhe—tnreacted—ammonta TS gparated—frgmthe—produc
in 'Vessel ) and paddBB to recodbry sectlg (Q) ThelBrkated strea
(corrposit'i-o192) i S. pcq;s_@d to reagdor (D) Mtone vx@:seg and sodiu
hydr oxi de afg fed—Tmg_ tje 20 1€ or (D). resul T proguct St
conpri si ng pELhionine A de (coppbsition 3 s treatiedhy withdrawng the
unreact ed a¢cgl one, ammopa and a{2¢!| east paBod0 of the \mteer in colunp (E).
The stri ppef; Jases ar naensed nd sent ecovery segtion’

.1}-

e

pdi ment
e
ICt or

stream

m
eam

(O. Wwater-
t he resul ti
catal yst in
nmet hi oni nat
ammoni a and

W dded td

120le ol

fn am-de

il
élllflﬁh 9gnﬁnalflnnd

NH) st ream (

dooposi tio

1'4(}3) i s the

b2k ont act ec98\&lth 25 the

i’di‘aCt or

onnl cnrll I

21«0 The pro

P'J;:lft streal

a (g

@Wrrprl SI nqg)?arrrmnl um .

-an-——6)

e troatod + o

oot

i(b obt ai n

1‘ hl nnl
tIElQ free:

TLAT ,\\JUII’J\.

yol L1 UTl Ul 9 oot 'vyu LA

h#® hi oni ne

B90 st ri ppi

B8 in an ammon

) and
fitanium -

i berate
um

Ls then continuously

Gk

stri pper Ghﬁ &ﬂgoﬁg

QHPE:%HoluPE
cont act ed resi nw‘%ﬁ%&%tg tilqlng tream ’f&aoprrpom tion 8) which. does

not contain sodium salts 30 may be. treated further to obtain solid
net hi gni ne. Efﬁn;ﬂssp‘lﬂ{%nﬁﬁ?idc@ﬁ fbsthd Prepeleitioh bEMeklogapodi ment | 4 August
2004_ V0 0176079 yst Num Izagapared aiccor%ng to Example 1, was used in the _

: industfial 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

" 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 -

process.
10 ‘embodiment 2 and embodiment 3 as shown if Figures 6 and 7 respectively..
5,6and 7 respectlvely o
Embodiment (- Synthessis of Metluonme 'Ihe 2-hydroxy—4-methy1th10
butanenitrile is' reacted with ammonia in reactor (A) to provide a mixture
amino-4-methylthio, butanenitrile (composition '1). - The unreacted
‘ammonia is separated from the product stream in Vessel (B) and passed to
' 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

15 comprising 2-

20
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column (E). The stripped gascs 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 contacted with the titanium catalyst in reactor (F).
“The product stream comprising ammonium methioninate (composition 6) is
5 treated to liberate gmmonia and form the free methionine by strippixig 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 -
10 second absorber and a distillation column (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
15. .. 51.4 wiw% 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
- 20- mixture is condensed and recycled to the aminoamide synthes1s reactor. The
' liquid 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
25 condensed and mixed with the unreacted ammonia stnpped from Vessel (B) ina
water absorber (the second absorber) to give an aqueous solution comprising
-compnses 25wiw % 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
30 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
35 {composition 1). The unreacted ammonia is separated from the product stream in
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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
5 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
10 stream comprising ammonium methioninate (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 cmbcdimcrtt 1
. - Embodiment (3) .- Synthesis of Methionine Using a Resin’ After
15 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
. 20 | reactor (D). The resulting product ' stream comprising 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 solutlon |
(composmon 4) and the resulting stream (composition 5) is then contacted with
25 . the titanium catalyst in reactor (F). The product stream comprising ammomum
' 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
7 _ ‘tesin, The resulting strcam (composition 8) which does not contain sodium saits
30 ';may be treated further to obtain. sohd methionine. The rccovcry section- is as
detailed in embodtment 1
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.y r I- oOON1 C L LINCG .h-. Cca y' aCCz z xz z~ ~~~~~ z~= 4 August
2004 WO 01/ 60790 18 PCT/ EPOl/ 02261 Clains 1. A process fo L{ﬁ\t he éﬂoductlon
of nethionine which conprises: (a) hydrolysing the nethi e in the
presence of a catalyst conprising titaniumto produce ammonium

met hi oni nate, said catalyst having a porosity of from5 to 1000nm a tot aI

pore vol umgo of/6¢78@m 0. 2 t0-0.55 cnB/g and a surface area of ?I. ‘,Tﬁ’g;lto
150rn2/ g, and (b) a second step of recugerating nmethionine fromt

ammoni um -.net hioninate salt by renoving ammnia. 2..A process as clained in
claim11 .in which the catalyst has a mcro-porous 10 distribution of. from5
to 100 and from 20 to 1000 rim 3. A process as clained in-claiml or claim
2 in which tpheifetal pore volume is from0.25 to 0.45 cnBlg. 4. A process
as clainmed in any one of the preceding clainms in which the surface area is
‘from40 to 120n2/g. 15 5. A process as clained in any one of the preceding -
clai'ms in whiclA pheedi faﬂaieqirod:j‘cublhef artidbyiae which ﬁdﬂi@rﬁl‘eQE(a} RydtoRsing- A

D005 25 Ao el b e B RANREC BT il Bl o, "
Ti t-VSor a nimmenim metdedinat,Gaid catalyst beving aoporosityi ofefiom s © HONG, an V\:hl ch
the catal ySttoQﬂ;gHr m@%&? oft 0.0 18 r@&fé&’@p@gﬁ% Waenarmf% 3h thhe

precedi-ng cl ai I n e catalyst 1Is In_an of " fromO0.1 -
to 2g of cathtdm¥e.ged @)asesndasicriel regupegatisieomethdonane: fromythel ammaamym one of

the. pr ecedi nﬂaeﬁiumme bdlt uweﬁiavidgeanﬁﬂaﬂs i's
‘ - 2. A process as claimed in claim 1 in which the catalyst has a macroporous
10  distribution of from 5 to 100 and from 20 to 1000 nm. o
- - 3A process as claimed in claim l or claun 2 in which the totai pore voiume is -
fr0m025t00450m/
" 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



present in an anmount of fromO0.01 to 2 nol/kg 25 10. A process as clainmed
in any one of the preceding clainms in which the hydrolerg 2§(?f{ried out
at da‘tenperature of from50 to 150C. 11. ' A process as ¢ any one -
of the preceding clains in which the hydrolysis is carried out under a
pressure.of froml to 10 bar. 12. A process as clained in_an t he

pr ecedi ngwaﬂéfGWi n which amonia is §) renmoved by strip @Lé'm%l@ng{ process
for the production of nethionine, said process capable of industrial
application, which conprises (a) 'contacting 2- hydr oxy- 4-met hyl t hi o
butanenitrile with- ammonia or a solution containing ammni ato pr oduce a

first product conprising 2-am no- Ithlo u |tr|Ie August
2004 WO .01/ 60790% the zg@noibmegxyﬁﬁ@a Pf’e %EP Me?’hyllt hi o
but angni tr ijlﬂ(a«m th#lal By dkaidee p@dih_&ixcaa secﬁ:lnli@mdun’eécﬂhpriuﬂtymmhﬂﬁnﬁehqnde,ducg a
second product c risi net hi on ny. unr te
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