; e3e#If +#G&&' (4) *6+Tf +7MF 1 PROCESS FOR THE CONDENSATI ON OF HYDROGEN

CYANI W TH AN ALDEHYDE 7 June 2002 The present invention relates to a
procegﬁWMHMNMMﬁwwmrdensation of hydrogen cyanide with an 5 al plghieeoedt is
known, from US patent 4,518,801, to prepare nethionine by

hydr ol ysi siefesS- (i et hyl mer capt oet hyl ) hydantoin in the presence of 0.3 to
5 equi val ents of al kali ne hydroxi de, of 1al kaline |0 carbonate or of a

m xt ﬂmﬂ MM then to separate the al kaline methioninate obtained from
sal t mmdurl ng PROCEZS: FIOR HBA CC . . ‘

pr epared by cont act
Fyde, ammoni a and

bet ween the cyanohydri nHEPR Yo EXPNIDE, Wl & e
carbon dioxide. It is g#so known %gr eFanBIe $r€n1u patent 4,960,932, to
prepare net hi oni ne by EPPrBEEIENEHBYPRFAQR BEIAEPRPEC FPECFEPEL step.

met hyl t hi o- r Lir] ' a C nsation of
nethylthiop?%%?dﬁgg a%%gﬁé%%eg%% ﬁég? gﬁﬁggga% %%Pgﬁ ?Egﬁpggsence of
triethylam %F%a in a second step, the

nethyltﬁ?o-g£H§ r x?butyronitrile is contacted with ammonia to form

net hyl t hi 0- cx- am nobut ¥¢ opst khben, WBS£ Negmb Se t PEOM NS rph¥aRd in a third
step in the presence of a ketone and an al kal i ne hydroxide to form

met hyl t hi obuf ys £ sle1, W6 Chrésateé naetyibyihe! ypenydpory¥osi 88 sBipioni nate
and then saponified wth an acid. 7 June 2002

methylmercaptoethyl)hydantoin in the presence of 0.3 to
5 equivalents of alkaline hydroxide, of alkaline

10 carbonate or of a mixture thereof, then to separate the
alkaline methioninate obtained from salts coproduced
during the hydrolysis and, lastly, to hydrolyse the
alkaline salt obtained to methionine. The hydantoin is
prepared by contact between the cyanohydrin of

15 methylthiopropionic aldehyde, ammonia and carbon
dioxide.

It is also known, for example from US patent

4,960,932, to prepare methionine by a process
comprising four steps. In a first step, methylthio-a-

20 hydroxybutyronitrile is prepared by condensation of
methylthiopropionic aldehyde and hydrogen cyanide in
the presence of triethylamine. Next, in a second step,
the methylthio-a-hydroxybutyronitrile is contacted with
ammonia to form methylthio-a-aminobutyronitrile, which

25 is then hydrolysed in a third step in the presence of a
ketone and an alkaline hydroxide to form
methylthiobutyramide, which is finally hydrolysed to

alkaline methioninate and then saponified with an acid.



2 In.the preparation of nmethylthio-a hydroxybutyric acid, also referred to
as the hydroxy anal ogue of met hi oni ne, the nethylthio-a
hydroxybutyronitrile obtained by reaction of 5 nethylthiopropgphéa gehyde
wi th hydrogen cyanide, in a nedium containing pyridine or an amne (See Us
patent 2,745,745 colum 2, lines 52 to 55), is hydrolysed with sul phuric
acid to form net hyl t hi o- a- hydr oxybut yragzi de as an internedi ate and,

finally, methylthio-a 10 hydroxybutyric acid (see EP-B-330,527 or US patent

2,745,745). The bases Itsethe rpreparediiorg afe ety thprem-oni ¢ al dehyde with
hydr ogen cyani de increase the rate of reaction but rapidly bring about 15
degr adat i on hyfdndrymtywity dvdid f @lan referfed ko asrthendhydxesywde, with
formation of a highly coloured solution. In addition, the bases are

vol ati | e annabeaue \gf @etiopifieatthenMAtdupl thilatustri al expl oitati on

since their .use requires expensive 20 recycling and safety conditions. In
addition to llmﬁ? Tile qhfiadmned Ry FeAHE IS may give rise to

| | | at.i Jraki t h, ' ' hasi i I ,
e boy 1 v Akh {BE AR i, ey, Vo Ry e e e dR by
| v .
R ouy ant f on D il & ANRP HRENS G W AU Te Pl
surpri si ngl yp , 4483ty fNGCHRAADA! I10hdLAY INSHAN 0P HphwRsaddeite 7

June 2002 3 condensation reaction pronoted if the process’is perforned in a

\tAﬁ| | - defi necgtmuw ANd it FnR A i d-e- i sy v kai e Used i n
° P aLé an intermediate and, finally, methylthio-a-
10 hydroxybutyric acid (see EP-B-330,527 or US patent
2,745,745).

The bases used in contacting
methylthiopropionic aldehyde with hydrogen cyanide
increase the rate of reaction but rapidly bring about

15 degradation of the cyanohydrin formed and of the
starting aldehyde, with formation of a highly coloured
solution. In addition, the bases are volatile and
toxic, which is a great handicap in industrial
exploitation since their use requires expensive

20 recycling and safety conditions. In addition to these
drawbacks, the volatility of the bases may give rise to
local accumulations making the reaction medium very
basic in places, thereby giving rise to an increase in
coloration, on the one hand by polymerization of the

25 hydrogen cyanide, and on the other hand by degradation
of the methylpropionic aldehyde.

It has now been found, quite surprisingly,

that the degradation reactions can be reduced and the



The present invention thus provides a process for the condensation of an

al dehyde with hydrogen cyanide in the presence of a buffer which sets the
pH at above 4.0, wherein the process is carried out in the abggpré 2062

am nes and the al dehyde is an aliphatic al dehyde of 1 to 6 carbon atons
optionally substituted by an al kyl, al koxy or al kylthio group. The pHis
preferably set between 4.0 and 6.0, and even nore preferably at about 5.
According to a preferred enbodi mrent ¢f the invention, there is provided a
process for the condensation of an al dehyde and hydrogen cyanide, in the
presence ebnadehghtébnwheabtiet sprduotpid aif altoy prodesswhies ein the process is
a reactive absorption reaction between |iquid al dehyde and gaseous hydrogen
cyani de. Phyfoymedr insanveliviefined Hitl range AL, in thombhsencari th t he
volatile amnes used in the prior art., According to another preferred
embodi menPfofthehaminganvhbeh t M ged P ERR PBLIPF dBelss for the

condensation of an al dehyde with hydrogen cyanide jn the presence of a
buf fer which sets tﬁ'éep#ﬁ?eﬁﬁo%v%‘?'b’;&bmqb‘}‘é’l PENEBTDORI ILEF react i on

b liqui d. al dehyd | uti on of hyd ide, th
al denyde. BEFnGon MY BRECFoh Yo e BIONeS, B WA BB STt optional 1y
substi tut gga\?%xd%niﬂl S1S ?ﬁuéé%!%?éfazl ‘ﬂdfﬂf:ﬁ WHOUP - setd thii§?002 3a Among

t he buffer I ch make it possible to set e pH it Is prefeerred to use a

buffer chosen fromthe foll ow,ng m xtures whi¢h are nentioned as exanpl es
and do noftcdR¥e ut eVt i HPEEEEBnSG RFRCEATeAfi SRTEISS (PYL &Bidﬁghd

sodi um ci bakacer Gt riamideisd and Sedeumudipdddeis REPSHIOHHatd d and
sodi um hydrogen phosphate or phosphoric acid and sodi um hydroxi de; -
succi ni ¢ adidehyde 8diluiauectatbenofteonscioptd oagildyasgbsdditwresdy droxi de; -

acetic aci odi et at [ .d arg sqdi i.de;., and 7
June ZOOZa% gﬂggﬁésgﬁ%#%&y%?o%&%Qgﬁﬁﬁgl?Fg%ghd 2%5?3%%#%% om%ﬁga- M xt ur es
of acid asétabkaera 2abt andf 6aci,dand rEvnles eofprafiedadld altkalbowe
hydroxi de may nore 5 generally be used as buffer. The use of a buffer has

the_advan?age of avoiding degradation of the starting materials and of the
desired product, anﬁ_cgaraﬁﬂy akbzi By pydredeaqcy afidaitkali | iz ngraci ds

such as sul phuric acid.

invention, there is provided a process for the
condensation of an aldehyde and hydrogen cyanide, in the
presence of a buffer which sets the pH at above 4.0,
wherein the process 1is a reactive absorption reaction
between liquid aldehyde and gaseous hydrogen cyanide. The
buffer is non-volatile and non-toxic, in contrast with the
volatile amines used in the prior art.

According to another preferred embodiment of the
invention there is provided a process for the condensation
of an aldehyde with hydrogen cyanide in the presence of a
buffer which sets the pH at above 4.0, wherein the process
ig a reaction between 1liquid aldehyde and an aqueous
solution of hydrogen cyanide, the aldehyde being ‘an
aliphatic aldehyde of 1 to 6 carbon atoms optionally

substituted by an alkyl, alkoxy or alkylthio group.



10 Preferably the al dehyde is an aliphatic al dehyde of 1 to 6 carbon atons
optionally substituted-by an al kyl or al koxy or alkylthio group; it is nost
particularly preferred to use mnethylthiopropionic al dehyde. 1§dﬁﬁ§9@9%ng to
a preferred enbodi ment of the invention, the buffer is prepare r'tu by
neutralization of citric acid with sodi um hydroxi de wherein the citric

aci d/ sodi um hydroxide nolar ratio is between 0.3 and 0.7, and preferably
about 0.5. 20 According to a further3zagreferred enbodi ment of the invention,
a gaseous m xture of hydrogen cyani de containing about 7 a by vol une of
hydr ogen cyani de and an aqueous sol ution of al dehyde are used. The hydrogen
cyani de i s pref eradmpngr gper biffersrvhihght makheiSppadibideotoprocess and is
then freed of ammonia contained therein. According to an alternative

pref er r e§ednitd@ ®Ent i%f iphBrefieErefoho wReagubBifesorhesen &rom 7 June 2002
5 hydrogen cyani de ,in water containing about 20 % by wei ght_ of hydrogen

A g
cyani de toecSldOvdanfiftyraenyBach| arq1neptigued: A8 RBRAPLILSEL i 0 bet ween
the hydrogen cyani de and.the aldehyde.is preferably in a slight 5 excess
W th T csBBa o HRFOBBYILIER GURLFRCiaRe ol BRar ekvERtiBRtse & ol ar
excess of between 0.1.and 10 % ven nore, preferably. of between 2 and 5
% The buffer used-aflggggeggé i%ﬁgcg?afvgtcfggﬁggdo océgfl?he pH in the
desired 0 4t 0 :3hly used, for exanple for the
citric-c??ggt%mgh g?P%apgggkgﬁgg'ratio relative to the al dehyde of between
0.01 and 0.0001 and prgkghabiy gkiabenh Go8%dn hiaksgbkpi cally used in
aqueous solution such that the cyanohydrin forned 1s at a wei ght
concent r phic@phaftel 2rapbdsphorie db6edrendt seaiaRynpPareriaked out as
menti oned above between a gas and a liquid; it is then preferably carried
out in a gas-liqui & coridaticdacideasdchodsun- sacchhata vrth plates; 20 - a
colum w th packing; - a bubble colum; - a tubular reactor; - a drip
col um; sugcigdet acidi apdaspdihmnhydroyiderrred tank; 25 or - a reactor

with a subrmerged jet. According to the first of these, which is the
preferred one, that P§etdcsagifhaRdaspdien ygetate or acetic

acid and sodium hydroxide; and



7 June 2002 6 absorption colum with plates is used, the gas flow
cont ai ni ng hydrogen cyanide is introduced at the foot of the plate colum
and the buffered aqueous sol ution of al dehyde introduced at tﬁguﬁ%%

head. In place of 5 the aqueous solution of aldehyde, it is possible to

i ntroduce independent flow inlets at the colum head, for exanple a water
inlet, an aqueous buffered solution inlet or an aldehyde solution inlet. It
iswithin the abilities of a person skilled in the art to adapt the 10
nunber of flows to the detiassivm dydregere@hithabake tapdasodd¥hi ng col um

i s advantageously installed at the head of the reactive absorption colum,
in order to h¥dxaxddea-emini ng al dehyde and traces of unreacted hydr ogen
cyani de from 15 t he gases Ieavuﬂg t he reactlve absorg %on co | unp, This
washi ng col umh al | ows Mh&RBESFE Hetdch IRt D ﬁﬁeﬂ a?°1%e foot and

th t t d d at t bl t
for bxanpl & % BAKHESH (9F A and ¥ m*#m“’?%%r%%%#ﬁgfﬁéﬁheﬁovirzéem
t he foot of C%%Hesra& '|§se[H Ser A ]_rel ntroduced into the reactive

absorptlon e pur i gases are conveyed to an incinerator. If
the reaction is carri %@lﬂ é)eawrbm@ﬂw&ﬁelwth haelrogen cyani de
and the al dehyde, 25 it 1s preferably perforned in a tubu reactor such

as an adi abajydiding dedrrfdtdon |J¥ aélﬂeosats@ﬁnwemaeaﬁiam aﬁdrapl d and
exot herm c. Wen the process is perforned in a reactive 7 June 2002 7

absorpti on adirdesided prvdict,aldng f meadtralizing hgapegahure of between
50 and 100C and preferably at about 70C and at atnospheric pressure when
per f or med immmmmmminﬁadmmamﬂwaisulmd:acedci;q the 5 anount
of water introduced with the buffer. Wien the process is performed in a

t ubul arl@ eact or the t @nrfenahly ithera¥dghiple zetaperhiphaBbcand 110C and
the pressure is preferably between 1 and |0 bar, 10 The cyanohydrin of the
starting al cafelydemhihde By W%é?ﬂmft k@%h‘b’bﬂ%%ﬁn?‘é gFitnkednvention
and especi al I!?/ the C ano %dl‘l n of neth ionic aldehyde, is either
am nated or R Qﬁgﬂﬁﬁe?%ﬁa W7 hhh 47 oBPEE to | ead

subsequently to 15 nethlom

i dro [ ect
nethyltrﬂ()zﬂﬁﬁﬁ%ﬁ&&ﬁﬁ%ﬁl(F%ggﬁfeﬁTﬁ? é%éﬁ bgﬁfo%ﬁoén??lﬁe descri bed
nor e fuIIy 4Lr#§’ajd of the exanples whi ch follow, which should not be
consi dered as %tions of the 20 invention. EXAMPLE 1 An O der shaw

col umm 44 50 mMmin di a?éc%dl%maea gy d1ed e a a8 S8tk ERE o ¥i £ he 20

perforated pl ates, packed column B of the sane dianeter, 25 20 cmin
hei ght and efiidiperbny the BuEddKNid Ak Fga aiR $5€d. bh schemat i c

representation of this device is attached (see Figure 1/2).
neutralization of citric acid with sodium hydroxide
wherein the citric acid/sodium hydroxide molar ratio is
between 0.3 and 0.7, and preferably about 0.5.

20 According to a further preferred embodiment
of the invention, a gaseous mixture of hydrogen cyanide
containing about 7 % by volume of hydrogen cyanide and
an aqueous solution of aldehyde are used. The hydrogen
cyanide is preferably prepared according to the r

25 Andrussow process and is then freed of ammonia
contained therein.

Aécording to an alternative preferred

embodiment of the invention, an aqueous solution of



1556.2 g/ h of a crude hydrogen cyani de 7 June 2002 a synthesis gas is
introduced into colum A via the feed 30, this gas containing by weight: -
HCN 109.12 - CH4 0.77 5 - CO 88.45 COZ 33.02 H 18 . 12 - N $3q,é8002 H20
402.75 10 - various 8.52 Methylthiopropionic al dehyde (MIPA) 1s 1 ntroduced
into colum A at a flowrate of 408.36 g/h via the feed 35, via the feed 41
at the head of colum B are introduced 450 g/h of water and via the feed 36
15 are introduced 4.89 g/h of a mxture of 1.13 g of citric acid and 0.49 ¢
of sodi um hygrdmcigén cFamdales din oratedr tdonta deinglalouk BArfoden cyani de
takes place at pH 5. 1013 g/h of an aqueous solution is collected 20 at the
foot of col Waight ©off hysyagemrexagriids is(pontacted with aldehyde.

2- hydr oxynet hyl t hi obutyronitrile 514.2S - HCN | .54 - nethyl t hi opropionic -
H20 25 - ci Y} @ldcicdsesyoditmmpidodiateioriRetiaan thayhFQRIAN col utm B at
a flowrate of 1531 ald de 0.Q4 495.85 1._ 13 0.49, umm re conveyed to
g/h and exi CYARIS, agd %%Jt?r?él *HPELETAP 1NN & sﬁj&?‘tg/ h, these

i st feen 1.85,- 0 7 7. - 88 45 5 .. CO 33.02 H
ggs-eslg%?s;\ﬁsegg%%‘szg l-tl'l—izjg\l sé’(fcgé to \(/g_m dlroo : 0 7 Iiﬁ:)el‘hglste 1gsaste”s“'sar e conveyled
to the inci &g&teq{reﬁgoquga%(%{%(%%é@f q;e oL g{,ﬁqof a cool ed

aqueous soldtion is set up 1n towards t he head of e said

col umm, thi §o5e),Udrd UH ddd'rereidbal Yt Korudin & Gha $EQ 10434 91 -
met hyl t hi opr opi oni ¢ al dehyde 0. - hydroxynet hyl t hi obutyronitrile 703.59 -

citric acid 22.12 20 -phe0®usPdly disd dfs boarfidMsaimo Watelyit s having the
sane conposition as the, feedback solution of colum B is conveyed from an

outl et of calsedn th (sleltowhdb)pH drcAhandelsimid ardgiom x aitte iacf  590. 06 g/ h. 25
EXAVPLE 2
10 preferably used, for example for the citric-citrate
buffer, at a molar ratio relative to the aldehyde of
between 0.01 and 0.0001 and preferably of about 0.001.
It is typically used in aqueous solution such that the
cyanohydrin formed is at a weight concentration of
15 about 50 %.
The reaction may be carried out as mentioned

above between a gas and a liquid; it is then preferably

carried out in a gas-liquid contact device such as:

a column with plates;
20 - a column with packing;

- a bubble colunmn;

- a tubular reactor;

- a drip column;

- a reactor with a mechanically stirred tank;
25 or

- a reactor with a submerged jet.

According to the first of these, which is the

preferred one, that is to say when a reactive



Adj ustment of the NaOH,/citric acid nolar ratio Exanple 1 is repeated,

nodi fyi ng the value of pH The % degree of conversion of the 7 June 2002
to 5 10 net hylthi opropionic al dehyde is nmeasured, on differenfﬂp%@ggﬁhtﬁ
the colum, as a function of the pH pH 5.6pH 4. 7pH 3. 6pH 4. 5p . 22nd

pl at e50. 3238. 3139. 0047. 2973. 924t h pl at e95. 74S3. 4847. 1749. 8282. 217t h

pl at e100. 0096. 1570. 0969. 8698. 799t h pl at 100. 0099. 8675. 7673. 9299. 9S11t h

pl at e100. 0099. 9484. 2184. 1799. 9913t h pl at e100. 0099. 9690. 8499. 63100. 0015t h
pl at e100. 00 b SHYBE D S GBI . DUl t il pt e il OuHE POt Wé 9pa S08Pow S100. 0019t h
pl at e100. 00100. 0099. 2799. 87100. 00 The hydr oxynet hyl t hi obutyronitrile

sol uti ons oltentesithirig chydiegeracyanider s i mtoeineed i at othe Hoeh

mai ntai ned at 70C to study the degradation of the 15 nitrile as a function
of time. Defaddhe dnlate 2elymn and\the Auffexed Raveys cepbrbionn
according to the 1 SO international standard 2211-1973. 7 June 2002 11 5

Buf f er pHpHfpHEeh¥dgsintroduged 2k the column head. In place of
t he7. 25. 23. . 76.6nitril | Ng4484848/.7272d t] h) AP
col or at /%bno %@%&%Bﬁ%‘?ﬁ‘ggs‘? vﬁ‘h‘gﬂfi\e' "E'19BSNHE o

| i on17330; 6 - hesi s of
S hydr oxyneC T FTER ek GRRARY Ry A saed 10 efe ol weatf] TVLS ©
into a 150 ngey a&kﬁﬁ@fh Gpstd LA Pée, r@ﬁ%ﬁ&wrm@% eaJix&'f&"‘;’ﬁ@n47-43 g

15 water 30.97 g The nediumis heterogeneouS (2 1| nm sci I qui d phases).

8- 6%_6% g of fifiéd Yir Card Ul 1dd1fad SsSrhsiefon TI1 &8 A t/1i 4 FOEWEA OpnéS Obtai ned
’ . abilities of a person skilled in the art to adapt the
10 number of flows to the device which is used.

An additional washing column is
advantageously installed at the head of the reactive
absorption column, in order to recover remaining
aldehyde and traces of unreacted hydrogen cyanide from

15 the gases leaving the reactive absorption column. This
washing column allows exchange between the gases
introduced at the foot and the water introduced at the
head. For this washing, it is possible to use, for
example, columns with plates or with packing. The water

20 recovered at the foot of this column is preferably re-
introduced into the reactive absorption column and the
purified gases are conveyed to an incinerator.

If the reaction is carried out between an
aqueous solution of hydrogen cyanide and the aldehyde,

25 it is preferably performed in a tubular reactor such as
an adiabatic piston reactor. In all cases, the reaction

is rapid and exothermic.

When the process is performed in a reactive



NaOH 9 g 20 citric acid 20.77 g water 70.30 g The tenperature of the nmedium
establ i shes at about 20C. The pH i nposed by the catalytic systemis in the
regi on of 5. T June 2002 12 42.37 g of an aqueous solution-pjuﬁg@i en
cyanide at a concentration of 30.70 ~ by mass is introduced as quil ckly as
possi ble via a dropping funnel. The tenperature of the reaction nmedium
rises 5 instantaneously to 70C. This corresponds to the heat of reaction.
The tenperature level (70C) is maintained in the reaction nmass for a period
of 5 min by abiscnptdtameclumot, fituiid tprediegiakiliye daaded oute 3tH & emai ns at
about 5 throughout the 10 reaction. After this tine spent at 70C, it was
verified t hi&emperatunel off hetweary &0 dnd J00 1k andhmrafaraly at

met hyl t hi obutyronitrile relative to_the nethylthiopropionic al dehyde is 100
0. The reacBOVHIA Thmakk e ARAFPIRIIS %Sﬂ‘%&?& RexfQ rature and

tSL\](caf!eyel of, cor}lversion f the nethyl thiopro io.rg c. al etyd{g rea‘g}ged a
i cient VAR IBEAVEIE Y NettRA W@Bﬁ rﬂc‘alda@%'gld’e? Ponidhised 20
conti nuqus! v Juh @b AUARY {0 e b IS,

When the process is performed in a tubular
reactor the temperature is preferably set between 30
and 110°C and the pressure is preferably between 1 and
10 bar.

10 The cyanohydrin of the starting aldehyde,
obtained by any one of the embodiments of the invention
and especially the cyanohydrin of methylthiopropionic
aldehyde, is either aminated or treated with a mixture
of ammonia and carbon dioxide to lead subsequently to

15 methionine, or is hydrolysed directly to methylthio-a-
hydroxybutyric acid.

The present invention will be described more
fully with the aid of the examples which follow, which
should not be considered as limitations of the

20 invention.

EXAMPLE 1

An Oldershaw column A 50 mm in diameter,

1 metre in height and equipped with 20 perforated
plates, and a packed column B of the same diameter,

25 20 cm in height and equipped with a multiknit packing
are used. A schematic representation of this device is
attached (see Figure 1/2).

1556.2 g/h of a crude hydrogen cyanide



sol ution of hydrogen cyanide at a concentration of 20 ~. This solution is
prepared fromliquid 100 0 hydrogen cyanide and water. The reaction

catal yst is added straight into the water. According to the 2p ;grde088 1 C
representation of Figure 2/2, the water is introduced at a flow rate of
1941 kg/h the citric acid/sodiumcitrate catalyst at a flow rate of 10

kg/ h T June 2002 13 0, the 20 % sol utson of hydrogen cyanide at a fl ow
rate of 398 kg/h and the nethylthiopropionic aldehyde at a flow rate of
1444 kg/ h. Menthesdstgas sig uintareduyced i ezplyms ZdviagtBeofgedf aqueous
50 % sodi um hydroxj de and 450 g of anhydrous citric acid into 1340 g of

wat er. The of R} FF FIVNR IR R HRAIRES. 0 0.2 by addi ng one or

ot her of the two reacgga%? The hydroxynethylth%@%u%yronitriIe formed 10
reacts with ammoni acal Nrs ~ which are introtitetfat a flow rate of 8400
kg/ h. These anmoni acal _ ers contain 13.7 %by npss,of carbon dioxide, 9.7
% by mass of ammonia and“Water. The hydantoin forned is hydrol ysed with an
aqueous ol ution of sodiaygn hydroxide 15 at a coqﬁgpigation of 50 % by

wei ght, which is introduced at a flow rate of 23 g/ h . The sodi um

met hi oni nate is hydrolysgsl to methionine by the agtpopn of 98 % sul phuric
acid, which is introduced™at ~ at a flow rate of 2890 kg/h. An aqueous

sol uti on cont ai ni ng 20.h$ % of nethionine by weightiss collected at at a
flow rate of 1986 kg/h. The yield of nethionine

- N, 895.46
- H,0 402.75
10 - various 8.52

Methylthiopropionic aldehyde (MTPA) is
introduced into column A at a flow rate of 408.36 g/h
via the feed 35, via the feed 41 at the head of column
B are introduced 150 g/h of water and via the feed 36
15 are introduced 4.89 g/h of a mixture of 1.13 g of
citric acid and 0.49 g of sodium hydroxide.
Condensation of the aldehyde and hydrogen cyanide takes
place at pH S.
1013 g/h of an aqueous solution is collected
20 at the foot of column A, this solution containing:

- 2-hydroxymethylthiobutyronitrile 514.25

- HCN 1.54
- methylthiopropionic aldehyde 0.04
- H,0 495.85
25 - citric acid 1.13
- sodium hydroxide 0.49

The gases leaving column A are conveyed to

column B at a flow rate of 1531 g/h and exit column B



relative to the nethylthiopropionic aldehyde is 96.0 % 7 June 2002 -14
c~rrr~ 1. A process for the condensation of an al dehycte with hydrogen
cyanide in the presence of a buffer which 5 sets the pH at aqp e¢4éb2
wherein the process is carried out in. the absence of am nes ‘a ¢

al dehyde is an aliphatic aldehyde of 1 t.a 6 carbon atons optionally
substituted by an al kyl, al koxy or al kylthio group. 10 2. A process
according to claim1, wherein the pH is%et between 4,0 and 6.0. 3_ A
process accordln to cl rein the huffer is non-vol a |Ie IS
4. A process ac%%r]cﬁ‘ﬁ to° c?%u#ﬁ%s %grel Fﬁeg&ﬁeferc‘?'?’c%to’s‘b%? bm -
citric acid and sodluql ate or citric acid and sodi um hy de: 20 -
phosphoric acid and sodi um hydrogen phosphate or phosphoric abld and sodi um
hydr oxi de - succinic aglgﬁand sodiiltn succinate px stl Canl{ agid and
sodi um hydroxi de; - acetic'acid and sodi um acetate or acetic aC|d 25 and
sodi um hydroxi de; and - @@t assi um hydrogen phthal ate and s hydr oxi de.
5. A process accordlng to any one of clainms 1 to 9 30 mhereln t he al dehyde
i's methyg thiopropioni c-apgehyde. 6. A process for the condejipags on of an
al dehyde and hydr ogen cyanlde in the presence of a buffer which 7 June
2002 -15 sets the pH at mbove 4.0, wherein the process is aggepgtive
absorption reaction between |iquid. aldehyde and gaseous hydrogen cyani de.
5 7. A process accordifaghifo A aim6, wherein the reactiva edso4@ti on
reaction takes place in a gas-liquid contact device chosen from - s columm

wth plates; - a Colum W& h packing; U - a bubble colum;é60.&8tubul ar
reactor; - a drip columm; - a reactor with a nmechanically stirred
- various 8.52
10 These gases are conveyed to the incinerator.

A feedback flow (flow 44) of 11181.91 g/h of a cooled
agqueous solution is set up in column B, towards the

head of the said column, this solution containing:

- HCN 3.90
15 - N, 7.72
- H,0 10434.91
~ methylthiopropionic aldehyde 0.09
~ hydroxymethylthiobutyronitrile 703.59
- citric acid 22.12
20 - sodium hydroxide 9.59

An aqueous solution having the same
composition as the feedback solution of column B is
conveyed from an outlet of column B (flow 45) to co%umn
A, at a flow rate of 580.06 g/h.

25 EXAMPLE 2

Adjustment of the NaOH/citric acid molar ratio

Example 1 is repeated, modifying the value of

pH. The % degree of conversion of the



tank: and X5 - a reactor with a subnmerged jet. $. A process according to
claim6 or 7, wherein the device is a reactive absorption Colum wth

pl ates and a washing colum is added to the head of the react;y é&b
absorption colum. 9. A process for the condensation of an aldenyde %th
hydrogen cyanide in the presence of a buffer which sets the pH at above

~_ 0, wherein the process is a 25 reactiygn between |liquid al dehyde arid an
aqueous sol ution of hydrogen cyani de, the al dehyde being an aliphatic

al dehyde of niletity Xt iapgh@p idmies (qidlrad | is mdsduted coyabpret&yt, al koxy
or alkylthio group. 30 10. A process according to claim7.0, wherein the
reacti on t akdatdgsaeef ithercaldimbatas i Sunet i Hrihd IpHA product forned
by condensation_of hydrogen 7 June 2002 -16 cyani de and an al dehyde when

prepared by|a process a ck i b s&; | ai 1, to A Ay9. A
A hl " Ayst JAf . AysL. Aydr. ﬁr.gi.gA. ABL -ﬁgm-g B 5.2
_6$@\FR} 23S} Hea-egbl-cadteadteadteal)] cal] ca
U] caU] cal] cadmialglatld c4U] cadl.caU] casd]xra|UsstaoU]{caa.29 73.92
Ul cral] ca] cTa] cTa&UW rmW(ofLuoi c] WJ U] cal] ¢aU] caU] daU] cal] chU] caU] cqU] cal] c
al] cal] cal] ¢al.cal gaUl day al call . c Ulfc Uk Ul ¢aU] cal]
cao-. @OQ %%ﬁq{?"%tﬂ Uy %%&]@au csg:b]'gi cg gZU] cg %gl.)] ca EZSEU] tal] cal]
cay] cal] caUfeateadleabldatlcalead-ecatlcablcalcabiecatcattsalea: EQ
n 5 7th plate 100.00 96.15 70.09 69.86 98.79
9th plate 100.00 99.86 75.76 73.92 99.95
11th plate 100.00 99.94 84.21 84.17 99.99
13th plate 100.00 99.96 90.84 99.63 [100.00
15th plate 100.00 99.98 98.48 99.93 |100.00
10 17th plate 100.00 |100.00 98.30 99.95 [100.00
19th plate 100.00 {100.00 99.27 99.87 |100.00

The hydroxymethylthiobutyronitrile solutions
obtained after the reaction are introduced into an oven
maintained at 70°C to study the deqgradation of the

15 nitrile as a function of time. Degradation is estimated
by measuring the APHA coloration according to the ISO

international standard 2211-1973.
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15

water

c a

30.97 g

The medium is heterogeneous (2 immiscible

liquid phases). 0.6669 g of catalytic solution is

added. The catalytic solution is obtained by mixing:

20

NaOH

citric acid

water

9 g
20.77 g

70.30 g

The temperature of the medium establishes at

about 20°C. The pH imposed by the catalytic system is

in the region of 5.

(i%qhy%%] calg caU] caU] cal] ca] cal] ca
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of reaction. The temperature level (70°C) is maintained
in the reaction mass for a period of 5 min by
circulating a hot fluid through the jacket.
The pH remains at about S5 throughout the
10 reaction. After this time spent at 70°C, it was
verified that the yield of the reaction for the
synthesis of methylthiobutyronitrile relative to the
methylthiopropionic aldehyde is 100 %.
The reaction medium became homogeneous as
15 soon as the temperature and the level of conversion of
the methylthiopropionic aldehyde reached a sufficient
level.
EXAMPLE 4
Methylthiopropionic aldehyde is condensed
20 continuously, in an adiabatic reactor, with an agqueous
solution of hydrogen cyanide at a concentration of
20 %. This solution is prepared from liquid 100 %
hydrogen cyanide and water. The reaction catalyst is
added straight into the water. According to the

25 schematic representation of Figure 2/2, the water is

introduced at a flow rate of 1941 kg/h @ the citric

acid/sodium citrate catalyst at a flow rate of 10 kg/h
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5 adding 390 g of aqueous 50 % sodium hydroxide and 450 g
of anhydrous citric acid into 1340 g of water. The pH
of the solution is adjusted to 5.0 + 0.2 by adding one
or other of the two reactants.

The hydroxymethylthiobutyronitrile formed
10 reacts with ammoniacal waters ® which are introduced at
a flow rate of 8400 kg/h. These ammoniacal waters
contain 13.7 % by mass of carbon dioxide, 9.7 % by mass
of ammonia and water. The hydantoin formed is

hydrolysed with an aqueous solution of sodium hydroxide

15 at a concentration of 50 % by weight, which is

introduced at a flow rate of 2310 kg/h ®. The sodium

methioninate is hydrolysed to methionine by the action

of 98 % sulphuric acid, which is introduced at @ at a

flow rate of 2890 kg/h. An aqueous solution containing

20 15 % of methionine by weight is collected at at a

flow rate of 1986 kg/h. The yield of methionine

relative to the methylthiopropionic aldehyde is 96.0 %.
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5. A process according to any one of claims 1 to 4

30 wherein the aldehyde is methylthiopropionic aldehyde.

6. A process for the condensation of an aldehyde

and hydrogen cyanide, in the presence of a Lhuffer which
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15 - a reactor with a submerged jet.

) 555

B. A process according to c¢laim 6 or 7, wherein
the device is a reactive absorption column with plates
and a washing column is added to the head of the reactive

20 absorption columnn.

a. A process for the condensation of an aldehyde
with hydrogen cyanide in the presence of a buffer which
sets the pH at above 4.0, wherein the process is a

25 reaction between liquid aldehyde and an aqueous solution
of hydrogen cyanide, the aldehyde being an aliphatic
aldehyde of 1 to 6 carbon atoms optionally substiltuted by
an alkyl, alkoxy or alkylthio group.

30 10. A process according to claim 10, wherein the

reaction takes place in an adiabatic piston reactor.

11. A product formed by condensation of hydrogen '
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