-1- METHOD FOR MANUFACTURING METHYLMERCAPTOPROPIONALDEHYDE AND
METHIONINE USING RENEWABLE RAW MATERIALS Field of the invention 5The present invention
relates to the production of methionine and to a synthetic protein used as an animal feed supplement,
from a renewable starting material. More precisely, the invention relates to an industrial process for
producing methylmercaptopropionaldehyde, which is a key intermediate for the synthesis of
methionine, and methionine from renewable startirg inaterials. 10Methionine, or
2-amino-4-(methylthio)butyric acid, of chemical formula 1-13C-S- (CH2)2-CH(NH2)-COOH, is an
essential amind&EGiHORLESFMANIIBAGETLRINGME B MR AE TRRRGTIGHA-DEHYBE BB,
especially that of poultry, whasemeinonineses wirersenisare msea by MatRignige obtained via chemical
synthesis has become established as a substitute for supplles of natural origin (fish meal, soybean
meal, etc.) for 15an|mal feed. The main market is that of poultry feed. In contrast with the other
amino acids, Mgl gaireeiisingically assimilable both in the dextrorotatory form (d or +) and in the
laevorotatory form (|“E(He br&%@:rﬁ@ﬁt&”ﬁ%%&)dﬁ&%&ﬁﬂfﬁﬁﬂﬁ%ﬁh@fﬁi@ﬁh@yjﬁb%% soagiag to the

racemic product Thus t{pe l§nthetlc nlne marll&e IS malr}%thag%f gtamethlo lé]eaia :(:)rléd product
commonly 20%e erre to as

El\ﬁn,&nﬁ dgu@%?ve of Mathioning aiso exists, Yhea ydroxy acid,
correspondingtecBaydrdig-4- (’i‘ﬁ@‘fﬁﬂ’thlo'ﬁi%‘l%c iid 8f chawiieligformingess for  producing

H3C-S-(CHZ)%HM}c@&EQMpthEhﬁ@Ihwwtiwlar eapesityraidacing RONUR gty it
methionine vi %%%%% E&?X%%IH&S &HI% Bé%t fﬁ&:’ﬁ erp%@ermally available in the form of an

agueous solution at mass, IS common eferred to"as t 'droxy 25analogue of methionine.
Numerou§ synthese&“?@?lﬁ"ﬁbeto%&ﬁﬁﬁ%&ﬁ?@‘ﬁ%@ﬂ)@@ﬂﬁa@dﬂdéﬁm%ﬁw& befscribed, but
the chemical QmaggseﬁwmommndﬂswalIgw&atassemmlymae@@n sheaamedmByn atariihg

materials g SR e RSSO oo mEbcaRHRlER HARGS O Qb e

mercaptan H3CSH Ing via reaction 30 to methylmeércaptoprop |onalde

H3C-S-CH2- dﬁm"@ﬁ‘@‘m ﬁﬂ@) %&% kisiiPaiees- C(?ﬁ%‘ﬂ%ﬂth‘féﬁpi%ﬁ@f?&? o?ymﬁﬁﬂﬂtﬁ‘éﬁréﬁﬁﬂﬂ@ aldehyde
(MTPA), chiptiioyed ayasideifidE Nyreuspidis o opamid eridia i), medsichowftenneaet) atcwith MMP,

leads finglly to,MGLMIRBINEQL Aaih S aNQXYHaNE 08Uk Piddgthionine,

in contrast with the other amino acids, methionine is biclogically assimilable both
in the dextrorotatory form (d or +) and in the laevorotatory form (| or -}, which has aliowed
the development of chemical syntheses leading to the racemic product. Thus, the
synthetic methicnine market is mainly that of dl-methionine, a solid product commonly

20 referred to as DLM. A liguid derivative of methionine also exists, the o-hydroxy acid,
corresponding to 2-hydroxy-4-(methyithioYbutyric acid of chemical formuia HaC-S-(CiHy)e-
CH(OH)-COOH, ‘which has the particuiar property of being converted in vive into
methionine virtually quantitatively. This liquid product, which is commercially avaiiable in
the form of an agueous solufion at 88% by mass, is commonly referred o as the hydroxy

25 anaiogus of methionine.

Numerous syntheses relating io methionine or o its hydroxylated derivative have
been described, but the chemical processes exploiied industrially are essentially based on
the same main starling materials and the same key intermediate products, namely:

- acrolein HC=CH-CHO and methyl mercaptan HaCSH (MSH) leading via reacfion

30 to methylmercaptopropionaldehyde HyC-S-CH,-CH,-CHO (MMP}), also known as 3-

{methyithio)propanal or methylthiopropionic aldehyde (MTPA),
- hydrogen cyanide (MCN)Y or sodium cyanide {(NaCN), which, after reaction with
' MMP, leads finalty to methionine or io the hydroxy analogue of methionine.

Reference may be made to the article in Technigues de lingénieur, traité Génie

35 des Procédés, J 6-410-1 io 9, which describes the conditions for the industrial



Reference may be made to the article in Techniques de l'Ingenieur, traite Genie 35des Precedes, J
6-410-1 to 9, which describes the conditions for the industrial - 2 - implementation of processes for
synthesizing methionine passing via methylmercaptopropionaldehyde as intermediate product.
Acrolein,whichisusedasastartingmaterialforproducing  methylmercaptopropionaldehyde, is mainly
obtained by gas-phase atmospheric-oxidation 5 of propylene over a catalyst based on bismuth
molybdate at about 350C. The hydrogen cyantdé€ used to produce the methionine is obtained by
reacting ammonia with methane, methanol or a hydrocarbon such as propane or propylene, optionally
in the presenigepisiTsintatienopfosapensssor rewiiesiint SM{HARNCa pRSPFShIGR ATtRARY teEARC-
consequentytgidRaHuRHB & LCratesmiie iiBreducts that are strongly dependent on starting
materials of fossil or petroleum origin which contribute towards. increasing. the green . effect.
Specifically, propyl&%ﬁ%‘g’bta?ﬁe‘ q)y the cata yticacsracﬁing 'Soé]:ar\t/‘g%ou?1 gfg?:'%]ngggf peﬁ%lldé%l?rirq%fractions.
Ammonia is dittiveiseneatigaiRsb h R st gEnRe ydisyehesptaimeariiers diddsieam
reforming of RygresasheRsdesariye bagkhila asinnailealeRses: Methase s the 15 main component

of natural gas, a fosisél{aftﬁehformed fror{r?)ﬁaur%:eiét%epp%d%gr%ar}%%&??%gurigll b@ﬂggn&r}gg&% s rocks in
ither Tr

gaseous form. Prop‘ane_ig exfaced e om crude petroleum during refining operations or from
natural gas afaeRacHtBdeRiEaRSN BRtaNE. or & AWEFERORGHENIER BERRRIEOINTRIGE M
reserves, thespaioreeyah theseestatip amaatetdads sxitbgradually diminish. Starting materials of plant or

animal origin are re able our vear ' i .. T.hey do not
require all the re1‘inirlrcl{g\%ltreeﬁ'ls"E N(Z\/Qéx%rﬁ%%?%ﬁg[ h?g 33}@%%&%}%%5%%%&%%%?;['?g.%l'gh@)r/o%gﬁtribute all

the less® cliftRyNiBeHsiryasiHele dhsodpheHengly XRPepreun iy B b dERTirEasr defiflgtheir
biosynthesis petroleuthtBtigirappRarsstdassaotodsaveraasiiglite syathbticsprefess&éiicahe not 25

dependent on, SHing iAo AoLAUGIR DULIFUIE! ks SOHIETAVEHN ShisprnaDl

origin. T resent’invention’is thus to provide a process for synthesizin

methylmerca{BRSIAcR ABARAIL B 2c e RTeIBPeIn AR MR ARERFDATIR 8e of
renewable statiing refietisdsof mypkckieddanstheesarolrinapidog ed insstaringsaatdedhd®irs these

processes MipReaRiBigHas haednshel datiliatanehalesih WhithrltselhdeBysdiom he

methanolysis of plant oils at the same time as the methyl esters, which are use_ﬂ‘%s eci%%?as fuels or
%

combustibles AHRIAERRIHBRLQHS (RskEiIn 9aseoup R REEEETHIRT S HERVERISH tRus makes
it possible to pispense duithg hefiomgsurepiionsof fetrofeturs tuarcahstestitcieirdigpsesisoirisiittn and to
make use of natural3apr aglsiatieseanalabledByakifARQNs, the source of these starting
materials will gradually diminish. Starting materiats of plant or animal origin are renewable
20 sources and have a reduced impact on the environment. They do not require all the
refining steps (very energy intensive) of petroleum-derived products. They contribute all
the less to climatic warming since atmospheric CO, is consumed by photosynthesis during
their biosynthesis.
it thus appears necessary fo have available synthefic processes that are not
25  dependent on starling materials of fossil origin, but rather that use starting materials of
renewable origin,
The aim of the present invention is thus to provide a process for synthesizing
methyimercaptopropionaldehyde and a process for synthesizing methionine based on the
use of renewable starting materials, In particuiar, the acrolein included as starting material
30 in these processes may be obtained as a product of dehydration of glycerc!, which is itself
derived from the methanolysis of plant oils at the same time as the methyl esters, which
. are used especially as fuels or combustibles in diesel and domestic fuel oil.
The process according o the invention thus makes it possible to dispense with the
consumption of petroleum, to reduce the energy consumption and to make use of natural
35 products that are availabie in large amount.



- 3 --- Prior art It has been known for a long time that glycerol can lead to the production of
acrolein. Patent US 5 387 720 describes a process for producing acrolein by dehydration of 5 .
glycerol, in the liquid phase or in the gas phase, on acidic solid catalysts defined by their Hammett
acidity. According to the authors of the said patent, the gas-phase reaction is preferable since it makes
it possible to obtain a degree of conversion of glycerol of close to 100%. However, it leads to an
agueous acrolein solution containing side products, such as hydroxypropanone, in large amount.
10Patent applications WO 2006/087 084 and WO 20061087 083 propose improvements to this
process by choosingeyngryracidic catalysts, or by introducing oxygen during the glycerol dehydration
reaction. Propional g}%ge and cetal %dfz are,co-produc ed | | % rl‘}éln these processes.
Patent application 0%78 63 descivgs he prgpgr&% % f %ggofﬁﬁﬁf%ﬁdes, the
aqueous acrdiefaieblution obtalned being able to be used as startlng materlal for the preparation of
methionine. Noreatefitese mmﬂﬁégf!&tﬁad@@w@ ReBiHIL-BRIRIS By zi«rbpfder

directly tq fee t roducing methylmerca iona c |
mercaptz(a%n o@[\ﬁ %wd rggﬂ%lit)% i C?&c?ﬁgn?n]}gﬂﬁa% FR go?rr‘]eacr'é‘l;\a(/: i‘%ﬁ? %\)ég%gae\g H%J methyl
mercaptan (M@WSWW‘%MW@&Bt@W%ﬁ@d@HW@W thatyeaeq@@mﬁm@amwneanuud
phase, I<|31fter ietkratiensinyifiondian anﬂ:@ﬁi@tlﬁfbm?hﬂ l#dié@g@é@g%@%?ﬂlﬂlf &P@ef@l&ﬁbtt%hés
generally per r EQE ?_[ atalyst, in t sence. of solvent out 40-50C,
with a slight egcﬁ;as%ss} o?-‘ r?‘ﬁe%gﬁo e%pugsaéb(? |§Sg%¥1%iea{ y co%%g?glalm%?oslem %% c%malnlng a few
% of water. Tﬁ%%&%@?ﬁﬁ??ﬁa&v KEY§@ATBRthe liquid-phase reaction are, for example, organic
bases, optionally coReténedapitivaionegan azibsBeampies thal mep beonsnpnedsnghsgeserganic

bases selectq,qil&ggglﬁgglligqg M"Brééeggoé?&. J@;\%ﬁ) Q&&‘?@&&Q%Q at| !Vleo%.%B/40631 organlc

bases of N- alkylmorg? oline type described tems formedt from a basic

compound arftFaRSa a8 & ¥eRTRb s RlRD nﬁ%"f’gii%[hog‘"SP'Fé’%@W@ 37‘9 o@@éﬁﬁ@@’ﬁ? dREuffent EP 1
408 029. Thepmuistedivargoaabeatddyibiese pyackasseombined with acetic acid. The yields are virtually

quantitative. The MMEabtaingd.is e BEkRLRY %%ﬂth@eafbés% R LA

products are thus separated out, and then incinerated uments escribe processes

for perfoﬁn|né“ﬁ'iéc?é’ggﬁOW%éﬁb@@Hsl|6E1'"81%§ ﬁB%Bﬁh%’\%WF%@P&%&a‘Pﬁ RSiskBH HABe made of
document FRiag2ig!353hevpieparation of methionine.

None of these documents describes how to purify the acrolein produc:ed‘ in ordsr

directly to feed a unit for producing methylmercaptopropionaldehyde by reaction with
rmethyl mercaptan, or to feed a unit for producing methionine.

20 The reaction between acrolein and methy! mercaptan (MSH) to form
methylmercaptopropionaldehyde (MMP) may be performed in the liquid phase, after
production, purification and isolation in liquid form of the acrolein. The reaction is generally
performed in the presence of a basic catalyst, in the absence of solvent, at about 40-50°C,
with a slight excess of MSH. The scrolein Qsed is generally commercial acrolein

25 containing a few % of water. The catalysts that may be used for the liquid-phase reaction
are, for example, organic bases, optionally combined with an organic acid. Examples that
may be mentioned include organic bases selected from amines such as those described
in patent application WO 1996/40631, organic bases of N-alkylmorpholine type described
in document EP 1556 343, or systems formed from a basic compound and an acidic

30  compound in mole ratios of less than 0.3/1 described in document EP 1 408 029. The
most conventional catalyst is pyridine combined with acetic acid. The yields are virtually
quantitative. The MMP obtained is then purified by distillation. Light impurities and heavy
sulfurous products are thus separated out, and then incinerated.

Many documents describe processes for performing the reaction between liquid

35  acrolein and methyl mercaptan. Mention may be made of document FR 1 526 355, which



- 4 - describes the synthesis of MMP by reacting MSH with an aqueous acrolein solution containing at
least one carbonyl compound chosen from saturated aliphatic aldehydes and saturated aliphatic
ketones but free of unsaturated organic acids. The aqueous acrolein solution is obtained from
propylene or by condensation of formaldehyde with 5 acetaldehyde, and partial purification by
elimination of the components with a boiling point higher than that of acrolein. The by-products present
in the acrolein solution, mainly acetaldehyde, propiopaldehyde and acetone, must then be separated
out during the purification of MMP after reaction with MSH. In document FR 1 520 328, it has been

proposed tf, pﬁi@fﬁéﬁ?&f%ﬁf&%%@ﬁ@ﬂ@%@ﬁ%ﬁmiﬂvtwoaﬁt%%eﬁgé‘sééi:m&rli”sﬁl%ﬁg MSF: in
contact wit ntil t ution of the heat produced is complete, an in placing the resulting
reaction prod'\é%%i%co fa ieasf "acrG éln hi© prd% MBS gﬁ% e Pﬁa&ﬁ? EIBE?H% ?5?&

temperature. WWIPmﬁs@'%%tﬁﬁﬁ@ﬁ%wﬁé@@syﬁtﬁ@ﬁ@mﬁeac&mo&mthijhmemaptan 15 with
the acrolein- mn@m@w%@@mé@tfm@w@%@m the satabAiamrdatinprfipsapidens, after

tial f P itself .bath as t | bsorbi lvent and as th
Fongent with M L0 ges T e B es SE e GBo i SBE R Wossoheein
documents FRIZ'S 187 thah @Easigigine Fhaithy-giashistss Praseireiedhairiraieinosalisieirmisifiteed of the

acrylic acid andatedenyticoptopshbitenenratignablDWigin pRsAtuEe sbpfpradeaatiabwihrmethyl

mercaptan. ARseption H#E\th\é E p{, '[FI& as,; thus purified may be performed prior to the
reaction with gethyl mercapta'r\lg erre c?c)cumen s WO 94129254 and WO 97/00858, the gaseous

effluent containing dEresHMerbEm hﬁ%oﬁ?@oﬁd@ﬁé‘-&ﬂéFﬁﬂ%@%@%tﬁlﬁ%ﬁw%@ﬁmwﬂﬁé%@ctlon
medium:25 contaiaingeMNIP woethytsnecapian anoba@a@amehthem@a@m hetwreantagrelein and
methyl mereaplaiich 16" Mie Mk SesarianP AL ROARREMI B 0F MO IRIRHREhiGSD e

steam and the acrolein present in the gaseous effluent is pre heéTHiBhdensable
gases includiR§PEg Eh CHASH At c AMRIF I otk A SRS @é!ﬁb’% &Wﬂé %H@t'ﬁe%feﬂﬁrf #Religaseous
effluent in a ppeetanréhat may be from 60% to 80%, 30 and must then be separated from the liquid

reaction product Thi@gpﬁ@azsg@sgg%m k& &?%%éa‘;gergér&g Oqfnngﬁnrg% C%rﬁgle gases

into the reaction medium h may lead to a oss of merca tan cPurlng their

separatidh antf Betrqgrgf’é"f@tfé’ﬁlﬁﬂ"af‘%r%?’?&@ﬁ%@gtﬁﬁlﬂﬁ@aqﬂnfwghIﬁhLﬁ c8iAbuRygation of
document W@ropYE6848ii¢h oaybaanuiicdiviein Siscstraamieising WP dsebotitna3Sat propidene with

oxygen in thepEeseRg ] HORRNSS ARHURIL IS RATNSUYSQROeNSE % BruBg7, EP 889 029,
WO 84/29254, WO 97/00858).
In documents FR 2 314 917 and EP 022 697, the gaseous mixture containing
20 acrolein is freed of the acrylic acid and water it contains by condensation at low
temperature, before reaction with methyl mercaptan. Absorption with MMP of the gas
stream thus purified may be performed prior o the reaction with methyl mercaptan.
in documents WO 94/28254 and WO 97/00858, the gaseous effluent containing
acrolein, steam and uncondensable gages is placed in contact with a reaction medium
25 containing MMP, methyl mercaptan and a catalyst for the reaction between acrolein and
methyl mercaptan, to form a liquid reaction product containing MMP. The mole rati
between the sieam and the acrolein present in the gaseous sffiuent is preferably less than
0.3. The uncondensabie gases including oxygen, nitrogen, carbon monoxide and carbon
dioxide are present in the gaseous effluent in a proportion that may be from 60% to 80%,
30 and must then be separated from the liquid reaction product This process has the
drawback of sending a large stream of uncondensable gases into the reaction medium,
which may lead 1o a ioss of methyl mercaptan from this medium during their separation
and generate a stream of uncondensables poliuted with sulfur compounds.
in document WO 97/36848, the gaseous acrolein stream, derived from a reaction
35 of propylene with oxygen in the presence of propane as diluent, is partially condensed to



give an acrolein stream containing acetaldehyde in a content of between 0.5% and 3.5% by weight
and water in a content of between 2% and 8%. This acrolein stream, after reaction with methyl
mercaptan, leads to MMP comprising a high content of acetaldehyde, which must then be separated
out by distillation. 5Moreover, processes have been proposed for treating and purifying a gaseous
stream containing acrolein derived from the oxidation of propylene, with a view to using it in a reaction
for synthesizing MMP. Mention may be made, for example, of document EP 751 110, which describes
a process for purifying a gaseous mixture comprising acrolein, water, acids (acrylic acid, formic acid,

acetic acid, mgleiaRaihRACsHBEANSRIARES INAdH) RN INERARBEE Ridile Osd: Q24 RRRYIENE),
this process Inimizing t ?f risks of de@%ﬁ‘@%tgggd the acrolein while at the same time avoiding fouling
[ r

h .
of the apparafis ti2ed iA the Bidclst. ELYEPhedy B Ettiallfo AHH- Ermperaalive
condensation‘éégiareriinaaitvhenercipity shteiabiti mesprising theigireaieranti=ststpigistgaf the

condensed aqueaUs RNASASHL JEGMRIIRE: BYifigdArielein. A purified gaseous fraction .15 containing
acrolein and uncondensables whose weight Cﬁ)ntent of water is less than 2% and whose weight
[

content of acids is lesa than 100 PEnTTs SHfaiRed POREHE, Hilsalnm et Sibdr Hadtedawback of
providing a g&¥eatiscatieiing anaigin derivemhfreuiicopddatiabié appsria, laithcaneount usityich, after

reaction with m@t%dmﬁap@ﬂh@aaﬂ@tmmdar@@rﬁ&ﬁﬂm%éGﬁéﬁ“&?%ﬁé@ﬁ:@@%%@%&@'&ﬂed with
sulfur compo%qsﬁ%otﬁ%lri ic%tion of the MMP roduq?d may then prove to be difficult, Fully

integrated processes for Syn %sécglt%elﬁga I\ﬂﬁi?as‘cfgﬁriﬁé” RSP FRAEAE JeiHEKi S oRREG A58 %HbN of the
intermediate 4@ElefF YR isRBs thairisicidagspifateld Wittiakesthrage wrrdivEmdibpofacrolein.
Howevetothess, psonesgasse @it VarbUTSEPpripyRIASH NG BRASUINRINE 03 R Stieam

derived from idation of lene, In 25 . document WO Q3/068 721, the uncondensable gases
present in thet%%u %%%%éﬁjﬁ‘%% %ﬁ%@t‘f&“ﬂ%ﬁg igns% Sr%nﬁﬁlgﬁg%?g %@B@ﬁgtg‘%ﬁf’ a%r arf of the

reaction with M&MRPIRRSa AR, RPrRERISthRSSEcreepinlY PRo iR iroppistieDRndtosatoriBut having
been pollutedvaearyneutfiitiprodupispeneraiesthy threseathyl mereapian anhaMiRg Thengaseous
acrolein stre i e ion and stripping steps contains water, 30 but may be used
directly in gai%é%%%%ﬁgf%% s@f?t%%s%é%?%ﬁ%gﬁﬁoﬁﬁﬁ%%qp ﬁ%?eﬁ?b%‘e%%X% ﬁ‘fgﬂ%ea%%i’ﬁa?éxﬁt ona
starting ffate 8P EINBEAMRIgh and Ursrerssahey, WaRsRigicermrnUY 2008/6 188 Jumd¥scribes the
direct synthesisdoivhtiéé fraighglyeesat. dihechiotesssconsista 90 pineing ahisnee, imeqaiact wigh methyl

mercaptan, InghfighicoRhBatax IRNE-AASHBR P el i PLCSENGE OL AN 8RR psolid catalvst and

optionally of a solvent. The liquid-phase reaction is pe ed at a -6- temperature o?%‘éi'&‘v” en 5000

and 500C at & HrEESREPE RGO IAae 6 0 bt ER teadive MitbreRltidrreraRas waksr, an
alcohol, acetdneg tdiemestmaMMP itsetinddreaieeroimponodatradioteis frim 460 160Mo@nd. preferably

from 5% 4@ RlalbrroaHbRsR ARl RLAIHERIndh B RRIe Bligheiween the glycerol and the MSH is
adjusted to betweenFO 2 a?d SQggnd preferaply between 0.8 and 10. When the synthesis is performed

in the gas phase, thé 1YARIR PoraRieE O hRNREHZ MMy s Ene i PRIRyishe AisP s¥Ekeen 250C
and 350C, at ¥ibratdametiemofitbefiviermgdte abaleimavbiefeedbbedrien rkite 38sbaintdheiganeous

mixture may RexeijdeddorAumpie WithHirrgaavair m&t@%&@@&?&éﬁ(@%ﬁ?@h@%%#&ﬁed are
acidic hetero%%ge us catglgfsts Witr} a Hammett acidity r%{'lo,of I(?[rss tg?n +2 and preferably less than -3. It

is possible forthe Methyl mereaptan RS BE TR SFHLeRateR R oxdrin PSR but after
partial céhvedasHEHthEG/eERfEUREr ite yeemiismashite gasetaticisadridition srddee proves sfis
performed in battaftioosRIFcOB pHPYRIBOSIS Wik ARBENMRUR MLAHUSTIER & n,ina
single-zone reagiol nols ig rgaahcttg[jgv'tg Fwo&g\%éﬁz)nt ones.q%he MM{JD \ ielgééet%gxg@ui%ﬁyﬁlis 15
process are, accorhlng’ to’%m examp‘]es,efg moldh %n§e4prrr(1)8¥kepglgﬁjvéitkéri'h‘g'é%te%i‘f‘%QE%Hyields are
insufficient toRMYIGRJY ARneHiBH aIgsierit arspatad NP e thethd sreatapianprodbesVIMBradeer, such

yields would ghligeuamavinonsmisival Boerge atdomsidd sensidssmblkEpduasinenyigonmental
interest 95 a pJQH‘H&?%@ Bé&?%%%&é@iG%%JS&E"V&%&@Q@%ﬂ%‘%?s“o?'mmp. However, this process
remains dependent on a starting material of fossil origin.
More recently, patent application US 2006/0 183 945 describes the direct
synthesis of MMP from glycerol. The process consists in placing glycerol in contact with
methyl mercaptan, in the liquid phase or in the gas phase, in the presence of an acidic
35  solid catalyst and optionally of a solvent. The liguid-phase reaction is performed at a



20Patent application US 2008/0 183 019 also describes a process for producing MMP from glycerol
and MSH directly in a single step using a catalyst with a Hammett acidity of less than +2 and which
comprises tungsten and one or more promoters. The fact of performing the process in a single step
makes it necessary to perform the reaction in temperature zones in which the MMP is sparingly stable,
which greatly limits the yields. 25 As regards methionine, it is obtained by reacting MMP either with
sodium cyanide (NaCN) in the presence of CO2 and4\H, followed by saponification with a strong base
of the aqueous hydantoin solution formed and then acidification (80cherer synthesis), or with hydrogen
cyanide (HCNgrimpéoatarthef intveradiate epasobydiin swhickhis thamcprverted into the amipenitrile and
then hydrolys thioni esis) variant of these pro s lies i the
synthesis of tﬁgs i%érmﬁgc}iig}t‘ggﬁf/ agﬁoﬁ%f%ér?wé?\?l @%%%‘ﬂ\cﬁﬁe%ﬁf%w%’?}’ %?esénprgﬁﬁ%zﬁ%eﬁﬁth ¥
potassium caPb6iFERk SREAERIREAIFATDY A Proaad sy strsgebiian ok dxAiblesiriysateiieUs 5 990
349. Theswihiesis difutive. Hijsroxplanateg berabarethioripesalbamiopeeRS Miassyafhasis f the
intermedigte GUAPANHLIHS 4ls ERINYAMEELIDWO-BSHSIS 12! SIEp bBINg . 7. peyformed a
low temperature to form the amide, the second step at a higher temperatuYe ea |ngpto he Gesired

product in the"aBEcFRERERRADS FRATRNY IREpeeraturRyis hrtwaam 10 rindcS P thears BuARR§ e uments:
US 2 745 745d5Rad 2586 and T0°838t 50%evdichrsasinghemroes 560 40 prsiering feshydroxy

analogue of e YHasiner MRS e VR BoaRLORRY Anplseia Wi 2001007 Gogpronoses a
process for p[&deuglnﬁ ar%%%amds, for instance methionine, by fermentation 6f glycerol. Summary of

the invention DGR RS AGITRPASSH alvels M%@fgéfﬁ?ﬁg acidity
methylm&rcagfdpse srematdeingddpréfprabiglitesa tfamedhy mpoeaiiamtatacrodein feerebgeaciariged in that
at least one figmeaeengrifeseomn 6l o BEIRY RsERaR B emBloyardn Wi ipagliop p.obtained

via a reaction ?r a[Js?F%uf?nc of reactions starting from bijomass. subject of the invention is also
a process for TWERUTALY %%E%rgﬁﬁt&ﬂﬁrg%?rﬂ?g APosRraiansg heedrRisHH dhrRTEMEhPRRy drogen
cyanide or th@seriiirposéiituolfomiegdroti cayimicls vinthorvetiop mierestpyb prepmmaid ah ydendlae

methyimercapinr eqieiade iy decadnaitiasn phiaiRadbea06iRg Rt sescaRIan an?gcgﬁ ein,
y

characteﬂ,zed irl’cl' cEhsast at Iegg{tz o'%e fr?mt amon%tr'le agrolein, the methyl mercaptan and the hydrogen
cyanide EmplRy&g 18 ahtafited TP AR BRTEP §eti SIle GFRATaNE Sty Rdhe hrasts.

These yields are insufficient to envisage an industrial production of MMP on the basis of
this process, Moreover, such yields would oblige an overconsumption of energy and
would considerably reduce the environmenial inferest of & production process using a
renewabie starting material.

20 Patent application US 2008/0 183 018 also describes & process for producing
MMP from glycerol and MSH directly in a single step using a catalyst with a Hammestt
acidity of iess than +2 and which comprises tungsten and one or more promoters. The fact
of performing the process in a single step makes it necessary to perform the reaction in
temperature zones in which the MMP is sparingly stable, which greatly fimits the yields.

25 As regards methioning, it is obtained by reacting MMP either with sodium cyanide
{NaCN]} in the presence of CO, and NH;, followed by saponification with a strong base of
the agueous hydantoin solution formed and then acidification {Bicherer synthesis), or with
hydrogen cyanide (HCN) fo form the intermediate cyanohydrin, which is. then converted
into the aminonitrile and then hydrolysed to methionine (Strecker synthesis).

30 A vgrian’t of these processes lies in the synthesis of the intermediate hydantoin
from MMP and HCN, foliowed by saponification with potassium carbonate and
acidification {Degussa process), described, for exarnple, in patent US 5 980 349 '

The synthesis of the hydroxy analogue of methionine also proceeds via synthesis
of the intermediate cyanohydrin, which is then hydrolysed in two steps, the first step being



20The invention has the effect of reducing global warming during the manufacture of MMP and
methionine, by reducing the emissions of greenhouse gases associated with their manufacture.
Moreover, the use of renewable starting materials for all of the compounds employed in the processes
according to the invention will make it possible to consolidate the "green" nature of these processes,
the products obtained, MMP and 25 methionine then possibly being 100% formed from organic carbon
derived from renewable resources. A subject.ofthe.invention is also a process for manufacturing
methylmercaptopropionaldehyde, comprising at least the following steps: (a) dehydration of
glycerol to aq:ﬁe:rteimstaaﬁmmhmeaqaeomlmeanhi%llﬂlﬁ@l&éﬁoﬁﬂth&@ﬂ@&eﬁ@ﬁe@imm catalyst,
(0) puriication @il %A SOUPSIRATIABYLIGIRCS6 2 (DRl g acroleln stream containing

less than 15%, pré erably ess than 7% and more preferably eSS than 4% b gmass of water relative to

the acrolein, OB ORI RS g&?BT‘efﬂ"@‘ff’é‘&rﬁ"&B’f%ﬁ% Wﬁs@gﬁ? itRniéthgPR@itaptan in
35the presenée m&ﬁﬁta@mn dderit) pptessdly/fop pritaiantiod therpredinaicghtatieskinistiep. (c). The

said process accordLQdbeiiySPRLIRAds 19 BIahMpldaa HBPBsdoRoSsiRlen axaicqme the

drawbacks of the abovementioned current processes. A subject of the invention Is also a
process for nﬁ’éﬁ‘iﬂ%ﬁ?ﬁﬁ@%’i’ﬁl@mﬁ@ 8?‘9?@%‘98%& %m%@eopﬁf@[ﬁﬁ%‘ﬂﬁ{@“ﬁr%?@?fg at least the

following steps: (a) 8e 20800l to acrolein staffing with an aqueous glycerol solution in the

presence of an acidiealaibant (%Rgam ofihe agURAUS: StEramebtalned,deriued from step (a)

to obtain an acr?leln stream contalnlngyfgsst an 15%, preferably less than 7% and more topreferably

less than 4% 5§ A GRIORIP PORHS thé’)écﬁﬁgmo?c) e alBShYb MEERPEIBIN CtredfiPtained in
step (b)with ahethglanradaptinatistisepresentrerofancatalyst,acrolein and the methyl mercaptan

employed in this reaction is obtained via a reaction or a sequence of reactions starting

from biomass.

A subiect of the invention is also a process for manufacturing methionine or the

hydroxy analogue of methionine by reacting hydrogen cyanide or the sodium salt of

15 hydrogen cyanide with methylmercaptopropionaldehyde, the methyimercaptopro-
pionaldehyde having been obtained by adding methyl mercaptan to acrolein,
characterized in that at lsast one from among the acroiein, the methyi mefcaptan and the
hydrogen cyanide employed is obtained via a reaction or a seguence of reactions starting
from biomass.

20 The invention has the effect of reducing global warming during the manufacture of
MMP and methionine, by reducing the emissions of greenhouse gases associated with
their manufacture. Moreover, the use of renewable sfarting materials for all of the
compounds employed in the processes according to the invention will make it possible o
consolidate the “green” nature of these processes, the products obtained, MMP and

25 methionine then possibly being 100% formed from organic carbon derived from renewabls
resources.

A subject of the invention is also & process for manufacturing

methylmercapiopropionaldehyde, comprising at least the following steps:

(@) dehydration of giycerol to acrolein starting with an agueous glycerol solution in

30 the presence of an acidic caialyst,

{b) purification of the agueous stream derived from step (a) to obtain an acrolein
stream containing less than 15%, preferably less than 7% and more preferably
less than 4% by mass of water relative to the acrolein,

{c} reaction of the acrolein stream obtalned in siep (b) with methy! mercaptan in

35 the presence of a catalyst,



(d) optionally, purification of the product obtained in step (c), (e) reaction of the product
obtained in step (c) or (d) with hydrogen cyanide or 15sodium cyanide, (f) conversion of the product
obtained in (e) into methionine or the hydroxy analogue of methionine, and purification thereof.
Detailed description of the invention 20The invention uses biomass as starting material. The term
"biomass" means naturally produced starting material of plant or animal origin. This plant material is
characterized in that the plant, for its growth, has-cogsumed atmospheric CO2 while at the same time
producing oxygen. Animals, for their growth, have, for their part, consumed this plant starting material
and have thus assiffai)atgitbtizévc atsifinatien vwé théromdatrnatsphencr? S5 Q2. The present invention

thus addresses ceriaip dyfaplsdevelapment GGE RS MLACIAIBING MEIVIBEI capiopgpioaldenyde

and methionine for which at least part of their carbon originates from renewable sources. A renewable

starting matePPESE!S 10 AV fiNg SRRt R IR RPN YRR LR PIFES e nstituted over a
short period on a hursahjsich e tadeinit=istiom pardisolarmmecess foy fontlisstogktebeabie do the renewed

as quickly asjdrgoanuma of mebRIMaIRHAT A Rsabaysy, renewable starting

materials contain 14C in the same ropgortions as a mos%heric CO2. All carbon sam$les_ taken from

living organisms (affh ARSI PIGRE) AhEPE R AT HRI A BPEPAE ALETHERUS S¥CRaLTBLERINY 35about
98.892%), 13C (about e 8enaadiatCi¢idacetmiyeiunts, 1.2x10-10%). The 14C12c - 9 - ratio of living

tissue is identical to)ah fidhoRtBIARRRRIRAI R BRVHIRBMERNefle SIS RtV RESTAmINANt forms:

e form, . o e QAN 12 B S 8IS0 e A S Grorgane
molecules. '
10 preferably less than 4% by mass of water relative to the acrolein,
(c) reaction of the acrolein siream obtained in step (b) with methyl mercaptan in
the presence of a catalyst,
(d) optionally, purification of the product obtained in step (c),
{e) reaction of the product obfained in step (¢} or (d) with hydrogen cyanide or
15 sodium cyanide,
{f) conversion of the product obtained in (e) into methionine or the hydroxy
analogue of methionine,; and purification thereof.

Detailed description of the invention

20 The invention uses biomass as starling maierial. The term “biomass” means
naturally produced starting material of plant or animal origin. This plant material is
characterized in that the plant, for its growth, has consumed aimesphetic CO, whiie at the
same time producing oxygen. Animals, for their growth, have, for their part, consumed this
plant starting material and have thus assimilated the carbon derived from atmospheric

25  COa,.

The present invention thus addresses certain durable development concarms, by
obtaining mefhyimércaptopropionaidehyde and methionine for which at least part of their |
carbon originates from renewable sources. |

A renewable starting material is a natural animal or plant resource whose stocks

30 can be reconstituted over a short pericd on a human fimescale. it is in parficular
necessary for this stock {0 be able to be renewead as quickly as it is consumed.

Unlike materials derived from fossil matter, renewable starting materials contain
"“C in the same proportions as atmospheric CO,;. All carbon samples taken from living
organisms (animals or plants) are in fact a mixture of three isotopes; "“C (representing

35 about §8.892%), *C (about 1.108%) and "C (trace amounts, 1.2x107%%). The ™C/**C



In a living organism, the 140/120 C ratio is kept constant by the metabolism since the 5 carbon is in
continual exchange with the environment, Since the proportion of '4C in the atmosphere is constant,
this is likewise the case in the organism, while it is alive, since it absorbs this 14C just as it absorbs
120, The mean 14C/'2C ratio is equal to 1.2x10-12 for material of renewable origin, whereas a fossil
starting material has a zero ratio. Carbon-14 originates from the bombardment of atmospheric nitrogen
(14), and oxidizes ./o spontaneously with atmospheic-oxygen to give 002. In human history, the
14CO2 level increased following atmospheric nuclear explosions, and has since not stopped
decreasing af¢io fdiadtingef Bheseatiasts that of the athBenisestabldhé entitermuanb etOE:486 iatoms in a

given sample i3 cONMAREAYRIHINE, Hiteds isal radioastiveireN emmphoahearf Rdying being

contains enough 140 isotope 15 to give 13.6 disintegrations per minute) and the number of such
atoms in a s&RPRS JaeEER IR BI9ARIE TI'88E5Fding to the law: n = no exp(-at), in which: - no is the
original number of 14@ (eindhegestn, dhthéiEatate, iakepatongianty te isdtaboiismizarefiisl0 atoms

remaining afterimed.? s iR dn S ASRIRIAHPH S URSIRNMER afieac Y S RIPBR N IS felated to the
half- life. The half-life (or period) is the time after which any number of radioactive nuclei or of

unstable parfiiREBReI% it SRS S HEWES BiPRaPH 1 HEVEgRaBnvile KAk 958 felated to
the disintegratisorootistaliCajln tseiferaulosafdl1Zhe ImanT HEffQlfrbfo df 26uBl© I8 B7TE0Y/Bars. In 50

000 years, the dacanipRisbie SN Hereas iBsdniiatingntaniandkiwshe camesiflisull to detect
Petroleum products, natural %gs and coal therefore %?ntalr}go 140 en the half.-igrlezgee (T112) of
S

: [
14C, the 14CEBRERT i Sbs ARt ARMEBILR S ME BRI o GPHR rﬁéb\/agfgstgﬂ aterials
up to theomaspéatineeushthettbiimeseizis Boagerivesiveodthds dematinistaanahials Gidiesdn up to

the end of thgiems8ed 1oliGIMEC ARIIGNAE adDaIRTALRh EAWARIROTIEE rBaYDeBIeagipRd, for
exampie,. according to tr%%% llowvi te%i ues: -S‘by quu.id. scintilla_ttion spectrometry: thi; method.
consists in co%r?fl Tife™ ? e\géfﬁ&e" reﬁlﬁe%sby the disintegration of C. The beta radiation emitted
by a sample of 35 kii6vimstabiss iknthwmurbeher CEcaigIEia® MG RRITRIECE AP IBEHBEDITIME is
measured. 4¢ js itself radicactive (each gram of carbon of a living being contains enough “C isotope
215 to give 13.6 disintegrations per minute) and the number of such atoms in a2 sample
decreases over time (i) according to the faw: n = no exp(-at),
in which:
- no is the original number of "™C (on the death of the creature, animal or plant),
- i is the number of **C atoms remaining after time ¢,
20 - a is the disintegrafion constant {or radioactive constant); it is relafed to the nali-
life.
The half-life {or period) is the time after which any number of radioaciive nuciei or
of unstable particles of a given species is reduced by half by disintegration; the half-ife
Tip is related fo the disintegration constant g by the formula aT.. = In 2. The half-life of
25 ™Cis 5730 years. In 50 000 years, the "“C content is less than 0.2% of the initial content
and thus becomes difficult fo detect. Petroleum products, natural gas and coal therefore
contain no “C. _
Given the half-life {T.) of "*C, the "C content is substantially constant from the
extraction of the renewable starting materials up to the manufacture of the "biomaterials®
30 derived from these starfing materials, and even up to the end of their use.
The *C content of a material of renewable origin may be measured, for exampie,
according fo the foliowing iechnigues:
- by liquid scintillation spectrometry. this method consists in counting the "beta”
particles emitted by the disintegration of *C. The beta radiation emitted by a sample of
35 known mass (known number of carbon atoms) over a certain period of time is measured.



- 10 - This "radioactivity" is proportional to the number of 14C atoms, which may thus be determined.
The '4C present in the sample emits {3 rays, which, on contact with the scintillation liquid (scintillant),
produces photons. These photons have different energies (between 0 and 156 Key) and form what is
known as a '4C spectrum. According to two 5 variants of this method, the analysis relates either to the
CO2 produced beforehand by combustion of the carbon sample in a suitable absorbent solution, or to
benzene after initial conversion of the carbon samplednto benzene; - by mass spectrometry: the
sample is reduced to graphite or gaseous 002, and analysed in a mass spectrometer. This technique
uses an acceléiatOnadinddivindss torappeiirameteihto sepheateftits 4@oions fritoh thexyl 20uorte and thus

to determine fag;ratio.qf mt_‘ﬁv@jﬁ_&%@%ﬂ the LEGRR NBRIOASIOLMEASHIDY el d0 gantaot of
materials are precisely described in the standards ASTM D6866 BE;fa:ispemally D6866-06) and in the

standards ASPINFHED dTECISEIRRPTo BRI MR BERe R R Y HTETRIL £5F8E%nN the
analysed 15 {saiwpteWitmthtsddta\pradréferewbet Sammuierokd @0Y6 remeivaileterigidintptgive a relative

percentage ofgarhenpliensuRiie REYRPIBE samPEmer TiHE BeasksingnaibRkRLRiersntially
used is mass spectrometry described in the standard ASTM D6866-(§

[ 6. ("accelerator mass
spectroscopy™§ TRUFIE D RASER FRTRERLEH e %&ﬁ%ﬁ@?‘bﬁﬁfﬂ%ﬁiSﬂﬁ’fbééhﬁet‘}aﬁﬁrﬁ?é'?nﬁffﬁﬁonine 20
are at least piawtigt denvarsidnarhtiiarriss, strepledmtahemagramic carbon derived from renewable starting

materials and are congequeniycharaaioriarddanbal e caniainsldthi &%QQH&% aeask25% and
preferably at Ieaﬁsgg% by mass of the carpon %?MM are of renewable ? igin and at least 20% and

preferably at fas oib§ MAEY SPTRECTONs BhiohirRe 3re c?flrea}%ﬁ/%rr roﬁB%?TW@WMP and

methionifie nRpEEOINSIRICC SaR s darbUn iofeciawisic Brighs, anh drualicisetstrnadhaastivials used are
of renewable @H@iR isotophd.accordance with one preferred embodiment of the invention, acrolein was

obtained from glycetgl, The glycerol s obtained asa byspraguct of the manufaciure of bigfuels or
soaps or fatty esters of acids or alcohols trontoll-yielding plants such as ra[?e S€eed, stnflower,

soybean, oil jalife pawiswes ASCE4EPP fresramimliydP 6506 at by thmeewdirrde ASEMBIGRRent,
methyl mercapiaa Mg Totainey fmomsbydieedssulidesr2 hantmaiRanoldn he presapsaal a catalyst

according to tsha%*zg?g %&llglnfhg E‘a%g %_olr-l_a |_rlez re%%gals\é% Elecow?f%j/frel_r%\?vabie origin, 1o give a relative
percentage of carbon of renewable origin in the sampile.

The measuring method preferentially used iz mass spectrometry' described in the
standard ASTM D8B68-06 (“accelerator mass spectroscopy”).

in the present invention, the methyimercaptoproplonaidehyde and the methionine

20 are at least parily derived from biomass, they contain organic carbon derived from
renewable starfing materials and are consequently characterized in that they contain ™C.
in parficular, at least 25% and prefaerably at least 50% by mass of the carbons of MMP are
of renewable origin and at least 20% and preferabiy at least 50% by mass of the carbons
of methionine are of renewable origin. The MMP and methionine may comprise 100%

25 carbon of renewable origin, when ali the starfing materials used are of renewable origin.

In accordance with one preferred embodiment of the invention, acrolein was
obtained from giycerol. The glycerol is obfained a&s a by-product of the manufacture of
biofuels or spaps or fatly esfers or acids or alcohols from cil-yielding plants such as rape
seed, sunﬂower, soybean, oil paim, jatropha or castor, or from animal fat,

30 in accordance with one embodiment, methyl mercaptan was obtained from
hydrogen sulfide H,S and methano!l in the presence of a catalysi according to the reaction:

CHOH + H,S CAASt | opt s + H,0



- 11 - the methanol possibly originating from the pyrolysis of wood or from the fermentation of biomass,
for example of plant crops such as wheat, sugarcane or beetroot to give fermentable products. The
methanol may also originate from the gasification of any animal or plant 5 matter leading to a synthesis
gas composed essentially of carbon monoxide and hydrogen, which is reacted with water. Non-limiting
examples of matter of animal origin include fish oils and fats, such as cod liver oil, whale oil, sperm
whale oil, dolphin oil, seal oil, sardine oil, herring gil, ghark oil, bovine, pig, goat, horse and poultry oils
and fats, such as tallow, lard, milk fat, chicken fat, beef fat, pig fat, horse fat and the like. Examples of

10 matter of pﬂmmamnﬁhsdwlaf@aﬁdﬁmwml fﬁg%yré%&e&f (O dASSRRACRWRS AL RIEANRE GorN Straw;

cereal reS|dUQ§ 'f%ﬁlgls%n%%qgr% rets\ﬁf.é% cereal f (?aurs for instance wheat flour; cereals such as

wheat, barley, sorghtim, corn; SRt NG A e, SO AR AR oS TH A (e VResidues:

ood waStean
pea shoots arfﬁ"gl%‘ﬁ‘%b*%étﬂ‘?éﬁﬁ molasses such as beetroot molasses; potato, potato haulms, potato
- residues; starch; mitheemehentiulesg, Asheminalislosmand lignin.airaseunakingblagk igyor.  As
regards the c%rsl thes as, into. methanol, accordin o the reaction; CO + 2112 4 CH30OH
reference may be m%ée&t{])5 Ig)rofé?ed?/ de petrochimias ?ﬁé &M gé?r% E‘ﬁ’ﬁwepﬁ’%% 104
and to "FundQMH%E dT"I'ﬁHd%ﬁﬁp@ﬁt&{%dmﬁﬁ‘%fcé@é@'ﬂ"‘\nﬁle%xamﬁ%ﬁédmﬂmt@rm animal leegnethanol

may also restittdiein filse i ek (o) tratie Bsodd ationdnf mx@meaa@ﬁu&ﬁgtérexn&a@mm Ripmass

(f tat i H ]'Eh d ! fan th bi k
Mithan is oA Hosy 7 "‘é%%*a%%ﬁ?%‘ga%eg" RS R PR ABAT ErAeancior

plant organic A2l FHd. é‘B‘&e CBIEERY e b?ﬁ@%r@fﬁeﬁ@fﬁﬁ@ﬁ%ﬁ@bﬂﬂﬁoﬁm e niehapitzgatfon, takes
place natarallyretispehsmeougly increfass=sitesi;ariaiiisg=r JamieVasthsiifcnayde aerdpmed in
igesers, o gyl ouA 955 NS 1 el rcan st o e

or household T[Fefuse Preferably, the biomass used contains animal ejécta ser itrogen

input necessa %}Wof?ﬁ%aﬁrﬁk}v{ha&f"ﬁt?ﬁﬁb&ﬁ!ﬁrs?ﬁ@m‘ﬂi SATLrETENYERANGHsfard iBietsagei methane.
Biogas is conygeestessentmttyrel meihane paal shﬁb&naﬂi@Xw@nﬁndéé&Sarwwé%l%dﬁ then
ooy gk Hediasa I LATKAMNE inatp i SOdluin o 07 Lofacs v
hydrOX|de or amine 0|t' altern tlvely with water un ressure o sorp jon I a solvent such as
emicéilulose an ugmn of papermaking biack fiquor.
As regards the conversion of synthesis gas into methanol, according to the
reaction;
CO+2H, = CH;OH
reference may be made to "Procédés de pétrochimie, IFP, ENSPM", 1985, 2nd edition, pp
20 80-104 and to "Fundamentals of Industrial Catalytic Processes”, Wiley, 2nd edition, 6.4.8.

The methanol may also result from the direct (controlied) oxidation of methane
produced from biomass:

Biomass (fermentation) —» CH, et CH,+ % Oy ——» CHLOH.

The production of methane from biomass is known. Methane is obtained from

25 biogas. Biogas is gas produced by the fermentation of animal andfor plant organic matier
in the absence of oxygen. This fermentation, also known as methanization, takes place
naturally or spontaneously in refuse sites containing organic waste, but may be performed

in digesters, for example for treating purification sludges, industrial or agricultural organic
waste, pig litter or household refuse. Preferably, the biomass used contains animal

30 dejecta serving as a nitrogen input necessary for the growth of microorganisms that
ensure fermentation of the biomass to methane. Biogas is composed essentially of
methane and carbon dioxide, and the carbon dioxide is then removed by washing the
biogas using a basic aqueous solution of sodium hydroxide, potassium hydroxide or
amine, or alternatively with water under pressure or by absorption in a solvent such as



- 12 - methanol According to this route, it is possible to obtain pure methane of consistent quality.
Reference may be made to the various methanization techniques of the prior art, to the article "Review
of Current Status of Anaerobic Digestion Technology for Treatment of Municipal Solid Waste",
November 1998, RISE-AT and to the various biological processes existing for the treatment of waste
water, for instance the Laran(r) process from Linde. As regards the method for synthesizing
methyl mercaptan from methanol, reference may-beimade, for example, to the method described in
patents FR 7 343 539 and FR 2 477 538, which consists in performing the synthesis of MSH by
vapour-phasevisreeattiaccbetwg e thiethane| dnd HaSieeardeonperapure, memaypeintimikereaction

mass, of betwgep g%@&e%%éﬁ%g@@%gésf@mw%wm%%a?@wéZ%%@%Pﬁ SRULE gf between

2.5 and 25 bar and preferably between 7 bar, the reaction orme passing the

reagents overf%fnﬁégfct’ﬁré%%\?&@%gﬂféeﬁéﬁ?ﬁfsﬁtﬁ%‘fr%ffbpwm %@H@h’?ﬁ%‘ifu &dRt8 the first
bed and a fracfidviuafcbal tStaidniatiseiol being2s inBotluseHHMD m@nbedzethmmaﬂlmeafatlo of

P25 10 1he (WA BelAnaing i ReWeshdnl 0L RalhesARl %%ﬁ%bghﬁﬁ}g‘éée%'f‘; o asin

preferably an activated a with a specific surface area o between and
the form of bed€2 mm to 5 mm in diameter. According to one embodiment of the |nvent|on, methyl
mercaptan was obtalsecbbyrdd dheeahegianticarokgytitesingasedslivedripnbiomassenaposed

essentially of gathanmanowide as Rydiogeno iy dionen sulide. #GepLdlng. e ralaluls process.

and without proceedln% V|a methano H2 + H2SCH ccor ance with one
embodiment 8fthEHr/&nfici en el SANSRIRIBPRER ™IS K& SRt IsF FelicMSE! 41 RAE wittstethane
or methaiol, ostiinalbetweire petsent eraf 4i8 and/eanpeygrne adtleaspangofrid estetige rissshersen from

ammonia, MegRRRRABIME LANALAAGNGRAAMY BERUAN DI SR 370-d18 ALffLLpdlystrial

production of h %Hrogen cyanide HCN is based malnlg)on the Andrussow process dating from the

19305, considtfg6T ah 2oL A N30 nFERiAR S P eREsHid g P Wi cheantifo fRestiaR 488 with
methane in theepreseddey pkadingnithe ptayealy ofaaidemsoireca cataysive begrostctfyhipdinized

platinum ga%ﬁeat-a?st%ngrmeu@agm MR BT thd Lo AGeRrCof HaOHRANR LRRREP Ref 14 + NH3
+3/2023HC +3H§Q+ heat -
duced into each bad the overall mole ratio of H,S to the total methano! being

between 1.10 and 2.5, The catalyst used for this reaclion is preferably an activated
alumina with a specific surface area of between 100 and 400 /g, such as in the form of
beads 2 mm {o 5 mm in diameter.
According to one embodimeant of the invention, methyl mercaptan was obtained by
20  direct reaction of synthesis gas derived from biomass, composed essentially of carbon
monoxide and hydrogen, with hydrogen sulfide, according to a catalytic process, and
without proceeding via methanol:
CO + 2H, + Hp8 =» CH3SH + H:0
in accordance with one embodiment of the invention, hydrogen cyanide was
25 obiained by reacting ammonia with methane or methanol, optionally in the presence of air
and/or oxygen, at least one of the reagents chosen from ammonia, methane and
methanol having been obtained from biomass.
The current industrial production of hydrogen cyanide HCN is based mainly on the
Andrussow process dating from the 1930s, consisting of an ammoxidation of methane
30 according to which ammonia is reacted with methane in the presence of air and opfionally
of oxygen over a catalyst composed of rhodanized plafinum gauze at a temperature
ranging from 1050°C to 1150°C, according to the reaction:
CHy + NHz + 3/2 0, = HCN + 3 HO + heat



Generally, the mole ratio CH4/NH3 ranges from 1.0 to 1.2 and the mole ratio (CH4 + NH3)/total 02
ranges from 1.6 to 1.9; the pressure is generally from 1 to 2 bar. Another process (Degussa) for
producing HCN is based on the reaction of ammonia with methane, in the absence of oxygen or air, at
a temperature of about 51300C. The reaction is performed in platinum-lined sintered alumina tubes.
The bundle of tubes is heated with gas inside an oven. It is also possible to use methanol in place
of methane to produce HCN according to the reaction: CH30OH + NH3 + 02 4 HCN + 3 H20 ivThis
process, described especially in the 1950-1960s7h Bé'}te'ﬁts GB 718 112 and GB 913 836 from

Distillers Company,éstesga@ catﬁllyst ased on m%g?denum oxide at a temperature rarg%ing from 340C
to 450C, or a catalySFBEENY oNBA MR RS d Palfyifg 78 B500ds 686C.

Ammonia mal-be obkkiHstironrangdoigem HérvddPirtm mesmikésiegasilSteomposedressentially of
carbon monoxide apddingrogenssesuitipaiiomdhe areificgtionaf Riomass. GAagificationds a;

thermochemigcal process for producing a hydrogen-rich gas from biomass and a gaseous reagent such
AR WSl ATt TP i

as air, oxygen oF St R R Lol SaRe LA & aPHgRM & AEr i BRRTOBSCY arkPenerally at
atmospheéric pregsurd s waatienje seierpaddsuietimite-ingd entemdcentiakidnb@s. tecaiundithd water) is

not sufficient dueng Reeae easifsatiamioalesaekip full oxidation. Thus, large amounts of CO and 112 are
produced accordingittlo tt‘le followgt\é;treaction% C +H20+) CO + H2 + 002 4 2C0O As biomass, it

is possible to use anysrﬁaﬁ?e’?%sfs DIl e? BEIRE BRI AR 2R RAR IRRIOgHSS Slfe accordike
hydrogen, aftrlt®RaG4$6h with steam of the carbon monoxide produced from the synthesis gas, is
purified before being introduced intogMgatalybigianmonia syptpesiseactor at high pressure (100 to

250 bar)m This process, described sspecially in the 1850-1960s in patents GB 718 112 and
GB 913 836 from Distillers Company, uses a catalyst based on molybdenum oxide at a
{emperature ranging from 340°C fo 450°C, or a catalyst based on antimony and tin at &
temperature ranging from 350°C {o 600°C.

Ammonia may be obfained from hydrogen derived from a synihesis gas

15 (composed essentially of carbon monoxide and hydrogen) resuling from the gasification
of biomass. Gasification is a thermochemical process for producing a hydrogen-rich gas
from biomass and a gaseous reagent such as air, oxygen or steam. The conversion takes
piace at high temperature (B00-1000°C) and generally at atmospheric pressure or a miid
posifive pressure. The oxygen concentration (in the air or the water) is not sufficient during

20 the gasification to lead to full oxidation. Thus, large amounts of CO and H, are produced
according to the following reactions:

C+HO = CO+H,
C+CO, 2 2C0O

As biomass, it is possible to use any matier of animal or plant origin already

25  indicated previously.

The hydrogen, after conversion with steam of the carbon monoxide produced from
the synthesis gas, is purified before being introduced into a catalylic ammonia synthesis
reactor at high pressure (100 to 250 bar).

The hydrogen used to prepare the ammonia may also originate from the recovery

3¢ of residual liquor from the manufacture of cellulose pulps. Reference may be made fo
documents FR 2 544 758, EP 666 831 or US 7 284 225 from Chemrec, which describe
especially the gasification of residual liquors from cellulose manufacture.

Methane, as already indicated above, may be obtained from biogas (CH4/CO,)
produced by the fermentation of animal or plant organic matter in the absence of axygén,

35 the CG; being removed by washing the biogas with an aqueous basic solution of sodium



The hydrogen used to prepare the ammonia may also originate from the recovery 30 of residual liquor
from the manufacture of cellulose pulps. Reference may be made to documents FR 2 544 758, EP 666
831 or US 7 294 225 from Chemrec, which describe especially the gasification of residual liquors from
cellulose manufacture. Methane, as already indicated above, may be obtained from biogas (CH4/CO2)
produced by the fermentation of animal or plant organic matter in the absence of oxygen, 35 the CO2
being removed by washing the biogas with an aquegus basic solution of sodium - 14 - hydroxide,
potassium hydroxide or amine, or alternatively with water under pressure or by absorption in a solvent.

Methanol, asrglieasheindisatadraherexifesy BenpriainafemaiREnentatinrplLpiRMmasss @y Byrolysis of
wood, or by %%gifiﬂc%ion of an matter of animal or plant origin 5leading to a synthesis gas composed

essentially of carbon monoxide and hydrogen, which is reacted with water, or by direct oxidation of

methane produced WeEBRImassalready, sgisjeledoplvenveayobrislisier pRocésfitanamuacturing
methylmercajgitapsepienaldeiirdeiscanapasing By astdamfobowinenstePSt animal oigleygration of

glycerol to acrolej ting.with an aqueous glyceral solution.in Jothe presence of an acidic catalyst,
) pricaa s o e B SR g

less than 1595, BREIRANII VeRISHARY I @HIGHS D FEFEPAIRD LSRN HOFIYamass of water relative to
the acrolein, A(C)demstion @t theeacialeimisireas olitrines fremcstep (Ry withamesayt-mercaptan in

15the presengeh i Gl ropionalaetPa2PHSARNY R UL ALIEG R iyt obtained in step (c).

{a} dehydration of glycerol to acrolein starting with an aqueous glycerol solution in

10 the presence of an acidic cataiyst,

{b} purification of the aqueous stream obtained from step {a) to obtain an acrolein
siream containing less than 15%, preferably less than 7% and more preferably
less than 4% by mass of waler relzative to the acrolein,

(c) reaction of the acrolein stream obtained from step (b) with methyl mercaptan in

15 the presence of a catalyst,

(d) optionally, purification of the product obtained in step {¢).

The MMP produced according to the process of the invention after step (c) or {d)
may aiso be subjected to a reaction with hydrogen cyanide or sodium cyanide during a
step (e) foliowed by a subsequent conversion to produce methionine or the hydroxy

20  analogue of methionine, which may then be optionally purified.

The first step (a) of dehydration of giycerol may be performed in the gas phase in a
reactor in the presence of a calalyst at a temperature ranging from 150°C to 500°C and
preferably between 250°C and 350°C, and a pressure of between 10° and 5x10° Pa.

The dehydration of giycerol may be performed in the liquid phase, and in this case

25 the temperature is between 150°C and 350°C at a pressure ranging from 5x10° Pa to
100%10° Pa.

Preferably, the first step is performed in the gas phase.

The reactor used may function as a fixed bed, 2 fluidized bed, & circulating
fluidized bed, or in a modular configuration {(plates or baskets), in the presence of solid

30 acidic calalysts.

The catalysts that are suitabie for use are homogeneous or multi-phase materiais,
which are insolubie in the reaction medium and which have a Harmmett acidity, noted Hy,
of less than +2 as indicated in patent US 5 387 720, which makes reference to the article
by K. Tanabe ef al. in "Studies in Surface Science énd Cataiysis”, Vol. 51, (1988), chap. 1

35 and 2; the Hammet! acidity is determined by amine titration using indicators or by gas-



The MMP produced according to the process of the invention after step (c) or (d) may also be
subjected to a reaction with hydrogen cyanide or sodium cyanide during a step (e) followed by a
subsequent conversion to produce methionine or the hydroxy 20analogue of methionine, which may
then be optionally purified. The first step (a) of dehydration of glycerol may be performed in the gas
phase in a reactor in the presence of a catalyst at a temperature ranging from 150C to 500C and
preferably between 250C and 350C, and a pressurgf-between 105 and 5k 105 Pa. The dehydration
of glycerol may be performed in the liquid phase, and in this case 25 the temperature is between 150C
and 350C atpghpsessigeptanging sase SD@SdRE@IGHE GRKEHEP theProlnabligthe Frdestepds performed in

the gas phasg,,, e HSFERGIPTYARY BRYMREIONAS AL Rl RRdiafluidiredhatb2 fiiating

fluidized bed, gyin a modular configuration (plates or baskets), in theapresence of solid 30acidic
catalysts. SUPREIEaPYRSRS HateheCCalRMIRITORY dte HEMROBRNBBHS BPrRaME AHitse HStrials, which
are insolublednrihedeacienomatimatiasig elrobpbigaeds Hammett acidity, noted Ho, of less than +2 as

indicated,in patent YS.o,387,(2(. %m%w@&ma%%g@%%iﬁnw&&% i "Studies
in Surface Science and Catalysis", Vol. 51, %}989 ’i%hgafié%i% nd 2; the Hammett acidi

: ty |
determined By e RERRHASH G TRCRHBESS MBS ARERTP ST 4 HAEES The
catalysts satiséjingitigecagioliysdrite ot df- 1@ |BegatiarT alenséyhecitiosels, flarseriaiarabolyggiathetic

siliceous mateljals A AGIYGZRAUISHBIBRER: SHERM Formsh GRuupiefeaaried, wighamaono-, di-, tri- or
polyacidic inorganic acids; oxides or mixed oxu?es, or al ernatlve(z%j heﬁaogolga%gsd 5.l;[hese catalysts
may also be formed&g‘f%gﬁg?e%ﬁ%‘fy?ﬂf&% ik WW%?&%%SW &'saidh

&' g heteropolyacid e
exchanged witlostHeast anddrestidrastb oo sdesivia Rhosphobe BgiHGIB]roups 1 to XVI of the. Periodic

Table of the Elements, gse el oReadly se'sconipiuaieashase RBiie! chisgaion e

group comprising W ) . mond the mixed oxides, mention may also be made of those
based on irofb@sEchRBSHERS 26 4L BRRIE R c SE0TRG 5hBLHBRSs RlIRFRURIyaeastc and
Advantageousilisothegeadalyigts:mke i sais from zeilite spiafidmetahpiditep¢basbaotastafonic acid of
fluoropolymer rna IDas, Hagste andisilicatupgsticrasids;andiaricsadts, and
various solidsc%i“j %%%éﬁ%ﬁ%ﬂ%%@?ﬁ%%@u% o%%gl'l'aZQS niobium olede1 NbéO{S alugﬂna
Al203. tEniuAs e de ‘W@Z’, Sibnsiirfosigs or silico-aluminate Si0-ALDs, impregnated with aci

functions such as borate BO,, sulfate SO, tungstate WOs, phosphate POy, silicate SiO,,
or molybdate MoOs;. According to the literature data, these catalysts all have a Hammett
acidity Hy of less than +2.

The preferred catalysts are sulfated zirconias, phosphated zirconias, tungstated

20 zirconias, siiceous zirconias, fitanium oxides or ftin oxides, or phosphated or
phosphotungstated aluminas or silicas.

The process of the invention generally starts with crude glycerol, i.e. typically
containing 80-80% glycerol, 1% fo 10% salts, 1% to 4% of non-glycerolic organic matter
and 3% to 15% water. The process advantageously starts with desalinated glycerol, which

25 may be obtained from crude glycerol via any means known o those skilled in the art, for
instance distillation under reduced pressure or flash distillation under reduced pressure or
separation using ion-exchange resins as described, for exampile, in patent application EP
1878 008. The process may also start with sali-free glycerol obtained via oil
transesterification processes catalysed with heterogeneous catalysis. The process may

30  also start with refined glyceral with a purlty of greater than 8%, 89% or 98.5%.

At the reactor entry, a mixture of giycerol and water with a glycerol mass
concentration ranging from 20% fo 89% and preferably between 30% and 80% is
generally usad.



15 Zr02, tin oxide Sn02, silica Si02 or silico-aluminate Si02-Al203, impregnated with acid functions
such as borate BOB, sulfate 504, tungstate W03, phosphate POA4, silicate 5102, or molybdate Mo03.
According to the literature data, these catalysts all have a Hammett acidity FID of less than +2.

The preferred catalysts are sulfated zirconias, phosphated zirconias, tungstated 20 zirconias, siliceous
zirconias, titanium oxides or tin oxides, or phosphated or phosphotungstated aluminas or silicas.

The process of the invention generally starts with_cruge_glycerol, i.e. typically containing 80-90%
glycerol, 1% to 10% salts, 1% to 4% of non-glycerolic organic matter and 3% to 15% water. The

process advantagequslygsicuis wiited esatinateskglyeeewhichiqicnaybeohtaieddiemoen de
glycerol via ag%h{g}c?%??nmgwgs}ﬁg&%s%%illed in the art, for instance distillation under reduced
I istifation tin '

pressure or flas a er reduced pressure or separation using ion-exchange resins as
described, for exanfpé, iFHaiEst SHpmediHiER 1Yy SDBoiTheproieiisd ey e Safifik salt-free
glycerol obtam\ﬂ&@ibtrms@qr&ﬁmtimmmges eﬁt_alygeﬁl witheheigroganeouamaatatysts. The
e ey AL LTI kel BRI PLCAeLNED eIt o
the reactor entry, a mixture of glycerol and water with a glycerol mass concentration ranging from 20%

to 99% and pFaRRYiBISYBIefl s etmarig YostisiRRtaaRY G5edeactien. lemperatugh RPeRater mixture

may be used iadiguicsiand, or in gaseous form, preferably in the gas-phase form. One preferred

embodiment of the ipyeaiign gonsisis i sensing AdpXuis coviaIAGAL Ieashabirerabritales, oxygen

or a gas containing oxygen, and, whéere 5 appropriate, an inert gas and/or recycled gases, in the gas

phase, througTaPoEY Bt dBsiaaegy dningle dRHm RRYra D N P RTHIRT e Le X S AP R mperature
of between 1E0ganer8QGGm aboullthe tamdusidofrelergely isxoh08an $@.as to be outside the flammability

domain at any pointAeu%}ﬁaigasaH@Ei%dzslgﬁéaa%ﬁ%@ah&twgsae&hw%gy'ee PeraRRENG the glycerol
icis generally from about 0.1 to 1.5 and preferably from 0.3 t0,1.0. Advanta e(f)usly tig/e lycerol
dehydration rB&%45H ﬁfa‘i}‘%‘:f%‘t?é‘tp‘gr%?rﬁ&f‘?ﬁ%gfaﬂgﬁ%%tf?f)@'éié?ﬁa@urtai?p{ﬁ% 5?55&? a%Bf an

amount of hydiSgeny reniging feative. dte iy volturee reldtiveatatiryrbatweaminmorég)aad of a
catalyst chosgacfraadiosasiasernesiih Raieabapphcation US 2008/018 319. 15The charge sent into

the reactor may be preheated to g preheating temperature of abqut 150C to 350C. he process is
porfondd at a prechlFe oh SBSC HHOLTR e oL RE EFEAblaR TRER G SRS S0 shanty
higher pressuabput 150°C to 350°C.
The process is performed at a pressure of about atmospheric pressure and
preferably, more specifically, ai a slightly higher pressure.
The contact fime expressed in seconds is the ratio between the volume of the bed
20 of caialyst and the volume of the gaseous reagents delivered per second. The average
temperature and pressure conditions existing in a bed may vary according to the nature of
the catalysi, the nature of the catalylic bed and the dimensions of the catalyst. In general,
the contact fime is from 0.1 to 20 seconds and preferably from 0.3 to 15 seconds.
After step (a), an aqueous stream is obtained, which may be liguid or gaseous,
25  containing the desired acrolein, water, unreacied giycerol, and by-products such as
hydroxypropanone, propanaldehyde, acetaldehyde, formaldehyde, acryiic acid, propionic
acid, acefic acid, formic acid, acetone, phenol, adducts of acrolein with giycerol, glycerol
polycondensation products, cyclic giycerol ethers, and also light compounds such as
nitrogen, oxygen, carbon monoxide and carbon dioxide. Some of these products are
30 heavy compounds, while others are condensable fight compounds. For others, they are
light compounds that are uncondensabile under the temperature and pressure conditions
usually empioyed.
Step (b) in the process according to the invention consists in purifying the said
aqueous stream 1o obtain an acroiein stream containing less than 15%, preferably less
25 than 7% and more preferably iess than 4% by mass of water relative {0 the acrolein, i.e. a



The contact time expressed in seconds is the ratio between the volume of the bed 20 of catalyst and
the volume of the gaseous reagents delivered per second. The average temperature and pressure
conditions existing in a bed may vary according to the nature of the catalyst, the nature of the catalytic
bed and the dimensions of the catalyst. In general, the contact time is from 0.1 to 20 seconds and
preferably from 0.3 to 15 seconds. After step (a), an aqueous stream is obtained, which may be liquid
or gaseous, 25 containing the desired acrolein, wateryunreacted glycerol, and by-products such as
hydroxypropanone, propanaldehyde, acetaldehyde, formaldehyde, acrylic acid, propionic acid, acetic
acid, formic aisteriseisien mienaticsdusiseiraormeinaniamgies ahaglyaerehaahsmenssaaation
products, cyc’ja(‘s%}gg%@bg;hers, and also light compounds such as nitrogen: oxygen, carbon monoxide
and carbon dioxide. Some of these products are 30 heavy compounds, while others are condensable
light compounds. FAMGHERS 1h&Ealigmetisam s6tmt aasike ReshtRh R er cpamNBmperature
and pressurezzosigitionsmistsiity smgleyetion in whtepdb) iretheidd ceresRCEMERINOIIOAlaR im¢ention
consists in putifyi [ t [ lein, stream containing less than 15%,
preferabl)gl'] |e£%@%§ﬁ%§?§r%%%ﬂ%@?% %g?é%ﬁ%%@ﬁ&ﬁyg@;és 0 Wg e? rééﬂg %/gq[%eﬂ%% acrolein,
ie. a - 17 - WAIRR RAMHPR AR RS 3??@§§=t%’ﬁﬂ%?b?e%ﬁ?f‘l@@é”tﬁﬁ?ﬁfﬁ@?‘ﬁodiﬁ@ﬁi%eferably
less than 0.04o obtaifceotickintetal dficktralieynative; steth) sensistemppsirly ngrthdatream gontaining
acrolein, compsing: 4p-8RRPLANAESN MASIEY, By BRI AEPOUBE MO dorany

[ s acrolein solution

uncondensables to%ass through as the head fraction and to recover a dilute aqueo

as the tail fralih, f5IOREE By T40atRHARRIRmAEpsRsiBAD ] itk Iraash 5 BBRIASRIRIh E5d fraction
a gaseous ordiguicistanmoompasingimored aan888% by mass of agmddinnanddessHrrand 596 by mass

of water relatiyg 49 dhg A6 aleinesiesabbsmpre than 90% by mass of acrolein and less than 7% by
mass of water relatiye to the iv_acrolein, and more preferably more than 95% by mass of acrolein and

less than 4% by masQorTHEeHF FIRAT P ATEIRING) ™2 R SRR 8tr8R% Uil sSR! (2) may

be cooled viasxsbapgenore heat exchangers. It is then absorbed in water or a recycled aqueous

stream, to form a dilite W ussiIsRCiAlIGIAEPIHHQN Bpited-gomain L IesS thaprha byimass of

acrolein. This absorption may be performed in a packed column or a plate column, preferably
counterczusrren‘?ﬁ\ﬂesg‘(g')‘.ngaE\G/%)[fi‘rl1 ﬁé%%ﬂ%w: HBFHER é%'ggl%el?éh%@arﬁ&oﬁﬁdg?%&% U ARFaGHIE oxygen,

carbon monoRkfe@mtarcEOPEdIeNTEdr i R pRRKed FolnmhotepeitmsivolunmeFablngoenes acrolein
solution is thejusemaiatehby-aistikation, Te:denttiadaneBAaR light compounds, such as nitrogen,

oxygen, carbon monoxide and carbon dioxide, are removed from the top of the column.
The aqueous acrolein solution is then separated by distillation. To do this, a chain
20 of distillation columns may be used, as described, for example, in patent US 3 433 840, or
a single column, as described, for exampie, in documents EP 1300 384 and EP
1 474 374, This distillation makes it possibie to recover, on the one hand, a stream formed
mainly of water, and, on the other hand, a gaseous or liquid stream with 2 mass content of
acrolein of greater than 75% and a mass content of water of less than 15% relative to the
25 acrolein. and preferably more than 82% by mass of acrolein and less than 7% of water
relative {o the acrolein, and preferably more than 95% by mass of acrolein and less than
4% of water relative to the acrolsin. This final stream is sent towards step (c).
The stream formed mainly of water also contains heavy impurities, with a boiling
point higher than that of acrolein. The majority of this aqueous stream is recycled info the
30 absorption step and a small part of this stream is removed, sc as to deconcentrate the
heavy compounds of the water loop. The light by-products, with a boiling point lower than
that of acrolein, for instance acetaidehyde, are either removed as the hsad fraction in the
distitation, or remain in the acrolein stream sent into step (¢) and are removed during a
step (d) of purification of the MMP. When the light by-products are removed as the head
35  fraction of the distillation column, the gaseous or iiquid stream with 2 mass content of



20 of distillation columns may be used, as described, for example in patent US 3 433 840, or a single
column, as described, for example, in documents EP 1 300 384 and EP 1 474 374. This distillation
makes it possible to recover, on the one hand, a stream formed mainly of water, and, on the other
hand, a gaseous or liquid stream with a mass content of acrolein of greater than 75% and a mass
content of water of less than 15% relative to the 25 acrolein, and preferably more than 82% by mass of
acrolein and less than 7% of water relative to the acrglein, and preferably more than 95% by mass of
acrolein and less than 4% of water relative to the acrolein. This final stream is sent towards step (c).

Tfhe strleam fcﬁmd:mw@t&aaéwaéﬁWalﬁ%ﬁ@ramgmarft%pw&@h%mﬁa %Q@' 55, RAIRLE '@gﬁé than"that
of acrolein. The majorit ueous str Js recycled into the sorption step and a sma
part of this streéam é reﬁto%rek}l %%%as d%‘cgﬁ%%ﬁst%/te e t?e ‘86%@%&@ é’ﬁ%é’ &/Qf‘e‘?’%’ép The
light by-produ@Stiyfitke érﬁo?ﬁﬁéeﬁblﬁ‘tqd%ﬁﬁtﬁﬁm theiechacRiiinpforansteireedeotatdahyelthaare either
removed asdth%hﬁamiemﬂ%ﬂdél ihendistiation, n%iyf %@@Hﬂr&ﬂtﬁb@@ﬁl?'ﬁi@oﬁm QRhAERSTEP (C)dand
are remoye r rifica on f the MMP. When_ t products are removed as
the head %Sfrgﬁt@% gp%hggé %‘l?a%)(;’lﬁcgg umn eéa r(jgalysg’eous or I|qU| T%Y Wit Wagg%%n?ént of - 18
- acrolein of gf&stEPEAale 23 RIfd 1A AR5 eBNEENT 3P0VAR4r of less than 15% relative to the acrolein,
and preferably moredpasn8R/ounemass Qcﬁmg&egm«@@ﬁ |@§ﬁ@%§%@§)f5§V@@9&j§.ﬂﬁ%t@d&]ﬁgacroleln
and preferabl¥épgrrreégad?1 %?e/oa Xemsg %‘JH g{g se than 4% 0 Wat elat{ve to the acrolein,
awa a% § be‘P\ﬁgteaﬁ the column

may be advantage ousgﬁscove ed by AN ermeﬁla?e ﬁa 6cate
feed and the EBfEnAR a%"ﬁ’@s’iﬁ”ﬁ%ﬂs ﬁfﬁé&ﬁ?ﬁﬁ!@}’lﬁ*cﬁﬁﬁ?ﬁt@@@ andcodBthat it fgptienally,
when theaquiniis stesarcoekiting siep ¢a)hs gaseaus, tﬂﬁﬁt@éj@iﬁ?@)ﬂ&fé%ﬁﬁ%@fﬁéﬁﬁmm#@ stream

exiting step (%mem&ﬁep%g}r%@ At @é@pgﬁé H% sH}gh é@e ggrrﬁllg gmla creerdfr%nantly in

gaseous form and such that it forms a .zo é%:f‘? hase containing part o e wat d'the majorlty of

the compound&HRPEBIRING' Eﬂmt’fﬂﬂﬁ@? ek Bt hariakia |Pf§a%f3éﬂﬁﬁﬁﬁ@aféiﬁ?ﬁ@‘ﬁud and
glycerol. Thistrenyssrareeistygiraty tetwesorib06! ahel 406GinT Meiligeidiphasegsrberasenarated from

the gas Pase eASHARI IRREIRAN e ISEAA IS ORI G SLeh UK ga e AnrlEed i 2

packed column or a plate column. A small stream of liq UI for exam 5 aqueous solartlon may

be injectEd inBTHREYD SUHIAT: SRR, 'ﬂeﬁ%tﬂtgfiﬂamtﬁaﬁ@érﬁﬁw%é ﬁéfﬁ@?"n?fdm&%r
instance glycersitzing teryiteacitipigitesoteretiatteeghotimnaot thisyiolaoih, id reacueedi2igaseous

stream contaipingi e Maiesne! maﬁraa@g%&tatmet}a LSRRI TheRSERR Sream

containing acroleln iS th%p apsor |n water a? described previous 20Accord|n to a second
b

alternative, st33(b) 2ondisis Gt SoiifarBlHkatiBh GPEFE 5 SEEHD SANIES AR oty acrolein
obtained in stéfbﬁfﬁ?eédmigmgsdﬁﬂmg&ﬁmr%fﬁaRWgaseous stream and separation of a liquid stream

formed fpom the mawmumﬂtewwm%mmcae@m JGRAGOUE SYERA NRhcaRiinsess than
15% by mass %@/?a I&lve he acrpleln pref rab ess (Iit}an 7% oLwater relative ﬁgo the acrolein
ess t

and 25 preferg oD P atar VAT, e acro SR SR B iR RSP patent
EP 022 697, t@%éﬁ’f%ﬂﬁsﬁqw%ﬁmﬁ atctwe@aaean@fadmaergﬁ@armmﬁg@tép teaiavithod thenall

amount of wakeitén andashifg e andte r@fﬁmtbﬁe&ﬁt}mﬁtﬂ@éﬂt&ﬂl&q\é@dtﬁé{n@ﬂm%&% giream to a
emperaure eyl QAT 0F 905D CONtates s aloua iy e ety of e

acrolein remaining in gaseous form, foll 30siripping of he Squeous phase 18 TECHEt the
acrolein ZntrfFEETRY {REsRAB4% ofwatglstpigbeaindis aselaindslinpesiivanassdsssdriesel in patent

EP 751 110: repaseolcdiedam mxiting stept(@3ds vittedyassbintadieoboipsanicxitaiuieg dom which
's withdrawn gjifg BRUPERBUAUFWAGSR IPMRAIAIAIRA [V ABASRS Belw I i eI Of the

gaseous feed mlxture which liquid is artla y cooled and then injected into't
coaling of the stream o a emperature generally ranging from 0°C 1o 50°C to condense

the aqueous phase, the majority of the acrolein remaining in gaseous form, followed by

30  stripping of the aqueous phase to recover the acrolein entrained into the water.
it is also possible to use a cooling column as described in patent EP 751 110 the
gaseous siream exiting step (a) is introduced into the bottom of a column, from which is
withdrawn at the bottorn a liquid whose ternperature is a few degrees below the dew point
of the gaseous feed mixture, which liquid is partially cooled and then injected into the top
35  of the column, and the other part of the liquid is sent into a stripping column to recover the



350f the column, and the other part of the liquid is sent into a stripping column to recover the - 19 -
acrolein. The gaseous stream obtained at the top of the stripping column is returned into the cooling
column with the gaseous feed stream. The gaseous stream exiting at the top of the cooling column is
cooled to a temperature generally of OC to 50C and condensed liquids are returned into the top of the
cooling column. 5These two devices make it possible to obtain a gaseous mixture of acrolein, light
impurities and uncondensable gases, which containgdess than 15% by mass of water relative to the
acrolein, preferably less than 7% of water relative to the acrolein and preferably less than 4% of water

relative to theaafdielmrrhmmé@&@%&@@@@tﬁé@h@d@ﬁﬁ@&@?@ﬂzﬁ@@9@5% Famie WacAndengable
gases or from[the IEght imp urities,, t e se aratlgnejdo of the ncon ensa%es is performed in step (c)

and that of the ?gqn I CAhe WL I g arsdRss @peam: %%ﬁ%"‘f’o RVFLE Q?n%tti\?g Rep (b)
consists of a EW"F?G&WBHW%@ﬁéﬁ‘fdl@@?gt’?@&ﬁ?@mrﬁ@@aﬁ(ﬁ)'ﬂﬁy ofi SKifletiat Tragdivddeesnative is

advantageousbuagﬁ%mﬁwbwd%&ﬁggmyg@a&gt&pmcontains little uncondensable gas. IsThe
gaseous stream exiting, st ( artially coale one or more heat xch It js {1
3 tf'ﬂg 2 &ho g)e s maLg £ ossdDHe (?)btam asecs urgt 2 f%{ ef?( ’ om the

injected into a distillation column that comprises a con enaar for coo
top of the disiMRHBIFEADFANPRIRHPRPa SRS DI WD F@'ﬂ@@%ﬁ&ﬁof@@%d@/@m foeghaf a’ﬁ@f‘a reboiler

for providing eclatitiom tempeyatsre @féf@@ﬁiﬁ%b@olﬁaﬂ' trearefiuxdry kit isolenacisiadvaniageously
from 2 to 30. éfésfgr% JQ,@QJ@T@QGE eélgp leqvy a[ r|t| S ISF’e rapgv %daggo Qa?\ Rottor? At the

exit of the head condenser, a gas p ase orme rom uncon densables (nitrogen, oXygen, &rbon
dioxide, carbé’ﬁ%éﬁ@?{"ﬁ*@)’ g‘?‘@c’ﬁ@é{@?ﬂ”‘gﬁﬂsﬁé}"ﬁwsé’ﬁ(ﬁr@“ﬁ(ﬁlﬂdﬁ?ﬁ@§%ﬁﬁeﬁ1%éﬁﬁ%% than 75%
by masszof aaidisnantdess:dbias it pRetbyranssseinalenteintive toethghagnpleifereferaysmore than
82% by massi,pgtgﬁr(qhem and less than 7% of water relative to the 25 acrolein and more preferentially
more than 95% by mass of acrolein and less than 4% of water relative to the acrolein is recovered.
The majority of this fGEREIaSEAHER ReBNNE tRee dRInsRTSE el iR ERetpa e thAtRERER to feed
step (c). Alterstativelpxiitg seam (ep by ethsitintdthErthistilkatiateendtvaricanimeiisuay adiohesd
temperature, {0 BAGHANCRgR s AsRodE OGS IFRAAUEIRE Hag condenser is returned into the

column for 30 reflux%% and the gaseous stream, which comprises the acroleln and the

uncondefisables, is LOBERFRPYUE TR RYHee ek fﬁh&?u&ﬁfﬂ@“&t%?@%@%ﬁ@%?*f@?f%‘ﬁaioc S0 as
to recover a gactpingsss fofmsdtidromastssb mde rsdiblilistiontagenn dbggempdsboa dimddesatadpon

monoxide), wiighinig feaeYash the ;gm@hen@s»%ffmm&ﬁ%w@@[&m%é%%ﬁmﬁ ofipgrolein and
less than 150/? bél mass of water re#agg{ o the a rolein, %referab % 35more than 82% by mass of
I |v

acrolein and 1855 thAaR 708 GF AT 86[%?8] alfg PIoffiing a bottom temperature of
100°C to 130°C. The reflux level of the column is advaniageously from 2 1o 30. A stream

20 formed from water and heavy impurities is recovered at the bottom. At the exit of the head
condenser, a gas phase formed from uncondensables {nitrogen, oxygen, carbon dioxide,
carbon menoxide) is recovered, and removed, and a liquid phass formed from more than
75% by mass of acrelein and less than 15% by mass of water relafive fo the acrolein,
preferably more than 82% by mass of acrolein and less than 7% of water relative fo the

25 acrolein and more preferentially more than 25% by mass of acrolsin and less than 4% of
water reiative to the acrolein is recovered. The majority of this liquid phase is returned info

“the column for refluxing and parfly withdrawn to feed step (¢). Alternatively, the head
condenser of the distillation column can function at a higher temperature, from 30°C fo
80°C: in this case, the liquid stream exiting the condenser is returned into the column for

30  refluxing, and the gaseous stream, which comprises the acrolein and the uncondensables,
is cooled in & second condenser functioning at a temperature of -10°C to +20°C so as fo
recover a gas phase formed from uncondensables (nifrogen, oxygen, carbon dioxide,
carbon monoxide), which is removed, and a liguid phase formed from more than 75% by
mass of acrolein and less than 15% by mass of water relative to the acrolein, preferably

35 more than 82% by mass of acrolein and iess than 7% of water relative to the acrolein and



more preferentially more than 95% by mass of acrolein and less than 4% of water relative to the
acrolein. Optionally, the liquid phase may undergo an additional rectification to reduce its water
content, and/or topping to reduce its light-fraction content. Step (c) in the process according to the
invention consists in reacting the liquid or 5 gaseous acrolein stream obtained in step (b) with methyl
mercaptan in the presence of a catalyst. The reaction is performed in the liquid phase in the presence
of a basic catalyst, generally in the absence of solvew, at a temperature preferably ranging from 20C
to 60C, with a slight excess of MSH. Examples of catalysts that may be used include organic bases,
optionally combieesiaritthasigarieasidolosynpies Shatrorinkad Rsseptiavedrinetudreiganic bases
selected fron%oa_ménes SfJCh 2 &gogﬁyd%secrﬂb&% mﬁgg&g% a}ér:%l‘lgatlon ng : l(/345(3) gal%jﬁ%%nrl‘ctgases of

aGranain, erge g
N-alkylmorpholine type escribed 1 docurmen ,orgsys ems formed from a basic

compound arfHReAE dTEtEbRRPEIMENYRICRPPENDS 57dees indialbBrctiateaniip@d in document EP 1 408
029. Preferably, pyriipeeambiaeerits acesiaingin iheseckafosalahrks 15 ThisirRpelRammey: be

performed in i r.continu de, The liquid or gaseous acrolein and methyl
mercaptan s s fé%%%ﬂ%@ﬁ%%“e%a%@eé@m%%ﬁéﬁW&fgﬁ‘ﬁg g PR PR 8 Pactor or
the reaction GSEHT. AR/ EaReHPECE S TaREghire ettt BBEsALE I rori@seier Bf MMasicorimafing from a
preceding batgineraibnio hstapasnal foystiedt VIVIE ikthparaagtiordfepdiforagha Greantimmusly. Many

Processes hayh LogRISCHiiR LAY e SEi it B AIBRANS PR (O)ve A8 AR of the

purification of the ‘acrolein stream used to perform the reaction ] ercaptan, it'1s possible to
obtain high yRIRRNST BAGES, gertionally nrgmeinefhnvio stnoRTamEe AR aFrRERSobessTey be
manufacturingpédlitiRedonoigtisoagni2 hEbesMarieithuiscob taitiest may: be ised dadhisdonmpatgpurified in a

step (4. for exaiole:pAi-olabRn: A DBIISS AIBRRYL ST pradsisale ihuscsgparated out

and then incinerated. The reaction of MMP, optionally purified, with hydrogen cyanide or sodium

cyanide is peRoried utite Pt SHBIREH SRk TGN P BT LRI AL A ACRiIE FEMRPHSEHR 30
Bucherer or $trdekelicsyoltimsidhisa §i8s ettdwaribeethioiinenoethBrhy disx§2an Sretarebdf, paitiienine, after

conversion of the-Heaclian RLefustias desedbegiiRdocument "Techniques de I'ngenieur, Traite Genie

des procedes”, J 6 410-1 to 9. Accarding to oneﬁﬁé&aferred embodiment of the process according
to the inl@ntion, step Y&} TEPERPAVRPIRFTRIRAR Y MVIR S MYy 53157 &) SomiRHpriaqstesHice of
35ammoniuniigditboragasedosmaarblaianeomh coetiybumeérdafianedrby istipdunficationuitstieougiyl -

potassium hydsagererfranaiReiipPtassiuBecarRgy aito lsadingdaotasgidneneibioninaigs which,

after aCIdlflcaLl‘g\r}a\rli\%Be%%rs 39, nl(ﬁe%/mgs‘é e% r%&gcgdLéwt%théo?é%%byggécngW%gl“ozr?gsfhating from a

preceding baich or onto a stream of recycled MMP i the reaciion is performed

20  continuously. Many processes have been described and may be used for performing this
step (o).

As a result of the purification of the acrolein stream used fo perform the reaction
with methyl mercaptan, it is possible to obtain high yields of MMP, generally higher than
those obtained with a direct process for manufaciuring MMP from glycerol.

25 The MMP thus obtained may be used in this form or purified in a step (d), for
example by distillation. Light impurities and heavy sulfur products are thus separated out,
and then incinerated.

The reaction of MMP, optionally purified, with hydrogen cyanide or sodium cyanide
is performed under conditions well known to those skilied in the art, according to the

30  Biicherer or Strecker synthesis, to give either methionine or the hydroxy anaiogue of
methionine, after conversion of the reaction product as described in document
“Techniques de 'Ingénieur, Traité Génie des procédés”, J 6 410-1 10 9. -

Accarding fo one preferred embodiment of the process according fo the invention,
step (e) is performed by reacting MMP with hydrogen cyanide in the presence of

35 ammonium carbonate to form a hydantoin compound, followed by saponification with



According to another embodiment of the process according to the invention, step 5 (e) is performed by
reacting MMP with HCN under pyridine catalysis or a combination of pyridine and acetic acid, leading
to a cyanohydrin compound, which is then hydrolysed in sulfuric acid medium in two successive steps
using a first low temperature (about 50C) and a second higher temperature (about 100C). The hydroxy
analogue of methionine is then isolated either by extraction, for example with a solvent such as methyl
isobutyl io ketone or methyl ethyl ketone, or by acid#igation with sulfuric acid, followed by decantation
to remove the ammonium sulfate, followed by crystallization of the hydroxy analogue of methionine.

The methlonlrmtéggt]nﬁ hyg&m@g@n@@gy@ag r;t@thgmgggl %gﬂ@g@@@@gm@g&&g tEg pﬁgg&@&&f the
invention is u arin ositi ans for try feed or animal feed. 15The invention is
described in gﬁe%@b g’etgﬂv\‘fvﬁ% g]erré?i%g R uCs fe" (i %:ﬁ%ogﬁga?ﬁ e §2HHR I Ar @GS RS Wiy
illustrative pu%@@%d are in no way limiting. EXAMPLES Example 1 20An aqueous solution
containing 20% by rma;s&mﬁgIm:@%@tnﬁéflarﬁtﬂbhi@éfrﬂnmﬁ@%#&&%S&E&;M&f@%ﬁ@ Arphaggsr with a

skin temperat d then in ri sure together with a stream of air at a
flow rate gf 100 nor%g%%r%gs% Stmé(?fgﬂﬁ a\?’uﬁ%me%eﬁé) " g%ﬁﬁiﬂ{%ﬁﬁsa% hSRIREarRE R of 30
mm, maintainBY &8 2e %ﬁ?%éﬁf&llﬁ?@%@ § eYanpRjsiareePripounia Wit lis 2119 Mybrai yebd Kigenso).
25 The absortidrhofhsesingg FeMdeaeR RISR MDD, ARINNSH RN é%@&”s%f@/ﬁ of water
at the top wit r n ex e X er such that the column head
temperature %@%QQ&%‘%&%@&%@% c:ontaa}r?lkr){agu at{)%%lt UZih%ec R RS P TR W Stillation

tower functiorifty AFHRRE P Cp ressertiory HeraEsurip et jsebrae et andahyitisobaliquid
containing abeetbB&%eracretain, 2o Rdesmaldehydeindansetagehyarnd 2%pramonaidsh yde

0.2% acetoneyQ.2% Al ?A%@Q'«aﬂ@%ﬁﬁ%ﬁ%ﬁ:{ EOVSIS kg o %3 Figgdsto %Of};{pg;vl G - cetic

Ao
introduced into a 500 mL reactor, followe 1.79 o a mixture nea E8
acid, At a rea@ﬁSW?&%ﬁé?&fﬂ@@PGOC 200 g of the 85% acrolein solution obtained above and 149.8 g

of 99.5% methy! 35Fbecagtainrive Nttt apeous yriaksgokoechemehRPasina i3 BalaIE TWith stirring,
and the - 22 process of the invention is used for preparing compeositions for pouliry feed or animal feed.
15 The invention is described in greater detail with reference to the following
examples, which are given for purely illustrative purposes and are in no way fimiting.

EXAMPLES

Exampie 1

20 An aqueous solution containing 20% by mass of glvcerof (742 gfh) is vaporized by
passing it through an exchanger with a skin temperature of 350°C, and then injected at
atmospheric pressure together with a stream of air at a flow rate of 100 normal litres per
hour onto a tubular fixed-bed reactor with an inside diamster of 30 mm, maintained at
320°C and containing 537 g of fungstated zirconia (batch 21044 Dai Ichi Kigenso).

25 The absorbed hot gases are sent to an absorption column, into which are injected
742 gih of water at the top with recirculation and comprising an externai exchanger such
that the column head temperature is 20°C. The liquid stream containing about 5% acroiein
is then injected into a distillation tower functioning at atmospheric pressure. The vapour
phase is condensed and 87 g/ of a liquid containing about 85% acrolein, 2.4%

3o formaldehyde, 8% acetaldehyde, 1.2% propionaldehyde, 0.2% acetone, 0.2% allvlic
alcohol and 3% water is recovered,

A 50 g feedsiock of MMP is infroduced into a 500 mL reactor, followed by 1.7 g of
& mixture of pyridine at 48% by mass in acefic acid. At a reaction temperature of 60°C,
200g of the 85% acrolein solufion obtained above and 149.8g of 99.5% methyl

35 mercaptan are simultaneously introduced over a period of 30 minutes with sfirring, and the



mixture is then left to react for a further 10 minutes at this temperature, before rectifying it under
reduced pressure at 15 mmHg. A 3539 fraction boiling at about 65C of MMP with an estimated purity
of 99% is recovered. The acetaldehyde, propionaldehyde, acetone and allylic alcohol are distilled off at
lower temperature. The chemical yield for the conversion of the glycerol into MMP is 78%. By using
methyl mercaptan derived from biomass, it is possible to obtain MMP containing 100% of renewable
carbon. Example 2 860 g of agqueous ammonium_cayhonate solution containing 7.8% ammonia and /o
12.4% carbon dioxide are introduced into a closed reactor. After heating to 90C with vigorous stirring,

105 g of the MikRmBrRAHGeRINEAAMS am&&@ @:@Iz@y@m@w&&&erérﬁe%ﬁéﬂww@%ted The
mixture is the%%z?lpe%ﬁrég a},té3 151u(?é3 aftoL %!- tor IS coo[?%lto 80C and then degassed slowly
S0 as to bring the mikture Contaming t £fnet F%%tb%é)ﬁﬁ ghabrgi r??o%ﬂ%mﬁgﬁré pressure.
900 g of 40%31‘5‘3??6%‘&&%1%?%@?0%@?1 @@W@%Oﬂ@ﬁc&wm andpibesitéiiyde isaetaintained at
183C under r&]’aharéw[se%mwnuﬂ%ega@tmeﬂm 5;3] %%@f&ﬂﬁ&&ﬁ@pfiﬁ%ﬂéﬁ%@ ?@P%&h%‘? pressure
and part of t i ted off the contains about 20% potassiu

meth|on|ngate glt“gé[%gﬁ c%ggig Oq t?QSFg%E?] czﬁ% digkide 188 %c%ﬂcﬁp BradiR 69-3 bar so
as to lower th¥PReEs 5.8, %%%%@%Wﬁmamé@*mfmdﬁﬁ%zﬁ fﬁﬂ@fﬁ@éi@ﬁamhe recovered solid is
washed and then dried. 98 g of D,L-methionine are recovered. The filtrate is recovered and
concentrated -gpd $% be recycled into the solution containing the
5-(2-methylmercaptoethyl)hydantoin. Example 3 254209 of MMP produced in Example 1 and 1.7 g of
a mixture of pyridiné*&? 48Y6AM GRetEREPHH TR sAkgianstrrsa s cld %1 anmaskhgtdogen
cyanide are irfj2etbcoanenaioridecsoé 45rouncéesinwhieckeepingths. terenerakisg b@t%?@:nvﬁﬁc and

soc, olowediybeeny SBINYAEE JIRDIY SRS SR DA ELE

hydroxy-4-(methylthio)butyric acid, is added over a perio MRiAU
aqueous soluf 'é8rﬁ%rﬂ??&‘@@%”§ﬁﬂ@ﬁcgﬁd"“mﬁﬂmh&€ readntaiBadat 10 %rintaes 3@165@"6380 g of
hot water at 88e:twdthenatideRDehdribithen xiegesseatiradyfeb 2 @UEsiR %;ﬁb%r&aﬁammxture IS

then extracteghwith. @ﬁ'%%%yﬁydmx a\?ﬁB‘?rPet I;%% eHQa%‘? A g%ggﬁn %ﬁgpora leg aff at 70C

under vacuum to ive 637 meth Ithi ic acid at in wat r drox

analogu® of HERTBHALY dr o CEW%SA) u ’O”ﬂﬁaﬂﬁ%élﬁ'@%g]ﬁﬁﬁﬁ%%‘ﬁﬂ%mleﬂ@%r%l (450 g/h)
is vaporized wq:m&m mth?@UgmmeibhamgmmmslgmMWBméemﬁ%@& antbpparitnjected at

atmospheric pressuedR0sERes Wl aatrea s ahaikiel HA%HqrmahltasAR! M&%‘Qb%é%gﬁglameter

carbon 5 d|0X|c{e of 50 n aI li reiOPer hour onto a tubular fixed-bed reactor with an ins

of 30 mm maliamed : RERFITT 487 g BRte Ry srEmn L Biders iodadshe chi
Kigenso). W%W@tfg’a%ésbareﬁgeﬂﬂ iatdowses Botom of &.Codélingspehsinn simb&iiedhatidederibed in

patent ER 75fitkidd vithTaxtaieslse0!iad ) rRekretng +{de RAO®E g of D L-methionine are
recovered. The filtrale is recovered and concentrated, and may be recycled into the
solution containing the 5-{2-methylmercaptoethylhydantoin.

Exampie 3

25 420 g of MMP produced in Example 1 and 1.7 g of a mixiure of pyridine at 48% in
acetic acid are introduced into a stirred reactor. 111 g of hydrogen cyanide are injected
over a period of 45 minutes, while keeping the temperature between 35°C and 40°C,
foliowed by heating for 30 minutes at 45°C. The mixture obtained, consisting mainly of 2-
hydroxy-4-{methylthio}butyric acid, is added over a period of 45 minutes at 80°C to 581 g

30 of an agueous soiution containing 66% sulfuric acid. The mixture is stirred for 10 minutes
at 65°C, 380 g of hot water at B0°C are then added and this mixture is stirred for 2 hours
at 80°C. The reaction mixfure is then extracted with 1480 g of methyl isobutyl ketone. The
upper phase is then evaporated off at 70°C under vacuum to give 837 g of 2-hydroxy-4-
(methylthio)butyric acid at 88% in water (hydroxy analogue of methionine).

35



io temperature is 65C. The aqueous tail solution is brought to 90C and stripped with a gentle stream
of nitrogen so as to obtain at the bottom an aqueous solution containing 150 ppm of acrolein. The
gases obtained from this stripping (comprising nitrogen, acrolein and water) are sent to the cooling
column. The gases exiting from the top of the cooling column, comprising 16 mol% of 15 acrolein, 1.5
mol% of water (i.e a-water/acrolein mass ratio of 0.035) in a mixture of nitrogen, CO2, CO,
acetaldehyde and 02 are sent into the bottom of an absorption column fed at the top with MMP cooled
to -10C. The column tail fraction is sent into a CONtiMYous stirred reactor, into which are injected 64.5
g/h of methyl gerc?é)gan and 0.8g/h of a mixture of pyridine at 48% by mass in acetic acid. The
reaction is p n the liquid zo phase. The MMP produced is rectified under reduced pressure

at 15 mmHg and a fractitadisineitembotebst Bk @yraiel (49hodndmyearyrstd Byrrarsieeriversion of

the glycerol i{e:D4Pais fefanEanmBla SidoRm PSR SSHOtONFaNtRIN NG AT L 0leRIHM2 g/h) is

vaporized by passing.it through,an exchanger wi skin t. erature of 350C, and then |njected at
8 bat abso e e P o L S G Sl DB R L P pB Al SIS cectec

reactor with afipiidsdeldfenisieadfibesmpehaktapit atisboer dixgtoptanisriics0oth ehtirtidated
zirconia (batGiaédd4dD ab[chinkiganeme SQE lexirg gagesoleaving theyreastairmkgeanigektaid 50C and
then sent intq,the, u third of a.10-plate distillation column comprising a condensing head cooling to
67C at 2 bar%da%]ﬁﬁ&%t%g%g%%ﬁngﬁhis column, a 630 g/h stream containing water and the heavy
impurities is recoverdd. ARtHEESt FPtHEMelPcSRdEAteN PliduierplirGSPLsaD HMias Fecddered and
reinjected entigglyitiRio thepa@itmBPaad a-gasentisesteeadn DolcoVeyetkcibilibtrsaitigaseaus stream is

cooled t?o“tﬁio%\ﬁaex%‘?&%”@ %85?‘93?% %é{g'%&hls lwshs, 13%@3%%8'#%59}??5&&&@& Qg and 02) to

escape and allows recovery of 1 a liquid containing 83% acrolein and 5.5% water. This

acrolein stre£Uh ST SANIBOTA 8F fetiftimaldapRraRyas SigHPers SHeRCoPRREne at 10%
by mass in adétipasidsf acecigiected grisea geaked Totithiz 5trigpbigd denibSiancitegep pretolwith
recirculation %8%&8?}@{% ggmgolg%vggg,{ﬁg%m&pottom into the top. The upper part of the liquid

leaving from the bottom is then topped, and rectified under reduced pressure at 15 mmHg to recover a
fraction boiling at abidit B2es rexfist Fram RRviernrthibeptralngs gddin. comprising 16 mol% of

15 acrofein, 1.5 mol% of water (i.e. a water/acrolein mass ratio of 0.035} in a mixture of
nitro'gen, CO,, CO, acetaidehyde and O, are sent into the botiom of an absorption column
fed at the top with MMP cooled to —10°C. The column tail fraction is sent into a continuous
stirred reactor, into which are injecied 64.5 g/h of methyl mercapian and 0.8g/h of a
mixiure of pyridine at 48% by mass in acetic acid. The reaction is performed in the liquid

20  phase. The MMP produced is rectified under reduced pressure at 15 mmHg and a fraction
boiling at about 85°C is recovered.

The chemical yield for the conversion of the glycerol into MMP is 76%.

Example 5
25 An agueous solution containing 25% glycerol (742 g/h) is vaporized by passing it

through an exchanger with a skin temperature of 350°C, and then injecied at 2.8 bar
absolute together with an oxygen stream of 10 normal litres per hour onte a tubular fixed-
bed reactor with an inside diameter of 30 mm maintained at 320°C and containing 500 g
of tungsiated zirconia (baich £1044 Dai ichi Kigenso).

30 The hot gases leaving the reactor are cooled o 150°C and then sent into the
upper third of a 10-plate distiliation column comprising a condensing head cooling 1o 67°C
at 2 bar absolute. At the bottom of this column, a 830 g/h stream containing water and the
heavy impurities is recovered. At the exit of the head condenser, a liquid phase {1540 g/h)
is recovered and reinjected entirely into the column, and a gaseous siresam is recovered.

35 The said gaseous siream is cooied to 5°C via a second condenser, which allows the



The chemical yield for the conversion of the glycerol to MMP is 75%. 10 Example 6 (comparative)

An agueous solution containing 20% by mass of glycerol (742 g/h) is vaporized by passing it through
an exchanger with a skin temperature of 350C, and then injected at atmospheric pressure together
with a stream of air at a flow rate of 100 normal litres per 15 hour onto a tubular fixed-bed reactor with
an inside diameter of 30 mm, maintained at 320C and containing 537 g of tungstated zirconia (batch
Z1044 Dai Ichi Kigenso). The absorbed hot gasesiare sent to an absorption column, in which are
injected 742 g/h of water at the top with recirculation and comprising an external exchanger such that
the column heasbtempatures, 206,. drirediquidaitepmaeaniainia geabauy 2%t asrolrisr 20idgidhen

injected into O%g“kﬁg%gp%&gmgﬁgrg%% ?g‘gpospheric pressure comprising fewer plates than in

Example 1. The vapour phase is condensed and 101 g/h of a liquid containing about 73.5% acrolein,
2.0% formaldehyde?%’?‘g%’ﬁl?éiaﬂ%?%éf“i,@)‘%"ﬁ?ﬁbﬂt%ﬂﬂ’é’h%@?@?}é%%ﬁ%%ﬁ%%@ﬁ/@@ﬂwfaﬁcohoI and
16.2% water mtﬁu@co_f/%eidirieat_a 1wetencantentokg@io byidnass retatae tadhe Wim%ﬁ_so g
feedstock of MNEi%BERALGedd0ih8 R0 R FEaAStRN B‘@'%%W%‘%‘Zt%é! ey %ﬁ%@g%w o Bygigine at

48% by mass in acetic acid. At a reaction temperature o 0 .5% acrolein solution

C, 200 ,
obtained aboaa 14 {75t 8oPEsPRIERVING drithisR ire §T%I%%BE%"F§/ imtHRR &RPBYeR™ period of
30 minutes withiiiginghanddimedptscenis thdh hefh by reasctorad drbéorlithiingudestatittds C,

temperature, fefRresatioH3 M%@éfrgg%ged pressure at 15 mmHg. A fraction boiling at about
65C of 161 g of MMP with an estimated purity of 98% is recovered. The chemical yield for the

conversion of the gIyEBSIETRGAMAS [grd8gonvesion ChfRrIycerohiopYELE S RiF manufacturing
methylmercaptopropionaldehyde by adding methyl mercaptan to acrolein, characterized in that at least

one from amengdhe a¢QlgiRpaid the methyl mercaptan employed in this reaction is obtained via a
reaction or a

An aqueous solufion containing 20% by mass of glycerol (742 g/h) is vaporized by
passing it through an exchanger with a skin temperature of 350°C, and then injected at
atmospheric pressure together with a siream of air at a fiow rate of 100 normal litres per

15 hour onto a iubular fixed-bed reactor with an inside diameter of 30 mm, maintained at
320°C and containing 537 g of tungstated zirconia (batch 21044 Dai Ichi Kigenso).

The absorbed hot gases are sent fo an absorption coiumn, in which are injected
742 g/n of water at the top with recirculation and comprising an external exchanger such
that the column head temperature is 20°C. The liquid stream containing about 5% acrolein

20 is then injected into a distiliation tower funclioning at atmospheric pressure comprising
fewer plates than in Example 1. The vapour phase is condensed and 101 g/h of a liquid
containing about 73.5% acrolein, 2.0% formaldehyde, 6.9% acetaldehyde, 1.0%
propionaldehyde, 0,2% acetone, 0.2% allyl alcohol and 16.2% water are recovered, ie. a
water content of 22% by mass relative to the acrolein.

25 A 50 g feedstock of MMP is introduced into a 500 mL reactor, followed by 1,7 g of
a2 mixture of pyridine at 48% by mass in acetic acid. Af a reacfion temperature of 60°C,
200g of the 73.5% acrolein solution obtzined above and 138 g of 88.5% methyl
mercaptan are simultansously introduced over a period of 30 minutes with stirring, and the
mixture is then left to react for a further 10 minutes at this temperature, before reciifying it

30  under reduced pressure at 15 mmHg. A fraction bolling at about 85°C of 161 g of MMP
with an estimated purity of 98% is recovered. The chemical vield for the conversion of the
glycerol into MMP is 33%.



sequence of reactions starting from biomass. 2. Process for manufacturing methionine or the
hydroxy analogue of methionine by reacting hydrogen cyanide or the sodium salt of hydrogen cyanide
with 10 methylmercaptopropionaidehyde, the methylmercaptopropionaldehyde having been obtained
by adding methyl mercaptan to acrolein, characterized in that at least one from among the acrolein,
the methyl mercaptan and the hydrogen cyanide employed is obtained via a reaction or a sequence of
reactions starting from biomass. 153.Process accaordigg to Claim 1 or 2, characterized in that the
acrolein is obtained by dehydrating glycerol. 4.Process according to Claim 1 or 2, characterized in that
the methyl mercaptan is obtained by reacting hydgniggmgesulfide with methanol, the methanol having 20
been obtained by hydrolysis of wood or by fermentation of biomass, or by gasification of any matter of
animal or plant origin leading to a synthesis gas composed essentially of carbon monoxide and
hydrogen, which is reacted iB§Shater, BEpyEHudt@xitetisimefarmensmopaidrived flomaditirass.

255.Process aeshytingriapf@iaimn dcandn chaiasierized in thatdhe-nethykmers 4Rqisipgd by
direct reagtiog“g $yat iS,0 rived from biomass with hydrogen sulfide. 6,Process
according to Claim 1 ﬁ@h@%ﬁc@%ﬁgﬁﬁ ’t‘??’aet“{r{'é ﬁ@grgegagﬁ% Sc?é%’ e%svbant%iﬁ%%tb%?rg%ting
ammonia witiF¥HEERSR IRATEMRERAHSTEWaoMaRE presence of air and/or oxygen, at least one of the
reagents chosen from ammonia, methane and methanol having been obtained from biomass. -26- 7.

Process according tg Clairg 8 charagterizad-inihat the ammonials . hydroxy analogue of
methionine by reacling hydrogen cyanide or the sodium salt of hydrogen cyanide with
10 methylmercaptopropionaldehyde, the methylmercaptopropionaldehyde having been
obfained by adding methyl mercaptan to acrolein, characierized in that at least one from
among the acroiein, the methyl mercaptan and the hydrogen cyanide emploved is

obtained via a reaction or a sequence of reactions starfing from biomass.

15 3. Process according to Claim 1 or 2, characterized in that the acrolein is
obtained by dehydrating giycerol.

4, Frocess according to Claim 1 or 2, characterized in that the mathy

mercaptan is obtained by reacting hydrogen sulfide with methanol, the methanol having

20 been obtained by hydrolysis of wood or by fermentation of biomass, or by gasification of

any matter of animal or plant origin leading fo a synthesis gas composed essentially of

carbon monoxide and hydrogen, which is reacted with water, or by direct oxidation of
methane produced from biomass.

25 5. Process according to Claim 1 or 2, characterized in that the methyl

mercaptan is obtained by direct reaction of synthesis gas CO/M., derived from biomass
with hydrogen suffide.

8. Process according to Claim 1 or 2, characterized in that the hydrogen

30 cyanide is obtained by reacting ammonia with methane or methanol, optionally in the

presence of air andfor oxygen, at least one of the reagents chosen from ammonia,
methane and methanol having been obiained from biomass.



obtained from hydrogen derived from a synthesis gas C0/1-12 resulting from the gasification of
biomass. 58.Process according to Claim 6, characterized in that the methane is obtained from
Ci-141CO2 produced by fermentation of animal or plant organic matter in the absence of oxygen, the
CO2 being removed by washing the biogas using a basic aqueous solution of sodium hydroxide,
potassium hydroxide or amine, or alternatively with water under pressure or by absorption in a solvent.
10 9.Process according to Claim 6, characterizedinjgat.the methanol is obtained by fermentation of
biomass, or by hydrolysis of wood, or by gasification of any matter of animal or plant origin leading to a

synthesis gas comppsed gasegiialbeobenitoin nMenexisle ardiagem whichts reasiegavith water, or

by direct oxiaign,of MEMTAREIRPIAINERS LA BIOATe,JO Bincess AR FELIG. -y

methylmercap oproplo accor Ing to mprising at lea Ing s eps:
(a) dehydrati®h &BPgRREerol to acrolein using an aqueous glycerol solution in the 20presence of an
acidic catalyst, (b) purification of the aqueous stream obtained from step (a) to obtain an acrolein

Sirearm cgntining 66 hep 4554 RISIGHARY IESSHAn 470 A0A NS PTEIRBNIE SR Ul b mass

of water relative to the acro e|n reaction of the acrolein stream obtained in step (b) with

methyl mercaR&INRT ﬁ@fﬁ&ﬁaé%@n@@vepaeéémﬁ%wemm of BrEpabrIaME N heeRR AT the Sroduct
obtained in stméareld BreresstoChan factriog:tigtvesine andhechye ey ansdegue ofous

solution of sodium hydroxide, potassium hydroxide or amine, or alternafively with water
under pressure or by absorplion in a soivent.
0
g, Process according to Claim 6, characterized in that the methanol i
obtained by fermentation of biomass, or by hydrolysis of wood, or by gasification of any
matter of animal or plant origin leading o a synthesis gas composed essentiialiy of carbon
monoxide and hydrogen, which is reacied with water, or by direct oxidation of methane
15 produced from biomass.

40.  Process for manufaciuring methyimercaptopropioéatdehyde aceording to
Claim 1, comprising at least the following steps:
(a) dehydration of glycerol fo acrolein using an agueous glycerol soiution in the
20 presence of an acidic catalys!,

{b) purification of the agueous siream obtained from step (a) fo obtain an acrolein
stream containing less than 15%, preferably less than 7% and more preferably
iess than 4% by mass of water relative to the acrolein,

{¢) reaction of the acrolein stream obtained in step (b} with methy! mercapian in

25 the presence of a catalyst,
(d} optionally, purification of the product obtained in step (c).

t1. Process for manufacturing methionine or the hydroxy analogue of
methionine according to Claim 2, comprising at least the foliowing steps:
30 (a) dehydration of glycerol to acrolein using an agueous giycerol solution in the
presence of an acidic catalyst,
{b} purification of the agueous stream obtained from step {a) to obtain an acrolein
streamn containing less than 15%, preferably iess than 7% and more preferably
less than 4% by mass of water relative fo the acrolein,



methionine according to Claim 2, comprising at least the following steps: 30(a) dehydration of glycerol
to acrolein using an aqueous glycerol solution in the presence of an acidic catalyst, (b) purification of
the aqueous stream obtained from step (a) to obtain an acrolein stream containing less than 15%,
preferably less than 7% and more preferably less than 4% by mass of water relative to the acrolein, -
27 - (c) reaction of the acrolein stream obtained in step (b) with methyl mercaptan in the presence of a
catalyst, (d) optionally, purification of the product-olgtained in step (c), (e) reaction of the
product obtained in step (c) or (d) with hydrogen cyanide or Ssodium cyanide, (f) conversion of the
product obtained in (e) idotinretividnineoidneshysiroxptainald gueied methininahandgpeufieation thereof.
12. Process accordi{]% &e@@@ apaq{a}a}gﬁ(iharacterized in that step (b) _1000mprises an absorption in
water or a recycled aqueous stream, to allow departure as a head fraction of the uncondensables and
to recover as a tail fﬁ&ﬁ%@ﬁ%ﬂu@@&ﬁmg‘cgﬁ&@ﬁ%ﬁﬂmﬁﬁ%ﬁbﬁ%@y a water/acrolein separation
by distillation to obtgi} asathierhedthérgeticn:a gaseedsrostguid stregimvatmiptisigg-moeenitieanr 80% by
mass of acrolein an%g%t%%g% by mass of water relative to the acrolein. 15 13. Process
according to Claim 10 or 11, characterized in that step (b), consists in partially purifying the gaseous

aqueous stream corftAiRfYSERSlef ditafiedn SRIgiaY Eorfpridiny PRy 6r fieteaid§i®Bous
stream and separatiena@fgadiqiroesitiesine fen pdrfroaticththenegdrity of the water and acrylic acid, and a
gaseous stream that contains less

12. Process according to Claim 10 or 11, characierized in that step (b)

1o comprises an absorption in water or a recycied aquecus stream, o allow departure as a
head fraction of the uncondensabies and to recover as a tall fraction a dilute aguscus
acrolein solufion, followed by a waterfacrolein separafion by distillation {0 obtain as the
head fraction a gaseous or liquid stream comprising more than 80% by mass of acrolein
and iess than 15% by mass of water relative to the acrolein.

15

13.  Process according io Claim 10 or 11, characterized in that step (b} consisis
in partially purifying the gaseous agusous siream comaining acrolein obtained in step (a),
comprising cooling of the said gaseous siream and separation of a liquid stream formed
from the majority of the water and acryiic acid, and a gaseous stream that contains less

20 than 15%, preferably less than 7% and more preferably iess than 4% by mass water
relative to the acrolein.

4.  Process according fo Claim 10 or 11, characierized in that step (b) consists
in purifying the acrolsin stream exiting step (a) by distillation.

25
18.  Process according to any one of Claims 10 fo 14, characterized in that step
{c) is performed in the liguid phase in the presence of a basic catalyst, in the absence of
solventt, at a temperature preferably ranging from 20°C 1o 80°C, with a slight excess of
MSH,.
30

18. Methyimercaptopropionaldehyde that may be obtained according fo the
process according fo any one of Claims 10 and 12 to 15.

17.  Methionine or the hydroxy analogue of methionine that may be obtained
35 according o the process according o any one of Claims 11 to 15,



20 than 15%, preferably less than 7% and more preferably less than 4% by mass water relative to the
acrolein. 14. Process according to Claim 10 or 11, characterized in that step (b) consists in
purifying the acroiein stream exiting step (a) by distillation. 25 15. Process according to any one of
Claims 10 to 14, characterized in that step (c) is performed in the liquid phase in the presence of a
basic catalyst, in the absence of solvent, at a temperature preferably ranging from 20C to 60C, with a
slight excess of MSH. 30 16. Methylmercapteprggenaldehyde that may be obtained according to
the process according to any one of Claims 10 and 12 to 15. 17. Methionine or the hydroxy
analogue of methionine that may be obtained 35according to the process according to any one of

 Claims L1 to 15. -218. Usg of MEthiSRINe & e RYSHRY ARalgaye O BRIBIRRNE.as-ATgiRg to Claim

17, in compositions for poultry feed or animal feed. _
Claim 17, in compositions for poultry feed or animal feed.



