1 PROCESS FOR THE MANUFACTURE OF ACROLEI N ANDY OR ACRYLI C ACI D FROM
GLYCEROL Field of the invention 5The present invention relates to the
manuf act ure of bi oresourced acrol ein and bioresourced acrylic acid from
glycerol as starting material and nore phrticularly conmes within the scope
of a process for the manufacture of acrolein and acrylic acid according to
whi ch the reaction for the dehydration of glycerol to give acrolein is
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war m ng due to the greenhouse effect. Furthernore, its cost can only
increase in the future with the decline in global oil reserves. 30Mention
may be nade, ai hese alternative processes starting fromnon-fossil
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3- hydr oxypropi oni ¢ acid obtaihed by ferfrentati on of glucose” or mﬁ asses
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reaction is generally carried out in the vapour phase and générally in two stages: the
first stage carries out the substantially quantitative oxidation of the propylene to give an
acrolein-rich mixture in which acrylic acid is 2 minor component and then the second
20  stage carries out the selective oxidation of the acrolein to give acrylic acid. The reaction
conditions of these two stages, carried out in two reactors in series or in the two reaction
regions of a single reactor, are different and require catalysts suited to cach of the
reactions.
‘For some years, manufacturers have been carrying out research and development
25  studies on processes for the synthesis of acrolein and acrylic acid using bioresourced
starting materials. These studies arise from concern to avoid the use in the future of
fossil starting materials, such as propylene, the petroleum origin of which is
contributing to global Wénning due to the greenhoﬁse effect. Furthermore, its cost can
only increase in the future with the decline in global oil reserves.
30 Mention may be made, among these alternative processes starting from non-fossil
starting materials, of the processes using, as starting material, 3-hydroxypropionic acid

obtained by fermentation of glucose or molasses originating from biomass.



2 Mention may al so be nade of the processes starting fromglycerol
(al so known as glycerin) resulting fromthe nethanolysis of vegetable or
animal oils at the sane tinme as the nethyl esters, which are thensel ves
enployed in particular as fuels in gas @&l and donestic heating oil. This
gl ycerol is a natural product which enjoys a "green" aura, it is 5
available in large ambunts and it can be stored and transported mﬁthout
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- for the production of polymers from acrylic acid prepared by the enzymatic route, in
20  particular from carbohydrate. '
Glyéerol is recognized today as suitable starting material for envisaging the
industrial manufactore of bioresOu:rced acrolein and bioresourced écrylic acid.
The reaction involved in order to obtain acrolein from glycerol is:
CH,OH-CHOH-CH,0H > CH,=CH-CHO + 2 H,0
25  This stage is followed by an oxidation of the acrolein in order to obtain the acrylic acid.
Various processes for the synthésis of acrolein from glycerol are described in the
literature. Mention may be made of the documents FR 695 931, US 2 558 520, WO
99/05085, US 5 387 720, WO 06/087083, WO 06/087084 and WO 09/044081.
In Patent Application EP 1710227, the reaction product resulting from the
30 reaction for the dehydration of glycerol in the gas phase is subjected to a subsequent
stage of oxidation in the gas phase in order to obtain acrylic acid. The process is carried

out in two reaciors in series, each comprising a catalyst suited to the reaction being



3 carried out. It is recommended to add oxygen to the gas m xture feeding
the second reactor, in order to inprove the oxidation reaction and to
obtain the acrylic acid with a high yield. This two-stage process is
carried out - with pure glycerol or with ajueous solutions conprising nore
t han 50% by wei ght of glycerol. It is advisable to use a concentrated
glycerol solution in order to limt the energy cost related to the ‘
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dehydration reaction which have a tendency to form in the reaction stage,
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I nternati onda‘ela tﬁ\;%plhrilcati on WD 2006/ 092272 descri bes a process for the
preparation of acrylic acid fromglycerol conprising either a stage of
dehydrati on of Agpicgloncw®I06i1362% tdseribdscipdegbasethersyathetiage aablein and
dehydration in the gas phase. The reaction njxture conprising the acrolein
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dehydration process, the acrolein-poor and water-rich phase also comprises heavier
20  compounds formed dufing the dehydration reaction which have a tendency to form, in
" -the reaction rstage, heavy compounds which foul the catalyst and bring about its
deactivation.
International Application WO 2006/092272 describes a process for the preparaﬁozl
of acrylic acid from glycerol comprising either a stage of dehydration of the glycerol in
25 -the liquid phase or a stage of dehydration in the gas phase. The reaction mixture
comprising the acrolein obtained from the reaction for the dehydration of the giycero] is
brought into contact with water in a quench unit before being sent to the oxidation
reactor. In the presence of a lal;ge stream of water, there is a risk that the catalyst for the
oxidation of acrolein will rapidly lose its effectiveness and its mechanical strength,
30  making it difficult to maintain such a process. According to Figure 5 of this document,

the reaction mixfure resulting from the liguid-phase dehydration is subjected to a
distillation which separates, on the one hand, the light products with a boiling poimnt



distillation which separates, on the one hand, the light products with a
boiling point 4 lower than that of the acrolein and, on the other hand, a
fraction conprising the heavy products with a boiling point greater than
that of the acrolein, this second fraction, which is rich in water, being
~returned to the reaction stage after having renoved the inpurities in a
separator equi pped with a nenbrane. The principle of such a recycling 5
can neverthegl ess r lt..in the.accumul ation of so .npurities i.n the
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process for the -pr_egarati on of acrylic acid fromglycerol in two stages,
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aqueous effluents. Alternatively, this streamcanbe sent to a therm
oxi di zer whengoi. tThis prevecsn erakee gposdble ahs aisa gfodituitoraqoéoushglscatr edmiomn be

20 directly recycled . in_.order..to dilute.the .glycerol tqg.the desired.
concent r at | RO tnP e ERE Sk g B EoNG S RmraRR: Sl CRETERPEFBop
thus for nedjangetibehd taKysosr d stidafoncikidideialintihe plabydr &t droskeai@liy st -
The present invention proposes to overcone the di sadvantages exhi bited by
t he abovenektdgegmadnpplowalss ddefagrequisstrasn ditsceneretedbyatbe yondensasion stageas der
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install ati bs&ﬂt to a thermal oxidizer where it is incinerated, or also a portion of this stream can be
20 directly recycled in order to dilute the glycerol to the desired concentration, in which
case impurities may accumulate in the water loop thus formed and the risk may exist of
| coking of the dehydration catalyst.
The present invention proposes to overcome the disadvantages exhibited by the
abovementioned processes for the manufacture of acrylic acid in order to significantly
25  improve the process for the manufacture of acrylic acid, comprising a first stage of
dehydration of glycerol to give acrolein, followed by a stage of oxidation of the acrolein
to give acrylic acid, with regard to the following points:
- reduction in the consumption of water, while-ensuring optimization of the
~ reaction for the dehydration of glycerol in the presence of water, '

30 - limitation of polluted aqueous discharges,

- reduction in the energy consumption and in the size of the installations,



5 limtation of the | osses of product while ensuring efficient recovery of
the reaction products, increase in the cycle period of the dehydration and
oxidation catalysts. To this end, it is proposed to separate the heavy
by-products, in particular the 5 organi cs5conpounds which are heavier than
‘water, liable to be present in the various streans of the process, so as
to obtain a stream which can be recycled to the dehydration stage which is

- as free as possibl.e.fr.om se heavy inpurities. The aration of .the
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generate a closed water loop 10 in the process w thout accunul ation of
heavy inpurities #feeans inthe aetlgpeiigst ofihe delivdration apdhexidgtsanegaial Gimar y of
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-invention is a process for the manufacture of acrylic acid from glycerol
conpri si ng efith¢ exstam.t he fol | owi ng stages: a) glycerol is subjected to a
dehydration reaction in order to obtain an aqgueous stream conpri sing
acrolein, - . b) the streamresulting fromstage a) is separated into an
acrol ei n-rich phasgagddRMIndhtdar ol ei n- poor aqueous phase,

A subject-matter of the present invention is thus a process for the manufacture of

15  acrolein from glycerol comprising at least the following stages:
a) glyeerol is subjected to a dehydration reaction in order to obtain an aqueous stream
comprising acrolein,
b) the stream reSulting from stage a) is separated into an acrolein-rich phase and an
~ acrolein-poor aqueous phase, |
20 c)allor part-o.f the acrolein-poor aqueous phase is recycled to stage a),
characterized in that a stage of separation of heavy by-products By difference in boiling
point is carried out, which stage is applied to one at least of the following streams: the
stream entering stage a), the aqueous stream exiting from stage a) or the acrolein-poor
aqueous phase of sfage b).
25 Another subject-matter of the invention is a process for the manufacture of
acfylic acid from glycerol comprising at least the following stages:
a) glycerol is subjected to a dehydration reaction in order to obtain an aqueous stream
" comprising acrolein, _
.b) the stream resulting from stage a) is separated iﬁto an acrolein-rich phase and an
30 acrolein-poor aqueous phase,

c) all or part of the acrolein-poor aqueous phase is recycled to stage a),



c) all or part of the acrolein-poor aqueous phase is recycled to stage a),
6 d) the acrolein-rich phase is subjected to a catal ytic oxidation
reaction in order to obtain a stream conprising acrylic acid, e) the
streamresulting fromstage d) is subjecded to one or nore purification
treatnments and purified acrylic acid is recovered, 5characterized in that
a stage of separation of heavy by- products by difference in boiling poi nt
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- the aqueous stream exiting from stage a).

15 Other characteristics and) advantages of the invention will more clearly emerge on
| reading the detailed descﬁption which follows and the nonlimiting ifplementational
examples of the invention, with reference to the appended figures, which represent:

Figure 1: block diagram of the process for the manufacture of acrolein according
to the invention, in which the stage of separation of heavy by-products by difference in
20 boiliﬁg péint is represented in dotted lines. |
Figure 2: block diagram of the process for the manufacture of acrylic acid
according to the invention, in which the stage of separation of heavy by-products by
difference in boiling point is represented in dotted lines. _
- Figure 3: detailed diagram of stages d) and ¢) of the process for the manufacture
25  of acrylic acid according to the invention. ‘
| ~ Figure 4: detailed diagram of a preferred embodiment of the process for the
manufacture of acrylic acid according to the invention.
Figure 5: detailed diagram of a preferred embodiment of the process for the
manufacture of acrolein -acco:rding to the invention.
30

Detailed description of the invention

Manufacture of acrolein




250f acrylic acid according to the invention. Figure 4: detailed

di agram of a preferred enbodi nent of the process for the manufacture of
acrylic acid according to the invention. Figure 5. detailed diagram
of a preferred enbodi nent of the process7for the manufacture of acrolein
according to the invention. 30 Detail ed description of the invention

Manuf acture of acrolein 7 Figure 1 is a sinplified representation of
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or flash distillation pnder reduced pre surﬁbor separ tiQn us'1 g £
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20 processes for the transesterification of oils catal yzed ) )
het er ogeneots2@atodighisessl, 1 to 1036 af splis.poloh % pEnerpglyessin @gime thagesy énshudingi t h

R R T N O
to 80% by wwehighican b€ oflajtedrfedm cille gwleydl hgtdang indagakhdwn fo &pagen aifledvivi ch
's favour edthg >értfi sQ(i:ths ct:ligti le?tiro%t lhjnrd%r lre%l\lllgtlad pressure or flash distillation under reduced |
pressure or separation using ion—excha:hge resing, such as described, for example, in
Application EP 1 978 009. It is also possible to start from salt-free glycerin obtained by
20  processes for the transesterification of oilé cétalyzed by-;het_erogeneous catalysts. It is
also possible to use reﬁned. glycerin with a purity of greater than 98%, 99% or 99.5%. 'I.t
is also possible to use an aqueous solution comprising from 20 to 99% by weight,
preferably from 30 to 80% by weight, of glycerol.
The dehydration reaction, stage a), which is favoured by a high temperature level,
25  is generally carried out in the gas phase in the reactor (B) in the presence of a catalyst at
a temperature ranging from 150°C to 500°C, preferably between 250°C and 350°C, and
at a pressure of between 10° and 5 x 10° Pa (1 and 5 bar). It can also be carried out in
the liquid phase; in this case, the temperature is between 150°C and 350°C under a
pressure ranging from 5 x 10° to 100 x 10° Pa. Preferably, this first stage is carried out
30  inthe gas phase.
It is also possible to carry it out in the presence of oxygen or of a gas comprising

oxygen, as described in Applications WO 06/087083 and WO 06/114506. In this case,



25 is generally carried out in the gas phase in the reactor (B) in the
presence of a catalyst at a tenperature ranging from 150C to 500C,

pref erably between 250C and 350C, and at a pressure of between 105 and 5 x
105 Pa (1 and 5 bar). It can also be cargied out in the liquid phase; in
this case, the tenperature is between 150C and 350C under a pressure
ranging from5 x 105 to 100 x 105 Pa. Preferably, this first stage is
carried out,;30 in t

phase. i s:al L bl :
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- oxygen is chosen so as to be outside the flammability range at any point
of "the pl arft] tothe prefeeably @650t Onol ecul ar oxygen to glycerol is generally
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SO2 or NO2,MeFwmingHRiHye Pstrseh claeiitation chRIeRg ¥ £ HPBE: 0T 2Pt ek I'NPhdbgas
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is generally tarri acld 10 catalysts. The catalysts which
are suitable are honbgeneous or nultiphase substances which are insoluble

inth t] di ich h Hanyet t _acjdity.,  denot ed.Ho, . of
| Gss than o AL Fatonfais deradrbRy SrabeREE crof ke PRBES i
paper hy K.c,hanabaneica@lysts ghfb@ta%j k@ fabldarsWohffeendilk AN GRulAPhsEILIRMMTES " |

Vol . 51, 1989, chap. 1 and 2, the Hammett acidity is determ ned by ami ne
titration uvshidgaienoiobeoimstho redgiion Bedwopipt whishdbvaa bavundtipdidity, deptgrhase.

These cat al,ysts,can be chosen. from nat u X theti,c_sillcgous
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oxi des or heteropol yacids or_heteropolyacid salts. 20These catal ysts can
in particuldaf Dhehe it apility iheletarppisdylic peincafitration wHpg Andieptors st Bhs of

t he sai het I ed with at | east one cation chosen from
el emantlg beﬂdg%rgﬁﬁ%gfagﬁa%e%%gﬁéﬁ | of the Periodic Table of the

El enents, these Thetccaflpity asi dc shddes faampaiusilng sahthbgasilicane sebganens or
chosen fromthe group .consisting of W M and V. 25Mention may .. ..

parti cul ar [3§idie ZeRIHES: TBOFBARC MURBYSoPeeds BfdepnedEryhedl BANG+ Gk Hidbn

phosphor us apd.ofc 1BRSRIRRRRICAReCAGRIToxRBOSPRAEHF0IFAGdS SRS Iyacid

salts.

20 ‘These catalysts can in particular be composed of a heteropolyacid salt in which
the protons of the said heteropolyacid are exchanged with at least one cation chosen
from clements belonging to Groups I to XVI of the Periodic Table of the Elements,
these heteropolyacid salts comprising at least one element chosen from the group
consisting of W, Mo 'énd V.

25 Mention may particularly be made, among mixed oxides, of those based on iron

“and on phosphoruf.; and of those based on caesium, 'ﬁhdsphofus and tungsten. )
The catalysts are chosen in particular from zeolites, Nafion® composiftes (based
on sulfonic acid of fluoropolymers), chlorinated aluminas, phosphotungstic and/or
silicotungstic acids and acid salts, and various solids of the type comprising metal

30  oxides, such as tantalum oxide Ta;Os, niobium oxide Nb;Os, alumina AlOs3, titanjium
oxide TiO,, Zirconja Zr(,, tin oxide Sn()»,, silica SiO, or silicoaluminatt_e SiOQ/A]ng,

impregnated with acid functional groups, such as borate BOs, sulphate SOy, fungstate



The catal ysts are chosen in particular fromzeolites, Nafion(r) conposites
(based on sulfonic acid of fluoropolyners), chlorinated al um nas,

phosphot ungsti ¢ and/or silicotungstic acids and acid salts, and various
solids of the type comprising netal 30 oxides, such as tantal um oxi de
Ta205, niobi um oxi de Nb205, alum na Al 203, titanium oxide Ti 2, zirconia
Zr02, tin oxide Sn02, silica Si 02 or silicoalumnate Si 02/ Al 203,
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functional grgsRonPoussm xture of these conpounds. The preceding
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Rh, Pd, Ru, Sm s preecdimgcatalasts zan addjliomady compring agwomeiar soell b3 8Hi e,
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of hydrogen rangi y vor I espect e reaction
m xt ur e andiron phdsbheﬁescaﬂeron photsﬂatqsrcompnmﬁg aﬁ}rcan@iatt. al yst chosen from those
described in Appllgg@lon 2008/0183 ed._can
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pans). 15 The contact tine d in Seconds, is the ratio of
vol ume of tﬂoeﬁh@maaﬂlgmmmmd and, mhhlswesmnethofpretshl@egﬁmysﬁ elxwstafios: hosweyed

per second verage te pressure conditions existing in a
bed can var@mg% laﬁﬁéﬁﬁﬁﬂgﬁzézgﬁﬂﬁﬁgég the catal yst, the nature of the
catalytic bed anghd Rgetst @9 Rbd theosRidly 8 lfixed Bed| @R Bbving BEI, GO tatfﬁﬁalz&d me
is fromO0.1 to 20 seconds "and preferably fromO0.3 to 15 seconds. 20
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formc acid, acetone enol , addition products of acrolein wth_glycerol,

pol ycondensEiesssre Wléﬂ@a@ gxigtingyinyaced spn garyageqrimede fheaagire of Hsrcatalyshdbal so
25 light co B%Q%he 55’[@1&119%6? apg%eeaze B}Q{l%eéatalfs%rﬁe IR L QSn%&dmﬁé‘ﬁ?O“

di oxi de, is talned ese products- a Vy conpounds and
others are ﬁ@nd)e]nﬁ)am secdridg hind peefaebipdsom MBhed S semoadd.i ght conpounds whi ch
cannot be conde sed %gder he t nperature and(g&ess re con itions normally

enpl oyed The %ta%? | ghadRSORT SEEg @t ViER cabbe Hanid OR8eePEs on
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reaction |tself ehy ration). Stage b) in the proce accordin
i nvention cnmhashsmnmﬂsepamaeqngmbnﬂédsﬂmeamwkﬁmwkmﬁmnmkhhakea@ghcemﬂiched
in acrol ein_and a.fh se rfch.in. ter anﬂrdqphﬁfed in.acrolein .This
propionic dcid, ace c a id, formic acid, acetone, phenol, addition products of acrolein
with glycerol, polycondensation products of glycerol or cyclic glycerol ethers, and also
25 light compounds, such as nitrogen, oxygen, carbon monoxide and carbon dioxide, is
obtained. Some of these products are heavy compounds and others are condensable light
compounds Others are light compounds which cannot be condensed under the
temperature and pressure conditions normally employed.
The stream (6) has a high water content due to the composition of the stream (5
30  entering the reactor (glycerol charge) and to the reaction itself (dehydration). Stage b) in

the process according to the invention consists in separating this stream (6) into a phase

(9) enriched in acrolein and a phase (10) rich in water and depleted in acrolein. This



10 stage b), such as the partial separation of the water described, for
exanple, in Patent Application WO 08/087315 on behal f of the Applicant
Conmpany or such as the separation described in Application WO 2006/ 136336,
has the aimof renoving nost of the watap present and the heavy

by- products before sending the streamconprising the 5 acrolein to a
purification stage in a process for the nanufacture of acrolein or to
the stage for t on _of acrolein actr.
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H

stage a) wesageder thegorddatiqnnok %olsestopgi&% acry éc@eﬁh? é‘f_"Pﬁ&gﬁ frqeepsior jtke
condensati g\'ﬂaﬁf&%rew é‘cli)yl?cagciglsfr&ﬂ &ée?r e%:{?zﬁﬂ&p g%tlﬁﬁ) | 4 MRe GR! GYs or

not coupled to an evaporator, one o exchangers, one or nore
condenser s, maked epmss@itmtooa\{mduddmagwta theroatadyse qlithermit stagel ¢f the owidatian af

erson skilled .in the art. whi kes bI to carry out
gondensatldﬁ“ﬂ@néﬁgéﬁ&@8ﬂ§3%¥ ?W”éémg- %5 eﬂﬁﬁ%%=€§ﬁ&¥??8%§%such
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the stream ( I's removed i'n 20 the |iquid stream (10). The gas stream (9)
general |y caonbrlnsadshtmr & mhleas Bo%abid ipremevablpprimor el theathe@Qoh infputihies

acrolein | strream,(6). This result is obtained by
- | owering t %ﬂéﬁh@%@%@qp@nﬁl ‘?gyﬁ?@'of 60 to 120C. In the case
where stage a) THRSs rH)'l@ébrﬁé'& obiot Hgephiaditl dni (B ¢n HRARE: PhESSIEE 0) ShaTE
b) can be carried out Py a reduction in pressure to a pressure of 1 to 4

bar, opti orfatisd @8 ic dwpwopha@e dht eenarasing HaHd &) 1&ﬁdzoed@§etﬂqn Rlantdviielbaamat i on
pl ant VY%I CI"l(.‘,O%larlllsé3 %Il %bfqrﬁtsaon COl I COUE eﬁ%tld@?t‘:b@ Cf 90 gL[lTT] Ya%&a%"ry 08('13 Qre{nogee vice

known t'0 a persoh sKi Inthe ar ream i recovered

whi ch conpricaeskchamitrs?Ont @r 989 cph@ineerad ye;fhrleyma«ﬂ& ted 9Y/Gtedf oftdy@ipwaher
present in the stream(6) and a gas stream(9) is recovered which
conpri ses rbtbkiavantososaeR sipiled &t ﬁm agt which paksh ltapgsible toirary Orb pmial

initially RIoRa& L dynnoM;l aqtiddid SR A #is carrig Bﬁf—' ?@Sﬁkﬁﬁb“% BF fhat %fg)n 3dus

gener at ed genera conprtses ron1 0°to 9 @60 wat er e remal nder
represent i rng 94ty ptedérablaricbr Apuo V0Ve of tieuediergaesat il the saeind(6)ds yeaevod in 11

acetic acid, hydroxypropano pro |on| acid and other organic nds
whi ch #De Hbs B THEam [iber e das Streamy(d) epnarnily Gepaeics Bprhen §D%c

the invent 'ﬂ%érefamgﬁ ﬁ’iofébl.thgﬁ B0%, YBHE" cfou&ﬂ ARSI N RO ATYE At ﬂ%E\ﬁ?e
(10) which can be recycled, at Ieast in part,”to the reaction

is obtained by lowermg the temperature to a temperature of 60 to 120°C.
In the case where stage a) was carried out in the liquid phase under pressure, stage
b) can be carried out by a reduction in pressure to a pressure of 1 to 4 bar, optionally
25  coupled to a heat exchanger and a gas/liquid separation plant which can be a flash drum,
a distillation column or any other device known to a person skilled in the art. A liquid
stream (10) is recovered which comprises from 20 to 95%, preferably from 40 to 90%,
of the water present in the stream (6) and a gas stream (9) 1s recovered which comprises
more than 80% and preferably more than 90% of the acrolein initially present in the
30  stream (6). _
The condensed phase (10) thus generated generally comprises from 90 to 99% of

water, the remainder representing acrolein and impurities, such as acrylic acid, glycerol,



5 stage in the formof a stream (3) devoid of heavy inpurities harnful to
t he dehydration catal yst. For this, a stage of renoval of the

or gani ¢ conpounds which are heavier than water is carried out, either at
the | evel of the stream (5) entering theidehydration reactor (B), or on

t he agueous stream (6) exiting fromthe dehydration reactor (B), or on the
10 water-rich and acrol ei n-poor aqueous phase (10) exiting fromthe

separating uni.t (D), it bein ossible for these alternative for to be
dsed al ona B AR ProRoR SRirdil i sh P e TSt iR it
avoi di ng anp@xiesshvweket. hi gh consunption of water in the process. The
renoval of the organic conmpounds heavier than water is carried out by 15
di fference in boPr¢ afthsebifcts effthe precssscinihe iEBLOR st lReabtay agyaiporelt pirh,
when the st t NS T i Ui r. C .1.on,
whon the st 1 aamopEaBERePRLEROIAE birth Kol @ bheallin Bl GUTRIBRPT,
of evapa at itege iante firmednRdersat(Bpdevonhehhaey anplritike parmful cnttetdhedkatse
used. According to a first enbodi nent of the invention, the stage of
rempval of ¢RdY$0 heavy compounds-is carried out by evaporation of the

m xture of gl yce{(g}l ths 1) s gg o?frerhb‘@a;l ro‘?ﬁﬂecb&%ﬁ\é"l%%@@?ﬁd%gggﬁﬁ%?e ﬁ@viér%%a

device (K), which generates a phase rich in In water an

depl et ed i nwhitenisycanmdpot rither( thelam! (B )e, stxhingh) ergermgnibe \debydratidgrheactor
dehydration reactor, (B), and a ljquid. or.solid phase. (20) ri in organic
Comounds haRvPEPt dhetaeream i sedrintia e haebi i (D o8 Eecona
enbodi "RNt  Qfiel-Aen WVAMIERbodk Afuctlud PRasel(10)RARMR! frGth thd & Qﬁﬁﬁ% (RRIPPUNAS
is carried out by a treatment of the stream (6) exiting fpr_om_ he

dehydr at i onbaiesmpeseible By thene altetestiveefofnm) to behiseh alpener an esmhingtien. phakeed 6¢)

depleted in organic compounds heavier than water.and a liguid. or _solid
ohase ( 6a) o PERaSr FaPBRan e BESk ah e ke lBH e b B ek
el i m nat ed. prbiesthe case of a gas-phase 30 dehydration reaction, the

device (C) will cool the stream (6), so as to generate a |iquid condensed
phase (6a) and allfarenpivakef (ecyrgaps eompogndehesvies thamwaterph LeEiadepyidbiat i on
reaction, t i C - ] i t | t he
St oam (b) DR sl sl oTRES: nBRBSL s, RABSBbXURHIRGLALE | 02
(6c) and a tsGkisdpBdiited isdhitidllg lige@o Bagondensation, wieaahdsthgn © & scpirtdd is
enbodi nent of . the invention, the st agg of renoval —;o(f t he heavy conpounds

i s carried Biitallygageun OF BY AcRMBINAtng OF Yapartien 054 gk randspsatippivhgqeseveral

separati ng #E%%#I%aéegape,%ggl ce (G, which generates a water-rich gas

phase (3), ecyc and a liquid or solid phase (18) enriched in
or gani ¢ conpoundscdoeting ar a tihrsinermladidementvdfi thé invengdn, tha atage of removal ofiske may

be mad as, devi ces’ .and. (G, ,of evaporators or distillation col S.
Ay Ty of HaTH BORBRIIS I i 4 SR ait et e el B ot e
envi saged, 20y HiCRaREribIREIAETH RVARNIA XS whichi denSMARAN FHa8E Bich ROEIyEQBE al
vertical or inclined tube evaporators, natural convection or forcéd

ci rcul at i orandviapeatert andsiepktsidt it hedvy comprads fsttepmeipalp ovhattoisscooreysiddp dhe ype

evaporators, It j.s al so sibl e.to.use plate distillation colums or
corume. conshy et StrBrers it BN i BBl ws
col ums comphlisehan wawapatidh isdlindihate@boi I i ng regi on over which heat can be
i ntroduced by anl ) . ] )

25 ceording to a second embodiment of the invention, the stage of removal of the
héavy compounds is carried out by a treatment of the stream (6) exiting from the
dehydration reactor (B) in a device (C), which generates a gas phase (6¢) depleted in
organic compduﬁds heavier than water and a liquid o solid phase (6a) enriched in
organic compounds heavier than water, which is eliminated. In the case of a gas-phase

30 - dehydration reaction, the device (C) will cool the stream (6), so as to generate a liquid
condensed phase (6a) and a gas phase (6¢). In the case of a liquid-phase dehydration
reaction, the device (C) will make it possible to partially evaporate the stream (6) by



15 nmeans known . to a person skilled in the art, such as thernosi phon or
forced circul ati on exchangers operating with steam or heating el enents.
These col unms can conpri se one or nore cooling exchangers intended to
“produce reflux and to enhance the capabilRiti es for separation of the
heavi er products than the water to be separated. The devices (K) can have,
in addition to their role of separating heavy products, 20 the role of

Thereai donhgion BRETn f b AR b AP R Ad p IR BE Ao

- the egcerqb@mater mxture is in contact Forced circulation nay be

advant ageous. The operatin errperature f the devices (K) w
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boi |'i ng pohﬂkmckmkmgsgﬁ%ﬁmﬁ&mder the conditions of pressure and of
conposition of the incomng 30stream i. pically from100C to 180C and

preferably fromU@O@&Woque as deVlQﬂSe(I@ayndv)éGhad% evapraensi oedistiditionf a
contactor conpos of ae m. or._a _pack [0 avi ng an exter nal
Feci roul at 1RGO AT VT DALY AT A 4eRor Scul§8 i R iR <A fire

bot t omiQf tdugh S8 jcieRid BrapoeAs e doil evapsiatl, NeriexaliangRicanbel in@indd nesk at
the top of the said colum. In the case of a enpty col unm, the cool ed

li qui d phas¥apgrhiorsy @a@rﬁl ayrewca@n phoreasirirshilalipe evaporaeTs sagitaied o5 wiresi filnt at e

t he excham ¢

typically %Sjg?(%ét% 3 CP(l,a tg% g)tr% I‘glrsg erprzgjgsiﬂﬁgltI (rg%in% p?%f)g’sahgtﬁ’b%l%m
Advant ageouﬁ|c}blu1ﬂ1ﬁ&:ohﬁﬁisﬁtgbﬁt@bhﬁéﬂ b ﬂnﬂmt[ﬁclvmgd Adeasidgaoatledtbse: @urhhs
obtain a small difference in tenmperature between the inlet and outlet of

the cool i NgFOBYWEKS A V2P| 1161901B¥1g regian PYRiViHeIChens aﬂlpb%frémgpfgﬁ Bf ahess
than 1Q6. means kn k}iﬁx%nqg\é'p%?soﬁ 1féﬂ']n%ég%bs%cﬁ?m eXC %Honaor 1% ad Xﬁﬁtmn

exchanger suc for "exanple, a wp eV| ce (O
can al so be:xchmrgolseqbemtmgmﬂi ﬂemmbnhwtmgmﬁmmgeﬂhe@mmmmngaﬁfphsqmd
separation at the outl et

rnatiyvel a can be added to
the gas ph&S&9wH caﬂlé%?XC{hﬁ%geﬁ%eﬁﬂ}dt@ﬁﬁo @&W?ﬁq@x 3 C& b5, D d@ﬁags to

i ncrease tf}@r&?ﬁﬁaﬁﬁﬁ oﬂh%%e&@@r&&&%@ﬂﬁn%&ﬁ@ﬁ% be'EE'&aIEtB@' ce will be nmade
of aliquid with a boiling point greater than the operating point of 15the

device (C), suchhasievices (lekeamdiaze, igl a;zldmcglto their role of separating heavy products,

20 the role of evaporating the glycerol. Attempts will advantageously be made to reduce
the residence time and the wall temperature of the exchangers with which the
glycerol/watef mixture is in contact. Forced circulation may be advantageous. The

~ operating temperature of the devices (K) will advantageously be around the boiling
point of glycerol under the conditions of pressure and of composition of the plant, i.e.

25  typically between 180°C and 320°C and preferably between 200°C and 270°C.
Advantageously, the devices (K) can comprlse a section for stripping glycerol from
heavy products, so as to avoid too much loss of glycerol.

The devices of type (G) will preferably operate in the vicinity of the boiling
point of the water under the conditions of pressure and of composition of the incoming

30  stream, ie. typically from 100°C to 180°C and preferably from 110°C to 150°C.

Use may be made, as devices (C), of a contactor composed of a empty column

or a packed column having an external recirculation loop in which the liquid phase is



Advant ageously, an exchanger w ||l be placed on the gas phase between the
outlet of the reactor (B) and the inlet of (C) which nmakes if possible to
cool the gas phase without condensing and to recover heat. At the outl et
of this exchanger, the tenperature is tyiBically from 150C to 250C and
preferably from 180C to 230C. 20 In all the enbodi nents of the invention,
a stream (3) is obtained which can advantageously be recycled, in all or
in part, to i o) I i i of
accumil ati onrogeyathebbulin AHYERELIBRD ookiuind LFAL LN I b
makes it postshble ofthpaidi @ibman. hahadasssdl 4 bapwatobumn,oht eodledflighideplgise eam
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of glycerol i ve .acreol ei n,produces 2 nol ecul es of water per nol ecul e of
acrol ein pr%’ggﬁlg%da%sﬁ@%e%% 3‘%‘ stream (3) can be provided so as to

avoi d the accunuilat deceofC)ahelsol e éditpdsedf aThuBiniued-Sthangepdsiaprican be
elimnated, either directly or via a systemfor the treatnent of water,
such as a Sshiggidsgpaation atdbg okt pl ant, or an oxidizing treatment. This

bleed will be gr : e r.oj - of r i i's
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stream (s6a) QRbGLO@Y) thaﬁ%éﬁﬁlﬁF{&%r&.C) can be reinjected into the

I ce

stream (10) upstream of the dev or in a mxing stage (A) upstream
of. the unit (K),Adenrgetsly, enyeichaigee wilicon phctd dngthy s glhasan between the

dehydration reactor (B). der, these conditions, the hea roduct s
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from the waligte ka@BuatorddlRsiddund t§ rbldvePhekt)At the oufef OF AN ExERINGRE the
enbodi ment of the process according to the invention (not represented in

Figure 1), temecratroisdypicalyrfrarhdd0htestd00O)and whifernblydrdm &8efG io@0fGe heavy
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for separation o ream resulting from'he deh

subj ect ed tmvantpadoudli dRt fe@ficle®Oint A28k BB HartC @VRlid Stap@ a) of dehydration of the
absorption/distillation_ stages, such as those described, for exanple, for
t he acr ol eigivesrele aithputodtke abassymeationt ofoimnyritisy gpythe dehydaationecaipsintns

Techni 7 | . Y . . ) )
Teohnol g ecay GERALEL poifl i piFRly 7 ik IRE SR | PRGHT SEIHE Mot Gy 1 on
of the streampti@ngaberpliyicsiohgvhidhewdl foel ehe delafdrationceatton(B o dvagtagsousBd

nore hegt exchangers, generally caonprises an absorption in water or a
recycled a ST SaNDE SR RHEOLR @R 6 SHHE RSB k&waazqrgtettbe Hessrel at

the top andybfn fCEKCixiAk 4l POf beMre Loty RAYERUSe S0b Wik & the
' dehydration reactor (B), thereby avoiding having to bring the glycerol into contact with
a very hot wall, which is neceSsary in order to evaporate it, since all of the heat is
contributed by the superheafed stream (3).

30 The liquid or solid phases enriched in organic compounds heavier than water are

either eliminated or conveyed to a thermal oxidizer for elimination of the compounds in

the form of CO, and H-O.



Thi s absorption can be carried out in a packed or plate colum, preferably
countercurrentw se. Advant ageously, the noncondensable |ight conpounds,
such as 30 nitrogen, oxygen, carbon nonoxi de and carbon di oxi de, are
removed at the top of the colum. 15 14 The aqueous acrol ein solution

i s subsequently separated by distillation. For this, use may be nade of a
sequence of distillation colums, as descrlbed for exanple in Patent US

21437 540,27 Aok S (e GORI BT b BRafig e

recover, onmbheueser a2 pes malcShle @RI pRidiaal 4 ¥lee %%@ﬂreeﬁl BRES be NOSt
- of mhlch is generally recycled to the absorption stage, and, on the other
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Wi t hout prior apsorption in ter. This alternative is advantageously
enpl oyed whasorkRg W the gmopoh olowatet whish 15 prtied alopg in gheasioleip-enRkednais abl e
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mercaptan in th 5 presence of a catalyst. The reaction of MVP,
optlonally wi th hydrocyanic acid or sodium cyani de, carried out
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skilled in the art, en results either in nethionine or drox
“anal ogue ofﬂmmhhmeﬁ@hGMIbﬁmenﬂm@hNEQ§EGMEmn(Hﬁeqm@enmpbﬁwgh@daéﬁjoesla

..described in.the doc nt Tech ues EIn ni eur, ,Jraite ni e des.
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the invention, the phase (9) enriched in acrolein and freed fromthe heavy

by- pr oduct s aﬁaeamc(ﬁ) By Ither gait ffar wilbpe eilsctisleremayed gionathenyater biwpstidlbe b)

for separat stream 25 resulting fromthe dehydration stage a),
is subﬁgct %ﬁ@é@ﬁ }Qghlytic oxidation reaction d) in a reactor (M in

-order to obtai Mmaogiifi®amond Zmigdimeitsof get ﬂsteceieeicmdm@cmyiﬂecﬂlaeit@n (hbt s
stream i s- subsequent| sub§ected i.n a,_stage

puri fi cat i JRPiPEREhBritiguied thﬁakm}?gﬂwe@ﬂ%%hﬁe@l 6"@‘&&5\?‘@@&9;1? thedgavy
syl ¢ S Al TGP AT A0S0, S D IREST S,
- mi xture congr thsi stgamotesdtihg rireon ythe richytraidon stage a) is subjected to a purification
20 treatment comprising absorption/distillation stages, such as those described, for
example, for the acrolein stream -pl_’oduced by oxidation of propylene in the document
Techniques de I'Ingénieur, Traité Génie des Procédés [Engineering Technologies,
Process Engineering-Treatise], J61001-4. '
The puriﬁcation of the stream (9) comprising the acrolein, after cooling by one or
25  more heat exchangers, generally comprises an absorption in water or a recycled aqueous
stream to allow the noncondensable products to leave at the top and to recover, at the
bettom, a dilute aqueous solution of acrolein.
This absorptien can be carried out in a packed or plate column, preferably
countercurrentvwse Advantageously, the noncondensable light compounds, such as

30 nltrogen oxygen, carbon monoxide and carbon dioxide, are removed at the top of the

¢olumn.



tenperature rangi ng from 200C to 350C, preferably from 250C to 320C, and
under a pressure ranging from1l1l to 5 bar, in the presence of an oxidation
.catalyst. Use is made, 16 as oxidation catalyst, of all types of

catal ysts well known to a person skilled5sin the art for this reaction. Use
is generally made of solids conprising at | east one el ement chosen from
theIistI\/b,VWReCrI\/hFeCoNiCuZnSnTeSbBl Pt, Pd,

Ru and Rh, pre t hat

phosphat e for Sﬁ%sadum&ssa Cragltgasjlondt%élrl |Scu%%8 n@fy {éﬁal%ﬁé rﬁﬁhgfl ons: n{) ’'sing
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operate as a fixed bed, as a_ fluidized or as
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the | ast oxidatioh or going aroun by recycling, in the process, -
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precedi ng stag g rated by the dehydrati n reacti ent.
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heavy corrpounds romthe p reced@etg stage: furfural dehyde, benza?rdehyde
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grade, it is necess s m’xture
recovery/ pusirfficaadd onoﬁeqhencetréaeﬂr esent edari N Mefit, bbor wexdNMloe, prépdré gure
3: 25The first stage of this purification phase consists of an extraction
of acrylic meihyl mercaptoproplonaldehyde (MMP) by reaction with methyl mercaptan in the
15  presence ofa catalyst. The reaction of MMP, optionally purified, with hydrocyanic acid
or sodium cyanide, carried out according to the Biicherer or Strecker synthesis well
known to a person skilled in the art, then results either in methionine or in the hydroxy
analogue of methionine, after conversion of the reaction product, as described in the
document Techniques de 'Ingénieur, Traité Génie des Procédés, J 6 410-1 to 9.
20

. Manufacture of acrvlic acid

With reference to Figure 2, for the implementation of a process according to the
imvention, the phase (9) enriched in acrolein and freed from the heavy by-products and
from a large part of the water, originating from stage b) for separation of the stream

25  resuiting from the dehydration stage a), is subjected to a catalytic oxidation reaction d)

in a reactor (M) in order to obtain a stream (22) comprising the desired acrylic acid.

This stream is subsequently subjected, in a stage e), to 611@ or more purification
treatments (O), making it possible to recover purified acrylic acid (25).

The reaction for the oxidation of the acrolein to give acry]icracid is carried out in

30  the presence of molecular oxygen or of a mixture comprising molecular oxygen, at a

temperamre ranging from 200°C to 350°C, preferably from 250°C to 320°C and under

a pressure ranging from 1 to 5 bar, in the presence of an oxidation catalyst Use 1s made,



~ by countercurrentw se absorption. For this, the gas m xture (22),
optionally after cooling in an exchanger (N), is introduced at the bottom
of an absorption colum (P), where it encounters, countercurrentw se, a
solvent (23) introduced at the colum tap, generally water. The |ight
conpounds whi ch are noncondensabl e under the tenperature 30 and pressure
conditions normally enployed (respectively nore than 50C and | ess than 2 x

105 Pa) are_remved at ,the p._of this. absorption colum in tream (29).
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described, for example, in BASE Patents FR 2 146 386 and US 5 426 221, and
al so in Pat & thrliggVeA¥gW, Renérvifnelre, < dlialass SobT agdts SlavinPd.diinard
contri but edRﬂypI%seﬁ‘-?%cfl% ﬁl)é{aﬁfc{]fdrmt 8 fnGie REOKESS: Q?H‘I’ of PofFiafeORPAS B ;4 N
all or in part, of water resulting fromthe fecyc I Ng of PR aqueous phase
5 in the prmaés pirdculexafrileefotnalatietsecons@arcabdandivrt iemd/ep av adnidfig Cuni t
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amount sypf Wl eROARAODoERSEII8S 1 reacti on m xture are such that the

wat er/acrylic acid ratio by weight is between 1/1 and 1/4. The operation

is carried out B gasmsyirer(22) prsuliggrizom 118 oaidabem ngsictiom is ebmposedPipaan be
coupled to cq%urm for %hg di.stillati on of ;the very |ight conpounds,
essenti al | yg%r ?%ﬁr}ﬁhcﬁ% AV SFLEE SHPESHE ﬂ‘%cpgﬁ‘ of the reaction which is
present at aid®Wonivesid MeHidioArd Mmohfied8HABRUGHRE Miié I t6mP&athr® Glnlt prefhure
recovered at the bottom of the absorption colum. This distillation colum

(Q, whi ch “pditenssoupdbr employed shir amgpmigrigd {3 (oard £Opofprmgd ing sreal at
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propionic acid,
20 -residual heavy compounds from the preceding stage: furfuraldehyde, benzaldehyde,
maleic acid, maleic anhydride, benzoic acid, phenol or protoanemonin.
In order to obtain acrylic acid corresponding to a certain technical grade, it is
necessary to éubj ect this mixture (22)to a recovery/puriﬁcation' sequence represented in
part, for example, in Figure 3:
25 The first stage of this purification phase consists of an extraction of acrylic acid
- by countercurrentwise absorption. For this, the gas mi)%ture (22), optionally after
cooling in an exchaﬁger (N), is introduced at the bottom of an absorption column (P),
where it encounters, countercurrentwise, a solvent (23) introduced at the column top,
generally water. The light compounds which are noncondensable under the temperature
30  and pressure conditions normally employed (respectively more than 50°C and less than

2 x 10° Pa) are removed at the top of this absorption column in a stream (29). The

solvent (23) employed in this column is water. The water-might be replaced by a



25 in the process or else is recycled in the dehydration reactor (B) or
to the separation stage (D). There is thus obtained, on conclusion of
these purification stages, a mxture (25) of acrylic acid in the solvent,
. preferably in water, (ratio by weight 114 to 4/1) freed fromthe bul k of
~the unconverted acrolein, which is referred to as "crude acrylic acid".
"According to the grade desired for acrylic acid, this mxture will be

bj ted to 30 diti | . L ts. d i b in. t ent i
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preferred enbodi nent of the process for the manufacture of acrylic 10

aci d acco_roqr?lﬁgfo_é)loi"fﬁ'e invention, the reaction for the dehydration of
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heavy by- products “by |¥ference In boiling points is applied to the
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of stage b). This e diment js.illustrated, for .exanple, by Fiqure 4;
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gases resulting fromthe recycling (3) of the ‘aqueous phase (19) resulting
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the acrql ei n-pger stream (10) exiting at fhe. bottom o he .S rati unit
(Dy. TH3 ot renre APpRg) adarth) b Be ullif i Rsb feo sy VB QR RALE dr e
_preheat ed twralibBpehsiunis @berftially Qaéin QincdiDREed @n28Rusioarvfliie indtictei ed
into this chanber in a cocurrentw se or countercurrentwi.se gas flow via
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oxygen and PEpMSERECPioPLORRE ik SREARRA Qinkn EOTMLS! Bl Sder,
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droplets by varying the nmechanical effects (size and shape of the orifice
of t he 2oz z0féhe preesgingabsorpsips selyma andrekes igipssibledo mimeve; ot thetop prigcany

f or m dr opl it Sl ze: I -t r.abl e han
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t he streamdohdenst) ik tBe $ohed olighidgireand (27 hat theclogyr pae as'sthe yubs@ppse heat
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25 inthe process or else is recycled in the dehydration reactor (B) or to the separation. stage

(D). There is thus obtained, on conclusion of these purification stages, a mixture (25) of
acrylic acid in the solvent, preferably in water, (ratio by weight 1/4 to 4/1) freed from

the bulk of the unconverted acrolein, which is referred to as "crude acrylic acid".
According to the gfade desired for acrylic acid, this mixture will be subjected to
30  additional treatments described in numerous patents, in particular to a dehydration stage
" which is carried out in the presence of a water-immiscible solvent for acrylic acid. This

dehydration stage can be carried out by azeotropic distillation of the solvent, water and



19 Oxygen, air or a gas conprising oxygen, which pronotes the
dehydration reaction, is supplied via a stream (13) or directly into the

m xi ng chanber (A). The gaseous reaction stream (6) is cooled, at the
outlet of the reactor, in a heat exchanggr (C) to a tenperature of between
120C and 180C, preferably between 5 140C and 170C, in order to forma
liquid stream (6a) of heavy products and a gas strean1(6c) which is
conveyed to a .cond tion,colu ndenser . (E ich
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20 punped into the exchanger (F) to bring it to a tenpera ure rangi ng from
100C t 0 1801@f iptks gasapitage fndm staB@ft sspasd@ ofihersiy by- plroég@tarbe dffeitnee b

cvapor a1 or e A a Bt ol ek SR % DB R R0 o

conpounds VWio€ haqaksushgiaike esf §t€@g9en byar Kk, ehifod@héhiers iNkeat®dior d@uple, by
oxi di zer ( or elimnated fromthe process and treated 25 by any neans

known to a fgwedn Skl lled in the art. The gas phase (19), which mainly

conpri ses wate ) | - h a
st ;rgamslgf air (qlgl nogl bgﬁaéuh‘lélhﬁquéy}f‘“ fr&felug d?&elpl{ee%g aﬁ%e %—éméchn ihé
t enper at ur anbmg}thaglb%f @), 3b0hichohs g eeranid epamﬁe@bbmg hbtog@séemégiﬂtm Hoa.

The gas stream ( conprising the acrolein uced is r heated, by an 30
exchanger (t§ re%f%h% &3éﬁ{>@eéﬂﬂ?ﬂéﬁm‘w$§r{18}a¥?mﬁl Oy Fhufl}’éé staéteem@‘@haf t hen

i nj ected ingop ﬁa‘,%,qﬁ%{{ﬁu@g g%?% ‘g[%t'ﬂi"tﬁe' z%ckﬁl!:‘iln"’}f 8f§1§% F]logMntﬁ TP HeSHi9n

catal yst for 't oxid acrolern an ten salts for
removi ng the theabpagjat!@numt {DpyThechgiraagacl)i efnglycerol in e lidued dertd, etptloﬁahl}hl S

e2ctony UG SR Lo (22), 5 SUbLect£4b0. 3, reraverMRULLL G Of,,

chamber in a cocurrentwise or countercurrentwise gas flow via spray or atomization

nozzles which make it possible to form fine droplets on contact with the recycled stream

(3) essentially comprising wéter, oxygen and CO; and of)tionally nitrogen and CO. The

spray nozzles make it possible to disperse the stream of liquid glycerol in the form of

25  fine droplets by varying the mechanical effects (size and shape of the orifice of the

nozzle, flow rate, pressure). These systems_make it possible to form droplets with a size

of less than one mm and preferably of less than 300 um. The finer the size of the

droplets, the faster the evaporation of the stream (1). In the scheme of Figure 4, the

energy necessary to preheat the stream (5) entering the reactor is contributed bjf the

30  superheated stream (3). Alternatively, a heat exchanger might be placed between the
mixing unit (A) and the reactor (B).



5 the distillation colum (Q. Part of the gas phase (29) exiting at the
top of the colum (P) is reconpressed by the conpressor (S) to formthe
stream (7), which is returned to the colum (D), it being possible for the
other part (30) to be conveyed to a thenpal oxidizer (J). For
energy optimzation of the process, the flue gases fromthe thernal

oxi di zer 10 (J) are used as hot fluid for the heat exchangers and in
particul ar for .the exchange ng. t ot.her, preferred
brbod ment of . (TR GAE SIS FOPRERRRSIER: BP b e R Gl B 1 o
t he i nvent ijgBuppliBe viagakieh@ 15 dr diketldahy eahixeiy dhmBby@gr ol is carried out
in the gas phase and a stage of separation of heavy by-products by

difference in E@ﬁlgaﬁ@uﬁéﬁw@n isgeapf) dcaodeds pethstqidlghpieleaedier ima heat
dehydr at | on., 2398 ?& gnd, 1 pe%?m%S%gH&wégn ;lt2 ¢ 8Xf8t0|°@ £6f8' a?'tlgeg\r%?&)

This enbodiREnt oF's | ["ust ra e expeéer rren

Ener gy aptim0z@tandn 70¢C.t ieorperoeefdsmac hqmdl strgarh q6& el heravg prodviats £ndsa ghy eans
whi ch have to be cool ed and condensed and |iquid streans which 20 have to
be evapor atséféalﬁr @Cbr‘é%lé]ﬁtlsl P eedn (@ e §8NdRIOF; FRIWNE (e qulP@ﬁ i Wi aThe

use of conpy an szs(%h%g@ggé&ﬁ %o@ﬁleQ?tseW%n 8 ohO c?%sl'i Hz[ée @TE

streans of * possi b mnimze t
maki ng it gnecmrﬂnhmttyocoht;misiﬁgewatﬁemd deraems Which qﬂ)ﬂeeﬁﬂedﬁedhﬂumltmnt(ﬁé; andf t est

medi um The heat a t her nodynam c devi ce, theo of whjich is
based on ¢ 8 BF Pl B it o EBmSLeunBRS Ly e ecistn Shrbed SamariE then
the refihl g&tith (HPcHPMEESRRY iR A LRRGHSvaldh ¥ d BEwdRB ﬁingh% fr@ntifeod igui d
state, an exot hermc (condensation) phenonenon occurs which produces heat.

Conversel y, 1/3fattdh@rafahbiygéimnt1/0é tedliéehuti nlspr Beslight, byroroadjictrg suchf aom
the liquid state to the. endot herm evaparation non
occurs whi & tﬁ'@ﬁ]@é‘%r Pmﬁ)’b(g’gfdﬁﬁ% 86%%%6?@(1 élgflalg’]'ng %'B&/E% |gaa§§vm1).r %\‘/‘e?@nﬁl ng

i s-based omylRE)LMABARY kdstSih 118 FEbrh ThliRAE k@& (19) egidink -at the botlofh bhe
process of the invention, use is advantageously made of a heat punp t

recover thdhepdrgn (BB bedftsnsan bofedort theBotigme atithgr gﬁﬁﬁ&%ﬁﬂb@ﬁ“ﬁ@&@?ﬁbn
str eamlg&:)the i]ogs 2f1tg el Oué(lPﬁtforoghe ap rﬁﬁmgf gctr%l?dqa 8?1?5\/ &ﬁel’}lalv%f%? ate

t he aqueous 0] n acro Separat e rom ase e

in acrol ei rsu@bpﬁmgw@ftaé ag@leli)z) canlhecdrged omwmeb@nng)methabermntomhwioamomw t h
any suitable refrlgerant known to a person skilled in the art, such_ as,

for exanpl &r by dtign phasEmPg SPWBR e alidhe fop by the liguid srcam (18) apdat ane,
5 o0r a cogngéééﬁoglp fﬁgggé@aﬂgasa&esém b hydr ochl or ool efin, such as

1-chloro - tri ropropene or 2- or0333tr|fluoropropene or a
conposi ti on cofffpeilgjuid strdayn (E)gdrtiting rabmhelbd)ttnn5®y%tbef abstptydnt edlnmhy(@)afur an
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carried out  in the gas phase,
conveyed to the unit (G) 11:1 order to be subjected to evaporation. The liquid

evaporafion residue (18), concentrated in organic compounds which are heavier than
water, is either injected into an oxidizer (I) or eliminated from the process and treated

25 by any means known to a person skilled in the art. The gas phase (19), which mainly
comprises water with a small amount of light by-products, is mixed with a stream of
air (13) and brought, by virtue of the exchanger (H), to a temperature ranging from
350°C to 550°C and preferably from 400°C to 500°C.

The gas stream (9) comprising the acrolein produced is reheated, by an
30  exchanger (L), to a temperature which can range from 160°C to 300°C and then

injected into a second fixed-bed multitubular reactor (M) comprising a catalyst for the



stream (6) exits fromthe reactor in the formof a gas mxture at a
tenperature rangi ng from 150C to 550C and preferably between 250C and
400C. This streamis cooled by virtue of a first heat exchanger (not
represented) in order to bring it to a penperature ranging from 150C to
200C. Generally, this exchanger nakes it possible to recover 15 energy by
produci ng | ow pressure steam A second exchanger nakes it possible to cool

90C t 0. 120C et RO ehdnd 1 A0 Ruihal R ool e e B R B e O

absorption ggtsgamn (D) (exchanger (E)), fromwhere the liquid phase
depleted in acrolein (10), separated fromthe gas phase enriched in
acrolein (9), exit shatodthe fdttheMreattors thé gghsd sstanea@2) 13) subje@0d to a
evaporated at a pressure greater by 0,1 to 3 bar than the inlet pressure
of the dehy@PRHTYBPUIEFERHPCQYGNGE; 95 scrified ohave wihe ‘%]@)agaftfp%mt %%@Pa(f’h‘f‘
ranging of r 1 43106 3061 1S ENRILY PP HARiL0aB0p of the FoRmipat
punp opeSr a%g%\%\nﬁﬁ&a re rﬁgﬁejrant %i C cpan g%)mtérgo%r am}3 %t hgr

ref ri ger ant(P) $s tenshptebsed byrthe hempteesce f8Ntoi forme dhe stocand(Hewhickis redmmed tand

the 25 abovenenti oned heat exchangers. of the uni . Aliguid streamis
evapor at ed P SPHEY ﬁ%st‘tetéeﬁ%ﬁ?ﬁg’rlgg‘ﬁamf O @8%3?@5&2%}6 F%Vsy%ﬂﬁb?i% at a
pressure of ;:h&t 1 2 and -30 bar and preferably from2 to 8 bar at a -

tenperature of 110C to 200C. The stream obtai ned is condensed in the
second heat exdivanpaey andmidation péthecrrdedsh the 8ge gases droan Hwdheandl wxishigsr t o

excahangr o @ wd b St AR A TetoRyaPdh BRERN! IR ol iy o

in the gas phas i i I r

cner gy can al oo ise G SERAE pRorak STyt TR I BRSS g SN B b g
t he separ atdcoylicsicidiacdo)ding o @& ineeimnafcercaadiondootter dahlpdradioe ofelyekrol is
condensation of the water present in the gaseous reaction, strea uring.
the separ at§a5redkqud gathggas P?ﬁssa%fgﬁﬁagwgﬁpgwﬁe&a avy i%éaﬂ%%}lcrﬁifg IHEDENCG he
gas stream ie)ﬁaoﬂ%@ %ﬁﬂ@ if raﬁ;?ﬂetdht% #leRyAIAthRRnE SREUHydiRioh A8 th) nd tihqndreat
- exchanger (C) an en 5 1t'econpressed by a conpressor (not represented in
Fi gure ) befueows debmgexitmefomdstige @. iThe aondengutis dhusooledin ExBpplthef
colum (D) and the exchanger (E) operate at a pressure greater by at | east
1 bar and préfAEpiS@Pifeast 2 bar than that of the reactor (B). The
liquid stream (10) recovered at the bottomis subsequently evaporated via
t he exchanger (F) and the unit ((li), which operate at a pressure |ower
than that of t Hinengy eptimiratiop Ry thempro¢asy agpprding tothe inventiorhar and pref erably

by at |least 1.5, . bar_and a.pgr ure, gr r - . )
e tommr esst o Barring Bift BERLSSROLFALE bl Wplladhiat ofl ibG {ERRS Anibip)
gl ycer glo arnghvet@pe ePpotadt adeSedet athe phdetdcching Bube assnton. dheaseobt ng

exchangers and conpressors in series. Under these conditions, the
condensat i CWIHTESINB Y5ISMST Sedheasc Beal FMITIS) OF SORPICgsiqns o1 §PHIE SUSHDS oh dhtral

| evel for t « : : i
condensat i SHCSE: Te Dpo SR RIARENER GOMRPIREb Prkints RSBKD Hosid
evapor at i onfréth theodedt|médinh thhhe hothst ()diuthhdhe heattpongais 4 Hetmodemagas
streamexiting at the top of the.colu can be cool directly b he

i qui 0 ot 1 G FETRB A B R TR P TSI e 86 1 n
ot her war d%ﬁ@éﬁﬁ%gﬁﬁ& ﬁxg)mﬁ{@an%w cbfipred 4aH958seQ frdriehdIBhd Sate@ 8@N be
20 the sane excthangers. In another configuration, the condensation at the
top of the lipiidistaty B catheied @onddnpatidng modmaenger oqcBls whishiproduresl heet.
produce steam whi ch.can used. at,other places in.th rogess for the
broduct | on GPRVSEFS & e SRV s dodiErd T RS PaBEgd fPRCBE Jiud sate 1o
25Ad\t/)ant age@ushystatk e GASthSHhRIBIApBatioN} pheBmbraNddcls WigbY Bagtd @ Podseet or
can be

to absorb heat and to cool down. Everything is based on the change in state used in a
30  closed circuit.
In the processr of the invention, use is advahtageously made of a heat pump to

recover the energy of condensation of the water of the gaseous reaction stream (6¢) at



cool ed by the heat exchanger (C) down to a |ow tenperature, typically of
110C to 160C, so as to produce steamin the exchanger (C, which steam can
be used at other places in the process for the production of acrolein or
acrylic acid or outside the process. 30Dhe heat punp(s) enployed in the
process according to the invention can al so be used to produce steamat a
sufficient thermal level for it (them to have a use in or outside the

PO enei nate iputlat, fe B RERRRpR FERT 8 b AubPGal IHE Ml s TS GGRUEL B o

to reducing fuels "an I'scharge

at nospher €. acrolein sEp@atet Frdms e plede aafiotet] dn aciothid btuan &g Mhdihag pueng he
process of the invention can be used for the manufacture of honopol yners
and copol ynenPperasivibavasy govine saeblsselsigempt kngvn 9@ perspioskalind i814kg | v

of ot her ungat : I fgct 4l
superabsorﬁ%ﬁfﬂgﬁ#§%%?%og%%ﬁH%%gﬁf%%%ggﬁgp%gggggﬁH%?*%%égggﬁﬁmgg?g?grIy
neut r al 5z edorag icdm@ositiyn pomyriging zatlean oaé HyliecBlarablafoi, duc ak |1evideroky3,3-

partial 10neutralization of the | yacrylic acid obtained. .The
bi or esour ceial%gequpen%@r &6*39%%-%5345@&6%{%@11 - PTth EOPPEREYS COPPEifRS, by

~invention caneml B8nPPISPA drihethlIRuIRIUARIIIA Mim BALYIDS S RinaBERGYGPT S

by pol ynmeri zaf’i 6n erivatives of the said acid in the ester o
am de for malkgEREERMMENTAL2 PARIOR, R compiiymgd &orod s # ngriABPENTsoftcane was

used in Exanples 1 and 2, ta.il.l ustr e process according to the
invention.f%ﬁ@%ﬁ@ﬂEgﬁ?ﬁbégggﬁgo%igfggé% %as_96by wei ght. The pressures are
expressgd in bap ROsReUBere HhE BRYdrhfi@SrABNINE @rsQNbeNin #k éa@jﬂxa;*sé]élﬁb 1%
will not be mentioned. 20 EXAMPLE 1-(with reference to Figure 4): '

Gas- phase ddteguir(8) ety odmghg ceactor in Sheplood wd e 2ae rokairgat asiieratere sxigihg ed
to give acryli i separ ati;on, of h o PLO; ..condensat i,0
1 medi at el %ﬁltcléﬁgdf gdesiq}) gg%n olf’reﬁegl"n %Pg“fegﬁagq dé%%g%%ﬁ ?rglcﬁ Sggzbrgrlgg?og%&of

heavy produgt irtay of b @S hdhSddichinadet Qivt efprésastedpinirddrae Brinditl tb Qubslipshfieam
(1) of glycerol preheaggd to 220C (17.4 T/h, 99.0%glycerol) is 25
i nj ect ed vitnging sioay 195z e 200C. iGrograllyy ey @ichenggh snakes danpstible togscayer h,

478C, 2.8 bar 0 24 7% 7 449 , 0 ryli: j ()
479 1, Y AL T Vo L0 oo PR
evapor at e oHBrst@amito rat tegipsitatnre eanglipefromsil°Citnd 204S asd paafertBly ffofd 92°T kd,
320C, 2.8 bar, 21.7%glycerol, 49.8% water, 19.3% nitrogen,. 5. 8% oxygen,
1. 3% acryl i H05€i efjher g“?@é?n\}’é‘i}e(ﬁx‘t’b@n&erf L6 Bl 10p Of the absorption column (1)

(exchanger (E)), from where the liquid phase depleted in acrolein (10), separated from
the gas phase enriched in acrolein (9), exits at the bottom. This liquid stream (10) is |
20 evaporated at a pressure greater by 0.1 to 3 bar than the inlet pressure of the dehydration
reactor by virtue of the unit (G) at a temperature ranging from 100°C to 180°C and
preferably from 110°C to 150°C.
The heat pump 6perating with a refrigerant which can be water or any other
refrigerant is installed on the abovementioned second heat exchanger and the
25  abovementioned heat exchangers of the unit (G). A liquid stream is evaporated in the
first exchanger and then compressed in a compressor at a pressurc of between 2 and 30
bar and preferably from 2 to 8 bar at a temperature of 110°C to 200°C. The stream
- obtained is condensed in the second heat exchanger and then reduced in pressure and
“cooled in order to restore the 1iquid stream, thus forming a loop between the two
30  exchangers.
In the case where the dehydration reaction is carried out in the gas phase,

compression systems which make possible recovery of energy can also be used between



30 nul titubul ar reactor (B) which conprises 35 nB8 of a heterogeneous acid
dehydration catalyst and which is coupled to a nolten salt bath which
makes it possible to renove 24 the heat produced by the reactions. A gas
stream (6) exits fromthis reactor at 320C under 1.7 bar (58.2% water,
19. 3% N2, 4.6% oxygen, 10.6% acrolein, 1.0% acetal dehyde, 1.5% acrylic
acid, 1.1%acetic acid). This streamis cool ed to 160C i n a heat exchanger

(O, which s't. ossible.to er aIL siyr eam a)

broduct s ( cGeRgpRusRaanS et  FROE R e L AR R "5 Rey oo

to a t hennahe @xérdi; 2€cofidbhsatioheofahs “faltfﬂqirés!éﬂt inSthé cgayeemeeleabﬁo@@u-eﬂs @nddigd on

colum (D). A gas stream 7%1} (21.8 T/ h, 138C, 65.3% N2, 22.0% water, 3.7%
é

coe, 3. 1% dbe sopagsiopxfagesh corigurtiamexepplifisdbyfFigwe 4 Hleugns Ry (Fhe

I D
08) (750, SRR etV bR Readorbll {dofta 69 ACREE eXclnghy ) Bk ApBIERC
is ret urmedret@nplheedd»b/mm@):ssoﬁnd)t acpresentet én Figmne 1y hefdrogbdng injead (R)

(54.6 T/h) exits_ fromthis partlal condens (E) ,at 75C under 1.7 bar,
whi ch gas stgﬁ RIS elumg (o, 0011911%%%5&115 | 1Bf rExchanegod b ppgrate 7at 7y, 02,

2. 4% CO2, s(?ﬁ%%er AR Qf/‘[e%&eL Béldﬁﬁyﬂ‘éfer% aOREstSE hgaihi Mat o tﬁ@%ﬁﬁl&e dto

240C by an ‘ex en I njecte nto a 15 second
mul t it ubul aiB)r Elacliquid @Mam«jh@)rmeuwgsdam tlex batton orsubatquieytby ceapdragedoat thof

't I t th ff by th t
outl ot of 1ictieehioind o gadCE  wihnipsdie sod nethie Paier QB 90 T
acryl i ciaci ghlunid §)°/9ﬂ@€3(fE§'b a%léb(? ar B By BPRAYI 108 barZantlh SREYGRN.

1.5% acetic aci d) I's cool ed to 160C by e exchanger (N) and then injected
into the alﬁ@atptthamth@mﬁihnre(appor(ﬂb dhe eempl(egs;f)n ca@ned)fbutdaeovaanrst@fe anirdhe i s

injected at S coI q

Fecover ed_ sletysatamel i ERerioh i awdsd Ba e BE s U foe Hsskhian nf
under vacuWwo @,tbhaﬁé@%ﬂdcmggsbﬁsent;@lersecover a streamof acrylic acid
(25) (15.4 T/h, 66.2%acrylic acid, 25.0%water, 5.1%acetic acid, 3.1%

fornmic acid). Ande héhe@womm@n?e thocopdengaen atHbe dger oé the sphupeiD) 15. 4 ar/ h,
72C, 0.3 b tR
[2G, SR, bkt SRRV B H AT pe Bl ER L 0 HUREAATP),

72C, 1.1 batond&BaidSh A2he g cﬂ%e\ltﬂ)ﬂlﬁm B) @a%l:@%uplad IIhSOy apdr&ilenQR fhel ditlet
reconpressed to 1.8 bar by the conpressor (S) .and forms- the stream (7)

descri bed adbepummdpthabis tpary th@g%y g?«%stgeeme%ngaatt%m thagadnmp cary by |

The acrol ei 4y, i af wih m
(D (6.3 TrRRAYEUE e PR Gk Rin He bGP TR PHICR WA yobaT

aci d, 2.6%rabaayddi én ahedwoilsDesdhymizen (D OpeandriE} ard ﬂtﬁfsembflélle unétay§) oanglani ¢

conpou&%s nths Sﬁ%\npedgflg?gt%, B%égﬁancg?nfﬁé%%vﬁ{l ch r| n éﬁtﬁfaolpgfz) under
2.8 ba t < i
liquid phas@dSIDdrbedédih Wc@hﬂ@r%ﬁ bk 19d &Apjfoaucystbmn%hlgf)(%M@E@ r

2.5% acrylic acid,” 1. 5%ace ic acid gas phase (19) is mxed with a
stream of aised (aﬂ_:e)heomlz@es .} ’ﬂﬁ]p@pesm%cthmdmdu@l@ bhecraletk vhearyheacador o

478C to fontt (? t?‘ stream (3). Heating can be carried out by an exchanger
(H), the hot"'FYUTGPBI®%khi ch

25 Advantageously, the gas stream (6) exiting from the dehydration reactor can be
cooled by the heat exchaﬁger (C) down to a low temperature, typically of 110°C to
160°C, so as to produce steam in the exchanger (C), which steam can be used at other
places in the klprocess for the production of acrolein or acrylic acid or outside the
process. & A

30 - The heat pump(s) employed in the process according to the invention can also be
used to produce steam at a sufficient thermal level for it (them) to have a use in or

outside the process.



5i s conposed of the flue gases fromthe thermal oxidizer (J). EXAMPLE 2
(with reference to Figure 5): Gas-phase dehydration of glycerol to produce
acrolein conprising a separation of heavy products by flash distillation

i mredi ately before the stage of dehydratyzon of the glycerol and a
separation of heavy 10 products by condensation i mredi ately after the
stage of dehydration of glycerol. Aliquid stream (1) of glycerol at
- 25C (210 kg/h, 99.0%glycerol) and a recycled liquid stream (3) (519 kg/h,
124C, 93% water, 2.6% acetic acid, 2.1% acrylic acid and 1.0%

hydr oxypropanorge ke XREordmg( A9 , the hafeicharise doh@ibdikd CtaIneaicind thar
via the exchangers (C) and then conveyed to a flash distillation colum
(K) 15 ope‘?@@lilfﬁgtl@}h@‘)eﬂ‘ddﬂ.asd Herdigpbarse of EO2 v theratmasplisrei t possible to
separate the heavy byproducts. This colum conprises a loop on the liquid
phase equi pped with a punp (S) and with a heat exchanger (H) intended to
contri bt e t he Tedioreaesshiyylliohcié vhphiedtdcondify tbhke grocesr ¢l thandehtien

wat er. A stream of heavy by-praqducts (%0) of 3 kg/h at 244C is recgvered
at the bott@ b¢ use febithsrimaqufactyrp i nheshonplyners 1 anda pepdymes prrdued dbyrhe

gas, phase exlibhng@bn! HealoR Akid Bhe AR bFbulc?, GABENER B, for

exchanger I'n order reheat 1t C, and is then mixed wth a
Stream of oexpgpie (hit Ianfifatticg bhijyperabsabate potymdroobtainhé by pobarrizijon(of4be
kg/ h, 2.8 bar, absolute, 300C, .65% water, .28% gl ycerol, .1.9% oxygen, 1 8%
Ret o aci (P R Of g GabrigtcR Sy oy by gl
fixed-bed mthfisHeeh dF tHeSRE RFyIcBLiMMHi&Red. 25 conprises a heterogeneous

aci d dehydration catalyst and which is coupled to a nolten salt bath which
makes it possi Ohe hiores@moadeadriiéc hadtobpinsdrseetding torbe prwessi dribe invegasn

stream (6) exits from.this reactor at 314C (76% water 3. 6% acrol.ei n,
5 1ok mcet) Rl b4 Rt Rl maniRinR o imelBe bR b R RGHAR O
‘nonoxi de).. {hBsriwliveasT ths s&i0akRdn bR B6r iflidefgmheat exchangers (C)

al ready described, which 30 make it possible to recover a liquid stream

(6a) of heavy products (29 kg/h) and a gas fraction (6¢). The liquid
stream i55 sent 10, el I 'y '(Iii zer (J). The gas fraction is 26 conveyed
to an absorpti W_M'M -colum (D) conprises a condenser (E) at
the top. A gas pbasgat{on) udiZd AKTEN, sd¥iGvar? wds sud, in2904nfpls 296 TR illukQfe

acet al dehyde, 18% f or mal dehyde, 13% Og:[) is recovered at the to and a
liquid phasieipgogescanrardies t the pryestion. dihe percepiaeesarne exaersed gy 7o Bheight.i qui d

phase is -pagjd ﬁlleg%ré@i atrg'gﬁﬁrmeﬁgn K& {bsolffe. The entities having a content of less than

1% will not be mentioned.

20  EXAMPLE 1 (with reference to Figure 4): Gas-phase dehydration of glycerol to
produce acrolein, which is oxidized to give acrylic acid, and separation of heévy
products by condensation immediately after the stage of dehydration of glycerol and
separation of heavy products by flash distillation on the water loop.

A liquid stream (1) of glycerol preheated to 220°C (17.4 T/h, 99.0% glycerol) is

25  injected viaa spray nozzle (A) into a recycled gas stream (3) (65.2 T/h, 478°C, 2.8 bar,

63.6% water, 24.7% N», 7.4% O, 1.4% acrylic acid, 1.2% acetic acid). Spraying the
glycerol as fine droplets allows it to evaporate over a short distance.

The resulting gas steam (5) (79.2 T/h, 320°C, 2.8 bar, 21.7% glycerol, 49.8% water,

19.3% nitrogen, 5.8% oxygen, 1.3% acrylic acid) is conveyed to a fixed-bed

30 multitubular reactor (B) which comprises 35 m’ of a heterogeneous acid dehydration

catalyst and WhiCh‘ is coupled to a molten salt bath which makes it possible to remove



5 2.3 bar, 78% acet al dehyde, 15% f or mal dehyde, 4% acrol ein) and partially
recycled to the colum. A side streamis drawn off fromthe colum and is
condensed by nmeans of the exchanger (F) to give a stream (9) of acrolein
(109 kg/h, 30C; 92.2% acrol ein, 4.9% wat@r, 2.2% acetal dehyde). The
acrolein-poor liquid stream (10) exiting the bottom of the colum (D) (574
-~ kg/h, 10 124C, 93% water, <0 1% acrolein, 2.6%acetic acid, 2.1%acrylic

acid, 1.0% Q di Vi nto strem 8 i ch,d

el i m nat ed % %%ﬁoﬂu@e CtﬁPeanA??% it &St 53533 %@é“g%’gﬁ#ﬁ%%ﬁc
Laboratory ugssr accemdl(ﬂ&zw xﬁzm i vaiat Non 4/&%a@x5@eﬂehmp/atdcmemat1aﬂ)%st is
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phosphot unga¢d@deere lsraendis 26: & 1% REHE awﬁbﬁwtfeéwééaol%%l%ﬂm@i e

f 300 |
Z:’léet ﬁen ca %?%é%ﬁaﬂge 5@%’6&’?{&} I%éﬁ{?our%dég %\Cjtg: rg%’%e}égrﬁﬁurﬂagtgegnf%gyca a St is
i ntroduced pridocta (6%laghpandmges Béctidd Ghe)sThe Hieidsteimds coviviefedatodi thierhar of

13 mm pl aced verti n. an oven heated to _280C. 20 A f]lqow rate of 15
g/h of a sopﬁﬂi%h(ga%aécﬁ%ﬁw%@%%vem fgrin BporppR gDl Aas Sisof

water is niyx gckmt ma 1hhaw. 65%% R, ﬁa%e&a@f‘% it ngteﬁ‘ 19§ cb,2.47do}8

standard |itres/hour respéctivel y'and then cdonveye 0 an evapor at o)r whi ch
heat s the nindatadeatt the 286@maeidthaitotimi £D¢0Hrﬁec¢lamnt(@)tdmmprea$tao the Tipe a
gaseous efflu ts t he _outl et .of .t he roar t her conv edt
Craps 1 25P8HR SUGRICERE n'y Py PHeSigbl 00" o anbPh GG 4D dRovkiresl and
whi ch are C@(ﬁid@fﬂseir ?Eﬁ@bcﬁ%lﬁ& ik et RN k@&@lcmu&ﬁrﬁ@)t hei ﬁPé&d)l@infbnhﬁh&{ gar to
produce a material bal ance, or are conveyed to tank cooled to OC,~so as

to trap nossiresm OheSaian eaﬁﬁﬁh@dhh} ppﬁ@&.i Gmdgn?gﬂf M&é @)ymdﬁrel Foacwhish. | n

bot h cases, _th condense fter
washing in % tsrrgp co Sg? §4%ZS§]§’I ﬁ%é%s%cr ﬁlrrh’ thggr OXI Z(I;/Hﬁ? %%3%6%’%

pressure drgp%motalﬁa1r@ag&@ﬂd¢]@dg\easured t hr oughout the experinment. 27 A
mat eri al bal ance was carried out with the traps in series filled with

wat er from Tlmgas steatn (¥) & tehentasd t00240°€ 187 froewchaddryr (b)1 atichtheo g edted thto and
fromthe tinme t %11) hour to.t = urs 30, Th Cerol and oleln
e iapyibang § bih

contents i nS%ARd fl?‘ %J?@EPTH g‘%??lﬂ?ﬁ}”&?é’t lﬁh‘fa
conversi on gngolbe AL B} ?érﬂoé{h b l?era? R%h(ﬂff O%' ek l%a@t‘fcﬁpﬁdg'tﬂg OE@ettcﬂeﬂns

formul ae: 3 ycerol conversion (% = rm es ycerol injected into the
react or t hreaghouhe ghmsunma@?drﬁéﬁ ”f/ihe Sﬁ@lyahh,ew 9%( awyles agfl, th.yBewaler,

b oughout TRE Ge 20 BRREn CRoSRean 8 ¥58E00 MAAB A Hi ereye DI o
of acrol ei npy ﬁﬁ%\k@ﬁzﬁ@eﬂ Nt tBert nfdR8d infPtHR b8ErpabY 6610 (P). A stream (23)
20 of 6.0 T/h of water is injected at 25°C at the top of this column. A liquidk phase (24) is
recovered at the bottom, which phase is sent to a column (Q) operating under vacuum
which makes it possible to recover a stream of acrylic acid (25) (154 T/h, 66.2%
acrylic acid, 25.0% water, 5.1% acetic acid, 3.1% formic acid). At the fop of the
 column {Q), the gas stream (26) (1.6 T/h, 72°C, 0.3 bar) is conveyed to a condenser
25 and then to the column (P). Part of the gas phase (29) exiting at the top of the column
(P) (45.2 T/h, 72°C, 1.1 bar, 65.3% Ny, 22.0% water, 3.7% CO,, 3.1% CO, 2.6% O,) is
recompressed to 1.8 bar by the compressor (S) and forms the stream (7) described
abové. The other part (30) is sent to a thermal oxidizer ).
The acrolein-poor liquid stream (10} exitiﬁg at the bottom of the colummn (D) (46.3 T/h,
30  86°C, 1.8 bar, 93.4% water, 0.04% acrolein, 1.9% acetic acid, 2.6% acrylic acid, 1.0%

hydroxypropanone, 1.1% other heavy organic compounds) is pumped into an

exchanger (F), which brings it to 132°C under 2.8 bar, and then flash distilled in the



10 injected into the reactor throughout the duration of the balance) * 100
- The results of the experinent are given in Table 1 bel ow. Furthernore,

nost of the water and of the heavy products was collected in the tank
between the time t = 1 hour and the timast = 2 hours and al so between the
“time t = 3 hours 30 and the time t = 21 hours. This aqueous sol ution was

- subsequently treated for 2 15 hours on a rotary evaporator heated to 30C

~and under \ r t crol ej in
t he tank an@“ lqutl& B%s& Eg) t@é}? 3tg35§1“ ee(?%‘ﬁcpr

repr esent edo4 s RiAger . 59/9 adrph@aa@r; $% btdhad)e Thisagephdsy (1) lﬁmﬂdamﬂl at he
aqueous sol uti-on freed fromthe acrolein is distilled on a rotar

~ evapor at or #tecapse aifdél o2 T4 at\ﬂéélfﬁhb}ld@@ Hlartapd theadigated o 668%’&@&3% of
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simul at & stlageﬁlp(m%)d ofnigk ) genés ﬂfmrgmlﬁeethérmatlheidmnd!ensate of recycl ed water
was mixed with glycerol, so as to obtain a 50% gl ycerol solution, and the

experiment for the dehydratlon of glycerol was repeated. The results are
given in Table 1. Wen recycl ed water, which has been subjected to
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Exanple 3, the reaction for the dehydration of cerol was 30 carried out

with a sol vimmedigelyeied tesf stggmﬁﬂﬁhwéﬁagﬁ@ OBﬂlepﬁh’(‘@ﬂéIﬂ’y’lé arsgpargliep. SlovAEY
wat er, 1@“3@@8&5@8 {)y E&%eﬁ@h%ﬁ uﬁﬂlgdgiel); mer%@'éﬁ/geg{f%gﬁ%ﬁm\ﬂaﬁ g%@eioqpt ed ina

tank an _
A liquid stream (1) of glycerol at 25°C (210 kg/h, 99.0% glycerol) and a

recycled liquid stream (3) (519 kg/h, 124°C, 93% water, 2.6% acetic acid, 2.1% acrylic
acid and 1.0% hydroxypropanone) are mixed in (A), then preheated té 212°C undef 25 -
bar via the exchangers (C) and then conveyed to a flash distillation column (K)
15  operating under 2.8 bar absolute, which makes it possible to separate the heavy by-
products. This column comprises a loop on the liquid phase equipped with a pump (S)
~and with a heat exchanger (H) intended to contribute the heat necessary for
evaporation of the glycerol and the water. A stream of heavy by-products (20) of -
3 kg/h at 244°C is recovered at the bottom of the column (K), which by-products are
20 élimjﬁated. The gas phase exiting at the top of this column (K) is conveyed to an
| ‘exchanger (T), in order to reheat it to 303°C, énd is then mixed with a stream of
oxy'gén (13) (14 kg/h), in order to form the stream (5) (740 kg/h, 2.8 bar absolute,
300°C, 65% water, 28% glycerol, 1.9% oxygen, 1.8% acetic acid, 1.5% acrylic acid).
The gas stream (5) is conveyed to a fixed-bed multitubular reactor (B) which
25  comprises a heterogeneous acid dehydration catalyst and Whiéh is coupled to a molten
salt bath which makes it possible to remove the heat produced by the reactions. A gas
stream (6) exits from this reactor at 314°C (76% water, 13.6% acrolein, 2.1% acetic

acid, 1.7% acrylic acid, 1.2% acetaldehyde, 1.0% carbon monoxide).

This stream is cooled to 123°C in the heat exchangers (C) already described, which
30 make it poésible to recover a liquid stream (6a) of heavy products (29 kg/h) and a gas

fraction (6¢). The liquid stream is sent to a thermal oxidizer (J). The gas fraction is



28 treated for 2 hours on a rotary evaporator heated to 30C and under
partial vacuum so as to evaporate the acrolein. The aqueous sol ution
recovered, conprising a m xture of recycled heavy products and water, was
then mxed directly with pure glycerol, 26n order to prepare a 50% gl ycer ol
5 solution, and the experinment for the dehydration of glycerol was
repeated. A pressure drop of 0 1 bar over the reactor was observed over

hours 30 and the the I C fter
5 hour s and- PeCERchaf BXGTAL o BAER e LGRATET bRl A Ballomtel @D
conti nued. hBeoy. @Sglstphasei(@) gaﬁxaegnh INCT2BIter, 129%100;/\2:3% COg 10% aratiblehfde,
recycl ed water conprising_heavy. products a very I se.in pressure

was obser vetBadornaldedyide. 18%0 Q%‘%%%é@rédéf theyfgp F’é%ét’&t‘l% PRRE & rgeovgyed@r of
conver s o @t bfietoMcdbn ?% rég (E%({vﬂ il e RIgaftarl Wikidaln (AR RSUT €

drop after
5 2.3 bar, 78% acetaldehyde, 15% formaldehyde 4% acrolem) and partially recycled to
the column. A side stream is drawn off from the column and is condensed by means of
the exchanger (F) to give a stream (9) of acrolein (109 kg/h, 30°C, 92.2% acrolein,

4.9% water, 2.2% acetaldehyde).

The acrolein-poor liquid stream (10) exiting the bottom of the column (D) (574 kg/h,
10 124°C, 93% water, <0.1% acrolein, 2.6% acetic acid, 2.1% acrylic acid, 1.0%
hydroxypropanone) is divided intt) a stream (18), which is eliminated (55 kg/h), and

_ the stream (3) described above.

EXAMPLE 3: Laboratory test according to the invention

| An acid dehydration catalyst is prepared by impregnation with the pore volume of an

15 aqueous phosphotungstic acid solution on a titanium oxide reduced to a particle size of
300-500 utn. The catalyst is dried in a ventilated oven at 110°C and then calcined at
500°C for 3 hours. A volume of 7 ml of the catalyst is introduced into a reactor made of
316L stainless steel with a diameter of 13 mm placed vertically in an oven heated to
280°C. | ,

20 A flow rate of 15 g/ of a solution composed of 50% by weight of pure glycerol and
50% of water is mixed with a flow rate of oxygen and nitrogen of 1.2 and 18 standard
litres/hour tespectively and then conveyed to an evaporator which heats the mixture to
280°C and which is connected to the reactor.

The gaseous effluents at the outlet of the reactor are either conveyed to two traps in

25 series which initially comprise 120 and 80 grams of water and which are cooled to 0°C,

so as to completely trap the acrolein in order to produce a material balance, or are

conveyed to a tank cooled to 0°C, so as to trap most of the water and heavy products

" produced by the reaction. In both cases, the uncondensed gases- are eliminated to the
atmosphere afier washing in a trap comprising a dilute sodium hydroxide solution.

30  The pressure drop in the reactor is measured throughout the experiment.



G ycerol /water >99/80 70/48 0.1/0.1/0.1 Exanple 3 dycerol/recycled water
condensate >99/79 70/47 0.1/0.1/0.1 Exanple 4, conparative

G ycerol /recycl ed heavy products and water without distillation stage >
99/ i npossi bl e to nmeasure 70/inpossi bl e €28 :

A material balance was carried out with the traps in series filled with water from the

time t =2 hours to t= 3 hours 30, on the one hand, and from the time t=21 hours to

t=22 hours 30. The glycerol and acrolein contents in the traps were measured by gas

chromatography. The glycerol conversion and the acrolein yield are calculated

5 according to the formulae:

Glycerol conversion (%) = ((moles of glycerol injected into the reactor throughout the

duration of the balance) - (moles of glycerol recovered in the 2 traps))/(moles of

glycerol injected into the reactor throughout the duration of the balance) * 100

Acrolein yield (%) = (moles of acrolein recovered in the 2 traps)/(moles of glycerol
10 injected into the reactor throughout the duration of the balance) * 100

The results of the experiment are given in Table 1 below.

Furthermore, most of the water and of the heavy products Was collected in the tank

bctween the time t=1 hour and the time t=2 hours and also between the fime t=3

hours 30 and the time t = 21 hours. This aqueous solution was subsequently treated for 2
15 hours on a rotary evaporator heated to 30°C and under partial vacuum, so as to

evaporate. the acrolein. Collecting in the tank and evaporating make it possible to

simulate stage (D) represented in Flgure 1 In order to simulate stage (G) of Figure 1,

the aqueous solutlon freed from the acrolem is distilled on a rotary evaporator at 75°C .

under partial vacuum, so as to recover a condensate of recycled water, on the one hand,
20  and aresidue of highly coloured organic products in the distillate, on the other hand.

In order to simulate stages (A) and (B) of Figure 1, the condensate of recycled water

was mixed with glyvcerol, so as to obtain a 50% glycerol solution, and the experiment

for the dehydration of glycerol was repeated. The results are given in Table 1.

When recycled water, which has been subjected to separation of the heavy products by
25  distillation, is used, glycerol conversions and acrolein yields are obtained which are

similar to those obtained on using pure water.

EXAMPLE 4: Comparative

In the same way as in Example 3, the reaction for the dehydration of glycerol was
30  carried out with a solution composed of 50% by weight of pure glycerol and 50% of

water, and most of the water and of the heavy products was collected in a tank and was



measure 0.1/0.3/>1 (7h) 29 CLAI M5 | . Process for the manufacture of
acrolein fromglycerol conprising at |east the follow ng stages: 5a)

gl ycerol is subjected to a dehydration reaction in order to obtain an
aqueous stream conprising acrolein, b) 28he streamresulting fromstage a)
is separated into an acrolein-rich phase and an acrol ei n- poor aqueous
phase, <c¢) all or part of the acrol ei mpoor agueous phase is recycled to
stage a), teri i i Vv
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The results are given in Table 1.
10 When use is made of recycled water éomprising heavy products, a very rapid rise in

pressure was observed as a result of a blockage of the reactor.

Table 1

Pressure drop

Glycerol conversion Acrolein yield after 2 /S h/21 b

after 2h/21 h (%) | after 2 h/21 h (%)

(har)
Example 3 > 99/80 70/48 0.1/0.1/0.1
Glycerol/water
. Example 3 '
Glycerol/recycled water > 99/79 70/47 0,1/0.1/0.1
condensate

Example 4, comparative
Glycerol/recycled heavy products
and water without distillation stage

> 99/impossible to 70/impossible to

0.1/0.3/>1 (7h)
measure measure




c) all or part of the acrolein-poor aqueous phase is recycled to stage a),
25d) the acrolein-rich phase is subjected to a catalytic oxidation
reaction in order to obtain a streamconprising acrylic acid, e) the
streamresulting fromstage d) is subje@bed to one or nmore purification
treatnments and purified acrylic acid is recovered, characterized in that a
stage of separation of heavy by-products by dlfference in boiling 30 point
is carried out, which stage is applied ¢§ PR at | east of the follow ng
streans: the strean1entering stage a), e aqueous streamexiting from
stage a) or the acrol ein-poor aqueous phase of stage b). 30 4.Process
according to any one of Clains to 3 q giterlzed inthat a sta%e of
separ ati on of 1y hRropesaigr Hhy- laﬁ@a”%ré% VAR I F QIR AV GeRol Fomnis e i 1pest it
applied to §| v@ﬁ entering stage a) and/or to the acrol ein-poor -
aqueous phase 0 ge b), in conmbination or not in conbination with a

st age of3 sapqﬂamnﬂnSGMjhﬁahy)wﬂdpﬂﬂmansmb@n5mbﬁkemenbmhimlmpmbhmgmﬂmint
applied to the a ueou Streamexiting fromstage a). 5. Process
accordi ng t @B ETEF Y he preceding clains, characterized in that the

stage of sepahaliefn suldi H@ﬁvétaééYa)pirsos@HﬁﬁédllﬁtoCﬁ{ ﬁér@plmpﬁéh %h&éaee{ndbxn
evaporation,” when the streamto be separated is initially liquid, or by

condensat i casrolpinepoor hguests plase,.10 t o be separated is |n|t|aIIy gaseous, or

by a conbi nati.on of t.ion and of condensat severa
separ ati on tydgf Piﬁﬁ ﬁﬁmnfmorwﬁ% e§§“§3%§}%Fﬁ'e Yo any one of the

preceding Cératdtheriz6d af et £EthZesk deParkfidi of Ili@vﬁ bageodicts' g dfatened int iglikeavy
conpounds is carried out by evaporation of the
" point is carried out, which stage is applied to one at least of the followmg streams: the
stream entering stage a), the aqueous stream exiting from Stage a) or the acrolein-poor

aqueous phase of stage b).

15 2. Process according to Claim 1, additionally comprising a purification treatment

of the said acrolein-rich phase by absorption/distillation.

3. Process for the manufacture of acrylic acid from glycerol comprising at l_eélst the
following stage's:
20 a) glycerol is subjected to a dehydration reaction in order to obtain an aqueous stream
comprising acrolein, |
b) the stream resulting from stage a) is separated into an acrolein-rich phase and an
acrolein-poor aqueous phase,
¢) all or part of the acrolein-poor aqueous phase is recycled to stage a),
25 d) the acrolein-rich phase is subjected to a catalytic oxidation reaction in order to obtain
a stream comprising acrylic acid,
e) the stream resulting from stage d) is subjected to one or more purification treatments
and purified acrylic acid is recovered,
characterized in that a stage of separation of heavy by-products by difference in boiling
30  point is carried out, which stage is applied to one at least of the following streams: the
stream entering stage a), the aqueous stream exiting from stage a) or the acrolein-poor

aqueous phase of stage b).



15 m xture of glycerol (1) and of the recycled water-rich phase (3) in a
device (K), which generates a phase rich in glycerol and in water and

depl eted in heavy compounds (stream (5)), which is conveyed to the
dehydration reactor (B), and a liquid oB0solid phase (20) rich in organic
conmpounds heavi er than water, which is elimnated. 207.Process according
to any one of Clains 1 to 5, characterized in that the stage of renoval of
t he heavy conpqunds i i Ot r t t .

exiting from t%’e dehylﬁ(r)(gﬂé??r %%C%?%lggttg%z/%ngiogqg evll g;e&( g%fé&mﬁ?gﬁ]%g%%raat es
a gas phassetdeeof seiapitivhed thoheavgdy-moduntpby ddferdreawi boilihd animwet appliedhth a
liquid or solid phase (6a engi ched i org@ni Cc conpounds hea\%j er than

wat er, whi di F§ca8) PRieTing §3299) gnEPHILEE AEUHPROAY WP BRLIa i 1s 1
to 5, char %%E%ﬁﬂaﬁ%ﬂ ok Rof HAton M BatihAIRh @fstd, r@‘é@éarﬂ{oﬂ&%e@@ﬁ%%—p?&ﬂﬁe@%fd_s s
carried out by evaporation of the stream (10) exiting fromthe separating
unit (Dp i nlifferdesd iodo{liBy potiiappligendhaigsoss sieemrexitingdrapastaghase (3),
which is recycled, and a liquid or solid phase (18) enriched in organic 30
conpounds heavier than water, which is elimnated. 31 9. Process

according to any one P%cegmcd&&ﬁ%% REly GndioBhe pRREEAEE Blaike thbfcieRadd e
aqueous phase recycled to the de IY\dratl on stage a) in the formof the gas

stream (3) tha thesepe of sepraptnraeidhe heavyibyqupductsis cazind iont eithsr by Ryapgrasicage -
(A) before gonveying t reactive ga . t.q. t rat,i [ or
(8. 5 i i M PR BB 08 by e R R L FRERC
gl ycerab st e@msémritet] actigdiailnt gasthi, rxby G chavipatior AY atiaporapd@yandr of
atom zati on nozzl es. 11. Process according to any one of the preceding
cl ai ms, chaPRdanstionewhpmsavsel sepagjonsteegy aedsedarri ed out in the gas phase
and a heat punp is used to recover the energy of condensation of the water
of the gaseous reaction streamon conclusion of stage a) and to evaporate
t he aqueous phase depreicedatdordiag ab ann otepdrtat pacddimclahes, phasetednsd whed
. Lei . -
'hacrotel thgc%lrlel: sntgges E)fa rge?nol%r)al of the heavy compounds is carried out by evaporation of the
15 mixture of glycerol (1) and of the recycled water-rich phase (3) in a device (K), which
generates a phase rich in glycerol and in water and depleted in heavy compounds
(stream (3)), which is conveyed to the dehydration reactor (B), and a liquid or solid

phase (20) rich in organic compounds heavier than water, which is eliminated.

20 7. Process according to any one of Claims 1 to 5, characterized in that the
stage of removal of the heavy compounds is carried out by a treatment of the stream (6)
exiting from the dehydration reactor (B) in a device (C), which generates a gas phase
(6¢) depleted in organic compounds heavier than water and a liquid or solid i)hase (6a)
enriched in organic compounds heavier than water, which is eliminated.

25

8. Process according to any one of Claims 1 to 5, characterized in that the
stage of removal of the heavy compounds is carried out by evaporation of the stream
(10) exiting from the separating unit (D) in a device (G), which generates a water-rich
gas phase (3), which is recycled, and a liquid or solid phase (18) enriched in organic

30 compounds heavier than water, which is elimmated.



1512. Process according to any one of the preceding clains,

characterized

in"that stage a) is carried out in the gas phase and the gas stream
resulting fromstage a) is conpressed in order to be able to recover the
.energy of condensation of the water of Bhe reaction streamduring stage

b).

10

15

9. Process according to any one of the preceding claims, characterized in that the
aqueous phase recycled to the dehydration stage a) in the form of the gas stream (3) is
used to evaporate the glycerol stream in the mixing stage (A) before conveying the

reactive gas stream to the dehydration reactor (B).

10. Process according to Claim 9, characterized in that the glycerol stream is

injected into the mixing chamber (A) via spray or atomization nozzles.

11. Process according to any one of the preceding claims, characterized in that stage

a) 1s carried out in the gas phase and a heat pump is used to recover the energy of

condensation of the water of the gaseous reaction stream on conclusion of stage a) and

to evaporate the aqueous phase depléted in acrolein separated from the phase enriched

in acrolein during stage b).

12. Process according to any one of the precéding claims, characterized in that stage
a) 1s carried out in the gas phase and the gas stream resulting from stage a) is
compressed in order to be able to recover the energy of condensation of the water of the

reaction stream during stage b).



