; €3e808j | k<m@ no6<0Tojt AWD 03/ 068721 PCT/ FRO3/ 00454 ' Method for the
purification of acrolein The fiel resent invention is that of the
manuf acture of acrolein as interrramﬂ@lmmm&wmt or 5 final product . It
relates in papt psYbge7be the purif crol ei n gép eRes AEOESYIS

~acrol ein phase. The invention also rel*#¢% to the field of the manufacture
of MIPA, that is to say of 3-(nethylthio) propional dehyde. 10 Acrolein is a
starting material, a major use of which on the industrial scale is the
synthesi s of MIPA by Medded dierofthe preifd GAtdenmeth@ChfiSddbt an. 15 The
procesis:as in which acrolein is manufactured are well known. These processes
general ly conprise, a propyl ene and/ or propane oxi dat,jon reactiogn stage. A
crude gaseou&gﬁcrg}%}a- tfg‘ésled"h&r oBE@?eﬁlgn f%ﬁ%mbjeo%btjaﬁ néél.a h?g c’fﬁﬁ g

pr od:Jc_t genemahlifaexuges b therbdeimofaa 2Dngasmedkétee pooguesingg first,
acrolein in a.proportipn.generall teater  t 0 i . esecondl y,
i nert or %on%&ﬁ&gnggﬁ Gase (ﬁ?g%g Ef’]g\l/mﬁ ggr(%%‘fqgggés%obgtuc @‘?ln]lf]?_rogen,y
oxygen, carbeationoxifdeacwakdion froxi g8, aguepyse e oyl giropdrase + iTrel y,

wat er and, 2§n§,%&&ﬂc&%hy1afs%g§}é uéypwduﬁtesfi%qah&s A% dfandk sebyses,

al cohol s and ot her conpoun sequent treatnents are therefore necessary
to remove somé of MIF&.conpd@dtds firom thRe crire profiuct3afdetlyishiate
purified acrg,lr%?ionqu'g[plgd@r,ude acrol ei n-based product is generally
subjected to a first treatnment which nmakes it possible to renpbve acids,
such as ]a%ryl ic acid and acetic acid. A second treatnent subsequently makes
it pﬁssibbl e mrfa;bmmb idea 35tactdhgi mateniatler aisimagoan uslesoriptwibnckol um,
at the bottomo i G ou ol.ei n |yt ) ' ol kegias is
solution is sotljlbstéllcg\%erJlL dyq/ll%s%g]%gctéé %% éﬁpu?’?%i cléé)tn%glnésétsgg%kum ng o%_g or
nore distill aagrrion of2 acaolleims widh seitdvd perickipd@racrolein in the
gaseous form The purification of the acrolein often requires the use 5 of
two distillation colums. The first optional colum nakes it paossible to
deoxygenhte fHi€ sBFEFPBRCENCIR eMBAEE t RETPLEHE | 1HuFPFINESC e % eBbRd
CO: um Isa f Qreiat ?;ﬁzﬂ\hil o Mt tﬁtm%@?sﬁs}g)elﬁéﬁ?%m cacgm;bbﬁséoa piosgid
colum and in particular a e outlet .of the condenser, ljquid.acrolein
in an azeot rgﬁn(,e c%‘ﬁ‘g/e‘?ﬁfrgifpgﬁnﬁ R ECD VhBEREF O £ 2Te oAr qﬁllalrlce1gl
CliESSti | | ati on gepdasnss, atpalehg-baseiesrablamsanonshas uttes abpadheém of t en
encount er .qur | ur Lt iQ rol el hi.g, f i IS ten
characteri zecei[q‘nl%t gg%éé)p !srlot(#%n og%‘brgérs%ﬁﬁg %hggggr g?ul?#%}gti%f(k)nmﬁes
pol ynmer i 28t i @asofmittteire redmryr Being r ebi thies, a¢Helbetn eb@na oPraRPEFEPR. | n

the specific £a36 0f PULEH | gRELORPr PRESSERHSIHYY WeBght, secondly,

inert or noncondensable gases (also known as offgases),

such as nitrogen, oxygen, carbon monoxide, carbon
dioxide, propylene or propane, thirdly, water and,

25 fourthly, reaction byproducts, such as acids,
aldehydes, alcohols and other compounds. Subsequent
treatments are therefore necessary to remove some of
the compounds from the crude product and to isolate
purified acrolein.

30
The crude acrolein-based product is generally subjected
to a first treatment which makes it possible to remove
acids, such as acrylic acid and acetic acid. A second
treatment subsequently makes it possible to absorb the

35 acrolein in water using an absorption column, at the
bottom of which an agqueous acrolein solution 1is
collected. This solution is subsequently subjected to a

purification stage using one or more distillation

I
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20 columms, these fouling deposits generally occur in the second col um,
-which, furthernore, is often used under azeotropic conditions. These
depositions bring about a gradual decline in the 25 efficiency of the
distillation and result in partial, indged even conplete, blocking of the
“distillation colum. This problemthus necessitates frequent shutdowns of

plants for thgprAaductd on Lf A ObBrRfk BaOorfdeFol@igarhy eHé tdssmidt enance
operations which are 30 necessary to renove the deposits in the

distillati onf@8Marm or colums . These shutdowns thus result in high costs
and in a consequent loss in the capacity of the production plants. 35 The

resent invention is_thus.target at_ a prac A in i
ginple, inexB%ﬁSPV§l§ﬁ&a§&PEr%%a3 9 '%ﬁ%ﬁ%ﬁ%éyt¢%§4%ﬁ%$%aﬂ%é%%§:?sl?na
t he Qisti5|aonmwnﬂdﬂntiEintion-c@lummsha@hehdérﬁéemnﬁiﬂnﬁhrﬁﬂlwmnis
possible to ﬁ%ﬁ%%o ¢th Ogb§gg¥an£gge§?%§%3éﬁgtéo Ryl i g1 Byi hstahding an

aqueous acrolein-solution under specif, perating conditions, 5 subj ect
matter of theepovesnthenddehitodmenifiess 3R i FREANG FOLETE FHr 9%

purification;ek aghql eidgheddtaigd as 85 apuagus aer aliri reol of i aiddevoi d
of gas which 10 is difficult to condense, is fed to auggs%ill i on_col umm
equi pped at CCIUFHse a4 h AE | BFSELGHE3Boi 1T ahBat OMsSFop Wi t h“3T | east

one .condgmselondeagerqui d Miogtide essentledlnl y compri sinng wateetispwet hdr awn

at the base of the distillation colum, 15 - a gas m xture essentially
conpri si ng a@PGF@PﬁIEE&QRaF@F ¥%%efhdramn at the top of the distillation
colum, - the gas mxture withdrawn at the top of the distillation colum

|5 cooled 1 fy{ g GONAANS Chne 28! Gio el AMATALIYE NI G FRKeS EbupoRgi bl e to

obtain, on thée one han an_aqueous condensate and, on thﬁ ot her _hand, a
substantial @fountheean SOLHNESN- r CORS§aSURERt ur 8, aRECPLETri f PEE®Rcr ol ei n

is withdfawn SHQMHthe &L ohigk thg 25ptikehi gasibhxt wie. ddrelspeci frhakly, the

invention relates to a continuous process for. th urd ficati.on of - acrol ein,
in which: 30 f-OUalﬁngune%uega(?Po|°§ﬁ¥pa§dﬁﬁ’1Z&?o R | FpBodiress htits: a‘;f &
di stillation galidmpraseppeatsditiirtes base wilteh mblimestizehéohoidfer thad at
its top with at l.east one condenser, .- e[l ] ot Ofpri ghngpwater is
wi t hdrawn at SEYHE baa%legoFe?ng |§’st %Pfig Pp%wgo lr?n%,éjé-f%fgas.mfxt ure
conpri sing awpmeifid s aagddrein perifecabponf Phecerses| | BeLBE cSWAm, -
the gas ghxt WA dddr a8t £b8215gP dRboklie sdigid Al b @l #Nin | engool ed,
in the coOndenser,

second column, which, furthermore, is often used under

azeotropic conditioms.

These depositions bring about a gradual decline in the
25 efficiency of the distillation and result in partial,
indeed even complete, blocking of the distillation
column. This problem thus necessitates frequent
shutdowns of plants for the production of acrolein in
order to carry out the maintenance operations which are
30 necessary to remove the deposits in the distillation
column or columns. These shutdowns thus result in high
costs and in a consequent loss in the capacity of the

production plants.

35 The present invention is thus targeted at a process for
purifying acrolein in a simple, inexpensive and safer
way while minimizing the fouling deposits in the

distillation column used.



- 4 to a tenperature which makes it possible to obtain, on the one hand,
an aqueous condensate and, on the other hand, an acrolein-rich gas m xture,
and 5 - said gas m xture is withdrawn, characterized in that the
distillation is determned in order to gbtain, at the base of the colum, a
"nonazeotropic liquid mxture essentially conprising water and the
condensati ongf sydet eHIENEdN QAART {10.0; 0Dl BogiBuuCRYs Rrndensal e
substantially depleted in acrolein and a gas mXture s bstaﬁ]l_ally enri ched
in acrol ei n. tire efldmagivpntegesgareatadir EOoSEHlASd RY t HESESLUAAGt & 15
conprises, bygyebuge, abebreen 30%1andoA0%uaaepr efridliliy beipeaert 4096 and
60% of wat er. Bg_vi rtue of the abovenenti oned operating choices, the
distillation°PRILEFPRRd out at tenperatures which 20 remain linited since
in partigular the production at the columm top of a gas m xture conpri sing
a not insignjficant proportion er_is ce .epa Lon, of the
water is sub ecfﬂ"g)r?ﬁ oﬁ?é%’ﬁﬁd% g%écigflecse?lo%nd?{l?gﬂgl-gﬁ (S:igsgl %ﬁ%bi.n%the
condenser, 26ontipensatbrgcassi fowetbef purtitfd daitfione @ fs @emdtgigh oM t he
acrolein in the gdistillation colum. Another subject matter of the present
invention is a continuous process and a plant for the_ manufacture qf 30
MIPA, that is to 8ayagreuEnEtdnALsHito) R bt Errd depyaed Phe 9o f or

the manuf@cture of sMiRAr9tutRe tpr icehd@hlsegensr @ddy doneplades @i Ilhemi cxal
reaction of liquid acrolein with_neth

yl, mercaptan generally in the 35
presence of a cat SPYSIR THELEPRTDc&sed U8f 1B ?ed[ﬁgcﬁ'é e %?a?r%r eoné3
i nternedi at e st orBgeseef ahidqatdiaer abpi witkhias teaspr esentondsafery probl em
related to the characteristjc a in,_ -0 p i St :
pol yneri zation, i f"sa]‘rﬁcé’hlcfoﬁ‘%%}zﬁi@/eancf@let‘ﬂstqﬁlal%mﬁ%‘#%%?ﬁg- 5 e& hleSF
processes have bewnttidveiopet theobdee ©§ thepdistislehisns &Pty pr obl em
for exa"ﬁrﬂi e Ln USy4 ged r?ﬂ:@? t uS 4c349: 04719 okBr5 5388 &¥holmithemmdi scl ose

a

a parti purification o e crude gas m Xxture conpr.ising acﬁ)l ejn, for
exanpl e by two subeEssi vé JGdthHPEBpet bt FBRs FoPo Yerfdt®e FHebhrtFLtfar the
aci ds. The gas stggammhhus purified, conprising 10 only a limted anount of

acrolein diluted in the offﬂgggar%aowﬁ%gggrggg?t%ﬁg, ijléggggét egfvm' Ell?e MSH i n

a reactor by ~gas- IF*§ui 828on are rénoved
subsequent to 15 dhethiddetion bstlwwen asr cialedndiivBlRhe heynderser. in a

substantial |oss of acgrolei MEPA By §t i ppd of el ytdon,1 Furghernore,
t he offg% es corrp(r%f)si r?g ttheg{sﬁee%%rol ei rﬁéncé& Mf%%%rgact? on%%requi re specific
and expensive treabtwedns i anorthe ooeel handat &t haggeMss condensate

and, on the other hand, a substantial amount of an
acrolein-rich gas mixture, and
- purified acrolein is withdrawn from the acrolein-

25 rich gas mixture.

More specifically, the invention relates to a
continuous process for the purification of acrolein, in
which:

30 - an aqueous acrolein solution is introduced into a
distillation column equipped at its base with at
least one boiler and at its top with at least one
condenser,

- a liquid mixture comprising water is withdrawn at

35 the base of the distillation column,

- a gas mixture comprising acrolein is withdrawn at
the top of the distillation column,

- the gas mixture withdrawn at the top of the
distillation column is cooled, in the condenser,



20 and to conply with legislation relating to discharges. In order to
-respond, on the one hand, to the safety problemrelated to the storage of
liquid acrolein and, on the other hand, in order to avoid losses in yield
by 25 stripping of the MIPA and the expgnsive treatnent of the gaseous
effluent, it has been found that it is advantageous to carry out the

process for the pygifiLcatli £ 3¢eol e esglikked ahove,yyl ¥ie mawif act ure
MIPA by reacting Fhe éas%gﬁgegcro %i n taﬁg 30 apuri fied, qJobt ai SedS b%esai d

process, direct!|yohtahnli (et dtée gaseodnfet h@! nBFEEPREEN.C

reaction for the ggaufaghurenefl MRS Cafake®, Cadrii esetlethh+EOdhy gdarting
frompurified gaseous acrol ei_n devoid of "noncondensabl e" gases. This

met hod of oper ati BhXtHES 38"fakes it possible to elimnate any internmediate
storage of |iqui dsagdobasnmikbhugesakvesthtieasafety probl em nentioned above,

and | osses of . MTPA and _of. acr in. ~9:8 1 r ' i Q05 1§, t hus
targeted at Shéaﬁﬁtﬁiﬁ&ﬁgdpFgc%bgtaﬁgeatdl%tﬁﬁgﬁtﬁogf%’t edér;elnnu acture of MIPA
conpri si ng aostiage afo pwhtdigat i ot of ther obapd adfor dihey tIPEHEE pr Ress for

the purificalign ahe9ogGeol i dReC i Nath A OVes sk JHIeL PT Ssetftbr i S | ON
relates in partircular To a cont] nuous, process_for the manufacture of MIPA,
char act eri zewaitert lend thp F£AngRASHHATE 6% FREFNGEDr bRy PEHFET stRarri ed

out usingya eakah¥Stan S&@Sot® ebhakAsater widsaenelieilnybasad gradutt, (b)
acids present in_the crude product ,obtained .in_the. 1?%1\grecedi ng St age are

renoved, (c) ACROLSABARRD 0Bt a9PRd TR THHE pP eRBEF ARG 3t e SE ~BSST bed wi t h
wat er, so as alceoQltiai.n an aqueous acrolein solution substantially devoid of
acids, (d) said solution is purified, so as to obtain 20 purified gaseous
acrolein, and (e) the purified gaseous acrol ein obtained in the preceding
stage i s readredenatiyVSHhe haas i mixpusay opsehiedmetc dtarcosd™aste® obt ai n
MIPA, andsthe  noncondensgbl e, 9ages orhgthabhy poasenanén 24 heasgude
product tesulti g from oxidation stage %2)) are separated before stage (e).
Preferably, treiagsbla karwsen 0% fowt Sferfamddegases is carried out

before purification stage (d), in 30 particul ar during st‘age"(b) and/ or
ol thor \r bby ol Yo Bi ot 1 GHos BRI S P S R Ga 1 ot Rt ogde and.
35 for exanplaistindiaterat edisait careiadi vely |aw t bappeastmees08lichor
exanpl e) 20%° rre%gaairndslggriggaacsei%e di §c r}?a{xg&st:ﬁ% NeheS %xfdﬁ&ﬂﬁdﬂ sghar ges.
the column top of a gas mixture comprising a not
insignificant proportion of water is accepted. The
separation of the water is subsequently obtained by
specific conditions of cooling in the condenser,
25 compensating as it were for the limited separation of

the acrolein in the distillation column.

Another subject matter of the present invention is a
continuous process and a plant for the manufacture of
30 MTPA, that is to say of 3-(methylthio)propionaldehyde.

The processes for the manufacture of MTPA of the prior
art generally involve a chemical reaction of 1liquid
acrolein with methyl mercaptan generally in the
35 presence of a catalyst. These processes often require
one or more intermediate storages of liquid acrolein.
This can present a safety problem related to the
characteristics of acrolein, in particular its
polymerization, its high toxicity and its flammability.



The determ ni ng advantage of a separation of the "noncondensabl e" gases
-upstream of the synthesis of MIPA is that said gases do not conprise any
sul fur compound generated by MSH and/or MIPA and can therefore 5 be
recycled to the oxidation of propylene, gas a mxture with the latter,

"W thout the risk of poisoning the oxidation catalyst wth sul fur conpounds.
The separation of the "noncondensabl e gases upstream 10 of the

purification of the acrolein also nakes it posggble t o renove a_gas
bal | ast, nor®&Rey PrRogereeat heEfyPREGh IEVEFEPECod Y Gitute, T3 out the
process resutgi Bgii;nsweéﬁ 350BYetti, I Fue ekatipile upslsedm22Epaila,i afs of t he

"noncondensabl e" g S, ere_i o] use to carry it out during or
subsequent td ?%% ggﬁtﬂﬁéigso? %ﬁgAggz'reaction bet ween acrol ein and MSH,
whi ch prevents having to renove sul fur conpounds before discharge by 20

nci ner at  on,gf the ohigases gl.gsLe! atiNelvigh tormenat uredel 2 for
exanple). In Ré &vént “6f recyt I'ng  of the noncondensabl e gases to the
oxi dati on, theéxMEPA yicsimbrisdimoessadroiein2s fe3pect*a®Pi®e PHcons¥y nol ar

amountof - pr agukeng; vbs dRItd Qi AUbsANt 8l bunbipr avedadirurasent
invention also relates to_a continuous process for.the_ manufacture of MIPA,

char act eri ze#ihen B0idhat THen) 9asy aprePhaddUski BUFIOASE FOWA T Y s
carried gut dshpg a catakysl, SMoastt codbtachoRetnudéi heted ei in basesl

product, 35 ). acids present in the.crude, prg bt ai i .he

pr ecedi ng stggégﬁﬁﬁsréﬁﬁﬁ%d?ﬁfcf€9ﬁ§16WBdu% ggggﬁﬁgd%ﬁﬁﬁfg%é%régéé?ng
stage i s absegebedon bly wakeiligsadasonpaolbt.ai n an aqueous _ g _ acrolein
sol ution separated fromthe "noncondensabl e" gases, (d) said solution is
purified, so as to obtain purified gaseous acrolein, and. 5 (e) the purified
gaseous acrollei rtlobs acaee, i theheopfgasarn@ae afenPEeH e SERHIT Yt FY with

liquid ofs gaseQus Mt dnh¥e thiedr a33% 1@ UndTRIaPt ey SPedSLE 0iwba ai n

MIPA. 10 %referably,_sta e (e) Ls carried out bq% eg |1 qui.d \SH qu

purified acr GMOSkaRiiAtai i Aft REXGESIph AN ¥ %%r Y 13%%11}%pr]ésent,

wi t hout i npl icaeitliion.t arueRheamdew, cether bhfgpsebficampnhsbﬂgactbeeen and a

plant 15 for the manuf act yr e pf, MIA.SURLAYI NG.JNR A 06se id Neana
expensive treatments in order to eliminate the smells

20 and to comply with legislation relating to discharges.

In order to respond, on the one hand, to the safety
problem related to the storage of ligquid acrolein and,
on the other hand, in order to avoid losses in yield by
25 stripping of the MTPA and the expensive treatment of
the gaseous effluent, it has been found that it 1is
advantageous to carry out the ©process for the
purification of acrolein described above and to
manufacture MTPA by reacting the gaseous acrolein thus
30 purified, obtained by said process, directly with
liquid or gaseous methyl mercaptan. Thus, the reaction
for the manufacture of MTPA can be carried out directly
starting from purified gaseous acrolein devoid of
vnoncondensable” gases. This method of operation thus
35 makes it possible to eliminate any intermediate storage
of 1liquid acrolein, thus solves the safety problem

mentioned above, and losses of MTPA and of acrolein.




Figure 1 diagrammatically illustrates a device for the purification of
acrolein according to the invention. 20 Figure 2 diagrammuatically
illustrates a plant for the manufacture of MIPA according to the invention.
The present invention is described in nyye detail 25 subsequently with
reference to figure 1. The process of the invention is carried out by

distillationmgf g)r}e%%ﬁetoﬁ%\?éi{ﬁ!&i N SOLuLE0R 2 deral &tofa "aonennsensabl e
gases, that isto say a mxture 1n 30 the Iiqui formessentlgll TRA

conpri si ng abroress amedwdter 2 TERMer FOrnoka®nMEEHIR S s Fnert"
gases or "of {.gases'sihg ungder e t OoREaAMNF gas Mt Ch ofannatrSbe e
condensed, relatively, under the purification cqnditi ons. a&é’@{gﬂ ng,fo t he
process of tRECPHFERE of° THES d%soé‘sesc?an 14gcérner %y Bty be* condensed at
t enper at ug es awelll hel awstaBedBybaae .of exanpl es, these "noncondensabl e"
gases can be nitrogen, _ g _ propylene, propane or oxygen, which are

general ly present in the gas streamresulting fromthe synthesis of
acrol ein. 5 The " poreseEndtensiabiestt igus escalatees ensvedPdFt 1 Hel f ocels 2

according {0 b ;NG | Q- SUELD0 opr elind NafunakagRuoE ARsO! Plrkon, Of the
acrolein in water. The adueous acrolein 10 feed m xture for the

concentr at i oighefragderi drnofthagss than corresponding to the water. 15
solutionig, that is to say the distillation colum, can have a Lein of
greater than 1~ and in any or equal.éﬁo a congentrati n_sol.ubi Eggigi mt of

acrolein in THe agueBBBCATPBREFN GA9 29fr FEPRHT TP Rad®a EBhcentration
of acrolein of |esmt hasinyg efualatibdyise ssbuldd i ty |diaimf aacrohéeén in

water, for exanple 2~ by Weights 2Q e distillation colum 1 is also
equi pped at its béﬂ’lsceljov]\ﬁ%llhnmﬁg%q_ r (dnot represent ed) having the function of
at | east partil | pavdparesent tin Hreosds oPredent opPERaREat Mt hBScol umm
bottom Jhe operatﬂ{)&&ﬂr}g& td e - Ofrdif;dpi | er are conventional . The

ol

tenperature in the | er can be mmaint ai ned, 51; t he caae of disti.llation
col unn oper at € atthf nPXPRELE: PPERLEFS, Mt &PFalRESTENGTRg § 168 to
130C, preferably fquuBAR t @itB0Gatrapecsal lag f tomob@2ino dr0Equaoper son

2ccor ding to whet AL RO | SR P B R Ve iy ander
pressure. (d) said solution is purified, so as to obtain
20 purified gaseous acrolein, and
(e) the purified gaseous acrolein obtained in the
preceding stage is reacted with MSH, that is to
say methyl mercaptan, so as to obtain MTPA,
and the “noncondensable” gases originally present in
25 the crude product resulting from oxidation stage (a)

are separated before stage (e).

Preferably, the separation of the “noncondensable”
gases is carried out before purification stage (d), in
30 particular during stage (b) and/or stage (¢), for

example during stage (c).

The “noncondensable” gases are either recycled to
oxidation stage (a) or discharged from the process and,
35 for example, incinerated at a relatively low
temperature (900°C, for example) , as regards

carbonaceous discharges and not sulfurous discharges.



According to the invention, a mxture 4 essentially 35 conprising water is
. W thdrawn at the base of the distillation colum 1. This w thdrawn m xture
can neverthel ess have an acrolein concentration of |ess than 0.1o by

wei ght, preferably of Iess than 0.05 hy-weight, especially of |ess than
"0.01 by weight. - 10 According to the present invention, the aqueous

acrol ein sol Bhion 52 LSmRHA LG edgBAnRaliest ide atd onseRlAdmich  adf t hend op of
which is withdrawn a gas 5 mixture 6 éssentially conprisi ng act ol eig and
water. This JBEnAPREgREablES somsefuemItredh &% i t8e sF¥ptPE8tfed by means

represented giragr apgatined | ¥abyl tdhesdLf aoenter 2Gbmaa &5 tayohswl fun
condensate 10 and a substantial  anm of , an | einzrich ! re 11.
10 I'n a secoR@MBPERd H@H%PE&%PP’OIN&% aféi/;%ﬁ gﬁrequaasré Ut o‘?l%g’f%%&v(\%%hdram
from t he mcr peeireckictledgas nihd wea det i obhe ft qotamgl axfe t s M xihiisuge

W thdrawn at_the c t nd_t. it hdy aw f e RYELhiad ackhol ein 12
constitute t%tgss%%%a%?eargeswqgﬁo\gg p?%gesfs]gso fg]t ﬁe fsnvengi on, it

bei ng possi bbeiflatitheseteflagss wishosudiugi gorpaeess! y or consecuti vel y.

According to one of these essential aspects, the mxture 6 withdrawn at the
top of the distillation 20 colum is thus cooled |[n a condenser So as to

I 7
obtai n the cOh@ensWRFAPHLANdO4 std't%taﬂPTlﬁPngﬁBﬁﬁPhﬁf' FRSES ofRFHEPPBh gas
mxture 41d. Tre taem psubsteatieh asbunite | siatderist oadsbo meRes25ithat the

acrolein is found, .by virtue of the coolin dition ed,_largely in
the gas nixt @P«?S]‘:Jl?,le)r/attl?er TS n & hedon ecgg?sét’lo.g?%%rrg@ beircl:onéi der ed
t hat nore thaela@%vaivef righl wrapertitem P9%vebpeei althromateuthahh90% of
t he amount b i ght _of : | ehsdanitially present in the gas mxture 6
wi t hdrawn at hr\t%?e?"opr%fsu?%l%%qf :'@‘Ejfh‘dund, after cooling 204, purified in
t he gaseous form Such an acrolein-rich gas m xture can be obtained by a 35

j udi ci ouggcheice of rthe tesperatie ofipseebhng 20pofatiten cortensene?. The
choice of this tenperature nust obvi ougl\g/ be made b%( taking i nto account
the val ue of “GFECTHIRRASERAIC DaF2FRTE er EP°EGcH S f GRUERamd 21 he pressure.
- 11 Thus, aaeOrdipdngoox spasdddgerdtor aooftHehesynelsent si mferNTRM, birf t he

distillation colynmm 1 i.s maintained at. a p S P, e in the
condenser 7 ¥ 1P REHSTheF GO+ VA uéer?i g%g%fdiéﬁigq?f:f& Fﬁgggéﬂ%tgi on
T>21. 28* P+32. .1 viRdhet g rexpres sadl fur atonephedes beforeex@hptarge bvis 1
atm Ti50>53G LIS AR Mo i8¢ 13GgallsThe cobumel s adyankagaous! y
mai nt ai néd at*’s nosSpheri c pressure, Wi ch recxm res maintaining a

t enper at ur e itrenpRraoIRenCe00P Gt R AXRRNC)gr eat er t han 54C, preferably
ranging from55 to 70C, especially ranging from60 to 65C. 15

In the event of recycling of the noncondensable gases
to the oxidation, the MTPA yield, expressed with
25 respect to the incoming molar amount of propylene, is

found to be substantially improved.

The present invention also relates to a continuous
process for the manufacture of MTPA, characterized in
30 that:

(a) a vapor-phase oxidation of propylene is carried
out using a catalyst, so as to obtain a crude
acrolein-based product,

35 (b) acids present in the crude product obtained in the
preceding stage are removed,

(c) the product obtained in the preceding stage is

absorbed with water, so as to obtain an aqueous



According to another essential aspect, the purified acrolein 12 is

W thdrawn fromthe acrolein-rich gas mxture 11, the latter having been
obt ai ned by cooling 204 of the gas m xture 6 withdrawn at the top of 20
distillation colum 1. The verb "to wi_thdraw' is to be understood in a very
~general way. According to the invention, the term"to w thdraw a product
froma mxture" ig.ppegEgtood {9125 sRan thedadcdf fragtbanati ngheor of
renoving at least a portion of said mxture. Preferably, the purified
acrolein 12 i s ob{'BPREANBNFAPREr a¥ffi§5al | the acrolein-rich gas mixture
11. In 30 thigg)cagaidt hgudilored acr obernf tad, besbsokat eddy cshipie
separation of the acraqlein-rich gas m xture 1ld on the one hand, and of the
condensate 10, onPHReIdERePARERYS FRECHGHYi 84 acrol ein 12 can subsequent!y
be wit hdrawn (¢)a ahpi ppuetigidnggasebhe uppeplpant obtaheeds tonderser 7
compri sing the acol.glfi;fich 3% MX el JSRUY At AEI@hAd Nodl 2
general ly exists PhSCRe 'or M of a gas mxture essentially conprising
acrolein with a gasepus| MfHwat hatoaserfic Tae PethVilc RGPt e3° mai nl y
to a significant redycti-®paip Mieawater content. Advantageously, by way of
exanpl e, by adjusting the 5 condensation tenperature, the purified acrolein
12 can have an acrolein concentration ranging from86 to 95% by wei ght,
preferably fmemrdalny94%dagareightis espacial |yut riostwden ol D% dyMEI ght .

10 According to an advant ageous .form.of t.he present inventi t he
condensat e 16" P ILEESt FREANSAN P& RS u&é'ld%ff it o f&ﬁ%%di stillation
colum. Preferably, all of the condensate is reintroduced at the top of the
distillation golym. b 1515 oLder Laeeven duydherns eduee1tquthagoferosi ts,
t he acrol ei n"sal ution can advantageous|y be _subjected to a prelimnary
deoxygenat i o siergecdefore the mpfidd taride of sBFFPaEisn &6 BmPialFhi s
deoxygengki ok ancRE ARArEAHERE O US £ buTPhacéRg sy En@Cbkeigrsaddd | 68 2
under vacuum Likew se, it is possible to envisage using a distillation

col um 1 havitdf doWREG#E ess plates with 25 large perforations and having
heated walls, so as to avoid the condensation of still liquid which can

initiate undesirable points of_ pol rizati er i sihplity
may prove to %@%@pgns W%W%ﬁh%%g&a%@ulggreft%\%e\éf C%%\;elt.t%%p?%\?/elﬁg%ts

i ntroduced by fietpreoc ests asfraleiprasemding dm G ThHerddaiht ages of

t he puri E'bcati on process according to the present invention are to nmake it
possible” - to obtain acrolein in the gas phase 12 with_a high 35 gegree of
purity, withdlitgursyd r AhgosRUNashAsleY tiHd YRtERta ? emIFE L ot?T ngGeposits

fromthe col ymh,Jrand, td6& £AREBENSREcFr BN R @ HHd fvdheiqol yneri zation of
acrylic acid and/or of acrolein,
The present invention 1is described in more detail

25 subsequently with reference to figure 1.

The process of the invention 1is carried out by
distillation of an aqueous acrolein solution 2 devoid
of “noncondensable” gases, that is to say a mixture in
30 the 1liquid form essentially comprising acrolein and

water.

The term “noncondensable” gases or “inert” gases or
voffgases” is understood to mean any gas which cannot
35 be condensed, relatively, under the purification
conditions according to the process of the invention.
These gases can generally only be condensed at
temperatures well Dbelow 100°C. By way of examples,

these “noncondensable” gases can be nitrogen,



- 13 tomnimze the frigorie requirenents in the 5 10 15 20 25 30 35
-condenser 7, - to avoid the need for storage of liquid acrolein and thus to
make it possible to mnimze the internediate stocks of this highly toxic,

i nfl ammabl e and dangerous product. Wth geference to figure 2, another
~subject matter of the present invention is a continuous process for the

manuf act ure %ﬁ:o%ﬂ_}'i’én_et,habxio%ah% sat 3-d:ARfdW/| t Ripldad opdeaal ?@h@/ﬂ@lthi S

process is characterized in"that it conprises a stage 114 o rifjcation
of the acrol@Fﬁsﬁﬁéoﬂd1Hﬁ“%og%ﬁeSEFﬁé@s§e§€§69P§édﬁgﬂ%V%hehﬁ¥£€?§sﬁﬁ

i nt er medi at e opr eduetl elimy .t he manufacture of nethionine or HVBA, that is to
say 2-hydroxy4-(nethylthio)butanoic acid. Methionine is an essential am no
acid which makes it possible to supplenent deficiencies in the diet of

ani mal s. $VBAher Ovidesraiesmaitie of gastdi warae refmovied sirconmnbyocses as a

met hi oni ne syppl int f rﬂk%fgi i mgl & sMERA, | scgQaToNl Y
required for%gﬁg%ggﬁéfég%upgeog' Aléggéggﬁgﬁkionﬁ%gg'ﬂgbor i ng tg a
preferred foof eosorptilone®d die wicreledhedE@n#@t%es -fi gure 2, the continuous
process for the manufacture of MIPA is characterized in that: (a) a

vapor - phase oxi dation 101 of prapylene 104 is caryied ,out using a catalyst,
so as to obt &R aa‘éﬁl%ﬂ‘ésa@fc&loéier}poa?égubh‘%’éo pF%ﬁEctlle%? ( aEﬁas

present ip t ey udexpPisduTorlOtheobtidsnedlanibhe ¢gylorti ngast dgevear @

renoved 106, (c) the pr.oduct. obtained in.the precedin a i§.a rbed
110 with wat r%f’,tr?%‘lé’? O S 1 4h Oaqu%Ib%agt%%r% aellgnf%éogﬁ?i %Irll gﬁ ichis
subst anti al | yadevoidf of laskds ténach whdch egusépartat ede f r oancartration
"noncondensab] g 113, k4 kd,solstsiong 2 iSqurdfd ednby
@5§§§¥§§§%%%§fto 1K ség%b§§ig% Q%ﬁlé)o _ i n

I
virtue of the pr or the purification of acrolein described above,
so as to obtaiater.stream 12 of purified gaseous acrolein, and 5 (e) the
purifiedjgaseous acrolein 12 obtained in the preceding stage is reacted

w th gaseous or liquid MSH 116, that is to, say pmethyl nercapt in_the
presence of &Reat AYEOUSo TP Ubt oF A WFEA 1121.3 ptetcralty fas' Ma

concentration of acrolein of less than or equal to the
solubility limit of acrolein in water, for example 5%
by weight.

20
The distillation column 1 is also equipped at its base
with a boiler (not represented) having the function of
at least partially evaporating the aqueous solution
obtained at the column bottom. The operating conditions

25 of the boiler are conventional. The temperature in the
boiler can be maintained, in the case of a distillation
column operated at atmospheric pressure, at a value
ranging from 100 to 130°C, preferably from 100 to
120°C, especially from 102 to 110°C. A person skilled

30 in the art will know how to adjust these temperature
conditions according to whether the operation is

carried out under vacuum or under pressure.

According to the invention, a mixture 4 essentially

35 comprising water is withdrawn at the base of the
distillation column 1. This withdrawn mixture can
nevertheless have an acrolein concentration of less
than 0.1% by weight, preferably of less than 0.05% by
weight, especially of less than 0.01% by weight.




10 The crude acrol ei n-based product 105 obtained in the first stage (a) of
‘the process for the manufacture of MIPA generally exists in the formof a
gas m xture conprising, firstly, acrolein in a proportion of greater than
5% preferably 10% secondly, 15 nonconglgnsabl e gases, such as nitrogen,
~oxygen, carbon nonoxi de, carbon di oxi de, propane or propylene, thirdly,

wat er and, fourthly, reaction byproducts, such as acids, al dehydes,

al cohol s and _ot her_ conpounds. 20 This crude,groduct 105 .is subsequently
treated, dur PFGOESEBEondt afBe(bPTEF Hs t LRYBRbYR aci ¢ su%‘ﬁu%%?sf or
exanpl e, acr ykiroladénd apdusdehi c2acid, byurapyeseans. Thedcswuidklproowct thus
treated 109 can, according tq 25 stage-(c), of. the p -.pe hro t into
contact Wit hct‘?gblf“éld te?gllt%’ei nt8% a gor‘)ﬁ TR & u%%%%%,mlgn grd ‘?Qto

col | ect ah agistuseacé olexsersdlaitliyonc@matishegbaser ofeigai andol wakhernd an

of fgas strea 3, LS ly.tr | ej.n, jates t The
noncondensablqlgji%o %agés)g}s?ﬁgf?ggga%nbzseﬁ??%%l@gﬁg%n%egir?/ig tfr%tétl}’g:i p§9‘3 8 or can
be partial | ycoedpsl elyt onedes presrusseryaed odiggs agwieddcedd Yof PEr opyPene
104. The fourddycstage (804 Of sbhaprosessehon thecsmmhagtar eo3mmd MPA
consists in purifying the aqueous_acrol ein_sql uti,on 2 according to.the
purificati on SHREEees ey Qi?égfffi bell aBoRETCAELLr A s Hp%xﬁfjg?f?%ati on
process, 10N arf id SEesbrf, sted, Stpudidiiesh actobein 18 in dIte §adewnrsh an
aqueous acrolein soluti.qn 2 wWhich_j VI c n e or

of f gases. As freoé:é‘br 2 e }\“ilzrﬁ“ﬁl s?ﬁ%@ ?%e ogc?é%ggﬁogggg fsgg‘%g tﬂg§§8§e

manuf act ure d&fl .MIPAe tbadlingt bayfhehemiasoreont ofwigidrdngved aér okBen 12
W0 VBH 116 i S8 T O 1801 SAGBELRInGCE Pl €18 plri bechi qukd1pingaseous

formin the presence ¢ yst. 10 According to_an advant ageous_form of
the present ilvepenehitehe $piet hesseneialMrpiapeschti E8oRr ¥i3ReRtl i quid
MSH 116 @& gagrousndBht1d6, and pweihyepoaeiolel nfd? Fheskaigtethes thbe gas
phase. The advantage of this rmlies in the sinplification of the process
and in 15 par?GH M fanRe Ry G Mﬁzﬁcﬁ’&ﬁ"rﬁ]&r@'mdi ate storages of

i quid acrol ein which would be harnful in terns of safety. One advantage of

the present inventiqQnis to e p. Lble hesi MIPALUSi ng a
source of puﬁq‘cioer %t ol € n Fran nté?negﬁlééhgt hgéggrslg%%% f%%é\ee%ﬁbt her
advant age of minitsamrovél wibbdsawnwhiteh tisestapr odli rflien dhetgadasdonf orm

but devoig Ofcflgu%%i@%a@é@l@@sﬁ’ai SohQeRYEk d7 , SHESEHUEBRt obeat he

synt hesis of t entrai nnent of sul fur conpounds andg%f acrol ein,
I

whi ch requi r éghaan eorsiansake  idat Mt &nd SPESHRRE1ad s GBSLRNt i &F | 88ses in

yi el d. 30 Angihes sihiecdn gdd aniefuddepresent invention is a device for
the purification of acrolein conprising - a feed pipe for an agueous
acrolein solution 2 devoid of noncondensabl e gases,

The term “substantial amount” is understood to mean

25 that the acrolein is found, by virtue of the cooling
conditions selected, largely in the gas mixture 11,
rather than in the condensate 10. It may be considered
that more than 50%, preferably more than 70%,
especially more than 90%, of the amount by weight of

30 acrolein initially present in the gas mixture 6
withdrawn at the top of columm 1 is found, after

cooling 204, purified in the gaseous form.

Such an acrolein-rich gas mixture can be obtained by a
35 judicious choice of the temperature of cooling 204 of
the condenser 7. The choice of this temperature must
obviously be made by taking into account the value of
other physical parameters, such as, for example, the

pressure.



- adistillation colum 1 fed via the feed pipe, 35 - a withdrawal pipe 6
.at the top of the distillation colum 1, - a condenser 7 fed via the

wi t hdrawal pipe and equi pped with a cooling neans 204, in order to maintain
the tenperature at values which neke ityq - 16 possible to obtain
"substantial amount of 11, and - a pipe 12 for dischar 5 makes it possible
to the acrolein-rich gas a condensate 10 and a an acrolein-rich gas m xture
ge fromthe condenser 7 which isolate purified_acrolein in mxture. The
condenser 7 T8UPref3FGBFYLH8rtiald SRSGdEF t 6°FBKkehosSIDI LFTHH by
runof f al ongihlreseibAt erifal tid wakkslliheonorddanser 7 is imajrardireed ar

equi pped: - with an_orifice 201 for disc e of .the .con 0 situated
bel ow a | eveft2d3 BFeE'SHHSnsa’tetggcuﬁw%%]%ﬁaﬁetﬁIé gta}éee gﬁgté%ég(e:%ndinser 7,
15 - witlb anmoskfibe 20Rifvaimkédchar g@ ofvatle plri &tedrdénsl efd ithe he
gaseous for ngérgtagggﬁd a?g\ﬁé%l*gnég\{gl, 203 of leélr}gensqg,gpr@srggd W {h two

di scharge pip and 12 connect to each of said orifices. 20 f%e

i nvention al sémpebheEsSst o FRTpISKFATLS: tife Prah®f AcBbFe dF WIPR T mpr¥sing: -
a reactor 101 whi ghynekeggit pgssible to obtain a crude acrolein-based
gaseous product 105, 25 - a device 106 for renoving acids, fed by virtue of
a feed pipe 105 for crude acrol ei n-based gaseous product, - a device 110
for absorpti greof aelqifi N W t hivat eadvértadyonsiyue wdiatdaeed pi pet 109 for

crude 30 acrol ei n-based gaseous produgt. devqi f i ! {ce, 114 for
the purificafitBRSBFeEEFol &rﬁsfsélépeby \Wﬁlr]’[cgqe g%‘eq%&freegsgl g?%lén@vﬂgt an- agqueous
acrol ei n sol temperaande- in r ehet ontERsegr 1 hetmuf/abuar@fofgmlf ed by
35 virtue of g feed pipe 13, £eL pHIL 1 edRGrel eif-gnd §sf eqd, pipgod16 for

MBH, characterized 1n that the device 1147for the purification of acrolein
i s in accordgspecipivt Fanddagc freed 68béPe Ori’fh reference to figure 1.

15
According to another essential aspect, the purified
acrolein 12 is withdrawn from the acrolein-rich gas
mixture 11, the latter having been obtained by cooling
204 of the gas mixture 6 withdrawn at the top of
20 distillation column 1.

The verb “to withdraw” is to be understood in a very
general way. According to the invention, the term “to
withdraw a product from a mixture” is understood to
25 mean the fact of fractionating or of removing at least

a portion of said mixture.

Preferably, the purified acrolein 12 is obtained by
withdrawing all the acrolein-rich gas mixture 11. 1In

30 this case, the purified acrolein can be isolated by
simple separation of the acrolein-rich gas mixture 11,
on the one hand, and of the condensate 10, on the other
hand. The purified acrolein 12 can subsequently be
withdrawn via a pipe emerging in the upper part of the

35 condenser 7 comprising the acrolein-rich gas mixture
11.

The purified acrolein 12 generally exists in the form

of a gas mixture essentially comprising acrolein with a



- 17 Preferably, the feed pipe 12 of the reactor 115 for the manufacture
;of MIPA is connected directly to the discharge pipe of the condenser 7 of
the purification 5 process. Figure 1 illustrates, diagrammtically and
without inplied limtation, a plant for,4he purification of acrolein in
~accordance with the present invention. ]1 This plant conprises a

gistillati onicpl el Lefrehth 3RARSUS ACiRreifeisdd eiila & feed pipe
2. The distillation colum _1 conpriSes a base 3 equi pped with a boiler not
represent ed PASRRELIFARLr ESAACKiRRUEB EBCeYWEERTI Sng/eg nprising water is

w thdrawn fromthis base 3 via a withdrawal pipe 4. The distillation colum
conprises at 5 which is caonnected tQ a wthdrawal piLpe . T, pl ant
repr esent ed Pxﬁ%fl@ﬁ?&%%b’m %nﬁ‘ﬁysegga IR ’e\rl\%?’, ?ﬁ%n g%%gr &ing fed
via the vithdbadehspipent teagicratmee: atthdeptopf bedf acleleist il atdmn
colum 1. The _condenser_7,1S repr dl.a q][ar‘]{q.}'c chagder 8
and by a pi p§a¥84af5 ?cf‘re%%%%%n?ga(é%?f@%%gégir’lo%a I téindg%é%{orggt ﬁcé)_ circul ation
of a liquid byol aetighthe orafieeabdyi n firem cSideriser Rokpri seeighh its

| ower part, S 1Qpard, ohB bLiSwdpBRek .part, the acrolein-rich gas
m xture 11. %Ege%g% g%sg%g? .959 al so conkzct e% to a pipe 12 for 30 discharge

of purified acrolein in the gaseous form This pipe 12 energes inside the
upper pafy ohckbedaghgnen 8 ssonpidwinthddumAacridm n-of chtigas preageme. The

Wi oh makes AOSEREEE nathBoy CPPREREEEE nel Ul o | PRt | GHOES! (ORLEFEFRE
condensat e l@edatuoduatdd atllt he ibotda omtdfe t hedthahbbat Bonf téeledndenser
7. - 18 Figur, LlJusiyates giagr icald yian '?}Ly&]cjégﬂggd
limtation, Elf%ﬁ%bflyf t%%?qgﬁqu%?qr%%ﬂﬁg i%\éa%ce\(l)ﬁrn ance with the
present i nverheorops ofhéhel shitstddhptiions celr@mctlor for the manufacture of

crude acyglein 101 fed with propyl ene or propane, with air and with water

via pi pes represented respectively under the references_102,, 103 aﬂd 104. A
crude acrol eilf FHERF ghSeGYETrigHiidies sYBBYEE nd@Utt "Fh SRR+t oF %01 by

catal yti c oxigdaidlen rofsdnopydene eanprdpane abjeoaisilyl he heulpi esest et of
water. A pipe 105 connected_to the reactor_ 101 jt i t
transfer sai & U PHIHUE dF8x§’H8n8§\Jl|°8e 55 gﬁéfcgﬁ%\/%)%?ﬁ hgéeg%:i g(s) 15
Thi s devi ce Hie fdistehbatingnt elawirdsli s BWorgpodedxygenatdpumsedor be
absorpti W t.h water [ [ oRnkhe, ong hand oMk ogr Weunder

acrol ei nggasefrdégzeédgugﬁgrb%guﬁl%?%ﬁ hgh%i pe 105 and:soon tﬁe ot hlér hand,
with water vivecaar20 pipe 107. Aliquid effluent conprising acids is

di scharged at the base of this colum via a discharge pipe 108. At the top

of the absorption colum 106, K6 a gaseous .effluent conprising acroleig and
devoi d of acildke¥iSensf éfredi¥i a PPSALRE€09 %P0 SUHEVTRES 113561 25
absor ption ofgiadidlieition column 1 having downcomerless plates with

25 large perforations and having heated walls, so as to
avoid the condensation of still 1liquid which can
initiate undesirable points of polymerization. However,
this possibility may prove to be expensive and
unnecessary, in view of the improvements introduced by

30 the process of the present invention.

The advantages of the purification process according to
the present invention are to make it possible:
- to obtain acrolein in the gas phase 12 with a high
35 degree of purity, without requiring shutdowns of
the plant to remove fouling deposits from the
column 1 and the condenser 7 as a result of the

polymerization of acrylic acid and/or of acrolein,



This device 110 for absorption of acrolein is also a colum for absorption
wWth water which is fed with crude acrol ei n-based gaseous product devoid of
acid via 30 the pipe 109 and with water via the pipes 111 and 112. The
gaseous effluents obtained at the top_ofsthe device 110 can be partially
‘recycled to the reactor 104 for the manuf3acture of acrolein via a pipe 113.
An acrolein solutigon es a8l 1y, LS hg: acr L r@hdnvat efni s
transferred at thet ag@'sdgj?ﬁ]t%e atb}g%%‘f%]@%% urr]fc:(iJ 1%1rby vt}l?t u£nof t:lt?lﬁe feed
pipe 2 to a plant cprglengen He purification of acrolein in accordance with
that represented apd gescdi bad Wdda reser spseate drouramdid acrdfeidhe
purification plant 114 represented in figure 2 _thus conpri ses, as ﬂescri bed
above: - the feed3%he tBUfor ERqUBRES akt oRAFF DUt iteh, e & 2§ sl ati on
colum 1 sonnect edrdtersadigrigpe Stdcks t hefconderiser Rigbhwect edxtio,the top
of the distillatian colu 1 viget it h | ;. pl.pe 6 and equi pped with a
cool i ng neans (notmrfgﬁﬂgrg% eeci3n,d iér%%c%'\@cfg)rud% gjvl\%éill%tgl n the tenperature 10 at
val ues which make it possible to obtain a condensate and an acrolein-rich
gas mxture. iih dpafbALOLPRE il PUIEhbEHACRRIGRY Md ieasgous
form isol ated in fhe acrolein-rich gas mxture present in the condenser 7,
and 15 - a pitiee 1Breperh AaNEBtienpdssi B EORSLNURES RBRAGSTy BT t hBe
condensati g t gudhierdisidd | atiga col wwpal. Thecphant fak the v@wmnuf aghyre of
MIPA represented in 20 figqure 2 al so, conprises reactor_ 115 for the

manuf act ure of" WY&&BI&%&{%%%%O}%&?% pe fortpuri fPEA°Ga8eous™®

acrol ei n, saidchgrgreexoirdespdadi npato the dosphasge p petEye TR 4r eadt or 115

is also fed via .a.f L R pecf WSy . Th . proqueced, L s 23 disschar ged
via a di schar%uerlpllpcgaq_qug{. &ﬁe%?jgl I owﬂbklgeleﬁarsrﬁpggéﬁgée% g%éssf%l € to
under st and t hesmividmdigdowfe t he present invention. 30 Exanple 1 This
exanpl e hklustrates a process for the purification of acrolein of the prior
art for ich a single 40plate distillation colum is used, This colum, 35
mai nt ai ned atMERMDEPhEF dIHIUTEH AL QR PEACH R A cPIRRFACERF &t Pon
conpri sing 6%dnhieiihd obracrihEan anBa®3. 50s by veei gy of 2walyeroxihe
tenperature a he base of .this col umm, was I ntained.at _a val ue, of .110C by
virtue of a b T{I%'?‘?hlg]nﬁ%ﬂz%)d?‘ftiﬂﬂ%l?ﬁ%h&g %‘Ig@f"lonlne is an essential
amino acid which makes it possible to supplement
20 deficiencies in the diet of animals. HMBA provides a
source of methionine which is commonly wused as a
methionine supplement in the formulation of animal
feed. MTPA is commonly required for the manufacture of

HMBA or of methionine.

25
According to a preferred form of the invention, with
reference to figure 2, the continuous process for the
manufacture of MTPA is characterized in that:
(a) a vapor-phase oxidation 101 of propylene 104 is
30 carried out using a catalyst, so as to obtain a
crude acrolein-based gaseous product 105,
(b) acids present in the crude product 105 obtained in
the preceding stage are removed 106,
(c) the product obtained in the preceding stage 1is
35 absorbed 110 with water 111, so as to obtain an

aqueous acrolein solution 2 which is substantially
devoid of acids and which is separated from the

“noncondensable” gases 113,



- 20 acrolein and of water was withdrawn at the top of this colum and was
-conpl etely condensed via a condenser. The m xture had an acrolein
concentration of 95% by weight, the inpurities being mainly conposed of
water, 5 at a level of 30, and of ace_t_ai?ebyde, at a level of 1.50. The
"nom nal production of acrolein thus purified was 70 tonnes per day. The

col um operat(g(;l V"‘sTant h§<§?u9]?&'iat2 ngLsco%qllItllfq@g fot, 10; appeoxbimtigly 3 to 4
weeks at its nom nal |eve production. This colum sub equent]y had to
be shut down to cPzafetBe pl4t efoand thife mBHEH i with
this colum. 15 Eyappkenda \él‘Bchzé hesai msoftdr BbERINNG tQEré@ful ileg sfeposits
in the colum used in_ex 't he ant conprising it was nodified by
the addition of dBt}éé&ﬁangﬁ&@P‘WaEGEﬁ goT¢ ZBgB 0.7 bar). This nodification
di d not mmke () peasi tﬁua::tﬁlesi opa ecast Iay:rmllemm' Ze2 t betadnedngrndepogi t s
observed above S5 Thi I pr f t he
purificati onp&ecg?ro ei n B8 Zecor%of%gségglan%a I %&E’%%:lg Gaml?%‘f?ﬁ% D%H

manuf act ure af 6MIRAadcchs diag sey tmfetl'pﬂes@m’cfrm\}@htl én. U SW@W% of
acrol ein A cpyde aerahole based praddsial05ureapnaduced at the outlet of a
reactor 101 t he oxidation of propylene to acrolein in the vapor phase.
This crude product was 35 conposed of a gas m xture having a tenperature of

180C and) ¢ onMahieSi @ &S0 al@m\n@ilglhba@fednopﬁ@cmﬂemsalmlse @BS&Snécﬁ)rdmanehe

ni trogen, oxygen, pr ene ht { &l a 238 bY
wei ght of acrtof&itn, tZi'ialeby ki (ﬁﬁt tgfoez IF?/CF?SCS a}cllO t% ﬂ? Im er COC{rrpounds
- 21 Absorptmtm O{Jeﬁéﬁahtydsa)iﬁfntss cindetlzer dlogim- béseﬁd gesdusixtipet he

vapor phase, (5488 iy odused A0p alaLbsiLane oh 20 Kgliusiedig, bastom of a
cool i ng colunn di si eve p tes, maintained at a pressure of
121 000 Pa. Areediesd I|q11ﬁd 1085%:orrpr|F§-’| a1l and0%.30 b§eaerghy - of

acrol ei ny yas n%%ﬁ%%a@ﬂet hea il togneh hie rEAregernthBRbet Al 8agbeh 10 a
terrperature of 70.3C. An acjidic gas phase is w thdrawn at t he cgl um top

and subsequeMINPXEGH ed FBTREN AKLEPPIEDN ofPEERAIS| nOFfs Propylens,

thirdly, water and, fourthly, reaction byproducts, such

as acids, aldehydes, alcohols and other compounds.

20 This crude product 105 is subsequently treated, during
a second stage (b), so as to remove acids, such as, for

example, acrylic acid and acetic acid, by any means.

The crude product thus treated 109 can, according to

25 stage (c) of the process, be brought into contact with
cooled water 111 in an absorption column 110, in order
to collect an aqueous acrolein solution 2 at the Dbase
of said column and an offgas stream 113, comprising
only traces of acrolein, at the top. The noncondensable

30 gases 113 can be entirely removed via the pipe 208 or
can be partially recycled to the process 101 for the
oxidation of propylene 104.

The fourth stage (d) of the process for the manufacture
35 of MTPA consists in purifying the agueous acrolein
solution 2 according to the purification process 114
described above. According to this purification

process, in a first step, a distillation column 1l is



The aci di ¢ gas phase thus obtai ned was subsequently introduced with a flow
.rate of 16.2 kg/h at the base of a columm 110 for absorption with water. A
stream of water 111, introduced at 4C, circulated in this 20 absorption
colum in order to absorb the acrol ein. ,Ehe noncondensabl e gases nenti oned
"above were discharged 113 at the top of the absorption colum and a 60 by

wei ght aqueOt%cﬁ%cu iaihsgéﬁ&e%@y gcfélgpﬁawf@t%%nt@ewﬁ%ﬁmﬂsbare;,@ﬁa 25

Purification acroleln aqueous acrol ein solution was purified

accor di ng to dheggardensakoe mares Lofohfgmsefention (cf. 30 figure 1)
using a single distillation colum 1 conprising a random packing. This

col umm, nmaintai ned at _atnpspheric¢ pressure, was thus fed 2 wi th an, aqueous
sol ution conpty sFRYPESE bggﬁe:%dﬁtt%ofs%ﬁﬁ%l g‘?)n. O%hé"hteerﬁfé‘?%‘ﬁﬁ e%‘é{ thE base
of the distilmeatifactondainofwasr3b, nehataiiedtat dH5Cthy wedareiai afboil er.

The top of the c.oé.u \g/%sfoﬁ%g%lﬁgggowj%%%?mdg%er {pkn @%g::ﬁngi'}gnggol to

60C t he mi xt dre Wit hdr & “at . op.” A ‘condensat e '
acrol ei n-ri clergasaged we agregetnobhnaitied lataquild o1 eapeeewsr §0rmhan

condensat e e predendEidErp 9Y;)s?t_i nits entirety at the colum top 1.
Purified acrolein wth a purity o % by wei ght (the remai ning 7% bei ng

mai nly water) was isolated 12 by renoving all the acrolein-rich gas m xture

8. 5 Aftep opgfiidithd ored i van WeglsanP@géous i ngovas ebsetned prekbatrpacki ng
of the distil]ation colu 1. Reactjon of MIPA,10 Purifi.ed actolein 12 in
t he gaseous fOFHENPH srgc])‘? c%ﬁé??’r% Qrodht? ot Si Faﬁi'faeféfsﬂugr geitWFFBduced,

in the presercanofd aedml Y56 , or ng@saoligopsSHeat soandl dbunitfh edeeaictrodledahi on of

MIPA. 15 The yiel d.i irtually..qu tatiyve. p f_an unt of
water intr oduj}c/iedll“%%/ﬁ?%%hé%rg eitﬁ1 ﬁ%ésé pggk%?éd@%eséﬁg%p%ag%égeogngﬁglrgoubl e
i n conpari sonfawte hlaesohiai ity i gimali hgcdrbem anfatdst rogpeesh sendl| ani on. 20

It is clearly,appaieid,thal tha,pureflieatidn pLreSE§SnGCcCaAnPichdheli@alle
present invention nmakes it possible to greatly reduce fouljing deposits in

the distillat$erradgunffuddduist aderrid f YRAFP oWOoB dadid| BppMEYE 1in

terms of safety.

One advantage of the present invention i1s to make
20 possible the synthesis of MTPA wusing a source of

purified acrolein maintained in the gaseous form.

Another advantage of this novel process, which uses
acrolein in the gaseous form but devoid of
25 noncondensable gases, 1is to avoid, subsequent to the
synthesis of the MTPA, the entrainment of sulfur
compounds and of acrolein, which requires an expensive

treatment and results in substantial losses in yield.

30 Another subject matter of the present invention is a
device for the purification of acrolein comprising
- a feed pipe for an aqueous acrolein solution 2
devoid of noncondensable gases,
- a distillation column 1 fed via the feed pipe,
35 - a withdrawal pipe 6 at the top of the distillation
column 1,
- a condenser 7 fed via the withdrawal pipe and
equipped with a cooling means 204, in order to

maintain the temperature at values which make it



WD 03/068721 - 23 - PCT/ FRO3/ 00454 WHAT IS CLAIMED I S: 1. A continuous
_process for the manufacture of MIPA, characterized in that: 5 (a) a
vapor - phase oxidation (101) of propylene is carried out using a catalyst,
so as to obtain a crude acrol ei n-based p%o_duct (105), (b) acids present in
‘t he crude product (105) 10 obtained in the preceding stage are renoved

(106), (c) the producipphtained ppchhs pPrecedbngeibage i simbsanbed 4 110)
with water, so as to obtain_an aqueous acrol ei SO|UtI2Q§§é%"1§§%%2 sai d
solution (2) is p&wPFtenatiad amouptopfaph SSRGS ot (12),
and (e) the purified gageous acrolein obtained in the preceding stage is
reacted (115) wth MSH, that is to say nethyl r capt a SQ 0. obt ain
MIPA, and the "noRcBhBENL4bIEET §ASE a%lgiegiér;%ln\ &%ﬁr ecgoenn SnSy Iiﬁé‘%:}}lu%g
product (5105) resmhkesg iftr pooxitdat i tom $safetéapuaidiedpacatcddiefigt e st age
(e) . 25 2. The propcess | ajl.c |n.clai characterized in that the
[RECaR. BT halIEY b hkfle

separation of the ensa Ses’is carried out before purification
stage (d) . 30 3. The process as clainmed in claim2, characterized in that

the separati gfgof E@E"g@pcgndﬁgs Fer@®Is {Ereacaied jqut ogdeirngest age
(b) and/or s?gee ?é .n35 4. The %?Jocgss a%scl ajmed in claim3

char act eri ze®aks t RasSthéesefaPHt i BY of URREL " nohelfdeniahf e 1 a8 8 } s
carried pyMt ¢dunnBg shadeoheknser- 724s $n Phetproatessegnippbadred in claiml,
characterized in that the "noncqndens ! ses ar l ed o | dation
stage (a). 576. TH& Proc®s RELE&Ene éﬁ cl%gﬁrm 1%%%%%%%%&%;% ?%(léthat

t he "noncondensabkehdgasesear 4 0di stltareged adebliawi reer atexel 7.208 codf i nuous

process for the magufactuie of ,MiBA dPegharasct ethzed idkd habe  cthe

condenser 7,

15 - with an orifice 202 for discharge of the purified
acrolein in the gaseous form situated above said
level 203 of condensate, and )

- with two discharge pipes 13 and 12 connected to
each of said orifices.

20

The invention also relates to a plant for the

manufacture of MTPA comprising:

- a reactor 101 which makes it possible to obtain a
crude acrolein-based gaseous product 105,

25 - a device 106 for removing acids, fed by virtue of
a feed pipe 105 for crude acrolein-based gaseous
product,

- a device 110 for absorption of acrolein with
water, fed by virtue of a feed pipe 109 for crude

30 acrolein-based gaseous product devoid of acids,

- a device 114 for the purification of acrolein fed
by virtue of a feed pipe 2 with an aqueous
acrolein solution, and

- a reactor 115 for the manufacture of MTPA fed by

35 virtue of a feed pipe 12 for purified acrolein and
a feed pipe 116 for MSH,

characterized in that the device 114 for the

purification of acrolein is in accordance with that

described above with reference to figure 1.



(a) a vapor-phase oxidation (101) of propylene is carried out using a
.catalyst, so as to obtain a crude acrol ei n-based product (105), 15 (b)
acids present in the crude product (105) obtained in the precedi ng stage
are renoved (106), (c) the product obtajfied in the preceding stage is
"absorbed (110) with water, so as to obtain 20 an aqueous acrol ein solution
(2) separated fromthe "noncondensabl e" gases, (d) said solution (2) is

purified, so_as to obtain_purified gasequs acrolein, and he purified
gaseous acr oP&RHSEBPAYne N foRe ﬁ%ﬁr ggecﬂﬁdﬂ%ﬁ FREGET e£ac eJL‘dOI( 1%3?
directly withaMBHacthat i ®ft o v3@a neEtshy|coarereapican, diseaslyt o bt atlme MTPA.
8. The process as clained in gclaim hata i : ] st age
(e) is carri ?&SS T8t e gh& ;cco%qeésne?iona?nt% gi (r?ltte}?iﬁngghfeﬂééagg%%ase. 9.
The process asoclesisned in claiml1l or 7, 35 characterized in that stage (d)
of purification of the aqueous acrolein solution (2) is carried out
according to the follow ng process: - the aqueous acrolein solution is
i ntroduced i Miguaedilstiilhestorre®s unndiaprammrppealal i 20d _WhBhowgj ght,
preferably frgm88d 0194% hyivei ghd, paspeci ably dHompeitfa cAl%ohy wei ght.
14. The processS as clained in claiml, c Z{acteriz d.5 in.t.hat the

i

. .Ch .
condensat e ( 2F¥OL&ig AP PELOFIFRGS MNP FHSHEFEFRESd HVES %48 di sti | 1 ati on

colum (4). 15. The process as clainmed in claim14, characterized in that

all of the copdensate (13) is.Leintro t fR qf # {th
distiIIation%%ﬁﬁn§&TQ§.c§gpr S%?oé%égﬁﬁﬁhgéﬁfﬁﬁr??%%atiQn 0 ag%olein, in
whi ch: - an agueagseausolaginelsginut Bohutsonntiigdueedqe BEPEntw aThe

distillation faum {HoPRURRES 8t cbhsrhase W Wasl J eaghigpeabaitar and
at 1ts top w at east one condenser ) } .
a boiler not represented 1in the figure. A mixture
15 essentially comprising water is withdrawn from this
base 3 via a withdrawal pipe 4. The distillation column
comprises a top 5 which is connected to a withdrawal

pipe 6.

20 The plant represented in figure 1 also comprises a
condenser 7, the latter being fed via the withdrawal
pipe 6 positioned at the top 5 of the distillation
column 1. The condenser 7 is represented
diagrammatically by a chamber 8 and by a pipe 204

25 (represented by an arrow) intended for the circulation
of a liquid coolant. The chamber 8 in the condenser 7
comprises, in its lower part, the condensate 10 and, in
its upper part, the acrolein-rich gas mixture 11. The
condenser 7 is also connected to a pipe 12 for

30 discharge of purified acrolein in the gaseous form.
This pipe 12 emerges inside the upper part of the

chamber 8 comprising the acrolein-rich gas mixture.

The purification plant represented in figure 1 also
35 comprises a pipe 13 which makes possible the recycling
to the distillation column of the condensate 10
accumulated at the bottom of the chamber 8 of the

condenser 7.



- aliquid mxture conprising water is withdrawm (4) at the base of the
distillation colum, 20 - a gas m xture conprising acrolein is w thdrawn
(6) at the top of the distillation colum, - the gas m xture (6) wthdrawn
at the top of the distillation colum_iggcooled, in the condenser, to a
"tenperature which nmakes it 25 possible to obtain, on the one hand, an

aqueous condensabe (13); fdsc PR ESE Otifi%rlaﬁqﬂﬁtléalagr ol #id- s bngas
m xture (12), and -_said gas mxture is wthdrawn, gracterl ZﬁdMEEét hat

the distillatigHies }imidmidan: @ iRt %‘?He’fh?’om%%‘tl tuge ¢ e of
the colum (L sdurmarey rapilc dHewrkgEnd Ursreagsient. al |y conprising wat er
and the condensation (7) is determned in order to obtain an aqueous
condensate (13) substantially depleted in acrolein 35 and a gas m xture
(12) substantitsd | plenti chegpriisegcral gieactbz. e ph@ce@@la’éa@laﬂ%éfl n
claim 16, r a 51;]];9] g riy$es, by

- 27 vol uneaé’rgfée\?\e%n (gb%}}angéiiogggnyl%?le?{aﬁ abl y&%let%e%94 oﬁggdw of
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This device 110 for absorption of acrolein is also a
column for absorption with water which is fed with
crude acrolein-based gaseous product devoid of acid via
30 the pipe 109 and with water via the pipes 111 and 112.
The gaseous effluents obtained at the top of the device
110 can be partially recycled to the reactor 104 for
the manufacture of acrolein via a pipe 113. An acrolein
solution essentially comprising acrolein and water is
35 transferred at the base of the absorption column 110 by
virtue of the feed pipe 2 to a plant 114 for the
purification of acrolein in accordance with that

represented and described with reference to figure 1.
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The purification plant 114 represented in figure 2 thus

comprises, as described above:

- the feed pipe 2 for aqueous acrolein solution,

- the distillation column 1 connected to said pipe

5 2,

- the condenser 7 connected to the top of the
distillation column 1 wvia the withdrawal pipe 6
and equipped with a cooling means (not
represented), in order to maintain the temperature

10 at values which make it possible to obtain a
condensate and an acrolein-rich gas mixture,

- a discharge pipe 12 for purified acrolein in the
gaseous form, isolated in the acrolein-rich gas
mixture present in the condenser 7, and

15 - a pipe 13 which makes it possible for the
recycling of the condensate to the distillation

column 1.

The plant for the manufacture of MTPA represented in
20 figure 2 also comprises a reactor 115 for the

manufacture of MTPA equipped with a feed pipe for

purified gaseous acrolein, said pipe corresponding to

the discharge pipe 12. The reactor 115 is also fed via

a feed pipe for MSH 116. The MTPA produced 1is
25 discharged via a discharge pipe 117.

The following examples make it possible to understand

the advantage of the present invention.
30 Example 1

This example illustrates a process for the purification
of acrolein of the prior art for which a single 40-
plate distillation column is used. This column,
35 maintained at atmospheric pressure, was fed with an
acrolein solution comprising 6% by weight of acrolein
and 93.5% by weight of water. The temperature at the
base of this column was maintained at a value of 110°C

by virtue of a boiler. An azeotropic mixture of
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was 70 tonnes per day.

The column operated with these operating conditions for
10 approximately 3 to 4 weeks at its nominal level of
production. This column subsequently had to be shut
down to clean the plates and the heat exchangers

associated with this column.

15 Example la

With the aim of minimizing the fouling depcsits in the
column used in example 1, the plant comprising it was
modified by the addition of degassing under vacuum

20 (20°C, 0.7 bar). This modification did not make it
possible to significantly minimize the fouling deposits
observed above.

Example 2

25
This example illustrates a process for the purification
of acrolein incorporated in a pilot-scale unit for the

manufacture of MTPA according to the present invention.

30 Synthesis of acrolein

A crude acrolein-based product 105 is produced at the
outlet of a reactor 101 for the oxidation of propylene
to acrolein in the vapor phase. This crude product was
35 composed of a gas mixture having a temperature of 180°C
and comprising 63% by weight of noncondensable gases
(propane, nitrogen, oxygen, propylene, CO, CO2), 21% by
weight of water, 12% by weight of acrolein, 2% by

weight of acrylic acid and 2% of other compounds.
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Absorption of acrolein

The acidic gas phase thus obtained was subsequently
introduced with a flow rate of 16.2 kg/h at the base of
a column 110 for absorption with water. A stream of
water 111, introduced at 4°C, circulated in this
absorption column in order to absorb the acrolein. The
noncondensable gases mentioned above were discharged
113 at the top of the absorption column and a 6% by
weight aqueous acrolein solution 2 is obtained at the
column bottom.

Purification of acrolein

The aqueous acrolein solution was purified according to
the purification process of the invention (ct.
figure 1) using a single distillation column 1
comprising a random packing. This column, maintained at
atmospheric pressure, was thus fed 2 with an aqueous
solution comprising 6% by weight of acrolein. The
temperature at the base of the distillation column was
maintained at 105°C by virtue of a boiler. The top of
the column was equipped with a condenser 7 in order to
cool to 60°C the mixture withdrawn at the column top. A
condensate 9 and an acrolein-rich gas mixture 12 were

obtained at this temperature. The condensate was
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on the packing of the distillation column 1.

Reaction of MTPA

10
Purified acrolein 12 in the gaseous form and a
stoichiometric amount of liguid MSH are introduced, in
the presence of catalyst, into a loop reactor 115 with
recirculation of MTPA.

15
The yield is virtually quantitative. The presence of an
amount of water introduced by the acrolein thus
purified does not cause any trouble in comparison with
acrolein originating from an azeotropic distillation.

20
It is clearly apparent that the purification process
according to the present invention makes it possible to
greatly reduce fouling deposits in the distillation
column used for the purification of acrolein.

25
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a crude acrolein-based product (105),
(b) acids present in the crude product (105)
10 obtained in the preceding stage are removed
(106),
(c) the product obtained in the preceding stage
is absorbed (110) with water, so as to obtain
an aqueous acrolein solution (2),
15 (d) said solution (2) 1is purified, so as to
obtain purified gaseous acrolein (12), and
(e) the purified gaseous acrolein obtained in the
preceding stage 1is reacted (115) with MSH,
that is to say methyl mercaptan, so as to
20 obtain MTPA,
and the “noncondensable” gases originally present
in the crude product (105) resulting from

oxidation stage (a) are separated before stage

(e).
25
2. The process as claimed in claim 1, characterized
in that the separation of the “noncondensable”
gases is carried out before purification stage
(d).
30
3. The process as claimed in claim 2, characterized
in that the separation of the "“noncondensable”
gases is carried out during stage (b) and/or stage
(c).
35
4. The process as claimed in claim 3, characterized

in that the separation of the “noncondensable”

gases 1s carried out during stage (c).
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7. A continuous process for the manufacture of MTPA,
10 characterized in that:
(a) a vapor-phase oxidation (101) of propylene is
carried out using a catalyst, so as to obtain
a crude acrolein-based product (105),
15 (b) acids present in the crude product (105)
obtained in the preceding stage are removed
(106), )
(c) the product obtained in the preceding stage
is absorbed (110) with water, so as to obtain
20 an aqueous acrolein solution (2) separated
from the “noncondensable” gases,
(d) said solution (2) is purified, so as to
obtain purified gaseous acrolein, and
(e) the purified gaseous acrolein obtained in the
25 preceding stage 1is reacted (115) directly
with MSH, that is to say methyl mercaptan, so
as to obtain MTPA.
8. The process as claimed in claim 1 or 7,
30 characterized in that stage (e) 1is carried out
between MSH and acrolein maintained in the gas
phase.
9. The process as claimed in <claim 1 or 7,
35 characterized in that stage (d) of purification of

the aqueous acrolein solution (2) is
according to the following process:

- the aqueous acrolein solution 1is

carried out

introduced

into a distillation column (1) equipped at its
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udef WW®10 15, rThe process as claimed in claim 14, characterized
in that all of the condensate (13) is reintroduced
10 at the top of the distillation column (1).

16. A process for the purification of acrolein, in
which:

- an aqueous acrolein solution is introduced (2)

15 into a distillation column (1) equipped at its
base with at least one boiler and at its top
with at least one condenser (7),

- a liquid mixture comprising water is withdrawn
(4) at the base of the distillation column,

20 - a gas mixture comprising acrolein is withdrawn
(6) at the top of the distillation column,

- the gas mixture (6) withdrawn at the top of the
distillation column is cooled, in the
condenser, to a temperature which makes it

25 possible to obtain, on the one hand, an aqueous
condensate (13) and, on the other hand, an
acrolein-rich gas mixture (12), and

- said gas mixture is withdrawn,

characterized in that the distillation (1) 1is

30 determined in order to obtain, at the base of the
column (1), a nonazeotropic liquid mixture
essentially comprising water and the condensation

(7) is determined in order to obtain an aqueous

condensate (13) substantially depleted in acrolein

35 and a gas mixture (12) substantially enriched in

acrolein.

17. The process as claimed in claim 16, characterized

in that obtained at the column top comprises, by
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5 the implementation of a process as claimed in any

one of claims 1 to 16.



