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ACROLEIN PREPARATION METHOD Technical fie la 5 The present
invention relates to a process for the preparation of acrolein from.
propylene, comprising a stage of dehydration of glycerol in the presence
of a propylene-comprising gas and more particularly in the presence of
the reaction gas resulting from the stage 10 of oxidation of the propylene

to give acrolein. Prior ar. gfggc ' H#R TQE ess for the
production of acrolei#%lg(‘)gs? c%%'ﬁn?on y%!ge{%]is 3%@ on the

gas-phase catalytic oxidation reaction of propylene by atmospheric

oxygen, :such as;described, for example, in the document Techniques de
I'ingenieur, traits Genie des procedes [Techniques for the Engineer,
Process Engineering 20 Treatise], J 6 100 1-4. The acrolein thus obtained
cairitherbesinborporateet diféctly f'd RAS-stage plocBss $6°the T2 ©7°
manufacture:of acrylic acid-from propytene i the gasrphase-orpe usedy &
as synhetic.ngrmedipte. Asrolein sin pasticular s keydnigrasdiate ino:
the 25 synthesis of me,tﬁlonine, a synthetic amino acid used.as animal
fobd SRIppRetREHSAmER haBenistged as'a 'Substitdtd Tor fishmaary " “"°
Acroteir atso has ntimerous: otherapphcations in- preparing derivdtives - ade
whigh can, be synthesized-on, theactuaksite-of produgtionafthe 30

acrolein, thus limiting the storage and transportation of this toxic chemical
product. in a certain number of cases, it may to advantageous to be able

to fncrease tfe acrolein producti akiies 35 of existing units. The
production of acrolein is highly dependent on the starting material,

propylene; Propylene, obtained by steam cracking or catalyic. cracking ofos -
pe?t*c‘ﬁieum* e = - B

commonly used 1is based on the gas-phase catalytic
swidation reaction of propylerne by atmospheric oxygen,
such 25 described, for example, in the document
Technigues de 1/ingénisur, traité Génle des procédés
r the Engineer, Process Engineering
Treatise], J 6 100 1-4. The acrolein thus obtalined can

o v oin a two—stage process
or the manufacture of acrylic acid from propylene in
the gas phase or be used as synthetic intermediate,

lein is in particular a key intermediate in the

sis of methionine, a synthetic amino acid used as
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food supplement which has emerged as 2
substitute for fishmeal. Acrolein also has numerous
other applications in preparing derivatives which can

he synthesized on the actual site of production of the
1

ein, thus limiting the storage and trangportation

in a certain number of cases, it may be advantageous O
be able to increase the acrolein production capacities

of existing units,



fractions, has the disadvantage of contributing to the increase in the

greenhouse effect, as a result its fossil origin. Furthermore, propylene

resources may 5 become limited. It thus appears particularly

advantageous to be able to increase she productive output of acrolein

while reducing dependence on a fossil iesource. 10 It has been known for

a long time that glycerol can contribute to the production of acrolein.

Glyterdi resuits from the methariolysis!bfvegetaie bils7at the s&meroLeur

timé msctheéamethylestershwhithzaré thermselves 15 employéd: inparticalar: he

as fugls in.diesel oi'lland heating Ol i sis anatural productWhich ¢ ;¢

enjoys a, "green” aura, is available in a large amountﬂg&d can pemgtorgd .

anc? ransported without dificutty” NURTeTous Ftadies e devoted to-giving'™?
>an keenormiclvalié 1620 glycerol according to its degree of purity, and the

dehydration of glycerol to give acroleinn is one of the routes envisaged.

The reaction involved in producing.acrolein from_25 glycerolis: CH,OH. = .

GH D0 LT HD . o bty e Ty G ool T 2oLe o
prohittéd at fow termperatitiesand e deRydrafion Feéactidnis pforoted™ 12
30 athighitempesatures:inorder to abtain acraley; itrtssthus necessary to

1 semploy a satisfactory temperature and/or a partial vacuum in order to
displace the reaction, The reaction can be carried out in the liquid chase
or in'the'gas chase. THiS tpe of feattion9s 35 kndWn to'Bé catalzedby <=~
acids:\Maridus processes for thersyhthesis of acrdleindromglyceroldrecerol
descrbgd-in the prior Ak, mentiondmnay: ;8 paicllarhe madeof1 5 ac tne

same time as the methvl asters, which are themselve

3
15 employved in particular as fuels in dissel o¢il and
a

neating oil. This 1s a natural product which enjoys
“gresn” aura, 1s avallable in a largs amount and can bs
stored and transported without difficulty. MNumercus

studies are devoted to gilving an economlic wvalus Lo
20 giycercl according to 1its degres of purity, and the

dehydration of glycercl to glve acrolein is one of the
1—

]
Q

utes anvisagsd.

The reaction i1nvolved in  producing acrolein from

Generalilly, the hydration reaction i3 promoted at low
temperatures and the dehydration reacticn 1is promoted

30 at high ftemperatures. In order to obtain acrolein, it
15 thus necesssary to employ a satisfactory
and/or a partial vwvacuum in order to displace the
reaction. The reactlion can be carrisd out in the liquid

phase or in the gas phase. This type of reaction 1is

L
(9]

knowrn tTo ke catalyzed by aclids. Varilous
a
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the documents .'R 695931, IS 2 558 520, 00 99/05085 and US 5 387 720.

It has now been found that the reaction for the dehydration of glycerol to
give acroleir, can be carried 5 out in the presence of a
propylene-comprising gas. It is thus advantageous to introduce glycerol

into the process for the gas-phase catalytic oxidation of propylene, which
makes it possible to use a renewable starting material while increasing
thg%rﬁd ctibn'6f'10 acrolein. Such a process becomes particularly
advantageous for the synthesis of methionine, which can then be said to
be:obtaiped from bigmass". ThisHg because thaedmethionin.e;whendtis tne
used.,in the feeding .of animals, is rapid~y metabolized. and.the carba s
dioXide gag F\}V%th%ﬁ réericoun efr'ed ign %%Vé“tm%‘ébﬁé?ej}%cédr%tﬂ,bgubfés tg 22 f
increasing thehgreeriiguisecstfeet 1fthe” BeFolein’1s obtAiRéd partially from -~
a repewable starting-matesial, suchvas the glycerod originating fromnto  the
vegetable oil, the CO,.emissigns.no.longer 20 entirely: participate.inithe ¢
ba?efn%cé“obfsthe process as the%/ggffs%ﬁrr%caf%%ﬁ%iidi%gagag Esg%_ b ?he ?
biGriasy 6 is growthA!th&rerg thusa IFnitation'oh the increade inthe” >~ =
greenhouseeffeet: Sucha process thenccemesponds tethe critépiat ion of
asgogiated: with the;new 25 CepnceBt'_”QIC"Qg%en chemistrysin thedmere-u1arl
general context of sustainable development. Account of the invention 30 __
Thesiibject Miatter dfthe present iverition isthus a process for the =~
preparationeof aerofein:by axidatior bk brepylehecomprsitsa Stage of 5 +3
dehydration of glycgrol in the presenee of a propylene-comprising gazeding
The _dehydration reaction of glycerol can be carried ou. in, 35 the,
pré%‘enc@pd‘fff‘ﬁ‘g gas rn'“l‘?duréavg\?\h*lc%w feeds the reactor 03 e

dioxide gas, which is reencountered in the atmospheare
e

carbon

contributes to increasing the greenhouss effect. If the
a

acrolein is obtainsd partially from
i

for its growth; there 1is thus a limitation on “he
increase in the greenhouse effect. Such a process then
corresponds te the criteria assoclated with the new

concept of “green chemistry” in the more gesneral
£

a
rhe presence of the gas mixture which feeds th

h a
for the oxidation of the propylens, gsnerally compos

d
of propylene, steam, an inert gas, wihich can  be
nitrogen or argon, and molecular oxygen or a gas



for the oxidation of the propylene, generally composed of propylene,
steam, an inert gas, which can be nitrogen or argon, and molecular
oxygen or a gas - 4 - comprising molecular oxygen. According to a
preferred embodiment of the invention, the stage of dehydration of the
glycerol is carried out 5 in the presencefof-the reaction gas resulting from

the stage of oxidation of the propylene to give acrolein.. This reaction gas

is generdiyScatfipBsed 6t'a Hrixtife 6 the unreacted gases )'unconverted

propylene, propane initially present in the propylene, inert gas, Steam, 10

oxygen, £6,:(02)..of acrolein produced and ofvarious, pyproducts, such
as acrylic acid, acetic a%g%?nd other minor compounds. Without the

Applitant Cdfipany eing comniitted 10 any 15 or&-éxplanation it - =<

on,

out

5believes tiat the stagesof odehydrationofthe ylyserol niakestit passitylerto the

"
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cook the deaction gages resulting from the.stare e oxidationiefthe cro1e
propylene g give acrolein. 20 This is because, in the reaction for the |
oxidation of propylene fo give atrolein. reaction gases exit frém the -

reatiGh régiéh &t atigh IemperatliFe) the Weatioh forthe oxidation 6 °P
propylenedeing exethermicihis necessanptpleenl theseseactions, 25z« =
gases.in order i recoyer the.acrglein, In.a,process for the. .of _aclic. ,;
acid preparation ry trom propylene in two stages, it is also necessary to

in.
of
ans

am,

ous

cooP e Fshction” gases redilting fom the first stage ot oxidation GF the =1 <

propylene givenacratein before entering the 30 second stage oxidation of.
the acrolein to give acrylic acid as the reaction for the oxidation of the

Without the Applicant Company besing committed to
cne explanation, it Dbeliszves that ths stags
dehydration of the glycercl makes it possible to c
the reactlon gases resulting from  the stage

This is because, 1in the reaction for the oxidation
propylene to glve acrolein, the reaction gases e
from the reaction region at a high temperature,
reactlon for the oxidation of PropyLens be
exothermic. It 18 necessary ©0 Ccool thesse rsactl
gases 1n order To recover the acrolein. In a proc
=

A

s
or the preparation of acrylic acid from propylene
O cool the react
gases resulting from the first stags of oxidation
ve acrolein Dbpefors entering
idation of the acrolein to g
acrylic acid as the reaction for the oxidation of
olein to gilve acrylic acid takes placs at a lo
temperature than the resaction for the oxidation of
propylens to give acrolein. Furthermore, the acrol
n self ignite at high temperaturas, resulting

sses in vields.

This cooling 1s generaily obtained by virtus of a h

any
of
ool
of

the

ing
ons
£33

R
in

o]

10n

13]

O

3

-
1

[

ive

Ll o=

LU i Sy
wWar
The
ein

el

T
2at



(I

—
i

>
l

30

35

acrolein to give acrylic acid takes place at a lower temperature than the
reaction for the oxidation of the propylene to give acrolein. Furthermore,
the acrolein 35 can self ignite at high temperatures, resulting in losses in
yields. _ his cooling i s generally obtained by virtue of a heat exchanger
placed downstream of the catalytic region: The sane effect can, in all or
part, be obtained by virtue of the  use of an endothermic reaction, such as
th& deydFation Bf giycerol 1 the praddnt fhvention, 5 the é/hyd’ratlon |
redctionsefigtycerol exhibits the advantage ofresdlting intthe sameimam oY
reaction [preduct (acrolein) as thereaction:fiok thei exidation: ot propylene. 2
This thus results In.an increase in the productive Quiput ¢ of acrolein, v Lgvhjlem
effiienty” 10 recovering “the hieat frort the OX|da’uon reactlon Other
chadracteflstics arid-agvantiges bf-tie inventiodl LWitFemergesifiote cléarlyth“
on:eeading: the deseriptien whichdfollows, withaeferenee tonthenappendedi on
figures, 1p Inwhich; fonre - diagrammatically.tepresenta 2, conventional o«

reactor or the oxidation pro ylene to give acrolein, figures 2,3,4and 5
diggrammatically représeht 29 differe. [configutatiohs of teactors forthe ©1e
oxidation-afiprepylenetto.give acfoleire correspondingtolembodinentsaoft Ly
the pracess; agearding to-the ipvention. 25 Detailed,account of the

invention In theé process of the invention, the stage of dehydration of
glycerol is carried out in the gas phase in the presence of a catalyst at a
temperature ranging<0Lfom-150010 500C: preferably betwiden 250G ardon

will emerge wmore clearly on reading the description

which follows, with reference to the appendsd figurss,

in which

- figure 1 diagrammatically represents a
conventional reactor for the cxidation of
propylene to give acrolein,

- figures 2, 3, 4 and 5 diagrammatically reprasent
different configurations of zeactors for the
oxidation of propylens T give acrolein
corresponding to embodiments of  the process
according o the invention.

Detailed account of the invention

In the process of the invention, the stags of

dehydration of glycercl is carried out in the gas phase
in the presence of a catalyst at a temperature ranging
om 150°C to 500°C, preferably between 250°C and

C, and a pressurse between 1 and 5 bar



350C, and a pressure between: 1 and 5 bar. The stage of dehydration of _

glycerol can be carried out upstream of the reaction for the catalytic

oxidation of 35 the propylene in the presence of the feed gas comprising

the propylene or downstream of the reaction for the catalytic oxidation of

the propylene in the presence Of the-gas mixture _esulting from this - 6

reac ion. it can be incorporated directly in the oxidation reactor or can be

carfied ®ut ira reactor piacedmmedisteiyupstieam ofdownstreamiof the

theckgagtorifer the oxidation of thespropyleneaAs the Sgeghydration react

reaction. is slightly endothermic, it is ot necessary tgotl]%mq a multitubular

bed for this reaction. A conventionalfixed bed thay bé stitable, and also

a corfighraiontinimotifes teHeets oPpans) The fodules vextiBit thés th
5 advaritage-ef-heing able-to. be easilys chargethanddischargedwhen thes nc
Catﬂlé(étei:?sg%afﬂé@t% \;@eac%gly §t§ﬁNJ%'EE are ggi&ak@g A€ris reaction.
homogeneous or multiphase materials which are insoluble inthe 15
reaction héaium aRd whichfidve s HalietCAcidity récorded 45 H320F° 2
less thani 2,249 indicated mopatént USsH 387 20 whichaefer§tathecduleas
artigleby-K. Tanahe efalsinStudies in Sydace Science and Catalysisz < 5 1
1 Vol 51, 1989, chap. I and 2, the "Hammett aLE:LdAty is ZdeeteLmipeg by ..
-~ aminé titration using indicators or by adsorption of abase intHegas™ "t  *°
phasea Thée'tatalysts corresponding to the criterion of Ho acidity of less
than +2 can be chosen from siliceous materials (natural or synthetic) or

acid zgolites; ;ij(_)%r%%r%ic SHPPQrts, 25 such as oxides, covered with mono
ac
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i . S e el 55 omogensons  or
di-, tri- or poly IC Inorganic aC|dS, oxides or mixed oxides; or

multiphase materials which are insoluble in the

15  reaction medium and which have a Hammett acidity

20  determined by amine titration using indicators or by
adscrption of a base 1n the gas phase. The catalysts
corrazsponding to the criteri

O t
than +2 can be chosen from silicecus material

cr synthetic) or acid zeolites; inorganic supports,

25 such as  oxides, coversed with mono-, di-, tri- or
polvacidic inorganic acids; oxides or mixed oxides; or
heteropolyacids

Advantagesously, the catalysts are chosen from zeo
30 Nafion® composites (based on sulfonic acid of fluo
polymers), chlorinated aluminas, » O
liceotungstic acids and acid salts, and variocus sol
1 d

c
cf the type formed

ni ¥xide Nb;0s, alumina AL,0:, titaniun
35 oxide Ti0,;, zirconia Zr0., tin oxide 3n0,, silica S$S10;
or silicecaluminate $510;/21,05, impregnated with acid

, such as borate BQOs;, sulfarte 8§04,
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heteropolyacids. Advantageously, the catalysts are chosen from zeolites,
30 Nafion' composites (based on sulfonic acid of fluoro- polymers),
chlorinated aluminas, phosphotungstic and/or silicotungstic acids and
acid salts, and various solids of the type formed of metal oxides, Such as
tantalum oxide Ta205, niobium oxide Nb205, alumina A1203, titanium 35
oxide -i0,, zirconia Zr02, tin. oxide SnO2, silica S|02 or S|dcoalum|nate
Sf@?AlZO%Cwﬁpregnate%twﬁh Atid fafctionar groups” 2lich as borate
808 slfateiS€., d s’ tdte W03 phosphate PAWsIlicaté 2 6r morhsT
date + 7: Mo@3 acid functionakgroups. According to the literature data,
these catalysts always have a Harrmett acidity H, of less than +2. 5 The
preferred catalysts are sulfated zirconias, phosphated zirconias,

tuAgstated Zfﬁe@mé@C‘smcé??z\'rmeﬁm%ssulfé@‘él 1 18AikAT B tin GXidES Tor®
ph@S@B@&@Qﬁummﬁsm@m@s 10 Thesgescatalysts aﬂjfrm/@”ah-lamm@tu* ca
aC|th ggess than #2; the acidity Ha gan than.vary fo a large extent, .

down to va tes which can reach -20 in the reference scale with Hammett
indiEQBRS: THE table Vet oR hage 716 the publication on acid/base 15
catalysis (C. Marcilly;, Vol. 1, yn Editions Technic (ISBN No.

2- F18 084ﬂa2)swgsrgate§iqxamés of splidcatalysts inithis,aciditys s 1255
range. The ycerol is used pure or in the form of a 20 concenj[rated Or 4 rge
dllu?reaa"que is sGftition Advantage6usiy Use thay be fiade of an = 2%
aqeeoes. glycetolsolution w&tﬁLae@onoémmonO@Iﬁgln‘g%ﬁr@m 10%'to 1009% 2
by weight. in the embodiment.of theinvention wherethe-stage ofne
deh)J(dratlon of gI)E/JceroI |s§:?rrledout

.
—y
[€i]

PR
cad.Le

ven he publication on acid/base
catalysis (C. Marcilly), Vol. 1, in Editions Technip
[ISBN No. 2-7108-0841-2), illustrates examples of solid

catalysts in this acidity range.

The glycerol 1is used pure or in the -form of a
concentrated or dilute aguecus soilution.
Advantageously, use may be made of an aguecus Jglycerol
solution with a concentration ranging from 10% to 100%
by weight. In the embodiment of the invention where the
stage of dehydration of glycerol 1s carried out
upstream of the reaction for the catalytic oxidation of

the propylene, use may be made of an agueous gl

e ycerol
solution, preferably with a concentration ranging from
10% to 50% by weight, more particularly from 15% to 30%
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resulting from the evaporation of the agueous gly
1

=ion. In the embodiment of the invention where th



25 upstream of the reaction for the catalytic oxidation of the propylene,

use may be made of an aqueous glycerol solution, preferably with a
concentration ranging from loo to 500 by weight, more pa-ticu'arly from

'59, to 30% by weight. The concentration must not be too hig_n 30 order

to avoid side reactions, such as the formatien of glycerol ethers or

reactions between the acrolein produced and the glycerol. Furthermore,

the gfycBrot Ssoldtiof Hitst Aot Bé £6.- diftite @de b theehergyesst adueous
resufting érom the-evaposationof the agueeus.glyeerel 35:selutienain the sam.
embadiment of fhe invention whete e, stgoe of dehydrationotgyceralds, o,
carried out In the” présence of the reaction gas resulting from the stag

Of GXidatior? 6f the5t8pylene o give é&?role?% “Use may be made of cure
cglycerol or of a concentrated aqueous glycerol solution, said reaction gas
comprising; steam, 1 Preferably, the coneentrafion of the;aquequs glycerol -
solution ranges from 50% to 100%. 5 The glycerol can be 1Fnlgcted inthe
liquid form%rin the’das forhI AEC i6% in liquid forii hiakes it hoséibiéto
benefitfrom the latent heat of aporization of therglycetell thus makirrgsit  ©
possible; 10 10 coghthe gasesresulting from the pstream stage:of. possivie
1 coxidation of the propylene. In this case, the. dehydration catalyst canbe -
“preceded by a bed of inert materials over which the glycerol is vaporized. -
It calti’ b&dinjetted ifi the gasfornPaPa owwertempératuré fhan 15°thatof &7
the gases! exiting-from: thel Oxidatian regro+ »which makes itpossible to iner:
furtge,.. ncrease be effeg, ofgoding these dases. Furthemmare, o .- .
glycerol can be i- ected under pressure, So that the retuc.fon in pressure
ofﬂﬂ?gé@ﬁ%ﬁ%@%o&&b&pﬁf&ﬂ%ﬁzorm at a lower temperature than

that of the gases exiting from the oxidaticn re

S
lui

Fhy

1§

n

s 1t possible To further increase the e

be injected under pressure, s0 that the reduction in
pressure of the  gas makes possible a further

20  consumption cf hesat.

The dehvdration reaction of the glycercl is carried out
in the presence 0 molecular oxygsn, which occurs in
the gas mixture feeding the reactor for the oxidation
25 of the propylene or in the gas m
the stage o©
oxvgen can ke present in the form ¢f air cr in the form
cf a gas mixture comprising molecular oxygen. According
to one smbodiment o0f the invention, it 1s possible o
30 add an additiconal amount of molecular ozxygen or of a
gas comprisin molecular oxygen fer the stage of

denydration of the glycerol. The amount of oxygen 1s

5 it possibl to limit the deactivation o]
dehvdration catalyst by coking Furthermore, the
addition of oxygen improves the reaction vield foz
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20 consumption of heat. The dehydration reaction of the glycerol is carried
out in the presence of molecular oxygen, which occurs in the gas mixture
feeding the reactor for the oxidation 25 of the propylene or in the gas

mixture resulting from the stage of oxidation the propylene. The molecular
oxygen can be present in the form air ..2 the form of a gas mixture
comprising molecular oxygen. According to one embodiment of t'ne
invention, it is possible to 30 add an additional amount of molecular

oxygen or ok atgas: comptising molecularaxygen fordthe$tagecof of Lo
detydiation.of tag ghyeerol. the-amount of oxygen Is; chosen.se8e o hg o
outside the flammability range at all ppints of the pngL. The presence OE by
oxygen hrakes>35 f56ESibieto AmiFthe Heactivation of the™ dehydrafionr =7
catalystibygcokingicB uritiermore, t” e additioreof oxygen improves el =ne,
reaction,yield for ; pumperoys catalytic systems. %21 he - :eacti-onder tfxgor,
catalytic oxidation of t-he propylene to give acrolein is carried out . ... _.
actBrtling to “Conuiitions KiGWi to 2'perSon$killed in the art by’ 5 passing
a ga mixture, vliich can comiprisespropylere, stem, @ntinert'gds, vhich =72
cap.he-Ritregen orakgon,: anddmelecular-exygen Ok a gas<omprising £ixed
molecular oxygen, over a catalyst for the.oxidation of the, propylene, The.. . .
ox?dea%onmr%%ét%? 18 é\é(raiéra@“af #)Z”é)dr 10 bé%)émugt%ﬁt?lf]gkeraergctg%%héo_ T
oxidation tEactoPedrt aléd BB A plate ékchangerWwith amoddlapnasment ot
arrangement 0f the, catalyst, sechias descrbediin thedodumemnts EP 995 995
491 .EP 1,147 BD7-0rLJS 2005/0020851, 15 hnthe case where the

cata?ytl’c oxidation of the propylene is carried out in the presence of a
thermal

In the case wherse the catalytic oxidation of the

)
®

carried out in the presence of a thesrmal

3
' such as described, for  example, in ths

A preferred embodiment of the invention consists iIn
using propane as inert gas as replacement in a.l or
part for the nitrogen of the ailr The propane, Ly
virtue of 1its higher specific heat, carriss more neat

he reactor, wnich makess 1t possible to mors easily
ot the react 107 £ + iehudrat i F o the
carry out the reaction for the dehydration oI U
glycercl. The gas resulting from the dehydration stage
then comprises, as main constituents, steam, propaneg,
olein and residual oxygen. Alte £
acrelein, the gases rich in propan
Pref

is suly



3

ballast, such as described, for example, in the document EP 293 224 Al,
which makes possible the use of a higher propylene flow rate, the gas
mixture resulting 20 from the reaction has a higher specific heat Cp. The
process according to the invention is particularly advantageous in this
case for discharging the excess heat_transported by the reaction gases.
25 A preferred embodiment of the invention consists in using propane as

inertgas asteplacement in-alkar: part.forithe nitsogen ofithe ak-The= Loop.

propane, by, Virtue,qt.its higher specific.heat,.caries more.heat, lothe.

reactor, which makes it possible to more easily 30 calry out the reaction
for the‘tehydration of the Glycetor- The gas Festiftihg ffonT e détydratioh
stage-themcomprises; as arain constituents, Stearmgpropaliedcroleintay

o

on

Y
-
hd

[}

sandyesiduakaxygen. After absorption of the: acrelein, the,gases fehin z1one

ropane.can be recycled. 35 Preferably, the gas is subjected to _
P %r i COmn le%éion, OsE t%e)%élegtgve q$% agio of CO
purifiCation _Féatments’in orderto remove imputrities which may be

Lo

harmiful the-dehydfatior Afd oxidationteactionsy stich &% CO ahd/BPCo s iun
and:if@rderitedimitihe -ler coneentratiomnefthese impurities ik the seeycle 1 on

Ioopo An Ctp%sa%a@sel, g @gy%%uéair%gdvantageous to c_ontrol the 3
concentration of argon in the gas loon on account of its very low specific

“Cheat. Mention may be 5 made, as separation techniques, which can be

used atoneror ireombination; 0y:the sélective oxidatior of. CO» o giverccess
002 s washing with;amines, washing with,potassium, hydroxide, adsorption ; 5

technijques, membrane separation or cryogenic separation. 10 With

refefernice-toTigure £ COVentiohalprocess > o=rs nh-rogen and

molecular cxvygen 1s passed into a multitubular reactor

4]

15 from the top downward over a catalyst 2 Zfor

3

oxldation

i propylene. After coolling using a hsat

O
exchanger &, a mixture 2 comprising the unreacted

gases, ths acrolein produced  and  Dbyproducts
chbtained. Liquid coolants circulate in & and 7, so
20 toc maintain the reacticn temp
at exchangesr 8§ can
ced directly downstream of the catalvbic bed, as
cllo

a 1, or can be installed £

(R
O
H

{F

In accordance with a first embodiment of the vproce
at

according to the

1 1
j Locailall i._:_\_z\_C l ;‘. .:_:_ ld T - il ) [ oladilg e b
diagrammatically in figure 2 the heat exchanger

downstream of the bed of catalyst 2 for the oxidation

£ dehydration of glyce
~

[ 3]

r
mixturs 4,  composed of gilycercl in the form of
=)

O of propylene is repiaced (in all or in part) by a stags
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for the oxidation of propylene to give acrolein, a gas mixture 1 comprising
propylene, steam, nitrogen and molecular oxygen is passed into a
multitubuiar reactor 15 from the top downward over a catalyst 2 for the
oxidation of propylene. After cooling using a heat exchanger 8, a mixture

3 comprising the unreacted gases, the acrelein produced and byproducts

is obtained. Liquid coolants circulate in 6 and 7, so as 20 to maintain the
reactiongmperattre whichcahbe bétiien B0DEant 320 THe Kéadtr 2
exchanger=8 can be- plaseddirectly downstream of the catalytic bed, as in
figure 1, or can be installed following the oxidation reactor. 25 In
accordance with a first embodiment of the process according to the
invehtiéh Cfbstiaed diagraninatieamyin fighie 2 theheat exchahger§ cess
downstream of the bed of catalysi 2:ferrthetoxidation Bfreiprepylengis in
replaced {in all orin parp) by.a stage of debydration,of glycerol whiche g5
consists in passing a mixture 4, composed of glycerol in the form oj a. .
vaporized Aqueots SBIufioh af 6f SXy gl “Gd-at the “sarffe fimés the ©°*
gasimixturecexiting fronmthe oXidatign 85«egion., overa catalyst forthe this
de@%ﬁf@i}[@ﬂ%ﬂ'@{%erg& Atf’HQ(tU{@iQf apf%:e{jﬂ@reﬁﬁ@i@gdo@.th ﬁfr@mh Heanging
reaction for the oxidation of propylene and from. the reaction for the :
deﬁédr%‘fibﬁ*dfngycle?olF“hi& af%%x-“l *the ﬁ'%'ro l}b‘fs krDe“’s(%Jlt?rr]l:g ﬁ%rrﬁjtﬁégéc or
twe #6aCtioNS; iswobtainedt thecoutlét. i ACCOrIAREES With a“s8coRG™ tvpe
embodimentef theprogess: b:0fdhe jnvestion,dhustiated disgrammaticatly = o
in figyre 3pthe.ox(dation.reactoris fed via the, gas .

Egenerat catalyst can thus

be easily carried out outside the reactor.

In accordance with a third embodiment of the pro
the invention, illustrated in figure 4, the d=2

catalyst 5 is placed, in all or in part, in the boiler
which is ussad Lo cool  the heat-exchange fluid

a
clirculating in 6 and 7 and which removes the heat from

the oxidation reaction by producing steam in the

boiler.

As the endothermic dehydration reaction 1s carried out
Y
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the bollier, it i3 possible t

j»y

o
eat, which makes 1t possible indirectly to 1ncrease
X

.

-
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pylene flow rate in the oxidation resactor and

thus to simultanecusly produce more Acr

oxidation of the propylens and via the dehydration of
In this embodiment, 1t i1s preferable

the catalysts to operate in similar temperature ranges.

Tn accordance with a fourth embodiment o©f Lhe process

according to the invention, illustrated in figure O

the catalyst 5 for the dehydration of glycerol is

piaced upstream of the catalyst 2 for oxidation of
a

propylens. It i1s necessary 1in this case to heat the



mixture 1 from the bottom upward, the catalyst 5 for the dehydration of
glycerol occurring _r this configuration at the top of the reactor. The
changing i0 of catalyst is thus facilitated. The bed of dehydration catalyst,
which can be of conventional fixed bed type or in modules (sheets or
pans), can be easily extracted and replaced. The regeneration of the
catalyst can thus be easily carried out outside the reactor. i5 In
accordanceawithia thirdzembodintent of tie-processiof: the invention,n order
illustrateghinfigure 4rthe debydration catalyst S:is placedygin:alt erimpart, i gr
in the boiler_which is used to cool ghe.Dleat-%>fpghar%el_glj|wi,d;ﬁ21(; circulating in,. |
6 and 7-and Which removes thé heat from the oxidation reaction’ by = -
pro@iticifg Stédm @i tHer bbiler s tife éndbtherniie dehydiation réaktieiis o¢
scarred outi 25 i pastinitbe boiter dtisgpossible teremove-more-heat, 1+ is

which makes jtpossible.indirectly to increase .the propylene flow.ratein ;.
the oxidation reactor and thus simultaneously produce more acrolein via
he ®xidafion-of the propyleh&andviathé Hehydration oF304RE gijcérot e
In thisremmbediment;; itds preferable for thecatadystsitaoperateiisimilar can
temperature-tanges . dn; ageardance with a fourth-embedimentofthe ¢+ e

. [process according.to the invention, illustrated figure 5, 35 the catalyst 5

“for the déhydration of giyéerof Is” placed upstream of the catalyst 2 for
oxidation of propylene. It is necessary in this case to heat the glycerol
solution to:ashighs teyaperature incordeetor: 12 g@porizedt everthe  another
dehydration catalyst and in order, to maintain _the reaction giaespe%art a .

sufficiently high ™~ cERon e ydrati

glvcercl in order to el

O
o]
O
]

i
i

iciently recover the heat from

[

5 the oxidation reaction. In pa a r
the oxvydehydration of prcopans-1, 3-diol or the
dehvdration o©f propan-l-ol or propan-Z-9l are alsoc
advantageous in certain
bed of dehydration catalyst is placed upstresam of the

20  reactor for the oxidat £ :

acrolein. This is bscause the dehydr

1,3-diocl can result in allvl a
turn, can pe  oxidized over the cata
oxication of propylene to gilve a

25 propan-Z2-ol can be dehydrated to give propylense and can

subseguantly be oxidized to give acrolein over the

oxidation catalyst.

The following examples i1llius
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30 without, however, limiting the scope thereof.

7
1000 capillary column attached to an HPo980
35 chromatograph aguipped with an LD detector
Quantitative analysis 1s carried out with an external

standard.
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temperature before entering the catalytic region for oxidation of

propylene. The dehydration catalyst can be 5 placed in modules or pans

at the reactor top; it is thus easily changed when it is deactivated. The
glycerol 4 can also be cofed with the gas mixture 1 comprising the
propylene. The dehydration catalyst car® be placed immediately above the
bed of catalyst for the 10 oxidation of propylene. It is possible to envisage
emplyfhetancther endothermic reaction than that of the dehydration of
glycerol in order to efficiently recover the heat from 13 the oxidation
reaction. In particulare the reagtion for .the gxydehydration,of prapang-dg in
3diol or the dehydration of pro gn-l-p] or propan-2-ol are also, . fhe 0as
advafitdgeos in-certAilt S6pects, partictraryif the bed of dehydration” 7
catalystiselacedbipstréam of the 20-reziciorfer thevRidaticrrbf prepylengss
to-give acraleins This-isbecause the dehydration of propane- 1,3-diol can
result in allyl alcohol, which, in its turn, can be oxidized over the catalyst

for r.he oxidation of propylene to give acrolein. Propar:-I-ol or 25
prépan-2solcanhecdeliydeatetito Ghe-propylefie siicFcan subséquertly® - ¢
beyoxdized to givesrarolein oyer-the: oxidationcatalystc ¥he follovdinght  of

examples qllustrate the present jvents 30 ithout, howeyer, Jpiling e, <o
scope thereof. In t e examples, the products fo_med, acrolein and acrylic

acidl e ataljzed ™y chiroriatography 6n AREES1000 Capillahy ZoluninP=om
attaiched 7z 0 jan ElP16: 9810 35whrdmatograph=equipped withand® with a
defector. .Quantitafive aralysis isscarried oul with agexteenal, standarg: e
13§Qbsequently, several beds of silicon carbide (31iC) ars
charged, sc as to separate the two catalyst beds and to
independantly control their temperature: 2 ml with a

particle size of 0.125 mm, then 7 ml with a particle

ze of

.12% mm  and finally 1 ml with a particle size of
052 mm. Subsequently, a welght of 1.522 g of catalys
for the dehydration cof glycercl with ths reference
71044 (tungstated zirconia from DalIchli Kigenso K
diluted with 4 ml of silicon carbide with a

size of 0.062 mm, is charged. The reactor i1s then made

F

up to helgnht with silicon carbide with a particle size
<+

The reactor is subseguently conn
plant. The tTemperatures of the Two
are independently rsgulated at 260°C fcr the upper
dehydration laver and at 305°C for the lower oxidation

layer.

The reactor 1s fed via the top with a gas mixture o

=h

oy

o

propylene/oxygen/heliun-krypton/water-glycerol. T
4

helium-krypton gas nixiurs comprises
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which acts as intsrnal standard. The water-glyce

3

mixture compri
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23 30% by W i ht 'f glycero
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Example 1: Use i s made of a configuration such as represented in figure
5, in which the glycerol is noted with the gas 5 mixture comprising the
propylene, and which comprises two catalyst beds. Use is made of a
pyrex reactor equipped with a sintered glass in order to retain the
catalysts. A weight of 10 6.578 g of catalyst for the oxidation of propylene
to give acrolein with the reference ACF7 (from Nippon Shokubai), diluted
with 7 ml of silicon carbide with a particle size of 0.125 mm, is first of all
charged. -Subsequently, several,beds, of silicop.carbide (SiC) are 15 o1 a5
char%ed, So as to separate the two catalyst beds and to independentl

controf thaif témpétature'2 niiith & "particie size of 6128 Wit then 7l 2°
with & phrticle size'8P0 Barund thehPagain 2arhkwith dparticlersizeof :  4309.
50.125 aym and-fimadly doml with, agpasticle size 0820 00624PMs 1 oy rate of
Subsequently, a weight of 1.522 g.of catalyst for the dehé)/d(ationﬁgf 14558

glycerol with the Teference “2104 “(tingstated zirconia frorn Dail--chi
Kigensd KL dilited with 4 ml of silicon carbide with a particle size of
0.062 =.,,, is charged. The reactor is then made 25 'u'pp to height with
Silicﬂ@ecargi@?;wgggsparggg Si%eo ~qut%%%mrg£2 r%"?leo'5oi@f&thegf—llthe
. ..19 :cum,. The reactor is subsequently connected to the test plant. The _
“Utempefaturds 8f thetwoayers ot Cafahidt -3¢ i independéently fegaiiied &+
at 2600C fonthe upper dehydration layer and at3056C for thedoweratively
oxidation-javeriThe reactorisded via.the-top.with a gas mixture of 35
propylene/oxygen/helium-krypton/water-glycerol. The helium-krypton gas
mixture comprises 4.92% of krypton, which acts as internal standard. The
an@hgwgéﬁﬂuents are accumulated in the trap for a time of
15 82 minutes. The noncondensable gases arse analyzed
hroughout the duration of the assessment. The amount

h
of acrolein producsd i 5302 micromol/h and the amount

of

s Z
acryilic acid is 2103 micromol/h.
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(comparative)

13 replaced with pure water. The molar flow rates in

are then: propvlene/oxvgsn/

0]
h

')
[

The effluents are accumulated in the trap for a tim
8

8 minutes. The noncondensable gasss are anal

o

e

Y

=

througheocut the duration of the asssssmen
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ot
r

The am
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un
30 of acrolein produacs is 20 391 micromocl/h and ths

amount cf acrylic acid is 1157 micromol/n.
Example 3 (comparative):

35 Example 2 is  repeated Dbut  while replacing the

denhydration catalyst with silicon carbide. The sanme
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mixture comprises 33% by weight of glycerol. - 14 The hourly molar Flow
rates (expressed in micromoles per hour) of the constituents of the

mixture are as follows: 30089/55584/288393/water:53489-glycerol: 4509.

5 These conditions _--present a total molar flow rate of 03 compounds
(propylene + glycerol) of 34598 mictorhol/h. The effluents are collected at
the nutlet of the 10 reactor via a cold trap comprising and the acrolein, -
and theHcrylicadid p?d&ucae%”a%‘é“*u%hﬁtr%tﬁllgly“aétefrhﬁ?ed*k():y & omemE e
chiématographic -analysis. TheetfiieHts aré aecurfidfated inthé traf for &?=¢
time, of, 13,82 minutes. JTheonsandensable gases:areranalyzethe amount
throughout the duration of the assessment. The amount of acrplein.. s+
préducéd Fsogﬁﬁ? m%r%%%]’/ﬁgand‘ the ?ﬁo%r?t.’ o?%:ﬁifggér fiqs 2%83 ’
migforaih 20 BEMmple? @ohibarative) Exdiiplé PR repeated but the
agueous glycerol solution is replaced with pure water. The molar flow

rates é njeicrﬁpzmollh of the reactants are then: propylene/oxygen,/ 25
heﬁurr?\%vpmn- /water 30089/55584/288393/76666. T::he effluents are
accumulated ~._ the ',-rap for a time of 88 minutes. The noncondensable
gases aresanalyzed-threughoutithe durationof the ‘assessHEPE SFRE L2 1N

» ameunt 30 of acrolein producedns 29 89d-mistomal/h and-thavamountefr 2

acrylic acid is 1157 micromol/h. Example 3 (comparative): 35 Example 2. .
is EpeAtEd buPwhils Teptacing thea“th%?ati'osna§@a|y§%\,?§mh Shicon” \jai
carbide. [ffte sarmelfeedToAditions: are USett 0115 “Pthe-efluértsare o0 °F
accumulated in the trap foratime of .

Use is made of a pyrex reactor provided with a sintered

glass for retaining the catalysts. A weight of 1.538 g
of denydration catalyst with the reference 21044
wgstated zirconia from Dailchi Kigenso KE}, diluted
icon carbide with a p o
L0062 mm, is first of all chargad. Subseguently,
al beds of silicon carbide ars charged, sc as to
eparate the two catalyst beds and to independently
ol their temperature, and to make possible the
injection of an aqueous glycerol solutl o
hydrated glycerol between the two catalyst beds; 4 ml
with a particle size of 0.125 mm, then 7 ml with &
and again 2 ml with a particle
e of 0.125 mm are charged. Subseguently, a weight of
£

z
£.522 g of catalyst for the oxidation of propylene £o

give acrolein with the reference ACF4 {from Wippon
Shokubai), diluted with 7 ml of silicon carbide with a

sarticle size of 0.125 mm, 1s charged. ¥Finally, the
reactor is made up to height with silicon carbide with

3 particle size of 0.125 mm {2 mi), 0.5 mm and then

1.19 mm.
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75 minutes. The noncondensable gases are analyzed throughout the
duration of the assessment. The amount of acrolein produced is 20 821
micromol/h and the 5 amount of acrylic acid is 1223 nicromol/h. Example
4: Use is made of a configuration such as represented in 10 figure 2, in
which the glycerol is introduced over a dehydration catalyst at the same
time as the gas mixture resulting from the region for the oxidation of
propyléne 6 e acioldin v15 Uselisanade ofh pyrek réactor provided lower
withsa isiptered: glass forretaining ihe catalystsy Arweight 05538 g 05+ i on
deh}/g Eig_n catalyst with the reference 21044 (tungstated zirconia from
DaiTchi Kigenso KK), diluted with 4 ml of silicon carbide with a particle
size of 20 0.0662 mm, is First of all charged. Subsequently, several beds

5of silicen carbide areicharged, so as to.separatethetwe catalystbeds re of
and o pdependently caniral thelr temperature, and fo make possible the

injection of an aqueous glycerol solution or of 25 hydrated glycerol o
betwéer e fifto catalyst Beds™ Il with aParticle'si7@ of 095G then 11
7 mibwith e particle size of 0:5.m,<n and again i withia particle @ize of The

0.125 mm-are shargad. Subsequently .a weight of 6,522 g-of catalyst-for- |

sthe oxidation of propylene to 30 give.acrolein with the reference ACF4°
* (from Nippon~ Shokuliai), dillited with 7 ni'- ot $fiicon, carbide withi 2>/ 72E5<

parfitl€ sirecof 0XPBmAd, i cHatgedCFinallyl tHe reattogisimade upis fed
height withesilicon €arbide with -a pasicle size-of .125 can (2 mh); 0.58un ¢

and {hen 23 419 mm. T feactor Is subsequently connected g the test,
plant. The temperatures of the two layers of catalys
otal molar flow rate Cy  compounds

glyc

a

—~
L

(propy
5
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roly of 34619 micromol/h.

collected the outlet

at

O,

h

ot
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Trap comprising ice an

acrylic acid produced

ot

are

£

uantsz

is!
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etermined by chromatographic analysis.

accumulated in the

ars

The
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H
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a a time of

noncondensable

gases
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analyzed

A
-

he

produced

the
25

1170 micromel/n.

duration of The

assessmant.

852

amount

micromol/h  and the

13
acrylic acid is The residual

is 289% micromol/h.
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thydrated gl
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are independently regulated at 260C for the lower dehydration layer and

at 305C for the upper oxidation layer. 5 The reactor is fed via the top with

a gas mixture of propylene/oxygen/helium-krypton/water with the

following hourly molar flow rates (expressed in mic_omoles per hour):
30089/55584/288393/76666. The heliim-krypton gas mixture comprises
4.920 of krypton, 10 which acts as internal standard. A glycerol/water
mixfite compising 8096 By Weight of-Giyéerol It betwesn thé tivo °F
catalystbedsaittvadlow rate of €3 453a/5794miicéamolh-Ehrencl/h.
conditions represent a total molar flow rate of C1 compounds (propylene

+ 15 glycerol) of 34619 micromol/h. The effluents are collected at the, .
outiefofthé L etor Vid a Goldf AP Cohiprising icé and tA8 acrdiein and® °*
achylic acichprogeiced Bre quantitatively -2 determiregelsy are analyzed
chromategraphic analysis. The effluents are.aceumulaied in thetrap fakaun:
time of 84 minutes. The noncondensable gases are analyzed  throughout ,
thé duratioh of The assessment, The amélnt 25 of acrofein. producédis
25852 micrerhoflk and the2aiountof attyliciacid BIPL70 microfolfs L dual
Thedgsiduah prapylene is 2895 srieromol/h. Example 5: 30 Example 4 is
repeated but using a 93% by weight glycerol solution. (hydrated glycerol).
The hourly molar flow rates (in micromoles p hour’) of 35 the constituents

of Hie2MmbetGretare =& olioMs* Stopylene/oxygen/helium-krypton/water
30089/55584/ 288393/76666 for the top feed and glycerol/water

Example 4 is  repeated but while replacing the
dehydration catalyst with silicon carbide and while not

introducing

w

lycerol solution.

Wl

The effluents are accumulated in the trap for a time of
73 minutes. The noncondensable gases arse  analyzed
throughout the duration of the assessment. The amount
of acrolein produced 1s 22 373 mnicromol/h and the
amocunt of acrylic acid is 1150 micromol/h. T

propylens is 2933 micromel/h.



8220/2205 micromol/h for the intermediate eed.=hese 7 conditions
represent a total molar flow rate of C3 compounds (propylene + glycerol)
of 38309 micromol/h. The effluents are accumulated in the trap for a time
of 5 84 minutes. The noncondensabie gases are analyzed throughout the
duration of the assessment. The ameuntz of-acrolein produced is 28 099
micromol/h and the amount of acrylic acid is 1237 micromol/h. The
residual propylene is 2856 fiéfonicl/h.- 18 EXkample 6 (comparative):
Example 4 is repeated but while replacing the dehydration catalyst with

siligon cargidegggqc)e/vhgle not 15 ;q;}goduc;r%lygggolgolu;ipn. The . cin by
effluénts are accumulatedin the frap for a time of 73 minutes The =" ©¥

norcondehsable gaSes BECANAIZEd throligRGIthe difrationtbf thelat it
5 assessment.cEhe;ameount; 20 efracrolein preduced is:22 373 mieromol/A  <he

and the, amount pf acpllic acid s, 1150, Mgm&yhﬁﬂ :
propylene is 2933 micromol/h. - 18 WHAT IS CLAIMED I5: 1. A process

for the preparation acrolein by oxidation of propylene, characterized. in
thatit 5 comprisesastagezof dehydration afglycexalin the presencesofiared
propyleng:gcemprising.gas, 2. Jhe_progess as glaimedin claim l.  caction

Ige residual

_characterized in that theprolﬁ)yleq?-comgrising gas is the reaction 10 gas

19 vestifting ffor thé stige 6F SXidatiol of the™ Bropylene t6 giva actoleirs. 3. =%

Lt

390

Lo
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The pracessias dlainidd i ¢laine 1¢ éharacterized in that the
propylene-comprising gas is a gas mixture

3. The process as claimed in claim 1, characterized

in that the propylene-comprising gas is a2 gas mixturs

which feeds the reactor for the oxidation of <th
propylene
4, The process as claimed in ons of claims 1 fo 3

characterized in that the dehydration resaction

carried out in the gas phase in thes presence of
catailyst
5. The process as claimed in ons of claims 1 to 4,

characterized in that meclecular oxygen is added for the

stage of dehydration of the glycerol.

6. The procsss as claimed in one of claims 1 to 5

¥

O

characterized in that the glycerol is injected in

i.
"
=

ligquid form or in the gas form.

8. The process as claimed in one of claims 1 to 7
characterized in that the oxidation of the propylens 1is

carried out in the pressnce of a thermal ballast.



15 which feeds the reactor for the oxidation of the propylene. 4. The
process as claimed in one of claims 1 to 3, characterized in that the
dehydration reaction, s 20 carried out in the gas phase in the presence of

a catalyst. 5. The process as claimed in one of claims 1 to 4,

characterized in that molecular oxygen- ¥s added for the 25 stage of
dehydration of the glycerol. 6. The process as claimed in one of claims | to

5, characterized in that the glycerol is injected n the liquid form or in the
gas formI8@ 7 oEheprotesssas-claimedin ‘one of ¢lainis Figters 1 o &
charagterized in.that use is-made-of pure-glycerel or -glycerek init:he fofm;ne
of a concentrated or dilute aqueous, solution. 3 8. Tbe rocess.as claimed ;
in Grié Of Efaims Fto~ - Character?zed i, that the omdatfgn%(%‘ the prc%’] lllq%er?e )
S is caeredtout irrthe présente of ethefmalisalldst fo O Tﬁ@ﬁrﬁb@gs as
claimed-in one of claims i 8, characterized in that the stage of dehydration
of the glycerol is carried out in part in the boiler which is culatingin 6 S
used to cool the heat-excharge ~ fl_uid cir and 7.



