-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 startimglnmraterials. joMethionine, or
2-amino-4-(methylthio)butyric acid, of chemical formula H3C-S-1(CH2 2-CH%I*\|¥H2 -COOH, is an
essential aminWEEPH SR MAMYFATTY BING ME THECMERC AR TOPRRRIBN M. NN,
especially that of poultry, wiNESEHICEINEUSINGIREREREB ECRMcMMATERIADS e obtained via chemical
synthesis has become established as a substitute for supplies of natural origin (fish meal, soybean
meal, etc.) for 15animal feed. The main market is that of poultry feed. In contrast with the other
amino acids,mm%gically assimilable both in the dextrorotatory form (d or -E) and in the
laevorotatory form (Toe presériclinbasiatcwletbdhe deyelopoution aff chetmicis wnthasasseatknig to the

racemic prodych Thijs.dns: synibsiic meliansmarCHimmainidhate dimeihinnips; agld product

commonly 20 referred to as DLM. A liquid derivative of methionine also exists, the a-hydroxy acid,
corresponding &9y dr&i -4 sERNthi SRS ric Beid B cHBAWRERorPiReRI3CIY- (OMfR98eing
CH(OH)-COOiiwinneinchpis thepipasiiaHadeyrogécty of eikgycdnieemedate vico it methiesisnefvirtually
quantitativeIym'gmﬁnﬂgg%mqgé{ﬁ}omQMﬁ Fé?ﬁ\ﬁéﬁf&@%ﬁﬁ%ﬁ@ﬁaﬁ@.the form of an aqueous solution at

88% by mass, is commanly referred to as the hydroxy 25analogue of methionine. Numerous

synthesé? relating t&'FEANERINg of BIMORY; HRIRIEY R R R e BBV IRy Bt Brie
chemical pro¢Essrs K PloietONiy stdaky asssesseht@iinbaseiti omthesyalnesiradn isyaimighaisaterials

and the Sam%@@é’s@%f%?&iﬁé%d?ﬁeﬁl&?‘tﬁe"fﬁﬂﬁé‘ﬁdrﬂ%’é@@dﬂ?ﬁﬁ%&H%ﬁﬂﬁd&@m&ﬂ?&%@ptm
H3CSH (MSH) leading via reaction 30 to methé/lmemﬁgﬁ

opropionaldehyde H3C-S-CH2-0H2-CHO
(MMP), also KRBWRMEES @R tWRRio) M BRAGEo PRIBIRAtYED rSPTaHFR 2 RIEHIRRS (N Mecome
hydrogen cyagatibl{#heNgon sublitivie jerridenlisa izt chigifi@shaastlosopigaivitveR), letidddinally to
methionine origBFdMErRY ARRI RRIMEOE PRIHENIANY feed.

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

20 referred to as DLM. A liquid derivative of methionine also exists, the a-hydroxy acid,
correspanding fo 2-hydroxy-4-{methyithio)butyric acid of chemical formula HaC-S-{CHg)e-
CH{OH)-COOH, ‘which has the particular property of being converied in vivo into
methionine virtually quantitatively. This liquid product, which is commercially avaiiable in
the form of an agueous solution at 88% by mass, is commonly referred o as the hydroxy

25 analogue of methionine.

Numerous syntheses relating to methionine or {o its hydroxylated derivative have
been described, but the chemical processes exploited industrially are essentially based on
the same main starting materials and the same key infermediate products, namely:

- acrolein HxC=CH-CHO and methyl mercaptan HaCS8H (M8H) leading via reaction

30 to methyimercaptopropionaidehyde HiC-8-CHy-CH-CHO (MMP), also known as 3-

_{methylthio)propanal or methyithiopropionic atdehyde (MTPA),
- hydrogen cyanide (MCN) or sodium cyanide (NaCN), which, after reaction wifh
- MMP, ieads finally to methionine or to the hydroxy analogue of methionine.

Reference may be made fo the arficle in Techniques de l'ingénieur, traité Génie

35 des Procédés, J 6-410-1 to 8, which describes the conditions for the indusirial



Reference may be made to the article in Techniques de l'Ingenieur, traite Genie 35des Procedes, 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, whichisused asastartingmaterial for producing  methylmercaptopropionaidehyde, is mainly
obtained by gas-phase atmospheric oxidation 5 of propylene over a catalyst based on bismuth
molybdate at about 350C. The hydrogen cyan"rd% used to produce the methionine is obtained by
reacting ammonia with methane, methanol or a hydrocarbon such as propane or propylene, optionally

in the presefBRIPEialion sf SrpERaseads REeYREMBEHIATNR BABIE pYéh BGERYGE"
consequentlyrifpionagibigdmesitaensyiieetioquuducts that are strongly dependent on starting

materials of fossil gf paraleunyorigin which contrinute lowagdsigcreasiagdhe greenbgussrgifect.

Specifically, propylene is obtained by the catalytic cracking or vapour crackin%)of etroleum fractions.

Ammonia is DSBS SRPIRRICRIRT AN &T ARG GRIFARE Ry RSP ¥HAIMEPIYIA e ei¥am
reforming of éfyaepgrrizonsepaasaallyih regeh tha wermuithatwigbgaises avieth2iE (S the 15 main component

of natural gas, a foggl fheliormed fags 2,58 4dreRAENYErARATRARR MASUIIBLRIRSEHYINAREAYS rocks in

gaseous form. Propane [s extractéd either from crud%,petroleum during refir%? 0 eratiogs or from
natural gas ZHAMREER i fgHhansi IR O @ BYYISRAIRO Ty SHRv fe RISRANE S S irP RS Sum
reserves, thesowally of trepestareny arstediatowitiggradually diminish. Starting materials of plant or

animal origin are renewalig: 2R SHEFSRRIhHRYRBISAEISRIIENPRAL HRIAGRRY I meRiodkey do not
require all the refining s,teEs éver% ene:)gs}/ mttenswe) of %i%oleum-%%rtwed@r dléft& T]tlesgicgptrlbute all
the lessfo cRIFaRYWEIRIRPEHRE TR GUBnEFRIED ST8UBIRN R Mo %%H 29 hStheir
biosynthesispetroleutnthuiginapipéedy sotdtige doprrdsaineransingtifee graenbougsrefeskdepanificaly not 25

dependent opStoRIRDIERERARYE 8 feesieliaie s ST Jasbseianing praaEals pheanrwable
origin. The aim of Ihngrese glnvenpon iggthu%to.gm}/ide 2 g{ng&sﬁofogns%g%%sgz@ the
methylmercm%ﬁd%g EW Alas B’ﬂ)g 30 e§§/nﬂ’15%929|ng methionne based on the use of
renewable sttedny efateingf hydsrcaitiens trestoiclerrfdhiedimsaiapliogsemntMedBw il these
prochesged]s W}iﬁelc%&ilﬁéq Q,?? mﬁeﬂtgé@féﬂ%ﬁéﬂrmhnffﬁwca@mﬁavmmi@etﬁmb@soﬁ@mfthcle
methanolysis o nt oils at.the same time as the m ters, which are used e [ s fuels or
combustiblegﬂllugq 8 easr?or?tdg Stic faetol gaseo%efé:r%ﬁgféo sag%é%?&ﬁ%ci%%tﬁ@ﬂ\jﬁgoﬁﬁc?fﬁl}%%s makes
it possible torgisplermedusittotiaiinin saripliens of fefolatr! grecnd AIPEEPREFFTDRLIMIBESN and to

make use of naturaRRreRUGEHHAdamR Gvadaietrissaenasieres, the source of these starting
materials will gradually diminish. Starting materiais of ptant or animai 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 petrolsum-derived products. They contribute all
the less o climatic warming since atmaspheric CO, is consumed by photosynthesis during
their biosynthesis.
It thus appears necessary to have available synthefic processes that are not
25 dependent on starting materials of fossi origin, but rather that use starting materials of
renewabie origin,

The aim of the present invention is thus to provide & process for synthesizing
methyimercaptopropionaldshyde and a process for synthesizing methionine based on the
use of renewabie starting materials. in particular, the acrolein inciuded as starting material

30 in these processes may be obtained as a product of dehydration of glyceral, which is itself
derived from the methanolysis of plant oils at the same time as the methyl esters, which
. are used especially as fueis or combustibles in diesel and domestic fuei oil.

The process according to the invention thus makes it possible to dispense with the

consumption of petrofeum, to reduce the energy consumption and o make use of natural
35 products that are available 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
aqueous acrolein solution containing side products, Zuch as hydroxypropanone, in large amount.
10Patent applications WO 2006/087 084 and WO 2006/087 083 propose improvements to this
process by choosirigriweast acidic catalysts, or by introducing oxygen during the glycerol dehydration

reaction. Propionalgelyde andacaiale 46,8650 -HRdNGESHN L3R ANRUAIINLIBGSGiagesses.
Patent application US 2008/0 119 663 describes the preparation of acrolein from 15 triglycerides, the

aqueous acrdfE¥folution obtained being able to be used as starting material for the preparation of
methionine. Ndtateof e §880CeMdeisrites @ besdsavivtoypulihirtt eackatelly pebgdregidninforder

directly tp fegd @it aRP RAGHREDSINKIME CAP RPN Alda R R Y- RocHaR At

mercaptan, (H to feed a,#Hmt for producing methionine. 20The reaction between acrolein and methyl
mercaptan (MY & t¥‘n@ﬁﬁﬁm@?cgb?aﬁ%ﬁﬁﬁ%lﬂ%ﬁd?&ﬂﬂfﬁ%%t@ﬁ@m@ﬁﬁ%g liquid
phase, after prefetrttiopinpeifivatien ihpdskiblationtitaiioeidefmes of theveioteid.gikvernb at tibreis
generally pegformerd indhsvbresriaes &f smbrriskatalyskindhehseneerficahebalabayt#0-50C,

with a slight exie%s of MSH. The, afrolein Used is generally commercial acrolein 25 containing a few
% of water. TRE'E r%%%pﬁ?&nﬁé?/ OB ENPES the liquid-phase reaction are, for example, organic

bases, obtionally chinisiiedrniibatinnsrgiitic 2ORR/EXaAniiGies ahdt WEY RDDGERTorRAS instoasts®rganic
bases selectpshitBhaminesR B esaAesaHbIE-nRRIeaamisalion, WR-4996449§34n Organic
bases of N-al g‘lrr]nomgoljne FXCP% q]e cribed in churgynt_EP @%5% 343, or Sélst rgg formed from a basic
compound an 9 acidie %8 on?pgu N M8 PRt BY R8T HT eO.%w & %\J c'ﬂ d6editient EP 1
408 029, Theipdseconirratampunitiilizedss pptdisesombined with acetic acid. The yields are virtually
qua;titative. T}?e Mhﬂ?e@bé%&@dtiﬁ%ﬂ%@ﬂéf@d @sﬁgtﬂha&%egia@t prapHFHiRS and-nganysHifurous
productg_are thus separgted out, and thep.incinerated. . . Many.documents describe processes
for perfé?mintg ﬁgerréfcsﬁ?)theb%%%%ur? Ilaqcﬂ?ge Sé%#(")?& no?aitﬁﬁ1 emde?ﬁ')[/]%gebﬁggﬁtgﬁ . Wi tﬁ?ns%g@%e made of
document FrRngtere %mwraﬁon of methionine.

None of these documents describes how to purify the acrolein produced. in order
directly to feed a unit for producing methyimercaptopropionaldehyde by reaction with
methyl mercaptan, or {o feed a unit for producing methionine.

20 The reaction between acrolein and methyl mercaptan {MSH) to form
methyimercaptopropionaldehyde (MMP) may be performed in the liguid phase, after
production, purification and isclation 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 acrolein used 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 1 556 343, 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 virually
quantitative. The MMP obtained is then purified by distillation. Light impurities and heavy
sulfurous products are thus separated out, and then incinerated.

Many documenis describe processes for performing the reaction between fiquid

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 to pestobestiiessyntinesis of MMP inyfreactrerdledHimitvossiensiconnsistngiinglaging MSH in

contact with MMEHHTEERY Al alihe Beabaingusedds FRMEIGIILSAIR Biaggche resuling

reaction product in contact with acrolein. This process allows efficient contro e reaction
temperature 2B I 2liPpatispkaitngs fHifes SnthesidraiadLieanlk Geidetienaeedan 15 with
the acrolein-eoruainingdaseis ushédfheenfromginapinent on HyecoatrlyEsionidationalderaayleng, after

partial purificati i i LIS). [ . - i rhi I as the
reagent ith HSE s %"'1"2%%??EE%W%#%&%%%‘%%&%%@%S%&%R@%%%}Ya%%é?ﬁ?’m
documents FEP3513881 98] re)9s 6 de (R Rjaducit PRRsRESiRaASTRIF D OsaMRIT@INEed of the
acrylic acid samgtldedyiecanteinsdijebgde ershtoetatd ow tsnperatr esdiefatedreacturingtihenethyl

mercaptan. ARsgERiGN M ME Abihe Sasstigam thus purified may be performed prior to the
reaction with methyl mercaptan, In documents WO 94129254 and WO 97/00858, the gaseous

effluent containing StYSRIREEEE aidd dAtohBeRepIPERoseddprais Pabesin? MBB ction
mediun¥@5 dorraitreeM NP iwnestapan errwfsiing amcadagaSiHoin thertaalctidih batiPeantiadheiein and

methyl mercapiafiot? §erf: nlighishsaacdion reasibh & ontainig: MME-HieHROlstin, hetwgsn the
steam and the %crqlelncpr%srent I the[gﬁeo s effluent is preferably less than 0.3. The uncondensable

gases includMg oy JeriRragERT RFBBA I ANEXRISERY BLeNSeditikite QRRr SEdhE ireti%aseous

effluent in a faperabithat may be from 60% to 80%, 30 and must then be separated from the liquid
reaction product. TmPrRcgsadiaedha@iRbarkirl-sepRingR RE0R ISR MAGONdR3Ae gases

into thelreactio medium, which ma|¥ lead to a Io§s of methyl mercargt:i%from this medium during their
u

h .
LSS A qIHEERAS R BRI BERITRI AR r GRS predaton of

separation an generatrgr?a’rgtcr%'gﬁﬂn
document W DYieBs afefragias euliicates ointe stmanlcriios MU dsefamibrag¥ef propsiene with

oxygen in thepeserceoRbRrapans asdiugat mRaEHIyrsondsnsed tep- (> give B g5elen stream

containing aqﬁ[gléi ?gﬁ&l f between 0.5% and 3.5% by weight and water in a content of
between 2% and £o. higﬁﬁﬁzﬁ%r am, after reaction with methyl mercaptan, leads to MMP

comprising a high corferiBeaEctalde e SWhril rElsPArefde bepararedsotmiyrelisttitaining

20  acrolein is freed of the acrylic acid and water it contains by condensation at low
temperature, before reaction with methy! mercaptan. Absorption with MMP of the gas
stream thus purified may be performed prior to the reaction with methyl mercaptan.

In documents WO 94/29254 and WO 97/00858, the gaseous effluent containing
acrolein, sieam and uncondensable gases 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 ratio
between the steam and the acrolein present in the gaseous effiuent is preferably less than
0.3. The uncondensable gases including oxygen, nitrogen, carbon monaoxide and carbon
dioxide are present in the gaseous effiuent in a proportion that may be from 80% 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 to a ioss of methyl mercaptan from this medium during their separation
and geherate 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



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,
maleic acid) and uncondensables (N2, .10 02, other gases of air, CO, CO2, propylene), this process
minimizing the risks of degradation of the acroleinwdile at the same time avoiding fouling of the
apparatus used in the process. This process is based essentially on a low-temperature condensation

of water and gfehe majosity softhe esidarnigrRtdndnedsiinantopreSirippnepf thecangdensed
aqueous ph r rifi lein., ifi s fraction 15 containing acrolein and
uncondensaag?(,gs§V év%@s%%}/évegi{g t(?gn%egr\%ncwa%%s egé t?g’n%%%e%}lﬁd whsoggrevﬁgfbﬁfr&%ﬁ%e Of acids is
less than 106%8RIANNMEBERIBY . MestaRiRE, erdade MR remateincbishsentemriaceslsidwding a
gaseous acreleichsties thecodaiepacstsacandgnashieigases in large amount, which, after reaction with
methyl mercaptan, ea.o Qiﬁp C ounds polluted with sulfur
compounds. 20Pur#?§§t§g§ gfkﬁ%%ﬂ%ﬂ%%%d&%@ﬁﬁgﬁt e.nkglrfo{\?/égﬁggogn(ﬁ |gﬂ ’zr‘mg aF%ﬁ?/?Fﬁjtsegrated
processes foP ERANHERTARP AR SR ARTY S HoF oDy Ierdalin o aspyinntowii alairm iefusiadifitermediate
acrolein, whighareshaties ftvessiskesizisgdisttet wmishtithersioragenand kansiingors, acleimdiommever, these
processes reggire:galipis depsifas ahsarhingand sting usamdagved from the
oxidation of propylene. In 25 ,do;cumemo QS/OQS’?%%% gé’%r%%%ﬁd%%@%f?@ gggr%raecsrgfﬁ;[nm the
crude productIPL AURRCEVIERER SPRrisAmch @k I Ao acidpand aprendrrsAbIRR O with
methy| aterc&ptanthendyesss thufisabie R0y AL inbaotyepedpitneoxidatianniwithetihavirgsbeen polluted

by any sulfurqaeduats ; EFCAR ANk T crolein stream
derived from ﬁ%absoﬁg%%%%%%ﬁ%@gﬁgé contains Wﬁ%@@gow%uﬁé tﬁﬁ%ﬁ%%@é%eﬁc%% in
h 'Pﬁ%ﬁD

gaseous forn ' f6IPtREE BiE B 15 PERRA EFSHTLGIYO R & IR B R RaEBFRH S 8 ting

material of fosgieor@gih.of thMarejedtemtlyihpatmitsappieston Uk 200640, 183304bislesg riffethéhe direct

synthesis of MiR4ERE a;ugaﬁelpﬁ_ég%prte%éa&@@ﬁ&&%@é@%ﬂ%%%&%ﬁ%&&ﬂﬁhy'
cata

mercaptan, in the liquid Ilase or,in the gas phase, in the presence of an acidic 35soli yst and
optionally of go%af{?é%ﬁ. Sty G SRsRa U 9 BFoWRIOR! FPatenk of WAlkiniese BBettheen 50C
and 500C at ahgredogee waishingemtemt ©teeids iralesadiwith @8 aipenisopoldirent Stokeaanvater, an
alcohol, acetgreniallengis N hiisedwbBsal GREA SRR e RHALRR iSframm @t@e@#@@?(&mrﬁﬁ preferably

from 5% to 48?(805%&“\/98}() the solvent or diluent. The le ratig between the glycerol and the MSH is

SRS S SR AR SR o T epiRResRSts

adjusted to 5 betwéen
performed intthe® glgs98h aBath e HBHBICRNPRIIEa AT 1S sty iiUBBD Gvitin dsBBOTC @mebirudscticular
betweena50RuaRHENOE (1l MINFesaidia:sangiarEaPdviord 88 akand preferably from 1 to 30 bar. The
gaseous mixture m il or example With_nitrogep,. air Qr steam, The catalysts that may be
used are acidic hetg?yg Erﬁ%#l%%gg ftalys sse\(vifﬁraslyﬁa(%%% . aﬂéﬂﬁ%@”&%@é’% =05 258 Pi&rerably less
than -3. It is pASesIsesigTedieminiPrardanacTiein whighdetsemiceirigksyaaschiatethiitif tee reaction,
but after partisbegevensitvarafiite @l weesinnderdverrepstionpimnplaneniatine cansliionsyd g process
is performed jgbaich qr 5%};;- ipuUo e with cantinupus introduction of methyl mercaptan, in a
single-zone reactor%l%r {F} a re%cﬁ%&%t#%v%&%gfgﬁéﬁn z%%}é‘gfcg%% Oi(/'le"i%'(smo Taﬁﬁoegc/y iﬁg?mfthis 15

processZire, RIBEMPNE (R B piedioonronseasrble mawRs Greoatt the gt arorvesefyields are
insufficient tocetatisageicationdoistriappsod unsosephibtPoun tetkasisoptibisaaeassithamayer, such
ot i, Ay AR HIRPHO ) B06 e BRUILRESIBIRR ML R g el e

interest of a pI'OdUCtIOI’I process using a renewa le star ateri

polluted by any sulfur protiucts generated by the methyi mercaptan or the MMP. The
gaseous acrolein siream derived from the absorption and stripping steps contains water,

30  butmay be used directly in gaseous form for the synthesis of MMP. However, this process
remains dependent on a starting material of fossil origin.

More recently, patent application US 2008/0 183 945 describes the direct
synthesis of MMP from glycerol. The process consists in placing glycerol in contact with
m'e.thyi mercaptan, in the liquid phase or in the gas phase, in the presence of an acidic

35  solid catalyst and optionally of a soivent. The liquid-phase reaction is performed &t 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 andiNH3, followed by saponification with a strong
base of the aqueous hydantoin solution formed and then acidification (130cherer synthesis), or with
hydrogen cydeieke(@EOpgfiibetvenrt 36 Genhboidtealyapekydrrangigristhet Gon\ertaddnttr the

aminonitrile angdhen: ydaplsred dermathipmine {StRcker SYRREiSlE0HE variapkoflbeseprocesses
lies in the synthesis of the mtgrmec?ate hydanﬁéyrom MMP and HON, followed b}%sapomflcatlon with
T

potassium cABEASE A AEUMC RIS D& RS L s AU aEtlyiBRn o LB AR aHYE Rt US 5 990
349. Theelyattewisditente RydroxyeanatiogerivetendiidopiyremalsendrdoeadSivids syjtisesisiof the

intermediate gataeRYSIp Brd BICAS SRAB-MMJIIIYSEEHN R B SRR el SHRRRRINgserBRHRMed at
low temperature to fom}lthg %ideécttpoen econd te{)/igr&ﬁa hie her temperature leading to the desired

product in the ‘abaehce of heavy Byprodaaesratr %%@8%%585’%?19@?&I'B\Hﬁf&caﬁfzuments:
US 2 745 745empenZ6483 add3bP 338 8 2resphieiansdugiffenproioe i bfoamiguiefeagiyHemydroxy
analogue of raegbieainGnhe gaddsie aLERSIYHANBENaIAER! RABRIPNGHIARYYEN 2008/002:A53
proposes a pfacess ogt%)qggllucin %rﬁé” acids, cIorriln tance methionwe, by fermentation of_%lycerol.
Summary THe Applicant Company Has Aow foint s pro sl AR I dRmget acidi
methylniercaPtéisio piandidiany dectsraiidigen Hemethilisrressipefortdhaonsitivi, robenttarixédoin that at
least one fromeagtasg thenaaraiainAngdhamethyhe eseaian R ptayeskindhisreastian & glatained via

a reaction or eactipns. starting fram bio S. A subject of the disclosure is also a
process for @ﬁ%@pﬁ&%&qﬁeﬁ%ﬁ%é%ﬁ the %@P&gogrﬁg’u%%sug %ef BRioNMEe 3? rf@%‘éfﬁ%ﬁ@ﬂrogen
cyanide or the" SSeirRPREHSH ety it paniipeaniHredHylieTe & apedpioprreaniehyit e dingle-
methylmercapsapnepiasalsehydehavingthent aaeioeddneaddisgmetiddsmapianiaraarlein,
charactgtized,ip dhat glleaslone TR ,2a904 e assoleln, e methylmercapian and e ydrogen
cyanide employed is obtained vid a reaction or a éequencé of reactions s arhng rom BIoTRAss.

The disclosure'sfs YisEe AetinspEdRitii) Yusassamimgsdin mptvstior sl MMErerohrveineid
methionine, lifisephockwg. thévsmissionsiofygeenhoulseayige sanseasiasacLimithdnelr erngfaniyre.

Moreover, theisg ebrreiaRissialnAagHAM Al LD &Pg%%&%% RGNS (e Processes

according to the disclosure will make it possible to consolidate reen” nattire of ?h%s’s'egprocesses,
the products GHENGEE FRWBSIRASAE hionine then possibly being 100% formed from organic carbon
derived from renewé&lentespriicaon US RG0H{edE6f the disclosstatssals p@acess frydnipuiacturing
methylmercagiap piRngILa A RISRIsiagRLIPasL Il RR s ERSURL IR AgR AL gy cerol to
acrolein startgncg with_an agueous ﬁ!}/&%rol solution in thé presence of an aci yst,

_ Ic cata
dity of less than +2 a ich comprises tungsten and ohe 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 vields.

25 As regards methionine, 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 (Blicherer synthesis), or with
hydrogen cyanide (HCN} fo form the intermediate cyanohydrin, which is then converted
info the aminonitrile and then hydrolysed to methionine (Strecker synthesis).

30 A variant of these processes lies in the synthesis of the intermediate hydantoin
from MM? and HCN, followed by saponification with potassium carbonate and
acidification (Degussa process), described, for example, in patent US 5 990 340,

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



(b) purification of the aqueous 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 obtained in step (b) with methyl mercaptan in the

presence. of ¢ of a atfill}/st 8 rg@eo(ﬁtl]%n IIyfb uri catlon ﬂ01‘ t@}e psrogéjn(g taln d in. s% 19 (te)m erat-ll.i-he said
procegs accorgln tovfihe ieI6sUe feads to ?1 |e€fds and riakes 1) 055|bl 5 overcome the
drawbigékim@ﬁﬂw@%é@%@ﬁdﬂiﬂéﬁ@d%ﬁh&@bﬁp?@@éﬁww by Rregbpiet of the disclosure is also a process
f?f manufactﬁgggg,{nqm '?J@%"dlﬂgthﬁgﬁféﬂﬁxﬁ;ﬂ@t'@%@wﬁgrﬂletb@@WECMBPETHQ?QEJQ@%?E@"OWIHQ
steps ydratjon of glycerol to acrolein startin n aqueous glycerol solytion in the presence
of an SRR B H AR RGRS5% (s HGEIGE Cre A CDLARE eI OB tEp () to Gbtain an
acrolein stream:eormntl}g idssthimnd $%ept efigrbidAtide 38 Thad0BM0antbhpreppeete mblydessithan 4%
by masi e aRe AL Ka ARl 4 ERREIe) Al RerolPls sifeas obtaned in step (b) with

methyl mercaptan in the presence of a catalyst, (d) optlonally purification of the product obtained in
step (c), (e) f the product obtained in step (c) or (d) with hydrogen cyanide or sodium
cyanide, (f) conyergigplicbithe rosigahgbtaiaed inde) inftumethioninecoedbe hydromaoaiagﬂ@gof
meth|0n|q$ and QU{(I)fIC § tp%%e%f lbnaflr (Hﬁgg cft }Qéatl;_'elp ré)%%ietg%qrogglgsﬁ?rm %l]%% r|n
methylmer ap?oprop ldehyde by y addi Ing methyl mercaptan 5acrolein, chatacterized in hat at least

one frmtméﬁgtwé@m@wmtmeam@waﬁémmmwmﬁﬁywaﬁ fplegditntis spesiitsdisia a
reaCti%t@fr@@Q%P@@c@éﬁ@ﬁ@i%@é@@BngQéﬂd?@@iéﬂﬁngRﬁﬁﬂﬂbm@sﬁfocess comprises at least the

fII't:dhtf | t I | soluti th
presence of oheABHR BLLEHET IS MEROR B SA dEve L SEIENER ot LERAR obtain
an ac@teingteeaimedhitiimadiessitiag b gaeferablelesshhavdivrasalimbd iy prafenatigriass than
4% by, MRS MR ES BB NS RARIEIN ) T g@%&%ﬁ@p@%ﬂﬁ&@@w%w iRSLp (0)

with methyl mercaptan in the presence of a catalyst, ally, purification of the product obtained

in stePpggined bmag@@edﬁataséﬂa%mﬁ@@ S 3?&)&1@00 aﬁ?&&%&%ﬁﬁ%&%@fé@ﬁiﬁﬁ@%@ﬁﬁmﬁ%r the

hydroxiyk amatsigie dfemetiioninelygpeacting tidrogengyanigdeniddhergiojem salbmbingdregem cyanide

with m%gylﬁ* Jcanto rg%%n&lge I}Yg%%} t%@g{gﬁg&proplonaldehyde having been obtained by
ole a

addlng methyl mercaptan to acr rac erlzed In that at least one from among the acrolein, the

methyl mercéfmarfiﬁﬁmﬁéeh%ﬁo@@ne&@&h@%r@ﬁ*ﬁﬂweaf@@'bwﬁ@wméﬂw@amﬁ)wafééqﬁeﬁée of
reactiqug stafinenBEemiRNBS Seuleig b & PISGBES @@@M@é%@b%é@ﬂ@h&i@@ ahensidn)

dehydrat!%)ur}act X.C?Aglrégvae?roﬁénu%%ngf a}‘re]:r?lequagbqgssga (I:r?gomateraais for all of the compounds
employed in the processes according to the disclosure will make it possible fo consolidate the
“green” nature of these processes, the products cbtained, MMP and methionine then possibly
being 100% formed from organic carbon derived from renewable resources.

A subject of the disclosure is also é process for manufacturing

methylmercaptopropionaidehyde, comprising at ieast the following steps:

(a) dehydration of glycerol to acrolein starting with an aqueous glycerol solution in the
presence of an acidic catalyst,

(b) purification of the aqueous 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,

(¢) reaction of the acrolein stream obtained in step (b} with methyl mercaptan in the

presence of a catalyst,



8a 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 relative8o the acrolein, (c) reaction of the acrolein stream

;)hb;ag?sguigt ?g&ﬁgﬂ%@%ﬁ%ﬁgﬁ%%%%%ﬂ% B@g@@gqrp&@&@g lyst, (d) optionally, purification of

e) reaction ot the product obtained in step (c) or (d) with hydrogen

cyanide or sddi@fREy MRS ETBRsteihs drcisrstr ttdmanydysnRthewsnib e isthi€ hydroxyl
analogsig.ekoribivRineanskrs figaligpotheneafioned budaiikgtasigeet, there is provided a
methyimercagioproplonsidende that mau be obiained according (o l1c Biseess. o5 efined gpove.
wherein said Mée ?mgrca%fjopcroplona? e ygeocontalns AT TEES g%%y Mass Of carbon bf refewable
origin analognadbmethinspestcoharasisgpadiedetitherfrihbrgridamsthe hydroxyl analogue of methionine

that may be ebiyaeiaarrdngjede tBrQEPoﬁéi@%Q%hE%ﬁb%%d{%%@@?%E}cmgélﬂiﬂam% angl its
hydroxylated analog contains at least 20% by mass of carbon of renewable origin. In a fifth
aspect, there is ProvRdsa théM884F RiaShine or the hydroxyl analogue of methionine as defined

above_, in commqgjﬁﬁnstm [mblihs_a/ mdmammmwﬂagmmmémmw ttze itvehtn an  The
invention uses biompss a3, siarting mHpdRlTOSEIM RIOMask MIRANSAAEAI B OgHGed Starting

material of plant or animal origin. This plant material is characterized in that the plant, for its growth,
has consumed atfatsphYiese ety riRessam@iEnE Biya .G G&JY&IR: Animals, for their growth,

have, for theizpashgtRnsumed disoRimntsiartingbaaiediah anedhaevibivasaimtedesh thencarigen derived

from atmosphericng)é)ezﬁce o ghgtg{e‘gent invention thus addresses certain durable development
concerns, by obPalnlng me{hy?mer%abtopropionaldehyde and methionine for which at least part of their

carbon originafesriionatenryifipitiaboftes produg pbirinrsbie sririly material is a natural animal or
plant resource RasE MRS BRHBEXIBHEN RS Shadh RBMHOL, aR adhUsaRdENSsadRIH IS in

particular necessary for this stock to be able to be renewed as quickly as it is consumed. Unlike
materials derive@#8i&ossil matter, renewable starting materials contain 140 in the same proportions
as atmospheffc 062vekdicaridhespmeles cakenetiom(&Yintp ongshigsrne @rimediydsoxfantsiogre ivf fact a

mixture of three JﬁQfﬂBﬁﬁie?%ﬁd( CRERSaRHRGLARgUt 98.892%), 130 (about 1.108%) and 140 (trace

amounts, 1.2x10 10%]2.. The 140120 - 9 - ratio of living tissue is identical to that of the atmosphere. In
the environm®nt, 24C Bsists 38R prdb@ifindst foPR¥IRCmirRral RSP e. (iboMaNLRIEE®2), and
in organig-igiardaptoprbsioriategraledintadirgamethyblactiestan to akradivjnartgasisey thehddC12C

o AT e R SRR IS FARR RSN DT I e
organieiaingtllein i SREicsiAEa ipequence of reactions starting from biomass, wherein the process
comprises at least the following steps: (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, (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 obtained in step (c).

In a second aspect, there is provided a process for manufacturing methionine or the
hydroxyl analogue of methionine by reacting hydrogen cyanide or the sodium salt of hydrogen
cyanide with methylmercaptopropionaidehyde, the methylmercaptopropionaldehyde having
been obtained by adding methyl mercaptan to acrolein, characterized in that at ieast 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, wherein the process comprises at

least the following steps: (a) dehydration of glycerol to acrolein using an aqueous glycerol



12 absorbs this 140 just as it absorbs 12014, The mean C/-C ratio is equal to 1.2x102 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 8xidizes iv spontaneously with atmospheric oxygen

to 9"’%89&4%“%?? 8 % of i Tt lgt\%ﬁ}sﬂ(ifﬁr?gﬁﬁoﬂ %%H8W'B‘tgtﬁ‘é”é%%}%€8£§gé’&'§a&b‘?éiRla lons,

and has since not stoppe ecreasmg after t ese tests. 120 Is stable, he. the number of

120 aftifis$HER (AVén SBIRPIETsAHASIARIGHS fFamrtaining leshthag it rﬁtﬁﬁ?&éﬁve'%é‘adha@arﬁ of
carboarRf ﬁab%é%é?@t@liﬁ%ﬂ@lfh%@mu%b HAssisetanadpriagive b3k disiblearaiprsaeesminuie) and

the number. of such at ms_in asa gecreas ver time ordln to the (-at), in
i‘g) 1& %Q a(r? & ranelarrﬁ% or &ar?talysr? Eﬂie

which?'RG 1S ree%rﬂg?na 'Hlef?n '8 ’trq e %eBLfathe Créatl

numbepifEdg awrﬁrrsat@mafrtmgmﬁémtmbtalm in @&héﬂaéwe@ammfdhstamdw et iaedive
constapl), iLiSF]IAGRANeRH- dfgnide ol fsshalf é&fr@rﬁ%Pﬁf'egadér%%ﬁﬁw@fk%ml&'ﬁ?!?b@é?b{éaumbef of

radloactlve nuclel or of unstable particles of a given species is reduced by half by disintegration; the

half-lif8 GAEISISIEIE I T disReatirubrrasediant H‘Bﬁﬁ‘m%rﬁﬂﬂé’%”fffﬁm 895%he half-life of 25 nC
is 5730 year$n |a 36id082peats thieee1 4Cpeovitient s lesethihaie@L%0 mbthenkidiztclentbat analthes

beco uIt Petroleum pro aturgl ga oal ore in no
leerr:at%%%g(llxchfe %I&l% %f 14%: t#(taﬂ%4c %%%tgesngt IS sﬂbst%%g%gcong}?rﬁrom%%ﬁractgﬁm of the

renewMBlBYinati RRIRRISIdBNY thechiainsTakierst BB naRaRi e OBl sFRRMaRHPRESe starting
materials, and g¥enrtatpéac @f&eq&tﬁwu@@@a meihigibd Gropatepdeky ariedabafieagwainte origin

may bt%arp%%sy%gddg%mee)&a ords?n%c gpr%gggsfggoélv !fn r%ée Cg'ovg w%erem said methionine and
its hydroxylated analog contains at least 20% by mass of carbon of renewable origin.
In a fifth aspect, there is provided the use of methionine or the hydroxyl analogue of

methionine as defined above, in compositions for poultry feed or animal feed.

Detailed description of the invention

The invention uses biomass as starting material. The term “biomass” means naturally
produced starting material of plant or animal corigin. This plant material is characterized in that
the plant, for its growth, has consumed atmospheric CO; while 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 CO,.

The present invention thus addresses cerlain durable development cancerns, by
obtaining methylmercaptopropionaidehyde 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 can be
reconstituted over a short period on a human timescale. It is in particular necessary for this
stock to be able to be renewed 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 about 98.892%), °C
(about 1.108%) and "C (trace amounts, 1.2x107%%). The "C/"*C



- by liquid scintillation spectrometry: this method consists in counting the "beta" particles emitted by the
disintegration of nC. 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 "C atoms, which may thus be determined. The 140 present in the sample emits 5 rays,
which, on contact with the scintillation liquid (scintillant), produces photons. These photons have
different energies (between 0 and 156 Key) and-ferth-what is known as a "C spectrum. According to
two 5 variants of this method, the analysis relates either to the CO2 produced beforehand by
combustion refietrs tdradisssenipldentisastatisleohisorapsimRion ther a0 MseRDEAE ARNBIRA conversion

of the carbog,saraplavinhbRIFENR: minerdlibMase spastv@metye (0O saamale isrtadisaechid graphite or
gaseous 002 %nd a alys&ggi .}iqqoa%rré]gﬁ%%&gg ggeter. This technique uses an accelerator and a mass
e'the™ ro :

vispectrome ar t%n-s','éﬁgr% e ons from the 120 ions and thus to determine the ratio of the two

isotopes.  Thesk mévinsdrasniaecioerire e atio s derimoasianiteyiie eahdisictiaed®ibed in the
standargs ASHMrDE 36 édemnrriaimBaRSGiPohanshirdhestarslacd Sre SrdddRiet2s (&spedially

7026 04). These-methods compare DR AR LA UEAGh e Soalepdnedipla i fhe data for a

reference samnf)?gpoF _[L'.?()Ggo renewable origin, g;,ve a relatiye pércentage of carbon of renewable
origin in the 2kapkbRe this "“GHeshas i ARsgBReHod hefrdftialy (Fs&alits et iR dwdiin/Wescribed in
the standardraRhid 42 6sHeev08 < apel anaiaamasssspecirosg apys)ialmibe peeseaidnenimni4he
methyimercapigpioniongidenyde soddhemeinioping ARaimAl Isasbhar! derivekframdiamass, they

contain organlgicar on derived from renewable starting materials and are conseqyently characterized
in that tHey EBREAMeCUsh] WRiBENSRICRA S IohalVR 8N B H)ema<S20 Rtk carbons
of MMP are piressyalidtomvigin aincbeptiedst A08eandprefeombly aide&st56¥cby masstadmte carbons

of methioninge%Fgag{nrgeQ@gﬁl})éqxgﬁigaﬁoﬁggsmsgnd methionine may comprise 100%
2> is stable, i.e. the number of 2C atoms in a given sample is constant over time,
¢ is itself radioactive (each gram of carbon of a living being contains enough “C isotope
15 to give 13.6 disintegrations per minute) and the number of such atoms in a sample
decreases over fime (1) 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),
- nis the number of **C atoms remaining after time t,
20 - a is the disintegration constant (or radicactive constant); it is related to the hali-
fife.
The half-life (or period) is the time after which any number of radioaciive nuclei or
of unstable particies of a given species is reduced by half by disintegration; the half-life
T.p is related fo the disintegration constant g by the formuia a7, = 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 to detect. Petroleum products, natural gas and coal therefore
conitain no “C.
Given the half-life (T2} of "C, the "C content is substantially constant from the
extraction of the renewable starting materials up to the manufaciure of the "biomaterials”
30  derived from these starting 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 technigues:
- by liguid scintillation spectrometry: this method consists in counting the "beta"
particles emitied by the disintegration of **C. The beta radiation emitted by a sample of
35 known mass (known number of ca_ri_:on atoms) over a certain period of fime is measured.



25carbon of renewable origin, when all the starting materials used are of renewable origin. In
accordance with one preferred embodiment of the invention, acrolein was obtained from glycerol. The
glycerol is obtained as a by-product of the manufacture of biofuels or soaps or fatty esters or acids or
alcohols from oil-yielding plants such as rape seed, sunflower, soybean, oil palm, jatropha or castor, or
from animal fat. 30In accordance with one embodiment, methyl mercaptan was obtained from
hydrogen sulfide H2S and methanol in the presencélf-a catalyst according to the reaction: CH20H +
H23 catalyst > CH3SH + H20 - 11 - the methanol possibly orlglnatlng from the pyrolysis of wood or
from the fernBistafisticasBiemds PrpcEiaple dPpIANMEYPSTsuth T cybidy gartaiesoPseetroot to

give fermenigdtigreduciae 'C Phaenetinamel sambrlsemomadesiremidhe gasiieatonaf ary animal or
plant matter e n n ogen
which is reaé?f‘cﬁ {)%%ﬁw ﬁ’th %L ﬁﬁ?ngﬁn %@(15%% l&%&ﬁ%;@%&(ﬁ%&%{rﬁ% orrél}g%ngﬁclﬁﬁe%s% Fs and fats,
such as cod (RFE¥RRN \{R/H‘ﬁﬁs P KeMiranRHaE Mhaiom kNP asedl o SeRREWE. desRsdisgtoehark oil,

bovine, pig, gatintiossehanmhgtnodryheilsrandifateiatechitsdalons laml, prikuiald clurkenetat, dyeef fat, pig
fot, norse Tat-ARdBgle: EAmAIGS AlONA"e  ARAATLAIIILIR IR R BBefELRE gitaw odder

for instance eat straw or corn straw; cereal resi I’ Instance corn residues; cereal flours, for

instance whé’é{??f&?ﬂvgé?’t%@@ﬁ%ﬁaé%%ﬁéﬁ\?iﬁé? 83}’,%‘6?@!@um, corn; wood, wood waste and rejects;
grain; sugarcane, suparcasesgRitioesirpehsBastsiandrstental hegtipoite molassess ), aseetroot

molasses; PaliQs AP RRINALERIHAR: MRARMUDIMLES AT cllose: Leliglyiose and

lignin; or papermakmgF black liquor. s regards the, conversion of sg/nthess gas into methanol,
accordiffly toSPRFTERE Sht"é@oﬁr?tﬁﬁ’g C@I%?—If@fé?%cé;ﬁ?&? s c’téi@fgfﬁli’é%&edéﬁﬁﬁfrochlmle
IFP, ENSPMhelia85s@npeedition, pp 2090-104 and to "Fundamentals of Industrial Catalytic

Processes’, Wiley, A eifias dnoasuliP BB ERAIRERI SRR YRS g olled)

oxidation of methane produced from b
in the standards ASTM 56866 (espec;iaﬂy DE866-06) and in the standards ASTM D7026

{especially 7026-04). These methods compare the dala measured on the analysed
15 sample with the data for a reference sample of 100% renewable origin, to give a relative
percentage of carbon of renewable origin in the sampls,
The measuring method preferentially used is mass spectrometry' described in the
standard ASTM D8866-06 ("accelerator mass speciroscopy”).
In the present invention, the methylmercaptopropionaldehyde and the methionine
20 are at least parily derived from biomass, they contain organic carbon derived from
renewable starling materials and are consequenily characterized in that they contain *C.
In particular, at least 26% and preferably at least 50% by mass of the carbons of MMP are
of renswable origin and at least 20% and preferably af 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 all the starfing materiais used are of renawabie origin.
in accordance with one preferred embodiment of the invention, acrolein was
obtained from glycerol. The glycerol is obtained as a by-product of the manufacture of
biofuels or soaps or fatty esters or acids or alcohols from oil-yisiding plants such as rape
seed, sunﬁower, soybearn, il palm, jatropha or castor, or from animal fat.
30 in accordance with one embodiment, methyl mercaptan was obtained from
hydrogen sulfide H,8 and methanol in the presence of a catalyst according to the reaction:

CHOH + H,S ffﬁaﬁ’_& CHoSH + Hy0



Biomass (fermentation) CH 4 et Chl4+ /202 CH3OH. The production of methane from biomass is
known. Methane is obtained from 25 biogas. Biogas is gas produced by the fermentation of animal
and/or plant organic matter 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. Bidhasiisttemppseibassegitiatiyofrone thangralydis atbesodiexitemand feereathrm dioxide is
then remove@a@%%?h&?ge%meg&sd#émgc?oaé%'ﬁcﬂ%%ﬁeﬁe'%%%B %ﬁé’d&'}"@e@’r% ide it%otassmm

hydroxide orfamine(ﬂ%%alternatively with water under pressure or 2 sorption 1n'a solvent such as -
12 - methandPRRZEAISPBBU4H S route, it is possible to obtain pure methane of consistent quality.
Reference may be izelentshéel avigusisoetiighiatidorte timigaeticafitheprionashiieathe atigle "Review

of Current Sta{ggeef opjc DigastionsT geanlogwfak Treatmen o&\/l&g}i)c(%gal?l%gl?i%wa%g",

November 1%9§fRISE-A and to the various biological 5processes existing for the treatment of waste
C

water, for instARce e VAR5 FERESS 6t Valtle Non-iting, sxaeples b Materor iR 988y methyl
mercaptan fréiudefirinels pefbfaisceuttagshenthiaee ofoweznsperthetmietbbdideserisicdda patents

R 7 343 S3%iandiRe REmAG N URG ka0, BRITRERILIe SuHicnls BIIMREHAY wppur-phase
.to reaction betv¥aelfen m%]an@l ?n(lcgizs at a tem#era ure, at any pointin the reaction mass, of
between 280C and 250 ant prrtaBi b e Bopiolah 296€ fat Fpréssife GreaiRes 2.5 and
25 bar aifd prefsais) Panverain7inmiete Disat, alre resaticirbeifiggerfamieddngpassingibe wagents

over at least tyina:BHRCeSRIMFrEEEaR] MY Enal QithedRRO.IDGNEoGNCES intaihe Wr?éaged and a
fraction of th(?\total metpano bei%é&% igzgrrgeduced into each bed, the overall mole ratio of I-12S to the
and2.5:

Serga YTREULTly ST 808 WRadagstR AN TR 8RR an

total methano C}g(réing e tween T,
activated alufHE GG aSYpRGRiIves IRfidEesraeofbetircand 6kamnd BESmR/gnebckeassincthesform of

beadsbz mm mﬁrﬂ@%ﬁﬁté&@ﬁ?&ﬁaﬁ?%ﬂf%%ﬁﬁ? ;?ﬁ%@%é@f?&@sgfsﬂaﬁcﬂ?\éﬁ&{lﬁ@s megam;égg,mﬁptap
was obtajne irect reaction of synthesis rived from biomass, composed essentially o
carbon %on&%’é%g‘rﬁﬂ‘% r%og]é%ﬂ"\}\‘/iﬂ% %%Pﬁ%%kﬁr%?ﬁ%ﬁg,“%%rding to a catalytic process, and without

proceeding via meth&nBIgEEs e oomana cHeSHesiH ZB:$n inlccongtherelwitbcortingmbctément of
the inventionrdadtegen cyanide was

CO+2H, - CHLOH
reference may be made to "Procédés de pstrochimie, IFP, ENSPM", 1985, 2nd edition, pp
20 90-104 and to "Fundamentals of Industrial Catalytic Processes”, Wiley, 2nd edition, 5.4.8.

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

Biomass {fermentation) ——— CH, et CH+ % Op — CH,0OH.

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

25  biogas. Biogas is gas produced by the fermentation of animal and/or plant organic matter
in the absence of oxygen. This fermentation, aiso 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 agricuttural organic
wasie, pig lifter 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 o methane. Biogas is composed essanfially 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



25 obtained 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 optionally of
oxygen over a catalyst composed of rhodanized-plalidun gauze at a temperature ranging from 1050C
to 1150C, according to the reaction: CH4 + NH3 + 3/2 02HCN + 3 H20 + heat - 13 - Generally, the
mole ratio CHENEB!rgestingniol tisordu afidatrosatie rtatioi8iR urd\ Fé)ftatel 62 aemeiesnfrom 1.6 to

1.9; the presguihis HERASANY HaPbd 1840 the VAR HIHaAESdPRIHISALIWRFRAUEIPGHON is

based on the reaction of ammonia with m ne, in the absence of oxygen or air, at a temperature of
ot 513005 BHE THE BB A SHTE S AL FIERELPa R Rkl T FRABRBle of
tubes is heated Wimicires Belide\Waste/erNovembes AR pRISIBI& Toansk mdtiranetiouplatdogicatethane to

produce HON,3eeqicing i@ g eranc itk mbrt 3P sl e 0dAddaN-d Rl 9n® prddlisdipress,
described especially in the 1950-1960s in patents GB 718 112 and GB 913 836 from Distillers

Company, u g ‘catalyst based on molybdenum oxide at a temperature ranging from 340C to 450C,
or a catalyst based &% sguariisnrendngthat afte nyyetissiangmgeigyirone880IEN ofBOO Cnetnanthnia may

be obtained frg}divdroggbeened fredanietniesingastio(eepesethesisiati o tarkes
monoxide and hydro resulting from the gasification of biomass. Gasitication is a thermochemical
process for pf8d L%ng%?ﬁﬁ’%ow%ﬂc??aﬂgﬁﬂﬂﬁﬂ%m&%% ey AR 65 MK BY e aReH =85 oxygen
or stean? Theeaetinebeivrankestirackant lrigh atatpapeati@cd A0008) aribgrastatynmsatmfospheric
pressure or agtidOsHivE RERPABICTAR HrEasRRPBERRERtINNHD tha aFeEthe WalkRdsoet sufficient
during between 2.5 and 25 bar and preferably between 7 and 12 bar, the reaction being
performed by passing the reagents over at least three successive beds of catalyst, all of
the H,S being introduced into the first bed and a fraction of the total methanot being
15 introduced into each bed, the overall mole ratio of H,S fo the total methanol being
between 1.10 and 2.5. The catalyst used for this reaction is preferably an activated
alumina with a specific surface area of between 100 and 400 m¥/g, such as in the form of
beads 2 mm fo 5 mm in diameter.
According to one embodiment 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 catalylic process, and
without procseding via methanot: ,
CO+2H; +HoS = CH.8H+ H:0
in accordance with one embodiment of the invention, hydrogen cyanide was
25 obtained by reacting ammonia with methane or methano!, optionally in the presence of air
and/or oxygen, at ieast 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 optionally
of oxygen over a catalyst composed of rhodanized platinum gauze at a temperature
ranging from 1050°C to 1150°C, according to the reaction:
CHy + NH3 + 3/20; & HCN + 3 H,0 + heat



20the gasification to lead to full oxidation. Thus, large amounts of CO and H2 are produced according
to the following reactions: C + H204 CO + H2 C CO2 3 200 As biomass, it is possible to use
any matter of animal or plant origin already 25indicated previously. The hydrogen, after
conversion with steam of the carbon monoxide produced from the synthesis gas, is purified before
being introduced into a catalytic ammonia synthesis reactor at high pressure (100 to 250 bar). The
hydrogen used to prepare the ammonia may also oibglnate 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

US 7294 225 f t ! from
or rABeRAN R malsnaw@mgp%%%évg?&n@;;@ﬁ o8 ra]gae@(gmagg%ﬁroﬁw 11C02)

cellulose manyfact t ne, as ajready indic
produced by Fé?éﬁtﬂ%ﬁgﬁ 6?591%{5 B falt o g?ﬁ(??ﬁﬁ'fﬂi? I SRREHYEIFRE bidR\RFEN, 35 the CO2
being removed by \ha@hmgnm&ﬁ@g&@wm@nfaqm@dmb%ﬁ@ﬁlumohiaeédsomume thactibydroxide,

potassium hygexide Wzﬁm&aﬁ\a%amerﬂa@twﬁi\émhaﬁ/%déﬂd&f a%e%%%et&%{?m'eﬁé)waﬂom a solvent.
Methanol as r@;&d)f_lndlcated abov %gfégtalne bﬁ fermentation of biomass, or éegroly&s of
[

wood, of by gaS|f|cat|8re1 PR iR 65?‘ PHEAPSH SiReRARY 58 &'E%tﬂﬂglg‘@g mposed
essentially ofubgfsmertstoxiticoan ihsifelwgererwhich

it is also possible to use methanel in place of methane to produce HCN according
{0 the reaction;
CHOH + NHy + ©; 2 HCON+ 3 H.0
1o This process, described espscially in the 1950-1960s in patents GB 718 112 and
GB 913 836 from Distillers Company, uses a catalyst based on molybdenum oxide at 2
temperature ranging from 340°C to 450°C, or a catalyst based on antimony and tin at a
temperature ranging from 350°C to 600°C,
Ammonia may be obtained from hydrogen derived from a synthesis gas
iz (composed essentialty of carbon monoxide and hydrogen) resulfing 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
place at high temperature (800-1000°C) and generally at atmospheric pressure or a mild
posifive pressure. The oxygen concentration (in the air or the water) is not sufficient during
20  the gasification to lead to full oxidation. Thus, iarge amounts of CO and H. are produced
according to the following reactions:
C+HO = CO+H,
C+C0O, = 2C0O
As biomass, it is possible to use any matter of animal or plani 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 aiso originate from the recovery

30  of residual liquar from the manufacture of cellulose puips. 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 celiuiose manufaciure.

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

35 the CO; being removed by washing the biogas with an agueous basic solution of sodium



is reacted with water, or by direct oxidation of methane produced from biomass. A subject of the
invention is also a process for manufacturing methylmercaptopropionaldehyde, comprising at least the
following steps: (a) dehydration of glycerol to acrolein starting with an aqueous glycerol
solution in Jothe 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-tQ 4he-acrolein, (c) reaction of the acrolein
stream obtained from step (b) with methyl mercaptan in .15the presence of a catalyst, (d)
optionally, poydroatien mitéssiprdduet:ddixainedinestepa(emative§ nétthMdprodecpescecemimg to the
process of tgggmﬂq@ aftatstep (c) or (d) may also be subjected to a reaction with hydrogen cyanide
or sodium cyanide during a step (Eg followed by a subsequent conversion to produce methionine or the
Pydroxy zoanalog R HEkn B RESRHIRAEP P BE ofthaly BRIARSS ©F RERRIR (a) of
dehydration Béryyeerot byagyiolgedowned i theggasighiaseiraay reatitorahathiegrespiactwiba catalyst at

a tempeyatue {00IG SR dR0GIaRRGaRL SiasPl BAMIRGRABRAGAME ADBGadNdRgressure of
between 105 and 5x105 Pa. The dehg)(dratlon of glycerol rgﬁg%ggpergajmed in the liquid phase, and in

this case 25 HEFEFHEIRIRAGS Bt HErFFt SHeakAy Ao HEEPd PR GIRG#Bm 5x105 Pa to 100x
105 Pa. PreferablyAthestipisattepfis perfoinvedtinntheigjagishase. procesthe iwractormudaciurizgy function

as a fixed begsifhictizaddprshicnaieripiingdiidized Redagri BRI atRNfiguration (plates or

baskets), in the pres ne o%stolid 0 cigic atal g. o .'rr]he tarI]ysts that are S}Jiitgble,for‘ use are

homogeneous or n{ﬁ tl-S(ﬁ‘é BYLE r@@, Wﬁf&ﬁ%ﬁ% |Hsoﬁ.ﬁ5l§ ?"ﬁﬁ{i rBATRF R SH’&%H’fch have a

Hammet acidity, notedhpipres¢nes otaarpsidiasaiaieated in patent US 5 387 720, which makes

reference to the arjgiegMisafanaseiqidpusSivdins ibBwdaseseiepqaaabaatalisisoM. 51,

51619589) chap. 1 35and & he Hammett Blcin!s Asterined PYATNS YERUon sing ngicaiprs or by
fess than 4% by mass of water relative 1o the acrolein,

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

15 the presence of a catalyst.

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

The MMP produced according 1o the process of the invention after step (c) or (d)
may also be subjected 1o a reaction with hydrogen cyanide or sodium cyanide during &
step (e) followed by a subsequent conversion fo produce methionine or the hydroxy

20 analogue 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
raactor in the presence of a catalyst at a tempetature ranging from 150°C o 500°C and
preferably between 250°C and 350°C, and a pressure of between 10° and 5x10° Pa.

The dehydration of glycersl 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, a fluidized bed, a circulating
fluidized bed, or in a modular configuration {plates or baskets), in the presence of solid

30 acidic catalysis.

The catalysts that are suitable for use are homogenecus or multi-phase materials,
which are insoluble in the reaction medium and which have a Hammett acidity, noted H;,
of less than +2 as indicated in patent US & 387 720, which makes refarence to the article
by K. Tanabe ef &/. in "Siudies in Surface Science and Catalysis", Vol. 51, (1888), chap. 1

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



- 15 - phase adsorption of a base. The catalysts satisfying the acidity criterion 1-10 less than +2 may be
chosen from natural or synthetic siliceous materials or acidic zeolites; mineral supports, such as
oxides, coated with mono-, di-, tri- or polyacidic inorganic acids; oxides or mixed oxides, or
alternatively heteropolyacids. 5These catalysts may also be formed by a heteropolyacidic salt in which
protons of the said heteropolyacid are exchanged with at least one cation chosen from elements
belonging to groups I to XVI of the. Periodic Tabte b the Elements, these heteropolyacid salts
containing at least one element chosen from the group comprising W, Mo and V. Among the
mixed oxidegharermisarptiay olsoissanite ettt wSBENeirorCEilY pliedphbluSsEN BT based on

caesium, phegpha sl aesiatiral or\sivanéaganiebudhafatalysss asrichestrdiommeslites,
Nafion composites (based on sulfonic acid of fluoropolymers), chlarinat lumi p otungstic
and siIicotur?é’é’l‘i’éJ ia%"ﬁr‘?& g’éﬁéojegaﬁ%?%(r}l %ar%ounso So#%lstrbf m%?%f%é’;%%ﬁ‘ %%%%%%% tga%at%{um oxide
Ta205, niobrmissitiexecs sitmativeir POgrapelyRgifsoxide Ti02, zirconium oxide 15 Zr02, tin oxide

Sn02, sifica Si02 orrgligocalipRig B liso AR Rimsanseanaiesoptibaarid Sanationtceusbassarate 803,
sulfate 504, tun g’ggtﬁe hosphate P 3 selclgcal,{% %%72315% Orﬂé)lggtq)ﬁ]emll\ggéffé%cg{%&o the

0 4
literature da%afat 2Se Catal 2 o8 KEve 3 Tfammett ac less than + The preferred

catalysts are>¢l@ingiod t2igrorRss, isho¥brblien Rarstitatabimesiatdaionsittoliase sreERY3Honias,
titanium oxidemOrdmMNides 0spbasRMaRGhphaspbeltngstaiecahpmstasves idiiead.v. The process

of the invenion generally stars i saude alvgsrol e ypiaNesRIVAIRAE BO:90% dhssespl 1% o

10% salts, 1% to 4% -glycerolic organic matter'and 3% to 15% water. The process

advantageoPIgsphatesanA Hesa hsarsry IReTHIMRERPSTHERNBAUBES ed from crude glycerol via any
means known to thage-skilled igfhenari-dalyasiapse Misirtips ndaliErd uearR FBe SsHioakddash

distillation under reduced pressure or se araglon uin%"on-e%%a e resin}'gl as d scriqiedarf‘gr example,
y |

in patent appRESEOPE BUUEHS 3070 Cr ik PPE0eels 4y RISE"G D3R PSSR SRS 86 taNNed via oil
transesterificsiiarupgstio ssigs eathirid altitahe arinysrrstids chmaialexidhpr soeBSsriayiadoalso start

UTe Of Gl e oL Tyl o, 200, 1, 000 gl
. prefgraEr'f_y %é@eﬁ%@%ﬁrﬁ’@@%%%@%h% %Ecgdgqnfga_e Q@ﬁ%‘%ﬁ&”ﬁgﬁeﬁgé?%m‘fﬁ urggﬁﬁay be
used in liquidtfothons fudesebost BR:pruleiaiiin tnegals fescrfinganate PO, silicate Si0;,
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, siliceous zirconias, fitanium oxides or tin oxides, or phosphated or
phosphotungstated aluminas or silicas.

The process of the invention generally siarfs with crude glycerol, i.e. typically
containing 80-80% giycerol, 1% to 10% salts, 1% fo 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 io those skilled in the ar, for
instance distillation under reduced pressure or flash distillation under reduced pressure or
separation using ion-exchange resins as described, for example, in patent application EP
1978 009. The process may also start with salt-free giycerol obtained via oil
transesterification processes catalysed with heterogeneous catalysts. The process may

30 aléo start with refined glycerol with a purity of greater than 98%, 99% or 99.5%.

At the reactor enfry, a mixture of glycerol and water with a glycerol mass
conceniration ranging from 20% fo 99% and .preferably betwesn 30% and 80% is
generally used.



One preferred embodiment of the invention consists in sending a mixture containing at least glycerol,
water, oxygen or a gas containing oxygen, and, where 5 appropriate, an inert gas and/or recycled
gases, in the gas phase, through a bed of a catalytic system as defined previously, maintained at a
reaction temperature of between 150 and 500C. The amount of oxygen is chosen so as to be
outside the flammability domain at any point in the installation. The mole ratio between the molecular
oxygen and the glycerol .zois generally from abeut D5l-te 1.5 and preferably from 0.3 to 1.0.
Advantageously, the glycerol dehydration reaction may also be performed in the absence of oxygen,
but in the presencé& bé aghaatoliweief hytttage mesinging:$rsio. ig6ito 10090 dy ivolasrons|dtive to the
reaction MixXyEearahd ﬁftﬁe(@ggjgﬁggg%en from those described in patent application US 2008/01 8

319. 15The charge sent into the reactor. ma reheated to a ating te erature.of aboUt 150C
t0 350C.  The proteddy éﬁ«?ﬁo %8‘%{?% r ?SQ e 5}"588?1? a Eﬁnéﬂcﬁ?ﬂé W& i BiEterably,
more specificatiiairata sligesst W@Kﬁbr@ﬁ%eﬁfﬂw@m&tgﬁﬁ@@X@t@BQe@Mﬂ%c@nds Whene ratio

betwee%theaﬁamef the ined g8sohs@talystyrnd thesualumenefdhe ;gﬁa%@owes@g@%%@l%\@red per
second. The av e tem erat and Rressure con itions emstmg{ bed mta}/ z%%a[vr ordlng to the
nature of the® Sgsfyﬁti 3§u 5\3318 EABR M BRTANG I GiffeRSiong arhe cgtaly? n general the

contact time 150@113 800%. 20 seconds and preferably from 0.3 to 15 seconds After step (a), an
aqueous stream is phiaiiedinvbickygay ReHessd @b GRSROUS, &&ﬁ@%ﬁi%ﬁ%ﬂ@%ﬂaﬂcwein,

water, unreacted% Certﬁl e a@{ R %%oe ané %droxyrprgpang]nqeor XYL a%g%éj ﬁ‘ley q ¢‘3f0‘

acetaldehyd(?i*1 {& Ide y e, acryl caC|d propionic acid; acetic acli acetd phenol,
adductsof a@@@ﬁfmﬁrgwmt @43‘/@@@ Bof ewiRIaRbLiiem Brotlut®, cyclic glycerol ethers, and also

light compounds susassiBeeay, IeX IR raasigRIraaROXdetanthedr BrE dinxsorbema afdhese
products are 30 heavy. compou hile others ate co den a I 0 r rs, they
are light comg)ounaes %a 9% ur?é(%)nhdl{ehr?s%'gﬁaaﬁcﬁd%ﬁ e tem %ratﬁ#égg%e FQRé) Hlﬁi%ngn%lﬁéﬁé usually

employed. S@&J(lﬁ’yln’Qh@Brb@é’@%ea'&ﬁTﬁ|f@f§%é’ﬂﬁ¢€ﬁtl(ﬁﬁ‘%cﬂﬁsﬁs@‘ﬁfyﬁhﬁﬁﬁﬁ@"tﬁ@%‘a?ﬂ‘}&ﬁueous
stream to obtajscAreacralaiartisepiatoniam rigdassetbaa 15%, preferably less 35 than 7% and more

preferatglg/ less thanrﬁg)cgé/rgr%aseesn n\%‘% rrreealc?tg}{?ngirtgg ;?rgl:\%lg& ioea Breheating temperature pf
about 150°C to 350°C.
The process is performed at a pressure of about atmospheric pressure and
preferably, more specifically, at a slightly higher pressure.
The contact time expressad 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 @ 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 fime is from 0.1 fo 20 seconds and preferably from 0.3 o 15 seconds.
After step (&), an agueous siream is obtained, which may be liguid or gaseous,
25 containing the desired acrolein, water, unreacted glycerol, and by-products such as
hydroxypropanone, propanaldehyde, acetaldehyde, formaldehyde, acrylic acid, propionic
acid, acefic acid, formic acid, acetone, phenol, adducts of acrolein with glycerol, giycerol
polycondensafion products, cyclic glycerol ethers, and also light compounds such as
nitrogen, oxygen, carbon monoxide and carbon dioxide. Some of these products are
30 heavy compounds, whiie others are condensabie fight compounds. For others, they are
light compounds that are uncondensable under the temperature and pressure conditions
usually employed.
Step (b) in the process accarding to the invention consists in purifying the said
agueous stream to obtain an acrolein stream containing less than 15%, preferably less
35 than 7% and more preferably iess than 4% by mass of water relative 1o the acrolein, Le. a



- 17 - water/acrolein mass ratio of less than 0.15, preferably less than 0.07 and more preferably less
than 0.04. According to a first alternative, step (b) consists in purifying the stream containing
acrolein, comprising an absorption in water or a recycled aqueous stream to allow the 5
uncondensables to pass through as the head fraction and to recover a dilute aqueous acrolein solution
as the tail fraction, followed by a watebacrolein separation by distillation to obtain as the head fraction
a gaseous or liquid stream comprising more thar-8Q% by mass of acrolein and less than 15% by mass
of water relative to the acrolein, preferably more than 90% by mass of acrolein and less than 7% by
mass of watevatetativeied thestOatioaibinsatdmibié prefierably iase rthah &n09 Fridbyorassiafasrolein and
less than 4%y Mase ek water relative to the acrolein. The aqueous stream exiting step (a) may be
cooled via one or n}%re heat exc angﬁtlars. It is then absorbed in water or a recycled aqueous stream, to

form a dilute 15 aq(SSUS B8 BEASORIFSAER iR, EBRARIRG FoLuThie 795 BUSHELOBEMBlein. This
absorption negydisinedowriegddnea pastmdccolumater arptatecyolihamueeie etdyrodurtvautrentwise.

Advantageoyplyartherdasredensalleishycam BRURLS SHRAGS M Q968 ReY AL RiGR g0 MRNoXide
and carbon dioxife, arE1 remov%% frogm the to;aﬂf the cﬁolumn. The agueous acrolein solution is then

separated by iSRS TS Fo HHid A AR G SRS LA KRS AR M RRPHE R §8'HalMibed, for
example, in ke 3318 FeDirartnrsingrseoisnan liggid sterbechmorigrampies, thadodinents EP 1

300 384 and R d & H3ikh ThisisistifatonmalesdspessialeREarevE HRNSIIRSAGRMALA Stream
formed mainl% of \%ater ‘?pt}s on the o}her hand, asepus Qr liguid stream with a mass content of
ore n é;oo acrol ﬁ‘a /és%y En

acrolein of greatér than BAGE Ra88 cSWtear'?t%o water tHE3°L8 /m‘:"?é?étf\?@%etﬁ% tﬁ‘g acrolein,
and preférabfpiRieit BN SYe R ey ok ibRiIBEMd e saasmel Zosaldinvanst iesadventd¥heyacrolein,
and preferabfyanosevaan Re/EYoaasscadigerolein and less than 4% of water relative to the acrolein.
This final stream is sent towards step (c). .. The stream formed mainly. of water also contains heavy
impurities, with a b(ﬁﬁﬁgagg%?ﬁg%'éerg an 'ﬁgﬁ 0 {?ﬁrgﬁe&imaﬁhg& m‘é@ﬁé} éﬁathqgea(fdegﬁges &m is
recycled into®&aMWaBsorption step and a small part of this stream is removed, so as to deconcentrate
the heavy compoundssofie uiiebiaom hatlioht Byretoebstsgudtia beding Reinbionerdhan that of
acrolein, for i | are either remov s the head fraction in_the distillation, or
remain iinsfthe%é%l%%n%@é%ﬁ%ﬁﬁ%ﬁ 5{8%@5%%%%5 r%?nsct}\sga Zg’riégj g E%pofcﬁ% %Wr‘ﬁ‘?t:ﬁéstion of the
MMP. When 3RENBIRDL T SGURRE AFRerb i GveRFhR eI HBA PR RIRIE SR BINth P tRERTREORPEBIIMIN, the
gaseous or liquigstiwesam Adibraagassigotieniafondensable light compounds, such as nitragen,

oxygen, carbon monoxide and carbon dioxide, are removed from the top of the column.
The agueous acrolein solution is then separated by distillation. To do this, a chain
20 of distillation columns may be used, as described, for exampie, in patent US 3 433 840, or
a single columin, as described, for example, in documents EP 1300 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 fo the
25 acrolein, and preferably more than 82% by mass of acrolein and less than 7% of waler
relative to the acrolein, and preferably more than 85% by mass of acrolein and iess than
4% of water refative to the acrolein. This final stream is sent towards step {(c).
The stream formed mainly of water also contains heavy impurities, with a boiiing
point higher than that of acrolein. The majority of this agueous stream is recycled into the
30  absorption step and a small part of this stream is removed, s0 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 acetaldehyde, are either removed as the head fraction in the
digtilation, 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 removad as the head
35  fraction of the distillation column, the gaseous or liquid stream with a mass content of



- 18 - acrolein of greater than 75% and a mass content of water of less than 15% relative to the
acrolein, and preferably more than 82% by mass of acrolein and less than 7% of water relative to the
acrolein, and preferably more than 95% by mass of acroiein and less than 4% of water relative to the
acrolein, may be advantageously recovered by withdrawal at an intermediate plate located between
the column feed and the column head, as described, for example, in document EP 1 300 384.
Optionally, when the aqueous stream exiting step(a)gis-gaseous, the cooling performed on the
agueous stream exiting step (a) may be performed at a temperature such that the acrolein remains
predominantheinigjasé geesafer thaant % ehd atdde nostanti qlich i as deco nitain iy ekt eiwater and
the majority QE#ORiAOMEYERRBIHRONAR BN BAA OO NATRL RElNCD of LA ple.
acrylic acid and glycerol. This temperature is typically between 50C and 100C. The liquid phase is
then separat B?ﬁ%'%eg%%%s%go?{ﬂﬁ{ﬁ%ytﬁﬁ’%ﬁiﬁﬂt?l% {PeTaR?8 Ie FefNR SIS StBY may also
be performedh of peaikerkiablenim tbe aplitencolampe Adcsmabgioeain rebligene tor eXadnpleian 15

aqueous;solutionBaax hadnifsis ddeiRei HIRRH IS CRliMth Assiieatn qhiduld thaticaptaips the

heavy impuri%es, forfjn tance I%c,erol and acrylic acid, is recovered at the bottom of this ‘column. An
e

aqueous gasEoEiPe B X BME MR R NRILRE 0PRSSk rolein exits from the top of this column. The
gaseous stream coRiinhadyacrbieintie thgneabs ostveahinexititer, siespd 68cisb gdspresiothelyea@BAccording

to a second pHiRiEs SR @;au@a%i%&%eﬁamm&ﬂsﬁwit@ﬁ%%t%mgtﬁ ANGPLTAlFEaM
0

containing acrolei oﬁ]ﬁ?ined in step (a), comprising coolin e said gaseous stream and separation
of a liquid strselécrﬁ %)? ed ﬁ%ﬁ@fﬂé%ﬁ' ﬁt?gg?ﬁy\%é%f% SRONRICHR FdrRiehhab b 88 dam that
containgdesdieithrase byrtakinodfanabiveiwaive aodite asadidin ob thécratmiyolowss thitin &7 Bbilbfavater
Le'a“\{g tg thesiat m@ﬁg%'g%ﬁaﬁgr;ﬁﬁfﬂf%#)éﬂﬁﬁﬁ:ﬂlﬁbﬁ%[;‘oéﬁ%ifﬁéf%é@ﬁ@ RihemrgiRElt impossible, as
escribed in patent to perform g first wash of the gasequs agueous stream exiting step
(a) with a sm%lﬁr'gfsr]r%%iﬁ of \)/'\?écf%lrlyirgeaq“\f\?gs rgrqgéc%'?ﬁn% Bté: remo ‘%ﬁﬂ%&c@%ﬁb‘?%ﬁ&?g&rw cooling of
the stream tdR@t@aspBhassrcydiBingyhagRiRrivorh e eestintol tindesing thiemquroasphase, the

majority of thgeaerMet I RaLREY R EARLR uspiarTbdoHMV RS PRPORLERPI GRIINR AELaRNS Ahase to

recover the acrol%in entrained into the water It is alsofpt ssible to use a coolin

15 “ague olHion. may: be iniected info the 10p, of this ¢o 3 ?.Collﬁrg%as
described in p%lt’en?%ﬁ i 1ﬁ_5:¥he_ gaseous s%ream eﬁtlng sfeﬁ gﬁ@'i ofted rﬂ%"'f e bottom of a
column, fromPRHRIASI S RitIeaMaIRRINTRS bt dRS lRPRG LAY SRr RN ATRdin AN, it aefetvetiedyaidisbelow the
gEWf pﬁint O|f Hegtgaseais cfetadumm%ums@waeistwﬁadwml@mﬁfﬁ&waﬁﬁée&h}a%;nthe 1t8p

of the colu the other id-is. sent int ripping column to recover the - 19 -
acrolein. The%%m Zﬁﬁegarﬁ o%?gh%g%ltjﬁgi@rgeoé%% %Lf%%o%agfo l?#?ﬁ'?énﬁetﬂ?ﬁ)e% info %}F\eél cooling
column with FREGREE R WILE 2SHESRIPPREGHENENS stream exiting at the top of the cooling column is
cooled twa temperatucerdmpeoad sefdiad wiedatiankrpniensesidiguitls pretetnpsiitoghgdop of the
cooling colu 2Res ices make. i i I eQus M| f acrolein, light
impurities ar:rglg Sncg%ldgdﬂ%%%slg&g}%%%i, whiﬁ#cgo%ﬁ%t%%? Egﬁﬁ%@ @595%%@ ?ne‘%@%?%ggg %ﬁ ti%}/rf]e to the

acrolein, pref¥afRF| GassqsSYo5TBaNY RFREBIRL YA RS SBRAR ST prdTembg reaiehuel %, of water
relative to thevatokeia, dergio fauid stk agaietuh aseant ted rossparatessitoan thesibgondensable

gases or from,the: lgbtimpriiles-isseration L0k MconiaasAllRdSPRIUMEE InsieP () and
that of tgse Ilgg}é{é}g%&tlgggsﬂ%%r@%n oef water relative fo the acrolein. I is possible, as described in
patent EP 022 687, to perform a first wash of the gaseous aqueous stream exiting step (a)
with a small amount of water in a washing column to remove the acrylic acid, followed by
cooling of the stream 1o a temperature generally ranging from 0°C {0 50°C to condense
the aqueous phase, the majority of the acrolein remaining in gaseous form, followed by

3v  stripping of the agueous 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 stream exiting step (a) is introduced into the bottom of a column, from which is
withdrawn at the bottom a liquid whose temperature 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



in step (d). According to a third alternative, step (b) consists of a purification of the acrolein stream
exiting step (a) by distillation. This third alternative is advantageously performed when the stream
exiting step (a) contains little uncondensable gas. 15The gaseous stream exiting step (a) is partially
cooled using one or more heat exchangers. It is then injected into a distillation column that comprises
a condenser for cooling the stream exiting from the top of the distillation column to a temperature of
-10C to 20C at a pressure of 1 to 3 bar and a rebeiled fer providing a bottom temperature of 100C to
130C. The reflux level of the column is advantageously from 2 to 30. A stream 20 formed from water
and heavy irpunitiesTisergasamre dirtettneobtliten ahthh copxitf dtfiersiribpiad condensestargasiphase
formed frompiacepfesabigs Wﬁrwaaggmeeqm'%@sa%@&m%ﬁﬁ% i iReqyered, and

removed, and i %clilélp ,!ﬁ)hase formed f[om more than 75% by mass of acrolein andless than 15% by
a

mass of waté&f % TREBRSIERT 51 9T ABTPRIBHISRET SR B thiakl W GBrfndfiseds than 7%
of water relatiweid® arprtgragg didinttzntbpririagcefdirentidiisnmore than 95% by mass of acrolein and

less thar 4% of watgietglalyidQidas ARIISINEEBROYS Biftaih REJRRISTNAL NS dickifb BRasigns returned
into the column fQJ refluxin an%o%’nrtlgéwnh rawgr{b{_to feed Stﬁgr)d c). Alternatively, the head condenser of

the distillatiolr B8 h YU F AR AL AR EP 1R 2RI R W S3 BB 0 8BRS Chd@ihe liquid
stream exitingigligectdiein serdlsiretaratedabiio lase dudaniiicfor 3gatrsfiwiative dndhegasio@dtream,

which compriger#iyasselgisnasd Bradnsoedeusabies. deeralethissesond crRsleAsRIiHACctioning at

a temperaturgega 'sleocré? J?OC 50,85 to rgco\;\%ﬁ a gas pha€e fq&mﬁ%{mm uncondensables (nitrogen,
oxygen, carbon dioxt e,%arrk?cr)nn mo %%ae?;ns CIPTS FaMo 28 4R ikﬁ‘ﬂﬁ&’ B‘ﬁﬁ’s@?&?ﬂ@@tﬁ m more
than 75% byahiiss/Becicieieadian i pedameed 159tebyanard briwitberihtiventoiihe iaoefernegreferably
35 more thamn8#8e fty. mass of acrolein and less than 7% of water relative to the acrolein and - 20 -

. 0 : 0 )
more preferentially more than 95 ﬁpmbdy Apass of acgolel%?ggl?i\(ls)%zssi rge%rilf% ﬁl 8oarf]ﬁv§/££cz Glhe%jgﬁ\ﬁ%)% tt:re

: : ﬁqorﬁima. ao ?] ematale g ep
acrolein. Optionally, the Tiqtid phase may undefgoan |
content, and /P ARG Yeaues Ry Hisillataatidhiedhierlisrie)snatienasesssinoetiimef to the
invention congneistie reaskngdhndicisay Srgarents astelaiareipagaebtained in step (b) with methyl
mercaptan in the prgsen alyst. The reactjon.is perfarmed in the. liguid phase in the presence
of a bas%% catalyst, ?g% gagl?)g[i'rg t%% g%‘s%ﬁgg 0 sggl\;%g{s aé'?aé% '%%gg?leﬁ%r%swr%%}%%ﬁ/ ?’gﬁ%ih%ahom 20C

to 60C, with §*igReRcHsS Jran Inpatshinines Sritiatiaytelunn Ml Isepeess inctatkessgaiic bases,
optionally cothitrgctiwidreamosgrinis fasid tHexapy esethistinaayrbe kenmentiengskiaglkdss organic bases
selected fro | i i ication. 40631, organic bases of
X alymor e A FRELISE 16t PRSI T8 SR S e

compound al§&F RitE oo lrftwaw el thgsobmads adyantepruakdmBetoGofuiiiedt EP 1 408
029. Preferalibympsiridimesatenbintaaithimpetiteacidesayeeskias tatalysinil 3 s exhctdiemeydbe

performed ineaansei e bRELE e e dNALaRE (iisher aRsEanS- ARl ag methy

mercaptan are introduced simultaneousl| (temgoraril or spatiaulg) or successively into the reactor or

the reaction CBORThTRRRARASSSTEKA B 7724 SSMFUh GO GriBUl RRRa SIS IR BRIGitHfing from a
preceding baléfeonormiass strecmieof mrcy el Wi A $hiheyresssort waierfmiaied to the acrolein,

preferably more than 82% by mass of acrolein and less than 7% of water relative to the
25 acrolein and more preferentially more than 85% by mass of acrolein and less than 4% of
water relative to the acrolein is recovered. The majority of this iquid phase is returned into
the column for refluxing and partly withdrawn to feed step (c). Alternatively, the head
condenser of the distiliation column can function at a higher femperature, from 30°C to
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 uncondensabies,
is cooled in 3 second condenser functioning af a temperature of -10°C to +20°C so as o
recover a gas phase formed from uncondensables {(nitrogen, oxygen, carbon dioxide,
carbon monoxide), which is removed, and a liquid phase formed from more than 75% by
mass of acroiein and less than 15% by mass of water relative to the acrolein, preferably

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



20 continuously. Many processes have been described and may be used for performing this step (c).
As a result of the purification of the acrolein stream used to 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 manufacturing MMP from glycerol. 25The 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 raaction of MMP, optionally purified, with hydrogen
cyanide or sodium cyanide is performed under conditions well known to those skilled in the art,
according tortieee3teBrattiatig morS theckes s\ inesis dioagroiei trel lesetiiamn e of wlaezhyelatvey analogue

of methioning, gfienconerepadEIRe iRasHon pedicas drssiBesingasumenfeshnigyss de

I'Ingenieur, Traitth Genie des votaries”, J 6 410-1 to 9. According to one preferred embodiment of the
process accEHAHTS {5 WRISHhERANADH 20 (EPRNBRrETAYES IS ERegam kRS GHth hydrogen cyanide in
the presence of 35 Samioniuthecamrizsatectafding e hya svinifivoaroposind; felotivedteylisajponification
with - 2.1 - RRIASSISBRNEOGRILFPERRAME R RAIET I GRERNHEIGRALHNG RPHARTILL L

a
methioninate, which, %fter acidification with carbonic acid, leads to D,L-methionine, which crystallizes.

According to"BiRer BRESEGHARL i R TRENS DS 1K BiRs 3R iRRSRACR L pasiteiaei¥Rirformed by
reacting MMBengtialii G\t dbsgnyrediriesolveliysit artarcpendtinmativafefabiyidingian dracetit’ @dm, leading

g A St e o e by
using a first low temperature (abo and a second higher temperature (abou . The hydroxy
analogue of ﬂ{gﬁ%fin%%?g’tﬁéﬁqgggteﬁ)mﬁb)”?"i?(tr%%tifﬁ%,afﬁ? ?np%é‘meﬁ SORIeRBUSS as methyl

isobutyka0 Keeofienst inelitiig ewamikdrsas, widsjed didificamiresvitics afuhesacidsdutistvindbbigrlecantation
to remove thgramaRRIWe Seieses folryuad byse/stalzayem AR NHONYBAsacN e Qimethionine.
_The mlethi_on'gg go gQ%Mdcr}Pgs?gglso%Je é) ?&%hg)rﬁnﬁ% obtairtl)ed cC rdigg&gi éhc% #‘r%ctzj%%si r?f the
invention is uSed for preparing°compositions for pou ?y k) & P
mole ratios of less than 0.3/1, described in document EP 1 408 029. Preferably, pyridine
combined with acefic acid is used as catalyst.
15 This reaction may be performed in various ways, in batch or confinuous mode, The
liguid or gaseous acrolein and methyl mercaptan are introduced simultaneously
(temporarily or spaiially) or successively info the reactor or the reaction column.
Advantageously, they are infroduced onto a feedstock of MMP originating from a
preceding batch or onto a stream of recycied MMP if the reaction is perfdmed
20 continuously. Many processes have been described and may be used for performing this
step ().
As a result of the purification of the acrolsin stream used io perform the reaction
with methyl mercaptan, it is possibie to obtain high yields of MMP, generally higher than
those obtained with a direct process for manufacturing 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 1o those skilled in the art, according to the
30 Blcherer or Strecker synthesis, o give either methionine or the hydroxy analogue of
methionine, after conversion of the reaction product, as described in document
“Techniques de 'ingénisur, Traité Génie des proceédés”, J 6 410-110 9. -
According to one preferred embodiment of the process according {o the invention,
step (e) is periormed by reacting MMP with hydrogen cyanide in the presence of
35  ammonium carbonate to form a hydantoin compound, followed by saponification with



15 The invention is described in greater detail with reference to the following examples. EXAMPLES
Example 1 20An aqueous 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 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 21044 Dai Ichi Kigense)225—The absorbed hot gases are sent to an
absorption column, into which are injected 742 g/h of water at the top with recirculation and comprising
an externapetadsamgerrsdobgtivat tebookian dreapdiessperatunalie2gE. Thedioyidistremtassiumaining

about 5% acroleln;s lepHIueCiad B SAUAR E%%nﬁe%%@ﬂwé@ﬁ?eﬁaﬁ%m@gﬁg%ﬁ The

vapour phase is condensed and 87 g/h of a liquid containing about 85% acrolein, 2.4%
formaldehydés88§ et etaldehyde, 1.2% propionaldehyde, 0.2% acetone, 0.2% allylic alcohol and 3%
water is recoveredccordifchfd gfeadsteatool MR ¢ ihtrqiucestiate@adg v lthee actertitollewed by 1.7

g of a mixture .of pyridin 48% i ' id, At a reacti eratur 200 g of the
85% ag:olgfgr? 's%é%%ﬁ%g?gﬁg e%a;(@g{ge and ?’A%%g@ﬂéqgéo oyrﬁ%é%]eylg%ﬂgt%g&%ﬁ%a@é @%rﬁ%?tagrﬁ)eously
introduced Wislng sesorreficaddinetsdain smyanpraAtrsemperndnife i hrhhedredyseddt for a
further 10 minutRSaatdhirtRmpelaliy edeeiRvestiyingdingnslerdeducedripaanire @bdd montig. A 353

g fraction boiling at about.65C of MMP, with an estimated purity of 99% is recovered. The.
sl i 8 S R B e R P Y i e, SISt ER e, The
chemical ytbkihfinolhied ceithesrsioredfabiéoglytereixiamm W MWRhisa7 89keBY sisihgametiefhyhdseayian
derived fro!@éiléir%“%?SMkiﬁﬁoéﬁigﬁleﬁ&&g,a“&r{ww &8&%9@!&9 1QR%0 Q‘;ifﬁ%ri_@"‘é%m? A8y Ea@mple 2

860 g of aqueous ammonium carbonate solution containing 7.8% ammonia and 12.4% carbon dioxide

are introduCBePMIA I8 SEM PUE T, KABPRMGR Ry {Bleol RitRd o rSuaidiraHen g8 MrEermp
produced iarizi@yuplef inathibBBib g of hydrogen cyanide are gradually injected. The mixture is then

maintained at 110t {op digHiel [ 261013, PARIRHA0. TN BRTLIGE) dBARaad claigq,3pdo Dring
the mixture containing the g 2- ethyﬁn rcapfoet yl ydantc%n to at%osgﬁgric ressurgs. 8%% g of 40%
process of the invention is used for preparing compositions for poultry feed or animal feed.
15 The invention is described in greater detail with reference to the following

examples.

EXAMPLES
Example 1

20 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 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 diameter of 30 mm, maintained at
320°C and containing 537 g of tungstated zirconia (batch 21044 Dai ichi Kigenso).

25 The absorbed hot gases are sent to an absorption column, into which are injected
742 g/h 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
is then injected into a distillation tower functioning at atmospheric pressure. The vapour
phase is condensed and 87 g/h of a liguid containing about 85% acrolein, 2.4%

30 formaldehyde, 8% acetaldehyde, 1.2% propionaldehyde, 0.2% acetone, 0.2% allylic
alcohol and 3% water is recovered.

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

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



15 potassium hydrogen carbonate solution are added and the mixture is maintained at 180C under 8
bar for 20 minutes. The mixture is then gradually depressurized to atmospheric pressure and part of
the water is evaporated off so that the mixture contains about 20% potassium methioninate. It is then
cooled to about 25C and carbon dioxide is injected at a pressure of 2-3 bar so as to lower the pH to
5.6. A suspension is obtained, which is 20 filtered off. The recovered solid is washed and then dried.
98 g of D,L-methionine are recovered, The filtrate.isyfecovered and concentrated, and may be recycled
into the solution containing the 5-(2-methylmercaptoethyl)hydantoin. Example 3 25420 g of MMP
produced in Exeonple fhem i (7 eakaipnixturenef pydingsatA8% k@rﬁﬁ@:@fﬁﬁ&i@@&eif’éﬁ‘ﬁw into a
stirred react i re inj #1 ver a period of 45 mj S ' eping the
temperatureq'l{br(}a‘%sgvrtir__e%lj %ég%ré%q%%%\{ ?ﬁlmosbé géget fg"”é‘r"ﬁoe %Jllrﬁ%ésag 'QTS%U El?ﬁém ixtdfe obtained,
consisting m&aTh§8Miad BrE o -S8iethyRERYIIBH ritha cReSaideivda. cvepiannidrivdst. 4B efinaites at

60C to 591 gad6 alfytin alpoRclusreoHistNBCQedni REvEE YerbplftiicraACThel RAdmiskirgidtStiyagefor 10
minutes at 6 t. t e}}@jd nd this mixture is stirred for,2 hours at
90C. The§l regg?(ﬁﬁtﬁg % t\g%%]%{:ecit'r@gte v%tfgl _86' ?gf%@ﬁ}{/ﬁ Eﬁs@kﬁiﬁﬁ ?(%?%ﬁeswgdu%ﬁrgr phase is
then evapordtBT8feall ForosHRR IR R IIFyRRetB NG HHWARidReRNaLErARIPYIthio)butyric acid at 88%
in water (hydroxy analogue of methionine), - 23 --- Example 4 An aqueous solution containing
33% glycerow 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 of 100 normal litres per

hour and a stream GPE&HB5 AR BRYRI T B8 HbRHRPHEs S981IRR (rop B RS TE8a el antbactor with
an inside diafess chBOMIxivEIrEiINstELBR0GaNd costainingBR7AREf Heagsiatedaicania (batch

21044 Dai chighlhrng, 15 ngttaasmepmgwh@_@%?gmogﬁdc%%!g;gm%?'H%nggw"af to that
T

described in Eatelét EP 751 110, with external cooling bﬁ recirculation. The .toteniperature is

65C. The aquédUSS A% SRS HRS IRt RedBtt s sipp seplianaahiidfSrdan dostrdfen so as to
obtain at the isetttomisircalgddo $9$d artibtnen diiaisgd Sowip o alsdorbiei Hhmigase sahbaingd from this

Stripping (Comerising RiRgArassRIa ARFMARY d6c SERbIBHLIR Conlba,feluay I g 0ages exiting

from the top of the 'Coo%%?r column, comﬁ%rlsm 16 mol% of 15 acrolein, 1.5 mol% of water (l.e. a

water/atfoleiR RSN TLI B HFE TATTRHIRN SRRt RNe 818, 8V ds (RRIRIRRSS 8hd8 Care sent
into the bottowidst ghbab o gfionnsdksmnie thadutieisofhanitbradvilycdepes soriZbCo e eghena tail

fraction is sepideiare 6RAAHAMIRIIWER T RABIRhJRIRIVBICEARINRCHRSGE Biainl methvhdyercaptan
and 0.8g/h of gtmileure of.D r;iglirgg ﬁlt!ét%% %% rge SS irbacg%i%asdcid. The regi:tion is performed in the
liquid 20 pha8é. The Wih Sroduced T reaterr dna8rey LR SRR IR IG iR Fraction
boiling at abdlieEBEiSrechRafesp as to lower the pH to 5.8. A suspension is abtained, which is
20 filtered off. The recovered solid is washed and then dried. 88 g of D,L-methionine are
recovered. The filirate is recovered and concentrated, and may be recycled into the
sojution containing the 5-(2-methylmercaptoethylhydantoin.

Example 3

25 420 g of MMP produced in Example 1 and 1.7 g of a mixture of pyridine at 48% in
acetic acid are infroduced 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-(methyithio)butyric acid, is added over a peried of 45 minutes at 80°C to 591 g

30 of an agueous solution containing 66% sulfuric acid. The mixture is stirred for 10 minutes
at 65°C, 380 g of hot water at 80°C are then added and this mixture is stirred for 2 hours
at 80°C. The reaction mixture is then extracted with 1480 g of methyl isobutyl ketone. The
upper phase is then evaporated off at 70°C under vacuum fo give 637 g of 2-hydroxy-4-
{methylthio)butyric acid at 88% in water (hydroxy analogue of methionine).

35



The chemical yield for the conversion of the glycerol into MMP is 76%. Example 5 25An aqueous
solution containing 25% glycerol (742 g/h) is vaporized by passing it through an exchanger with a skin
temperature of 350C, and then injected at 2.8 bar absolute together with an oxygen stream of 10
normal litres per hour onto a tubular fixed-bed reactor with an inside diameter of 30 mm maintained at
320C and containing 500 g of tungstated zirconia (batch 21044 Dai Ichi Kigenso). 30The hot gases
leaving the reactor are cooled to 150C and then jg%imo the upper third of a 10-plate distillation
column comprising a condensing head cooling to at 2 bar absolute. At the bottom of this column,

a 630 g/h st mg taining water and the heavy impurities is recovered. At the exit of the head
condenser, %ase (1540 g/h) is recovered and relnjected entlrely into the column, and a

gaseous stream isABESHERMS, TR SAPGNCeRE SHESR!ILEBSIBY B Beoze%h RepaRdthdenser,
which allowsiitegh 24 excﬁﬂ@&dﬂﬂ&@b@w(@@p@ﬁ&anﬂﬂ@)’m astidpe dpebioatstrecspiecof 108 g/h

of & hauid copINIRG Sk iR HELLR0E P Yr el normHIIR-BCTADGRN R sfieamof S0/ of

methyl mercaptan an a mixture of pyridine at 1 g/ mass in acetic acid, are injected into a
i

packed EolufifisecaorRY ﬂ?'@?ﬁt WFRe RATISHEE AR %éHEUi%&l ESrReH ERARS I\Tffmdq'éawﬁ’l from the
bottom into Hientefer Tdie30pper paittfithe kit BANWA\ENg fronteithiedh SROm i thiepstefsdedireome rectified

under reducgg. pressaire 6&3&;%?5,%5? recover a fraction boiling at about 65C, formed from MMP with

a purity of 98%. The chemlcal d for the conversion of the glycergl to MMP is 75%.
The hot gases are sent into the bottom of & cooling column similar to that

described in patent EP 751 110, with external cooling by recircuistion. The bottom
10 temperature is 65°C. The aqueous tail solution is brought to 90°C and stripped with a
gentie stream of nitrogen so as to obtain at the bottom an aqueous solution cortaining
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 acroiein, 1.5 mol% of water (i.e. a water/acrolein mass ratio of 0.035) in a mixture of
niiro'gen, CO,, CO, acetaldehyde and C; are sent into the bottom 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, inio which are injected 64.5 g/h of methyl mercaptan and 0.8g/h of a
mixture of pyridine at 48% by mass in acetic acid. The reacfion is performed in the Hiquid
20 phase. The MMP produced is rectified under reduced pressure at 15 mmHg and a fraction
boiling at about 65°C is recovered.
The chemical vield for the conversion of the glycerol into MMP is 76%.

Example &

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 injected at 2.8 bar
absolute together with an oxygen stream of 10 normal iitres per hour anto a fubular fixed-
bed reactor with an inside diameter of 30 mm maintained at 320°C and confaining 500 g
of tungstated zirconia (batch 21044 Dai lchi Kigenso).

30 The hot gases isaving the reactor are cooled to 150°C and then sent into the
upper third of a 10-plate distilfation column comprising a condensing head cooling to 67°C
at 2 bar absolute. At the bottom of this column, & 630 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 stream is recovered.

35  The said gaseous stream is ccoled o 5°C via a second condenser, which allows the



10 Example 6 (comparative) An aqueous 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 15hour onto a
tubular fixed-bed reactor with an inside diameter of 30 mm, maintained at 320C and containing 537 g
of tungstated zirconia (batch 21044 Dai 'chi Kigenso). The absorbed hot gases are sent to an
absorption column, in which are injected 742 g/h-ofyuater at the top with recirculation and comprising
an external exchanger such that the column head temperature is 20C. The liquid stream containing
about 5% acuoteimigtsabithdlCjciedtmi@g) distiiadion dnwvelidunctonimgy af A0AgsphhRénclipussure

comprising fewes platesdhap iekxamresl . Jihg 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, O.Z%hiaﬁlﬁrﬁﬁ&féﬁ% 28RS TRADY A BARVERSMEY FTRRIRT BRARARSY P50 by mass
relative to thenatreleih pREinB0al) 1686 Sty ckast MiViRasd nanid] uaedinfcie 560 ralpeeketocpfatowed by

1,79 of amiiugR Olysiing dkABEpOY IRATER-ACRIEE BEKAAANCREHO ISP HHUIE oRBE 2009 of

the 73.5% acrolejn solutign obtained above and 139 g of 99.5% methyl mercaptan are simultaneously
introduced ol I'BABu 'GIEsBRRRRRY Ridhedipn, & “'d“%érﬂ‘?i‘xm?eb%%ﬂ?éﬁslé?ﬁb &% further 10
minutes at thisctBatoaraenredbeddreresstifging’tié B0ntigde resdveres fressubeilingl 8t mrnttisACfraction

boiling at abasfeaGrath MaroaiMEwith gegvestimated purity of 98% is recovered. The chemical yield

for the conversion @f the glycerol i MP is 33%. -H%S - CLAIMS 1.Process for manufacturing

methyfinercaptoprc?é?&? %ﬁﬁ%&’%@?&a&]ﬁﬁ%‘éﬁﬁ’“ SDesReb BMYIEIS, THaracterized in that at
least on@ from among the acrolein and the methyl smercaptan employed in this reaction is obtained
via a reactioEinhREslumesapiRactions starting from biomass , wherein the process comprises at

least the following Sﬁt.rei%%;:ueous sotution containing 20% by mass of glycerol (742 g/h) is vaporized by
passing i{ through an exchanger with a skin femperature of 350°C, and then injected at
atmospheric pressure fogether with a stream of air at a fiow rate of 100 normal litres per

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

The absorbed hot gases are sent to an absorpfion column, in which are injecied
742 g/h 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 distillation tower functioning at atmospheric pressure comprising
fewer plates than in Example 1. The vapour phase is condensed and 101 g/h of a liquid
corfaining about 73.5% acrolein, 2.0% formaldehyde, 6.9% acetaldehyde, 1,0%
propionaidehyde, 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 MMF is infroduced into a 500 mL reactor, followed by 1,7 g of
a mixiure of pyridine at 48% by mass in acetic acid. Af a reaction temperature of 60°C,
2009 of the 73.5% acrolein solution obtained above and 139 g of 99.5% methyl
mercaptan are simultaneously 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 rectifying it

30 - under reduced pressure at 15 mmHg. A fraction boiling at about 65°C of 161 g of MMP
with an estimated purity of 98% is recovered. The chemical yield for the conversion of the
giyeerol into MMP is 33%.



(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
10containing 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 aerdfein stream obtained in step (b) with methyl
mercaptan in the presence of a catalyst, (d) optionally, purification of the product obtained in step (c).
15 2..Process for manufacturing methionine or the hydroxy analogue of methionine by
reactinghydrogencyanide or the sodiumsalt of hfer8d#Rcyanide with methylmercaptopropionaldehyde,
the methylmercaptopropionaldehyde having been obtained by 20 adding methyl mercaptan to
acrolein, characterized igthat at Jeast one from amang the acrolein, the methyl mercaptan and the
hydrogen cyanide employedis obfailiat Aa e JLHEH B Sl oRI AN RIS R i Bh LB EInG i
biomass, WHEFERP® Grotieiss dwminpiesaeddn [abettrasbhowingrstepsy the acroleifajmicthedration of
glyceral to mereipimusipRar aqueousdlycrrobapkiion inrtheipresense.0b2an asidis.saialisy (b)
purification:gf the Aguequs stream %@Q@Mﬁﬁ@s%@%&%g BE[W'R aﬁq acrolein stream containing less

than 15%, preferalbly less, than 7% and more preferably less than Z?Oo%)y mass of water relative to the

acrolein, 2) TR RIS B PO SRR RIACEI A HY BB AR SRS WP\ SR iR RIS RERESHEN in the

30presence of a catef/af acidic catalyg), optionally, purification of the product obtained in step (c), (e)

reaction of the prgguptialtaisred nstepda)somdtihydroganeyanide eisadivaeanideamn ()

convagsion of the prodyct ehtained:oh(@dntaLRetBioNine REHS e xy Analedds Riagmetjpnine.

and purification therebof. ¢ water relafi ,

y mass of water relative to the acrolein,

(c) reaction of the acrolein stream obtained in step (b) with methyl mercaptan in the
presence of a catalyst,

(d) optionalty, purification of the product obtained in step (c).

15

2. Process for manufacturing methionine or the hydroxy analogue of methionine by
reacting hydrogen cyanide or the sodium salt of  hydrogen cyanide with
methyimercaptopropionaldehyde, the methylmercaptopropionaldehyde having been obtained by

20 adding methyl mercaptan to acrolein, characierized in that at least one from among the acroiein,
the methyl mercaptan and the hydrogen cyanide employed is obtained via a reaction or a
sequence of reactions starting from biomass, wherein the process comprises at least the following
sieps :

(a) dehydration of giycerol to acrolein using an aqueous glycerol solution in the presence of

25 an acidic catalyst,

{b) purification of the agueous stream obtained from step (a) to obtain an acrolein stream

containing tess than 15%, preferably less than 7% and more preferably less than 4%
by mass of water relative to the acroiein,

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

30 nresence 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 sodium

cyanide,

(f) conversion of the product obtained in (e) into methionine or the hydroxy analogue of

35 methionine, and purification thereof,

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

dehydrating glyceroi.



-26- 5 4.Process according to Claim 2 or 3, characterized in that step (b) comprises 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 fraction a dilute aqueous acrolein solution, followed by a water/acrolein separation
by distillation to obtain as the head fraction a gase@fs-or liquid stream comprising more than 80% by
mass of acrolein and less than 15% by mass of water relative to the 10acrolein. 5. Process
according to Claim 2 or 3, characterized in that step (b) consists in partially purifying the gaseous
agueous stream containing acrolein obtained in step (a), comprising cooling of the said gaseous
stream and separation of a liquid stream formed from the majority of 15the water and acrylic acid, and
a gaseous stream that contains less than 15%, preferably less than 7% and more preferably less than
4% by mass water relative to the acrolein. 6. Process according to Claim 2 or 3, characterized in
that step (b) consists in purifying the acrolein stream exiting step (a) by distillation. 20 7. Process
according to any dne of Riladess 2deGingharacierizes: ip, thadrstepi4e) is peffersnad)irdherigyig.phase in

the presen i ol Y% ggmgg r E ranging from
20C to GOégsti){ ﬂgggl'ﬁ gﬁ%ﬁ(}%ﬁ%%ﬁ%%. SBQ %Ir?%ﬁlﬁgﬂtgﬁ%%jroploné%%r%gégﬁeﬁ%%éyﬁg Gbtained
c

8 Methylme lehyde
according {0 the process a 5r6i50't6 Bhf BhEBHEIAHL Y SAeats 2Frdnepaliignidoliowed by a
Methylmer®aiRoajsiorierisairnebycitilipipatoceiieinsssy thy headdrettisarbaassbrsneiabitestrgin.
comprising more than 80% by mass of acrolein and less than 15% by mass of water relative io the

10 acrolein.

5. Process according to Claim 2 or 3, characterized in that step (b) consists in
partially purifying the gaseous aqueous stream containing acrolein obtained in step (a), compfising
cooling of the said gaseous stream and separation of a liquid stream formed from the majority of

15 the water and acrylic acid, and a gaseous stream that contains less than 15%, preferably less than

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

6. Process according to Claim 2 or 3, characterized in that step (b) consists in
purifying the acrolein stream exiting step (a) by distillation.

20
7. Process according to any one of Claims 2 to 6, 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 20°C {o 60°C, with a slight excess of MSH.
25 B. Methytmercaptopropionaldehyde that may be obtained according to the process

according to any one of Claims 2 and 4 to 7, wherein said Methylmercaptopropionaldehyde
contains at ieast 25% by mass of carbon of renewabie origin.

. Methionine or the hydroxy analogue of methionine that may be obtained according
30  tothe process according to any one of Claims 3 to 7, wherein said methionine and its hydroxylated
analog contains at least 20% by mass of carbon of renewable origin,



9.Methionine or the hydroxy analogue of methionine that may be obtained according 30to the process
according to any one of Claims 3 to 7, wherein said methionine and its hydroxylated analog contains at
least 20% by mass of carbon of renewable origin. -27- 10. Use of methionine or the hydroxy analogue
of methionine according to Claim 9, in compositiong for poultry feed or animal feed. 28 METHOD FOR
MANUFACTURING METHYLMERCAPTOPROPIONALDEHYDE AND IVIETHIONINE USING
RENEWABLE RAW MATERIALS ABSTRACT The present invention relates to a method for
manufacturing methylmercaptopropionaldehyde (MMP) including at least the following steps: (a)
dehydrating glycerol to acrolein from an aqueous solution of glycerol in the presence of an acid
catalyst; (b) purify'Bg th agueous E;%( gr%mogﬁ% (ﬁ}{égoobt%in afﬁ flux o; acrglein.containing at least 15
wt % of water relative to Th€ acrolein; Fc? causing a E5tNoRA Bt HES S ol B HOX ShATRRT s{%p (b)
with methyifgércEpiandneesifneséricoolta edlgsartiapeaehally purifying the product obtained in step
(c). The method of the invention can also include a reaction of the product obtained in step (c) or (d)
with hydrocyanic acid, or sodium cyanide during a step (e) followed by a subsequent transformation to
produce methionine or methionine hydroxyanalogue, which can then optionally be purified. The
additional use of methylmercaptan and/or hydrocyanic acid derived from biomass as raw materials in
the method according to the invention makes it possible to obtain MMP, methionine or methionine
hydroxyanalogue made up of 100 % organic carbon from renewable sources. No Suitable Figure



28

METHOD FOR MANUFACTURING METHYLMERCAPTOPROPIONALDEHYDE AND
METHIONINE USING RENEWABLE RAW MATERIALS

ABSTRACT

The present invention relates to a method for manufacturing methylmercaptopropionaldehyde (MMP)
including at least the following steps: (a) dehydrating glycerol to acrolein from an aqueous solution of
glvcerol in the presence of an acid catalyst; (b) purifying the aqueous flux from step (a) to obtain a
flux of acrolein containing at least 15 wt % of water relative to the acrolein; (¢) causing a reaction of
the acrolein flux obtained in step (b) with methylmercaptan in the presence of a catalyst; (d)
optionaily purifying the product obtained in step (c). The method of the invention can also include a
reaction of the product obtained in step (c) or (d) with hydrocyanic acid, or sodium cyanide during a
step {e) followed by a subsequent transformation to produce methionine or methionine
hydroxyanalogue, which can then optionally be purified. The additional use of methylmercaptan
and/or hydrocyanic acid derived from biomass as raw materials in the method according to the
invention makes it possible to obtain MMP, methionine or methionine hydroxyanalogue made up of

100 % organic carbon from renewable sources.

No Suitable Figure



